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ABSTRACT

Though racial disparities across all stages of prostate cancer management have been well
established, uncertainty remains about the specific causes of these disparities and how to best
address them. Significant controversy also exists regarding the efficacy of prostate cancer
screening in general. This paper attempts to investigate these questions via logistic regression
models using retrospective clinical data from the UVA Health System. | find that black men are
significantly more likely to receive a biopsy at a given age and PSA result (O.R. =1.90; p <
0.001), as well have being more likely to have prostate cancer at a given age/PSA result (O.R. =
2.39; p <0.001), especially high-grade cancer. 1 also find that although black men have
significantly higher odds of mortality overall, having prostate cancer does not appear to affect
the odds of all-cause mortality in black men any more than white men, suggesting that large,
general racial health disparities present a significant obstacle to achieving equal prostate cancer
outcomes. Additionally, I explore regression discontinuity design as a possible quasi-
experimental technique to measure screening efficacy without the need for a large-scale

randomized controlled trial.
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1. Introduction

Significant uncertainty exists about the efficacy of prostate cancer screening as well as
the causes of racial disparities in prostate cancer outcomes. This paper attempts to investigate
these questions using retrospective clinical data gathered from the University of Virginia Health

System’s Clinical Data Repository.

Since the widespread adoption of PSA screening to detect prostate cancer in the 1990s,
there has been controversy about the risks and benefits of screening, who should be screened,
and how much to weigh PSA results when making diagnostic and treatment decisions. | attempt
to use a quasi-experimental regression discontinuity design to infer the causal effects of prostate
cancer screening at a commonly used threshold for “Elevated PSA”. However, contrary to
previous research, | find no discontinuity in the probability a patient receives a biopsy at the
threshold; instead, | see a continuous rise in the probability of biopsy as PSA increases, so | am
unable to use this technique to make causal inferences on the effects of receiving a prostate

biopsy on cancer detection and mortality.

Prostate cancer has long had a disproportionate impact on black men relative to white
men. Black men are about 1.7 times more likely to develop prostate cancer than white men, and
around 2.4 times more likely to die from it (Siegal et al. 2016). The causes for these disparities
are thought to be complex and multifactorial, and include healthcare access and affordability,
socioeconomic status, diet and comorbidities, and genetic/epigenetic factors. This paper
investigates the effects of race on prostate cancer detection and mortality outcomes for patients

in the UVA Health System using logistic regression models.



| find that black men are significantly more likely to receive a prostate biopsy and are
also more likely to have a prostate cancer diagnosis, especially high-grade cancer, controlling for
age and PSA result. Looking at all-cause mortality outcomes as of 2017, | find that black men
have significantly higher mortality odds than white men, and that the effect of being black on
mortality is even greater than the effect of having prostate cancer (p < 0.01). However, the
results point to a prostate cancer diagnosis having a smaller effect on the mortality odds for black
men than white men, suggesting that much of the disparity in prostate cancer mortality rate
comes from general disparities between races in health and healthcare, and not factors specific to

prostate cancer itself and the treatment thereof.

This paper contributes to the existing literature on the subject by exploring regression
discontinuity as a plausible design for studying the efficacy of prostate cancer screening in recent
retrospective clinical data, as opposed to relying solely on large-scale randomized controlled
trials. Though I conclude that this technique is unlikely to be effective using modern clinical
datasets of this size, it may be viable with a much larger group of patients. Additionally, |
contribute to previous work on racial disparities in prostate cancer through the use of a multiple
logistic regression model to try to isolate the effect of race on cancer detection and mortality, as

opposed to simply reporting differences in population averages.

2. Background

2.1 Prostate Cancer and PSA

Prostate cancer continues to be a major cause of death for men; it is the second most
common cancer for men, as well as the second most common cause of cancer death in men,

behind only lung cancer (U.S. Cancer Statistics Working Group, 2019). Over the past few



decades, the rate of prostate cancer deaths has declined, partly due to improvements in screening
and treatment technologies (National Cancer Institute, 2019). An elevated blood serum
concentration of prostate-specific antigen (PSA), a glycoprotein enzyme that is produced both by
cancerous and noncancerous prostate cells, is considered to be a sign of prostate cancer. The
blood test for prostate-specific antigen is a very common screening technology for prostate
cancer, with 38.8% of US men aged 55-69 receiving the test within the past year as of 2015
(National Cancer Institute, 2019). However, that statistic had declined almost 10% from 2008,
when 48% of those men reported having been screened in the past year. This decline in PSA
screening coincided with increasing concerns about the risks and benefits of widespread
screening. The results of two large-scale, randomized trials in both the United States and Europe
were published in 2009, and both showed little evidence of mortality benefits from broad PSA
screening (Andriole et al. 2009; Schroder et al. 2009). Due to the financial costs and possible
physical harm from overdiagnosis, many medical associations and panels, including the
American Urological Association, relaxed their guidelines concerning PSA screening, restricting

the age range and frequency for which PSA screening is recommended (Carter et al. 2013).

Commonly, a patient with a PSA concentration at or above 4.0 nanograms per milliliter
of blood serum is considered to have an “clevated PSA”. Since PSA typically rises as men age,
a PSA of 4 would be more suspicious in a younger man than an older man, but 4.0 ng/mL is still
widely considered as a cutoff for all men within the screening age range. Some men naturally
have larger prostates and have higher PSA values as a result, so physicians also consider trends
in PSA in addition to the level. An abrupt rise in PSA potentially indicates the presence of
cancer (they also may consider measures such as PSA density, which is the PSA level divided by

prostate volume, or %Free PSA, the percentage of PSA in blood that is not bound to a transport



protein). Despite these additional considerations, there still may exist a significant discontinuity
in treatment decisions at a PSA level of 4.0 ng/mL. A patient with a PSA just above that
threshold may be more likely to receive a prostate biopsy or MR, be diagnosed with prostate

cancer, and receive cancer treatment than those who fall just below the PSA threshold.

Like many other diseases, significant racial disparities exist in the incidence, screening,
treatment, and mortality of prostate cancer between black and white men in the United States
(Pietro et al. 2016). Many different mechanisms have been proposed to explain this disparity,
including access to health care, socioeconomic status, cultural factors, diet and comorbidities, as
well as genetic and epigenetic factors (Bhardwaj et al. 2017). It is likely that a combination of
these factors, and not a single factor alone, causes the large disparity in prostate cancer

outcomes.

2.2 Prior Literature

Regression discontinuity designs have become increasingly common in epidemiology
and health research in recent years. Treatment decisions are often based on discrete cutoffs on a
continuously measured variable, so researchers may compare patients who fall above and below
a cutoff to make causal inferences (Bor et al., 2014). Assuming that treatment assignment is “as
good as random” at values very close to the threshold, regression discontinuity can allow
researchers to determine the causal effects of some medical interventions without the need for a
randomized controlled trial. In economic literature, regression discontinuity has been used to
estimate the value of receiving additional medical care as a result of being above or below a
certain diagnostic threshold, such as those for low birthweights or a diabetes diagnosis (Almond

et al. 2010; Alalouf et al. 2019). Using regression discontinuity designs in order to compare



differences in health outcomes with additional medical spending could allow healthcare

providers to more efficiently allocate medical resources.

In spite of multiple, large-scale randomized trials, there continues to be uncertainty
concerning the proper use of PSA screening, and physicians face conflicting guidelines about
when to use this test. While the American Urological Association (AUA) used to recommend
offering the test to all men over 50 with >10 year life expectancy, in 2013 the AUA updated its
guidelines to recommend “shared decision making” for men aged 55-69, and does not
recommend screening for men outside of that age range (Carter, et al. 2013). For comparison,
the Canadian Task Force for Preventative Health Care does not recommend screening for men of
any age (CTFPHC, 2014). However, amidst the recent plateau in prostate cancer deaths in the
US (National Cancer Institute 2019), some have called for more screening. Screening advocates
argue that the PSA test can be beneficial if implemented responsibly, and that new technologies,
such as multi-parametric MRI, and better treatment strategies may help avoid overdiagnosis and

reduce the possible harms from PSA screening (European Association of Urology, 2019).

In the United States, the Prostate, Lung, Colorectal, and Ovarian (PLCO) Cancer
Screening Trial took place mostly in the 1990s and involved 76,693 men who were randomized
into a screening group, which received annual PSA tests, and a control group. The control group
was able to be screened outside of the study, resulting in a contaminated population and some
concerns about the validity of the study. There was a higher incidence of prostate cancer found
in the screening group, but there were no significant differences in mortality (Andriole, et al.
2009). The European Randomized Study of Screening for Prostate Cancer (ERSPC) took place
concurrently and was roughly twice as large as the PLCO trial. The ERSPC trial found a small

decrease in prostate cancer mortality in the screening group. The absolute risk difference was



0.71 deaths per 1000 men, meaning that 1410 men would need to be screened (and 48 extra cases
of prostate cancer would need to be treated) in order to prevent one prostate cancer death

(Schroder, et al. 2009).

Partially due to concerns of contamination in the control group of the PLCO trial, Shoag
et al. published a regression discontinuity analysis of the PLCO data in 2015, which allowed
them to evaluate the benefits of PSA screening without using data from the control group.
Taking advantage of the fact that a PSA of 4.0 ng/mL was used as a cutoff for further work-up in
the PLCO trial, they compared patients with maximum PSA values that fell just above and below
the cutoff. They found that there was a positive effect on the probability of receiving a biopsy
and detecting low-risk prostate cancer at the cutoff, but no effect on the detection of high-risk
cancer or mortality. Surprisingly, they found a small, positive effect on prostate cancer-specific
mortality at the cutoff, which is the opposite of what would be expected if screening were

beneficial, though this was not statistically significant (p = 0.27).

Racial disparities have been noted across all stages of prostate cancer management, from
screening and treatment choices to mortality outcomes (Pietro et al. 2016). A 2014 study by
Powell et al. using SEER data found that racial disparities in age-adjusted 5-year survival rates
for all stages of prostate cancer were significantly reduced in the PSA screening era (1995-2005)
compared to the pre-PSA era (1973-1994), suggesting that aggressive PSA screening can
improve outcomes in black men relative to white men. Unfortunately, there is evidence that
black men have lower PSA screening rates despite having higher incidence and mortality
(Trantham et al. 2013). This discrepancy could be due to differences in health care access and

affordability, as well as skepticism within the black community towards doctors and hospitals



due to a history of unequal treatment and segregation, as well as a cultural memory of harmful

and prejudicial events such as the Tuskegee Syphilis Study (Moses and Brantley, 2020).

Heterogeneity in forms of treatment exists between races as well. From SEER data,
black men are less likely to receive radical prostatectomy, brachytherapy, cryotherapy, or
combination therapy relative to white men, with more black men receiving active
surveillance/watchful waiting (Moses et al. 2016). Although a more equal provision of
healthcare can result in a narrowing of differences in outcomes, black men may still experience
higher incidence and mortality due to genetic factors. A number of gene polymorphisms and
mutations has both been associated with increased prostate cancer incidence and aggressiveness,
and are found more frequently in black men. Other biological risk factors have also been
reported to be more prevalent in black men, including differences in epigenetics, microRNA
expression, and hormone-receptor, growth factor receptor, and inflammatory signaling pathway
activation. Much of the relative importance of each of these factors is still unknown (Bhardwaj

etal. 2017).

3. Data

All data was gathered from the University of Virginia’s Clinical Data Repository (CDR).
The CDR is a data warehouse that integrates and stores data gathered from multiple different
sources across the UVA Health System (Einbender et al. 2001). Original data sources pertinent
to this paper include electronic health records for demographic information, SunQuest for
laboratory results, UVA’s Cancer Tumor Registry, and the Virginia Department of Health for
death information. The CDR contains data from 1.5 million patients in total, beginning in 1993.

However, pathology results were not included until 2005; therefore, the cohort used in this paper



only contains patients with PSA results from 2005 and later, in order to avoid patients with

unrecorded prostate biopsies. The CDR stopped updating new data in 2017.

In order to protect patient anonymity, specific dates are not included in the CDR. Some
information, such as laboratory results, includes the year of the test. However, no date is
recorded with pathology results, and therefore | was not able to link biopsies to the specific PSA

result that triggered the biopsy.

To build the cohort, | pull male patients aged 40 and above with at least one PSA result
on file between the years 2005-2017, which leaves 43,394 patients. Since, the CDR only
contains data from the UV A Health System, some results from patients who also receive care
from other health care providers may not have been recorded in the CDR. In order to avoid
those cases in which the patient is missing important PSA results, I excluded patients with no
PSA results greater than or equal to 1.0 ng/mL, leaving 21,985 patients and a total of 66,573
PSA tests > 1.0 ng/mL. This exclusion reduced the number of patients in the sample with
prostate cancer from 2,501 to 1,279. Since it would be very unlikely to perform a biopsy and
find cancer in a patient without them ever having a PSA above 1, The large number of patients
with prostate cancer without a PSA > 1 is evidence that there is either incomplete data for these
patients and/or there are patients with a history of prostate cancer prior to 2005 who have already
been treated, and therefore have later PSA results that are very low. For either of these cases, I
would want to exclude these patients in order to ensure the sample contains mostly patients in

which the PSA result that triggered the initial biopsy is recorded.

To perform the first-stage regression discontinuity analysis, | estimate the change in
probability of having received a prostate biopsy at the elevated PSA cutoff of 4.0 ng/mL. For this

analysis | use each patient’s maximum PSA result, with the assumption that that result triggered

10



the biopsy (This is the same assumption made in Shoag et al. 2015). Figure 1 presents a
histogram of maximum PSA results from 1.0 to 20.0 ng/mL. Table 1 shows descriptive statistics
for the sample. Average age is 65.06 years old, 77.9% are white, 12.1% are black, 11.4% have
had a biopsy, and 5.8% have had a prostate cancer diagnosis. As expected, the histogram of each
patient’s maximum PSA result is heavily right skewed, with a mean of 19.88 ng/mL and a
median of 2.37 ng/mL, and there are several outlier PSA values well above 1000 ng/mL. Results

are consistent with or without inclusion of these outliers.
4. Empirical Strategy

| use a regression discontinuity design to estimate the change in probability of receiving a
prostate biopsy at the PSA threshold of 4.0 ng/mL. For this analysis, | use local linear regression
and the Calonico et al. 2018 MSE-optimal bandwidth selector. An implicit assumption in
regression discontinuity frameworks is that data cannot be manipulated by patients or providers
in order to be on a preferred side of the threshold. In this setting, manipulation is unlikely by
either party due to its nature as a blood test and the fact that treatment is not restricted above or
below the threshold. It is theoretically possible that patients could attempt to increase their PSA
value via prostate stimulation from sexual activity or long-distance bicycle riding, but they
would have no clear incentive to do so. Clumping of values on either side of the threshold is also
not seen in Figure 1, as the density is smooth across the threshold. The regression equation can

be expressed as follows:

T = Probability of undergoing a biopsy
D=1ifPSA>4.0; 0if PSA<4.0
X = Max PSA value

11



Vv = error term

Here, the coefficient of interest is 8, which is the estimate of the effect of being above the
threshold on the probability of undergoing a biopsy. A statistically significant positive effect
would then allow for further analysis of the effect of receiving a biopsy on cancer detection and
mortality through a 2" stage regression. In this case, the PSA threshold would serve as an

instrumental variable for receiving a biopsy.

For my analysis of racial disparities in cancer detection and mortality outcomes | utilize
logistic (or logit) regression, as all the dependent variables used are binary. I report results from
logistic regression as opposed to a probit model due to ease of interpretation of coefficients and
to stay consistent with other epidemiological studies. My results are consistent across both

models. The basic logit model specification could be expressed as:

Pi
1-p;

logit(p,) = ln( ) =ﬁ0+ﬁ1R,~+BXX,-+6i

p = P(Y=1), where Y is the binary outcome variable (e.g. biopsy)
R = 1 if the patient is black

X = a vector of control variables

This model is extended by including interaction terms to determine differences in the effect of
one independent variable based on the level of a second independent variable, such as the

differences in the effect of prostate cancer on mortality across different races.

5. Results

5.1 Regression Discontinuity
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Using each patient’s maximum PSA result between the years 2005 and 2017, | performed
a regression discontinuity analysis to determine if there is a jump in the probability of receiving a
biopsy between those same years at the elevated PSA cutoff of 4 ng/mL. Contrary to the Shoag
et al. 2015 findings using PLCO data, | find no statistically significant discontinuity at the cutoff
(point estimate = -0.0123; p = 0.702; 95% ClI, -0.0755 — 0.0508), and this result is consistent
across a variety of bandwidths and specifications. Figure 2 displays the fitted relationship
between PSA result and probability of biopsy. For PSA results below 4 ng/mL, the probabilities
of receiving a biopsy are very similar to those in the PLCO data, at around 5% for a PSA =2
ng/mL and around 10% for a PSA approaching 4 ng/mL. However, on the other side of the
threshold, the probability immediately jumped to around 35% in the PLCO data, while my

results show a gradual rise in probability with no discontinuity.

The reason for this major difference is likely that in the PLCO trial a PSA of 4.0 ng/mL
was officially set as the threshold for further workup (i.e. either a biopsy or a follow-up PSA
test), while in my sample no such official protocol exists. While there still are some loose
guidelines, patients and doctors have more flexibility in their screening decisions than in the
PLCO trial. Itis also likely that the results of the PLCO and other similar trials, which showed
few benefits to screening, resulted in physicians being less likely to recommend biopsies to
patients with PSA results just above 4 ng/mL, and paying less attention to the 4.0 ng/mL mark as
a discrete cutoff on which to base their screening decisions. It is also a possibility that a small,
positive discontinuity does exist in the current population, but my sample size (N = 21,985) was
not large enough to detect it. A much larger sample would most likely be needed to detect a

statistically significant discontinuity in the current population, if it exists.
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Without a discontinuity in the 1% stage regression (probability of biopsy), | cannot
determine a causal estimate of the effect of a biopsy on cancer detection or mortality.
Unsurprisingly given the lack of discontinuity in the treatment variable (biopsy), there is also no
discontinuity in the probability of a prostate cancer diagnosis or in mortality at the PSA cutoff, as
there is no reason such discontinuities would exist except as a result of increased probability of
biopsy at the cutoff. Compared to the results from Shoag et al. 2015, the lack of a positive jump
in both biopsies and low/intermediate-grade tumors at the PSA cutoff (Figure 2) suggests that
the reduction in the number of biopsies in the PSA range just above 4 ng/mL in the current
population may have led to fewer low-grade cancer diagnoses for patients with PSA results in
that range. Given previous research (Andriole et al. 2009; Schroder et al. 2009; Shoag et al.
2015) showing little to no gains in survival as a result of PSA screening due to the low mortality
risk from many low-risk prostate cancer cases, such a reduction in low-risk diagnoses may have
had a beneficial effect in terms of cost-effectiveness and even mortality itself, though further,

experimental research would of course be necessary to confirm this effect.
5.2 Racial Disparities

Focusing on racial disparities between black and white men, | estimate the effect of race
on different outcome variables using logistic regression models. Note that by “effect” I do not
mean the strict causal effect from race, since | was not able to control for all other variables
correlated with race that may also have an effect on outcomes, such as socioeconomic status or
family history of prostate cancer. Rather, these regression coefficients are simply estimates of
the ratios of population odds between races, controlling for certain variables such as age or max

PSA result.
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First, | examine disparities in the probability of undergoing a biopsy or receiving a
prostate cancer diagnosis, controlling for max PSA result, age, and the interaction term between
the two (Table 2). The effect of a PSA difference on the likelihood of biopsy may decrease as
patient age increases, since it is normal for patients to have a higher PSA as they age and
physicians are more hesitant to biopsy older patients (e.g. >70-75 years old) due to a lower
chance of prostate cancer mortality, so a difference in PSA at a higher age may have a smaller
effect on probability of receiving a biopsy than at a lower age. This effect is seen by an odds
ratio of <1 for the interaction term in table 2. The odds ratio >1 for age on probability of biopsy
may seem contradictory if physicians are less likely to biopsy older patients at a given PSA, but
that can be explained by the fact that the outcome variable is the probability of ever receiving a
biopsy, which clearly increases with age, not the probability of receiving a biopsy just after that

specific PSA result.

In these regressions, we see that black patients are much more likely to have received a
biopsy controlling for age and max PSA result (O.R. = 1.90; 95% CI, 1.70 — 2.13), suggesting
that physicians and patients may be taking race into account when making treatment decisions
and recommending biopsies more aggressively to black patients due to higher prostate cancer
incidence and mortality rates. Indeed, black patients are far more likely to have had prostate
cancer (O.R. = 2.39; 95% CI, 2.07 — 2.75) again controlling for age and PSA, suggesting that
more biopsies are well merited. It is possible that the higher incidence of prostate cancer is
caused simply by more biopsies being performed on black men, and therefore more low-grade
tumors would be detected. However, the fact that the odds ratio for high grade tumors (O.R. =
2.45) is even greater than that of low/intermediate grade tumors (O.R. = 2.15) suggests that that

is not the case.
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Next, | examine the effects of race and prostate cancer status on all-cause mortality at the
exit date of 2017, controlling for year of birth (Table 3). | find that black patients in the sample,
controlling for whether or not they have prostate cancer, have much higher odds of mortality
(O.R. =1.89; 95% ClI, 1.67 — 2.14), and that patients with prostate cancer have higher odds of
mortality (O.R. =1.43; 95% ClI, 1.23 — 1.67) controlling for race. The higher risk of mortality
appears to come entirely from patients with high grade tumors (O.R. = 1.75; 95% ClI, 1.42 —
2.16), while low/intermediate tumors have no statistically significant effect on mortality.
Notably, the effect of being black on mortality is greater than the effect of having prostate cancer
(p < 0.01), and the difference in the effects of having high-grade cancer and being black is not
statistically significant. Figure 3 displays the Nelson-Aalen cumulative hazard curves across

race and cancer status for ages 60-80.

| add interaction terms between race and prostate cancer status in order to examine if the
effects of having prostate cancer on mortality varies between races. Again controlling for year of
birth, prostate cancer appears to have a smaller effect on mortality for black men (O.R. =0.72,
95% CI, 0.50 — 1.04, p = 0.08), though this difference is only statistically significant at the 8%
level. Among only black men, there is no significant effect on all-cause mortality from having
prostate cancer (O.R. = 1.13; 95% CI, 0.82 — 1.56; p = 0.466), although one potential concern
with this estimate is lack of statistical power due to a much smaller sample size of black men (N
= 2,659) than that of all men. Among patients of any race with prostate cancer, being black still

increases risk of all-cause mortality (O.R. = 1.43, 95% ClI, 1.01 — 2.05; p = 0.44).

In summary, the racial disparity in mortality among prostate cancer patients in this
population appears to come from the large, systemic health disparity between black and white

men, rather than from idiosyncratic differences in how prostate cancer effects mortality for each
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race. This evidence suggests that the overall racial mortality gap presents a significant obstacle
to closing the gap among prostate cancer patients specifically. Even if prostate cancer has a
smaller effect on mortality for black men than white men, it may be outweighed by the
underlying mortality risk from being black. In fact, it is possible that a prostate cancer diagnosis
may act as a sort of “equalizing” factor between a given black and white patient’s expected
mortality, since although it effects each person’s expected survival negatively, it may have a
larger effect on the white patient, because he would otherwise outlive the black patient even

longer on average.

6. Conclusion

Prostate cancer continues to disproportionately affect black men, both in terms of
incidence and prostate cancer mortality. This paper attempts to explore the effect of race on
prostate cancer biopsies, incidence, and outcomes using data from the UV A Health System.
Instead of simply reporting differences in population averages like most previous
epidemiological work on this subject, | attempt to isolate the effect of race from other correlated
variables (i.e. PSA result and prostate cancer status) in order to more accurately measure its
effect on screening and mortality outcomes. | find that black men are significantly more likely to
have received a biopsy at a given PSA result. They are also significant more likely to have a
prostate cancer diagnosis controlling for patients’ maximum PSA value, especially high-grade
prostate cancer, suggesting that an aggressive screening approach for black men relative to white

men is merited.

Interestingly, using data on all-cause mortality as of 2017 | also find that a prostate

cancer diagnosis has a smaller effect on the odds of mortality for black men in the sample
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relative to white men, though this difference is only statistically significant at the level a = .08.
However, black men with prostate cancer still have higher odds of mortality than white men with
prostate cancer, due to the large mortality gap between black and white men in general. This
evidence suggests that even with equal prostate cancer-specific treatment, black men will still
face worse prostate cancer mortality outcomes due to a higher incidence and worse overall
mortality. In order to close the mortality gap among prostate cancer patients, significant
improvements in overall racial health disparities will have to be made. From a more optimistic
perspective, the evidence suggests that with proper screening and treatment, a prostate cancer
diagnosis does not have to affect the odds of mortality for a black patient any more than it does

for a white patient.

Several limitations exist in this paper, especially due to the nature of the data used. 1 rely
on all-cause mortality, so | am not able to differentiate those patients who die from prostate
cancer from those who die with a prostate cancer diagnosis, whether or not prostate cancer was
responsible for the death. Another concern is the potential for incomplete data, since data may
be missing for some patients who received medical services from other healthcare providers.
Finally, since the data comes from only one healthcare provider that mainly operates in one
locality (Charlottesville, VA and the surrounding area), the sample used in this paper may not be
representative of the broader US population, due to potential differences in patient and provider

characteristics.

Future research is needed to evaluate the efficacy of current prostate cancer screening
protocols and the causal effects of race on prostate cancer outcomes. Although fruitless in this
paper, it may be possible to identify and exploit a discontinuity at a PSA cutoff point in order to

make causal inferences concerning current screening effectiveness by using a much larger and
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more complete dataset. To further investigate racial disparities in prostate cancer, future
research should utilize multiple regression models with numerous controls, in addition to
experimental or quasi-experimental analyses, in order to identify the root causes of the disparities

and hopefully make further progress towards equal outcomes.
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Table 1: Descriptive Stafistics of CDR data

Mean
Age 65.061
White 0.779
Black 0.121
Other Race 0.100
Deceased 0.137
Max PSA 19 880
Biopsy 0.114
Tumor 0.058
High Grade 0.027

Low/Int Grade 0.028

Note: Author’s calculations from UVA CDR data. This table contains descriptive statistics for patients
with a PSA test who meet all sample criteria described in the text. “Age” indicates age at time of
maximum PSA test. “Deceased” =1 if patient is dead as of exit date of 2017. Tumors were categorized
by grade as reported in CDR data from the Cancer Tumor Registry, with grades 1-2 being “Low/Int
Grade” and grades 3-4 being “High Grade”.
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Figure 1: Histogram of Maximum PSA results
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Note: Horizontal axis displays patients’ maximum PSA result in ng/mL. Vertical axis displays proportion
of total patient sample with a maximum PSA result with each bin.
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Figure 2: Regression Discontinuity Analysis
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Note: Horizontal axis displays patients’” maximum PSA result in ng/mL. Vertical axis displays within
PSA values probability of the outcome variable. Vertical line at 4 is the cutoff for an “elevated PSA”.
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Table 2: Effects on Probability of Biopsy and Prostate Cancer, as Odds Ratios (O.R.)

Biopsy Tumor High Grade Low/Intermediate grade
OR. p-value OR. p-value OR. p-value OR. p-value
PSA result 1.0053 <0.001 1.0036 <0001 1.0022 =0.001 1.0000 0.967
age 1.0204 <0.001 1.0290 «0.001 1.0232 <«0.001 1.0264 <0.001
result - age 0.9999 <0.001 09999 <0.001 09999 0.003 1.0000 0.935
black 1.9046 <0.001 23880 <0.001 24544 <0001 2.1545 <0.001

Note: black = 1 if patient is black, otherwise = 0. All p-values reported are two-sided. “Age” indicates
patients age at time of their maximum PSA result.

Table 3: Effects on All-Cause Mortality as of 2017

Specification
(1) (2) (4)

OR. p-value O.R. p-value O.R. p-value O.R. p-value
year of birth 0.8986  <0.001 0.8982  <0.001 0.8986  <0.001 0.8981  <0.001
tumor 1.4314  <0.001 1.5402  <0.001
high grade 1.7505  <0.001 1.9560  <0.001
low/int. grade 0.8768 0.280 0.9395 0.645
black 1.8923  <0.001 1.9011  <0.001 1.9725 <0.001 1.9901  <0.001
black - tumor 0.7179 0.080
black - high grade 0.6406 0.076
black - low/int. grade 0.7077 0.257

Note: black = 1 if patient is black, otherwise = 0. All p-values reported are two-sided.
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Figure 3: Nelson-Aalen Cumulative Hazard Estimates
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Note: Horizontal axis displays patient age. Vertical axis displays cumulative hazard. Cumulative hazard
at age = x is calculated by integrating the hazard function over all ages < x. The hazard function at age =
X is equal to the probability a patient of age = x dies at that age. “White” and “Black™ indicate white and
black men respectively who do not develop prostate cancer, and “White with Prostate Cancer” and “Black
with Prostate Cancer” include only men who develop prostate cancer. Nelson-Aalen curves were chosen
to display survival analysis as opposed to Kaplan-Meier curves due to the extent of right-censored data in

the sample.
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