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Abstract

Surgical prostate cancer (PCa) treatment delay (TD) may increase the likelihood of recurrence of disease, and
influence quality of life as well as survival disparities between Black and White men. We used latent class analysis
(LCA) to identify risk profiles in localized, malignant PCa surgical treatment delays while assessing co-occurring social
determinants of health. Profiles were identified by age, marital status, race, county of residence (non-Appalachian or
Appalachian), and health insurance type (none/self-pay, public, or private) reported in the Tennessee Department of
Health cancer registry from 2005 to 2015 for adults =18 years (N = 18,088). We identified three risk profiles. The
highest surgical delay profile (1 1% of the sample) with a 30% likelihood of delaying surgery >90 days were young Black
men, <55 years old, living in a non-Appalachian county, and single/never married, with a high probability of having
private health insurance. The medium surgical delay profile (46% of the sample) with a 21% likelihood of delay were
55-69 years old, White, married, and having private health insurance. The lowest surgical delay profile (42% of the
sample) with a 14% likelihood of delay were =70 years with public health insurance as well as had a high probability
of being White and married. We identified that even with health insurance coverage, Blacks living in non-Appalachian
counties had the highest surgical delay, which was almost double that of Whites in the lowest delay profile. These
disparities in PCa surgical delay may explain differences in health outcomes in Blacks who are most at-risk.
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Prostate cancer (PCa) is the most commonly diagnosed
cancer and the second leading cause of cancer death
among men in the United States (Siegel et al., 2020);
compared to Whites, Black men are more likely to
develop PCa. Furthermore, Black men are also more
likely to have advanced prostate cancer, and 2.4 times
more likely to die from it (Howlader et al., 2012; Stokes
et al., 2013). Although survival outcomes have improved
in general population, the difference in PCa incidence,

survival, and mortality rates in Black and White men rep-
resents the largest health disparities of any malignancy
(Gilligan, 2005).

The underlying causes for these PCa disparities are unclear
but involve complex multiple determinants of health includ-
ing biological, cultural, access to health care, and sociodemo-
graphic differences. Regional and nationally representative
data from the United States suggest that race and ethnicity
strongly correlate with survival following a PCa diagnosis
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(Adams et al., 2017; Benjamins et al., 2016; Chornokur et al.,
2011; Dess et al., 2019; Krimphove et al., 2019). In a system-
atic review, Chornokur et al. (2011) found survival and diag-
nostic differences in surgical intervention, radiation therapy,
and nonaggressive treatments between Black men and White
men with PCa. Black men were also more likely to experience
a longer wait times between diagnosis and treatment (inci-
dence rate ratio [IRR] = 1.19) compared to White men, while
sociodemographic, clinical, and psychosocial factors were not
able to explain these racial differences (Kinlock et al., 2016).
Similarly, using the National Center for Health Statistics death
files, Benjamins et al. (2016) analyzed racial disparities in
PCa in the 50 largest U.S. cities from 1994 to 2004. Results
revealed that even after controlling for differences in the stage
at diagnosis and treatment, there were still significant dispari-
ties between Black and White men in PCa mortality
(Benjamins et al., 2016).

The Institute of Medicine has identified the timely
delivery of health-care services as one of six primary
goals for improving the quality of health care in the United
States (Corrigan, 2005). Treatment delay (TD) was
defined as the time between PCa diagnosis and treatment
initiation. TD is associated with increased risk for bio-
chemical recurrence and survival (Freedland et al., 2006;
Nguyen et al., 2005; O’Brien et al., 2011), especially for
patients with aggressive, high-risk neoplasms. TD is also
a potentially modifiable factor that may also contribute to
racial disparities in PCa diagnosis and treatment initiation
(Stokes et al., 2013). Schmid et al. (2016) examined dif-
ferences in quality of life and survival outcomes among
recipients of radical prostatectomy using the Surveillance,
Epidemiology, and End Results (SEER)-Medicare linked
database. Schmid et al. (2016) found that Black men
undergoing radical prostatectomy treatment tended to
have longer wait time between diagnosis and surgery
(average of 79 days), were less likely to undergo lymph
node dissection, more likely to experience postoperative
complications, have subsequent emergency department
visits as well as readmissions to hospital compared to non-
Hispanic Whites (i.e., 71 days).

PCa disparities are also based on geography. States in
the United States may experience issues pertaining to
health-care access and screening in specific regions like

Appalachia when compared to non-Appalachian regions
(Yao et al., 2017), in addition to racial disparities. PCa dis-
parity studies in the Appalachian region, while predomi-
nantly White with low racial/ethnic diversity, have reported
lower incidence but higher mortality (Myint et al., 2018,
2019; Yao et al., 2017). Moreover, TD may present differ-
ently in Appalachian compared to non-Appalachian areas.
A study by McDonald et al. (2020) revealed that the high-
est incidence rate and aggressive type of PCa was found in
non-Appalachian urban Pennsylvania compared to rural
and urban Appalachian areas. Differential PCa outcomes
within and between the Tennessee Appalachian and non-
Appalachian regions while accounting for race are, how-
ever, limited. Furthermore, geography and residence in
Tennessee present a unique opportunity to understand PCa
disparities as they present in Appalachian and non-Appala-
chian counties.

Given the racial/ethnic differences in PCa incidence as
well as how TD impacts quality of life and survival out-
comes, it is necessary to identify profiles of risk through
factors that may influence the delay of surgical treatment
of PCa while accounting for Appalachian and non-Appa-
lachian areas in Tennessee. To fill this gap in the literature,
this study used latent class analysis (LCA)—a person-
centered approach—to examine the constellation of health
determinants in PCa surgical TD on the Tennessee Cancer
Registry (TCR) data. We identified risk profiles of patients
who experienced TD by co-occurring sociodemographic
determinants of health reported in TCR data from 2005—
2015. Profiles identified may help explain health dispari-
ties to be intervened upon. Moreover, the purpose of this
study was not to make a clinical recommendation as we
recognize the current debate on overtreatment of PCa
(Yang et al., 2017). This study intended to identify factors
in TD and whether there were differences in TD between
Black and White men in Tennessee.

Materials and Methods

Study Population and Data Source

The study population included all male Tennessee residents
aged =18 years diagnosed with histologically confirmed
PCa as the primary site of diagnosis as coded by the
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International Classification of Diseases for Oncology, Third
Edition (ICD-0-3) and reported to the TCR from January 1,
2005 to December 31, 2015. The TCR is a population-
based, central cancer registry serving the citizens of
Tennessee and was established by state law to collect and
monitor cancer incidence (https:/www.tn.gov/health/
health-program-areas/tcr/tennessee-cancer-registry-data.
html). The research protocol and access to the data for this
study went to full review by the Tennessee Department of
Health Institutional Review Board (IRB) and was approved
on 1 February 2018 (TDH-IRB 1057486). The National
Institutes of Health — Intramural Research Program IRB —
Human Research Protections Program — Office of Human
Subjects Research Protections determined that our protocol
did not involve human subjects and was excluded from IRB
review (18-NIMHD-00722). Analysis was performed on a
total of 18,088 localized malignant/invasive cases. Data
used for this analysis are restricted but available by request
to the Tennessee Department of Health TCR (https://www.
tn.gov/education/data/data-downloads/request-data.html).
All analytical files are available by reasonable request.

Latent Variable Indicators

The latent outcome was surgical TD of localized malig-
nant PCa. We used the following sociodemographic
variables for our LCA model: race, age at diagnosis,
marital status, county of residence, health insurance
type, and surgical TD. Race was categorized into White,
Black, or other. The other race category included par-
ticipants that self-identified as American Indian/Alaska
Native and Asian or Pacific Islander. Age was catego-
rized into three groups based on the U.S. Preventive
Services Task Force screening recommendations for
PCa(i.e., <55;55-69; and =70; US Preventive Services
Task Force, 2018). Marital status was grouped into four
categories as (a) single, never married; (b) married,
which includes common law; (c) divorced/separated;
and (d) widow/widower. Area of residence was based on
county of diagnosis/residence and was coded as either
Appalachian or non-Appalachian based on Appalachian
Regional Commission demarcations (Pollard et al.,
2020). Type of health insurance was categorized as: (a)
not insured and/or self-pay; (b) public that included
Medicaid, Medicare, Military/TRICARE, Veterans
Affairs, and Indian/Public Health Service; and (c) pri-
vate that included managed care, health maintenance
option (HMO), preferred provider organization (PPO),
or fee-for-service. The distal outcome of surgical TD—
based on the extant literature (Ginsburg et al., 2020;
Graefen et al., 2005; Korets et al., 2012; Reichard et al.,
2019)—was coded as (a) =90 days, (b) >90-180 days,

(c) >180-365 days, and (d) >365 days from the date
patients were diagnosed to when surgical treatment was
provided and recorded in the TCR.

Covariates

Tumor grade (i.e., I-IV) was accounted for in our final
model as a covariate to assess PCa grade differences
between identified TD profiles.

Statistical Analysis

We first conducted a descriptive analysis to report the
characteristics of the TCR localized malignant PCa study
sample. Second, we performed LCA, a person-centered
analytical method, to identify and characterize PCa surgi-
cal TD profiles associated with conditional probabilities
of observed sociodemographic and geographic indicators
using delay in surgical treatment as a distal outcome. To
select the best fitting LCA model, we employed a com-
parative approach that compares multiple models (i.e.,
1-class to 6-class solution) by Bayesian information crite-
rion (BIC), sample size adjusted-BIC (SSA-BIC),
Lo-Mendell-Rubin (LMR) adjusted likelihood-ratio-test
(LRT), parametric bootstrapped (PB) LRT, and entropy.
Entropy provides an index of reliability for separation of
classes (Nylund et al., 2007). Once the final model was
selected, a multinomial logistic regression was used to
assess the role of tumor grade between profiles. All anal-
yses were performed in Mplus 8.4 (Muthén & Muthén).

Results

Patients’ Sociodemographic Characteristics

Localized malignant PCa cases were primarily White
(84.4%) followed by Black (14.9%) and predominantly
of non-Hispanic origin (99.5%). The sample was mostly
55-69 years of age (64.1%) and married (83.0%) having
either public (45.0%) or private (54.0%) health insur-
ance. The sample was almost evenly distributed between
Appalachian and non-Appalachian residence. The major-
ity of patients (54.6%) were recorded as having grade II
tumor. Nearly 80% of the sample reported a =90-day
delay in surgical treatment (Table 1).

Latent Class Risk Profiles Delay

The best fitting LCA model was a three class-solution
with an entropy of 0.69 as seen in Table 2. The three
classes were named lowest, medium, and highest delay
profile based on the probabilities for delaying PCa
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Table |. Localized Malignant Prostate Cancer Patient Sample
Descriptives (N = 18,088).

Race

White 15,254 84.4%

Black 2,699 14.9%

Other 128 0.7%
Hispanic origin

No 16,104 99.5%

Yes 80 0.5%
Age at diagnosis

18-54 2,652 14.7%

55-69 11,587 64.1%

=70 3,849 21.3%
Marital status

Single 1,220 7.5%

Married 13,535 83.0%

Divorced/Separated 1,042 6.4%

Widow/Widower 511 3.0%
County of residence

Non-Appalachian 9,300 51.4%

Appalachian 8,785 48.6%
Health insurance type

None 181 1.0%

Public 7,803 45.0%

Private 9,373 54.0%
Tumor grade

| 1,472 8.3%

Il 9,200 54.6%

11l 7,095 39.8%

\% 50 0.3%
Delay in surgical treatment

90 days or less 14,511 80.3%

90-180 days 3,380 18.7%

180-365 days 500 2.8%

More than 365 days 183 1.0%

surgical treatment. Class 1 or the lowest surgical delay
profile represents 42% of sample, had high conditional
likelihoods of being primarily White (92.3%), =70 years
at diagnosis (51.6%), married (83.7%%), and residing in
Appalachian county (54.3%) compared to all delay pro-
files. Class 1 had the highest conditional probability of
utilizing public health insurance (89.3%).

Class 2, or the medium delay profile (46% of sample),
had the highest likelihoods of being predominantly White
(96.0%), between ages 55 and 69 years (76.4%), married
(85.8%), with private health insurance (87.6%). Class 3,
the highest delay profile, constitutes 12% of sample, had
the highest likelihood of being Black (80.9%) and living
in non-Appalachian county (90.0%). This class/group was
also younger, as they had the highest conditional probabil-
ity of being <55 years of age (28.4%). The highest delay
group also had the highest conditional probabilities of
being single (17.2%) or divorced/separated (10.2%). This

delay group had a 30% and 69% conditional probability of
having public and private health insurance, respectively.
See Table 3 for all conditional probabilities. Using multi-
nomial logistic regression, we found that the highest delay
profile had 22% lower odds (95% CI [.67, .90]) of having
a grade II tumor compared to patients with grade I in the
lowest delay profile (Table 4). Figure 1 provides a com-
parison of surgical TD categories by profile.

Discussion

Evidence suggests that, overall, Black men experience
worse health outcomes from PCa compared to White men.
Factors contributing to these disparities include unequal
access to health-care services leading to delay in diagnosis
and treatment (Adams et al., 2017; Benjamins et al., 2016;
Chornokur et al., 2011; Krimphove et al., 2019), but lim-
ited research exists on the profiles or the group of popula-
tions most likely to delay treatment. In this study, we used
a person-centered approach to determine profiles of
patients at-risk of surgical TD for localized malignant PCa
from a statewide cancer registry. Our findings make two
major contributions to the literature on health disparities
in the surgical treatment of PCa. First, we found three pro-
files of patients who delayed PCa surgical treatment.
These groups were based on sociodemographic factors,
health insurance type, and geographic region of residence.
Second, we found that the profiles that were most likely to
delay surgical treatment were Black, younger adults with
private insurance, single or separated/divorced, and resid-
ing in a non-Appalachian county. Moreover, tumor grades
did not differentiate between profile differences, with the
exception of the highest TD profile; that is, the highest TD
profile had lower odds of being treated for grade II tumor
when compared to the lowest TD profile.

The Appalachian region of the United States faces
health disparities in cancer burden. Disparities in PCa
survival among Appalachian residents are well docu-
mented in Kentucky, though the difference was related to
high comorbidity score, high poverty rate, and low edu-
cation (Myint et al., 2018, 2019). In contrast to current
findings, our results based on TCR data show that the
group with highest delay (i.e., >90 days from diagnosis)
in PCa surgical treatment did not reside in Appalachian
counties. The lowest and medium PCa surgical delay pro-
file groups had slightly higher conditional probabilities to
reside in Appalachian counties and married compared to
the highest delay profile. Nonetheless, the lowest risk
profile of delay was comparatively older at time of diag-
nosis and had publicly provided health insurance. Among
the medium and highest delay profiles, both had a high
conditional probability to have private health insurance.
These findings are consistent with Al Rowas et al. (2017),
who reported that private health insurance is associated
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Table 2. Latent Class Analysis Model Fits for Comparison (N = 18,088).
BIC SSA-BIC Entropy LMR-LRT p value PB-LRT p value
I-Class Solution  142,863.9 142,822.6 - - - - -
2-Class Solution  137,660.7 137,574.9 0.662 5,301.8 .000 5,340.4 .000
3-Class Solution  136,502.5 136,372.2 0.693 1,286.1 .000 1,295.4 .000
4-Class Solution  136,324.3 136,149.5 0.731 3132 .138 315.5 .000
Note. BIC = Bayesian information criterion; SSA-BIC = sample size adjusted-Bayesian information criterion; LMR = Lo-Mendell-Rubin;
LRT = adjusted likelihood-ratio-test; PB = parametric bootstrapped.
Table 3. Latent Class Analysis of Localized Malignant Prostate Cancer Surgical Delay Groups With Conditional Probabilities
(N = 18,088).
Class | Class 2 Class 3
Lowest Delay Medium Delay Highest Delay
N =7,620 N =28,391 N =2,077
2% 46% 2%
Race
White 0.179
Black 0.070 0.034
Other 0.007 0.006 0.011
Age at diagnosis
Under 55 0.000 0.236 0.284
5569 os8¢ o7 oess
70 and over 0.516 0.000 0.030
Marital status
Single, never married 0.051 0.068 0.172
MarriediCommon lw I oz s oo
Divorced/Separated 0.049 0.066 0.102
Widow/Widower 0.063 0.009 0.020

County of residence

Non-Appalachian 0.457 0.456

Appalachian 0.543 0.544 0.100
Health insurance type

No insurance/Self-pay 0.001 0.013 0.032
Public insurance 0.112 0.289
Private Insurance 0.107

Delay in surgical treatment

90 days or less
90-180 days 0.144 0.177 0.237

180365 days 0.021 0.027 0.050
More than 365 days 0.010 0.008 0.017
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Table 4. Multinomial Logistic Regression of Tumor Grade Covariates Using (Class |) Lowest Delay as Reference (N = 17,817).

Class 2 Class 3

Medium Delay Highest Delay
95% ClI 95% Cl
OR Lower Upper p value OR Lower Upper p value

Grade | ref. - - - ref. - - -
Grade Il 0.96 0.76 1.21 723 0.78 0.67 0.90 .001
Grade I 1.06 0.84 1.35 .623 0.99 0.86 1.14 .891
Grade IV 1.77 0.58 5.43 316 1.51 0.70 3.29 296

with delay in seeking care and treatment due to high cost-
related co-pays and deductibles compared to publicly
insured individuals (15.6% vs. 8.1%, respectively).

Our results suggest that despite being insured, Black
men, more specifically middle-age adults, were less
likely to undergo surgery to treat PCa. This is alarming as
the higher likelihood among Black men to have advanced
PCa is evidenced (Howlader et al., 2012; Stokes et al.,
2013). It is also shown that Black patients with PCa are
more likely to die due to the disease. Our study adds to
the evidence on the underlying factors associated with
higher mortality among Black patients with PCa. Factors
at the patient level that may be driving excess mortality
are mistrust, health-seeking behaviors, rurality, and clini-
cal or system-level factors (Kan et al., 2018). Although
access to health care has been known to be a main driver
of health disparities and is also an important predictor of
treatment behavior (Burt et al., 2018; Gordon et al.,
2019; Noonan et al., 2016), our study shows that patients
delayed treatment despite having health insurance cov-
erage. A recent study by Gordon et al. (2019) analyzed
the North Carolina Prostate Cancer Comparative
Effectiveness and Survivorship Study and reported that
Black patients were more likely to consider cost
(69.2%), treatment (69.2%), and recovery time (73.3%)
as important therapeutic decision-making factors com-
pared to White patients (34.9%, 33.8%, and 46.9%,
respectively). Another study used SEER data to assess
trends in PCa treatment from 2004 to 2014 concluded sig-
nificant differences exist by patient age, insurance status,
socioeconomic status (SES), and geographical residence
(Burt et al., 2018).

Our findings indicated that having private health
insurance may not be a sufficient factor to determine
early treatment initiation for PCa, and that treatment
delays may manifest as constellations of social determi-
nants. Getting timely treatment and reducing delays for
Black adults with aggressive PCa is crucial for improving
survival outcomes and reducing cancer disparities. It is,
therefore, critical that these social determinants are given

a major consideration in the development of effective
interventions. Moreover, the role of Appalachian and
non-Appalachian regions in context of TD and the social
determinants must be further explored to understand the
complex cancer health disparities affecting men.
Multilevel intervention studies are needed to focus on
patient, clinician, and health-care system-level factors to
address these PCa disparities.

Nevertheless, to address PCa health disparities and
inequities, we must go beyond census bureau categories
of race/ethnicity. Attention needs to be given to data col-
lection in cancer registries to gather more detail on
racial/ethnic categorizations to include biological ances-
try and biomarkers (e.g., prostate-specific antigen;
tumor necrosis factor alpha) for more personalized risk
assessments, interventions, and medical treatment. To
further improve risk categorizations, cancer registry
data will also need to collect geographic context of
socioeconomic and ecological factors. The granular
level of geography must go beyond the county and zip
code level to include neighborhood as well as housing
history. SES like family income would considerably
improve the person-centered models as well as socio-
ecological factors to better target risk mitigation efforts
and health promotion. Socioecological factors would
include environmental exposure from early adverse
events (e.g., violence, crime) to toxicants and xenobiot-
ics (e.g., total tobacco exposure, air pollution, radon,
pesticides). Behavioral and health risk factors such as
alcohol consumption, binge drinking, physical activity
from work or exercise, and diet would have improved
our risk profiles further. Therefore, future policies
regarding cancer registry data collection should include
more contextual data to help understand risk in context
to prevent disparate health outcomes in an effective and
efficacious manner to intervene upon the most salient
factors given a specific at-risk PCa treatment profile.
Through the collection of contextual cancer data risk
assessments can we move beyond linear categorizations
of risk by race and ethnicity to targeted person-centered
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Figure |. Surgical delay profiles by class.

care to meaningfully address cancer health disparities
and move toward health equity.

Strength and Limitations

This study contributes to the limited knowledge on PCa
surgical TD by identifying risk profiles of patients in
Tennessee, a unique geographical region currently not cov-
ered in the SEER program (National Cancer Institute
Surveillance Epidemiology and End Result Program,
2020). Although the study used standard and validated
measures involving a large population of PCa patients not
in the SEER program, there were few limitations. First, we
were limited by the retrospective administrative variables
available to us. Cancer registries are not mandated to col-
lect SES data such as income and education, and quality of
treatment received by patients. Additionally, demographic
variables are only collected at the time of diagnosis and
hence may not be up-to-date. Despite the large sample size,
the results may not be generalizable to the entire U.S. pop-
ulation because the TCR is tasked with collecting cancer
data covering the state of Tennessee as well as patients
diagnosed and/or treated for cancer in state although they
are residents of neighboring states. Nonetheless, the find-
ings are significant because they provide a better under-
standing of subgroups/population most at-risk to delay
PCa treatment in Tennessee.

Conclusion

This study identified three risk subgroups—lowest, medium,
and highest PCa surgical TD profiles/subpopulations—
based on patient sociodemographic and geographic resi-
dence as well health insurance characteristics. In
particular, we identified that even with health insurance,
young Blacks aged <55 years, living in non-Appalachian
counties, had the highest surgical delay, which was almost
double that of the whites in the lowest delay class. These
findings have important policy implications to inform utili-
zation of private health insurance for required surgical treat-
ment cases of treatable PCa. Furthermore, the disparities in
PCa surgical delay may explain differences in health out-
comes in Blacks who are most at-risk; however, structural
factors, clinical care, and treatment outcomes could play a
role in these delays but were not available for analysis.
Lastly, the use of person-centered approaches can help
health researchers better identify cancer risk profiles or sub-
populations, and the underlying determinants that may be
overlooked, but needed for tailored interventional programs
to address PCa disparities.
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