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There is significant concern regarding prostate cancer screening because of the poten-
tial for overdiagnosis and overtreatment of men who are discovered to have abnormal
prostate specific antigen (PSA) levels and/or digital rectal examination (DRE) results.
The 4Kscore® Test (OPKO Diagnostics, LLC) is a blood test that utilizes four kallikrein
levels plus clinical information in an algorithm to calculate an individual’s percentage
risk (< 1% to > 95%) for aggressive prostate cancer (Gleason score = 7) on prostate
biopsy. The 4Kscore Test, as a follow-up test after abnormal PSA and/or DRE test
results, has been shown to improve the specificity for predicting the risk of aggressive
prostate cancer and reduce unnecessary prostate biopsies. A clinical utility study was
conducted to assess the influence of the 4Kscore Test on the decision to perform pros-
tate biopsies in men referred to urologists for abnormal PSA and/or DRE results. The
study population included 611 patients seen by 35 academic and community urologists
in the United States. Urologists ordered the 4Kscore Test as part of their assessment of
men referred for abnormal PSA and/or DRE test results. Results for the patients were
stratified into low risk (< 7.5%), intermediate risk (7.5%-19.9%), and high risk (= 20%)
for aggressive prostate cancer. The 4Kscore Test results influenced biopsy decisions in
88.7% of the men. Performing the 4Kscore Test resulted in a 64.6% reduction in pros-
tate biopsies in patients; the actual percentage of cases not proceeding to biopsy were
94.0%, 52.9%, and 19.0% for men who had low-, intermediate-, and high-risk 4Kscore
Test results, respectively. A higher 4Kscore Test was associated with greater likelihood
of having a prostate biopsy (P < 0.001). Among the 171 patients who had a biopsy, the
4Kscore risk category is strongly associated with biopsy pathology. The 4Kscore Test,
as a follow-up test for an abnormal PSA and/or DRE results, significantly influenced the
physician and patient shared decision in clinical practice, which led to a reduction in
prostate biopsies while increasing the probability of detecting aggressive cancer.
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idespread screening for
prostate  cancer  with
serum  prostate-specific

antigen (PSA) began in 1991, and
subsequently a 45% decline in
prostate cancer mortality has been
observed.! A recent large European
randomized clinical trial also
reported a 29% reduction in death
from prostate cancer in men under-
going routine screening.? However,
because of a US study that showed
no mortality benefits to organized
PSA screening,’ and the net physi-
cal and psychologic burden of sec-
ondary adverse events triggered
by PSA testing versus the number
of lives saved, the United States
Preventative Services Task Force
(USPSTF) recently advised against
routine PSA screening for pros-
tate cancer.* The concern of the
USPSTF is based on the fact that
most men diagnosed with prostate
cancer have a tumor that is unlikely
to pose a threat to life expectancy. A
recent systematic analysis suggested
that up to 60% of prostate cancers
diagnosed in contemporary studies
might be safely observed without a
need for immediate intervention.’
One of the primary challenges for
urologists is the potential for under-
grading of Gleason 6 prostate can-
cer due to biopsy sampling error; as
a result, up to 90% of men with a
Gleason 6 prostate cancer still pro-
ceed to prostate cancer treatment
despite the advent of active surveil-
lance programs. Approximately
66% of patients who are diagnosed
with Gleason 6 disease at biopsy
will be confirmed to have Gleason 6
cancer after radical prostatectomy.®
Some of these men are considered

to have undergone overtreatment,
because Gleason 6 cancer is not
considered life threatening.” This
subset of men has the potential for

tools for men presenting with an
abnormal PSA level and/or digital
rectal examination (DRE) result in
order to both reduce the number

developing complications following
surgery, including erectile dysfunc-
tion, wurinary incontinence, and
changes in health-related quality of
life with disruption of psychologic,
sexual, and urinary function.8-12

The prostate biopsy procedure is
invasive, and has significant costs
and complications such as bleed-
ing, urinary retention, and life-
threatening infection. A recent
population-based  study  from
Ontario, Canada, revealed a four-
fold increase to 4.1% for the rate of
hospital admissions after prostate
biopsy from 1996 to 2005, with
72% of admissions due to infec-
tion.!> These risks, combined with
the anxiety involved in undergoing
the procedure, present a significant
burden to any man considering
prostate cancer screening.

The impact of the USPSTF has
been a decrease in overall biopsy
rates with a subsequent decline in
the detection rate of Gleason 7 to
10 high-grade prostate cancers.4
The elimination of PSA screening
means that the 20% to 30% of men
who would have presented with
an abnormal PSA level and been
found to have high-grade prostate
cancer may lose an opportunity for
a possible cure.’s Clearly, there is a
need for better risk-stratification

232 \Vol. 17 No. 4 © 2015  Reviews in Urology

of prostate biopsies performed and
decrease the rate of Gleason 6 diag-
nosis and treatment.®

The 4Kscore® Test (OPKO
Diagnostics, LLC) incorporates
measured blood levels of four kal-
likrein proteins: total PSA, free
PSA, intact PSA, and human kal-
likrein 2 plus clinical information
(age, DRE findings, and a history
of prior negative biopsy result)
into a proprietary algorithm to
calculate an individual man’s
percentage risk (< 1% to > 95%)
of having Gleason score = 7 if a
prostate biopsy were to be per-
formed. The 4Kscore Test has been
extensively validated through a
total of 12 prospective and ret-
rospective studies published in
peer-reviewed journals involving
over 22,000 patients from both
the United States and Europe.16-23
These studies of men with ele-
vated PSA levels involved cohorts
of unscreened and screened men,
and those with negative prior
prostate biopsy results. Based on
analyses published in these stud-
ies, the 4Kscore Test would have
theoretically resulted in a 45%
reduction in prostate biopsies
while delaying the diagnosis of
aggressive prostate cancer in only
a few men (1.3%-4.7%).
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The 4Kscore Test is used to accu-
rately determine percentage risk for
aggressive prostate cancer (Gleason
score = 7) and provide additional
information for men being con-
sidered for prostate biopsy because
of abnormal PSA levels and/or
DRE results. This allows urolo-
gists to better risk stratify men
for biopsy and ultimately results
in more selective treatment of
those men with aggressive disease.
Conversely, those men not harbor-
ing life-threatening disease are able
to safely avoid prostate biopsy and
overtreatment of indolent disease.

With the introduction of any
new diagnostic test such as the
4Kscore Test into clinical practice,
it is important to assess whether
its implementation, in this case as
a follow-up test for an abnormal
PSA and/or DRE result, influences
and changes the physician-patient
shared decision-making process
and leads to an actual reduction in
prostate biopsies. Herein we evalu-
ated the influence of the 4Kscore
Test on urologist-patient decisions
about proceeding with biopsy in
men who have an abnormal PSA
and/or DRE result from multiple
academic and community urol-
ogy clinical practices in the United
States.

Methods

Study Subject Selection

The 4Kscore Test became commer-
cially available in March 2014, and
has been used by over 1600 urolo-
gists in both academic and com-
munity settings across the United
States. In July 2015, we used the
database of the 4Kscore Test at
OPKO Lab to identify urologists
with the largest usage volume of the
4Kscore Test between July 2014 and
June 2015. Among this group of
urologists, we identified two large
centers with multiple users of the
4Kscore Test. Study participation

invitations were sent to all of
the identified urologists, includ-
ing those at the two large urology
centers. One of the large centers,
the Michigan Institute of Urology
(MIU; St. Clair Shores, MI), agreed
to participate in the study. All
MIU urologists who ordered at
least one 4Kscore Test (a total of 24
urologists) were invited, and all of
them participated. Of the remain-
ing urologists from smaller aca-
demic and community practices,
11 of the 29 originally identified
urologists agreed to participate.
All patients of the participating
urologists who had 4Kscore Test
results available were included. No
additional inclusion criteria were
placed on the patients. No restric-
tions were placed on the urologists
in deciding which patients received
the 4Kscore Test or in making
decisions with the patient about
whether to proceed with a pros-
tate biopsy. Urologists received the
4Kscore Test results as a continuum
of risk percentage, without the risk
categories described here.

An independent institutional
review board (IRB) reviewed
the study and determined it was
exempt from IRB approval because
the study was retrospective and the
confidentiality of all patient data
was assured. Physicians who con-
sented to participate in the study
(or their authorized staff) were
contacted by study researchers
from Lakeside Life Sciences (New
Durham, NH) and provided the

anonymous patient information
used to complete the questionnaire
(Figure 1).

In order to ensure complete data
sets from subjects enrolled late in
the patientaccrual period, data were
collected until October 16, 2015.
Once data sheets were completed,
they were returned to Lakeside Life
Sciences, where information was
entered into a database for statisti-
cal analysis. Answers provided by

the participating urologists were
based upon their review of the
patients’ medical records available
to them at the time of the study.

Analysis

Patient characteristics, 4Kscore
Test results, and biopsy decision
data derived from the question-
naire were compared between large
and small urology practices. The
data were then pooled for analysis,
given that there were no major dif-
ferences in all aspects of the study
data between large and small urol-
ogy practices. Patient characteris-
tics were compared between those
who were referred to biopsy after
the 4Kscore Test and those who
were not, using a Wilcoxon rank-
sum test for continuous variables
and a x* test for categorical vari-
ables. The 4Kscore Test results
were divided into three categories:
< 7.5% (low risk for high-grade
cancer), 7.5% to 19.9% (interme-
diate risk for high-grade cancer),
and = 20% (high risk for high-
grade cancer) to evaluate the influ-
ence of the 4Kscore Test results on
biopsy decisions. The biopsy deci-
sions after the 4Kscore Test were
compared across the 4Kscore Test
categories using Fisher’s exact test.
For those patients whose biopsy
data were available, the biopsy
outcomes (negative biopsy result,
Gleason 6 prostate cancer, or
Gleason = 7 aggressive prostate
cancer) were compared across the
4Kscore categories using Fisher’s
exact test.

Results

There Were No Significant
Differences Between the Pa-
tients at MIU and the Smaller
Academic and Community
Sites

A total of 611 patients were enrolled
from July 2014 to July 2015, with
290 patients from MIU and 321
patients from smaller academic and
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1) Before you ordered the 4Kscore Test,
were you considering a prostate biopsy
for this patient?

2) After you received the 4Kscore Test results,
did the patient either a) have a prostate
biopsy performed by you, b) get scheduled
for a prostate biopsy, or c) get referred by
you to have a prostate biopsy within 90
days of the 4Kscore Test result?

3) Do you feel the 4Kscore Test influenced the
decision for the patient to have (or not have)
a prostate biopsy?

4) What were the results of the prostate biopsy

(if the patient went on to have the biopsy)?
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Figure 1. Urologists’ questionnaire for each patient and summary responses.

community urology sites (ACS)
(Table 1). The median age, percent-
age of patients with an abnormal
DRE result, and number of patients
with a prior negative biopsy result
were not significantly different
between MIU and ACS practices.

Although statistically significant,
the median 4Kscore Test result
differed only slightly (8% vs 7%)
among the MIU and ACS prac-
tices. Clinical decisions were com-
pared for MIU and ACS practices.
There was no significant difference
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in the percentage of patients not
recommended for biopsy between
the two practice types. Although
the percentage of biopsy decisions
influenced by the 4Kscore Test was
statistically significantly different
among MIU and the ACS practices,
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TABLE 1
Patient and Urologist Influence and Decision Characteristics, Stratified by MIU Versus ACS Site )
All Sites MIU ACS
(N=2611) (n = 290; 47%) (n = 321;53%) PValue
Age median (IQR) 66.0 (60.1, 71.0) 66.5 (60.8, 71.0) 65.1 (59.5, 71.0) 0.200
4Kscore Test 8 (3%, 20%) 8 (3%, 22%) 7 (2%, 18%) 0.019
median (IQR), %
Abnormal DRE results, n 38 (6.2) 16 (5.5) 22 (6.9) 0.500
(%)
Negative previous biopsy 315 (52) 140 (48) 175 (55) 0.120
result, n (%)
Biopsy decisions 542 (89) 243 (84) 299 (93) < 0.001
influenced by
4Kscore Test result, n (%)
Biopsies not 395 (65) 186 (64) 209 (65) 0.800
recommended after
4Kscore Test, n (%)

All Pvalues are from Wilcoxon rank-sum test for continuous variables or 2 test for categorical variables.
ACS, academic and community urology sites; DRE, digital rectal examination; IQR, interquartile range; MIU, Michigan Institute of Urology (St. Clair Shores, Ml).

TABLE 2
Patient Characteristics, Stratified by Biopsy Decisions )

Decision to Perform Prostate
Biopsy

Decision Against Prostate
Biopsy

(n = 395; 64.6%) (n = 216; 35.4%) PValue
Age median (IQR) 64.7 (59.3,70.4) 67.6 (61.8,72.7) < 0.001
Abnormal DRE result, 20 (5.1) 18 (8.3) 0.110
n (%)
Negative previous 259 (66) 56 (26) < 0.001
biopsy result, n (%)
4Kscore Test median, 4 (2%, 8%) 24 (13%, 44%) < 0.001

% (IQR)

All Pvalues are from Wilcoxon rank-sum test for continuous variables, or 2 test for categorical variables.
DRE, digital rectal examination; IQR, interquartile range.

they were both extremely high (84%
for MIU and 93% for ACS). Because
of the similarities in patient charac-
teristics and clinical decision mak-
ing, the two practice types were
pooled for subsequent analyses.
The characteristics of the patient
and urologist influence and

decision characteristics for the
pooled patients are also shown in
Table 1. All patients in the study
had abnormal PSA levels and/or
DRE results and received a 4Kscore
Test. In addition, 51.6% had a prior
negative prostate biopsy result; of
these patients, 82.2% did not have

a repeat biopsy after the 4Kscore
Test.

Table 2 compares the patient
characteristics and 4Kscore Test
results with the decision to perform
prostate biopsy. Men who under-
went a prostate biopsy had a higher
4Kscore Test result on average than
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TABLE 3
Prostate Biopsy Performed Categorized by 4Kscore Test Risk )
Decision Against Decision to Perform
Prostate Biopsy Prostate Biopsy Total

4Kscore Test® Category (n = 395; 64.7%) (n = 216; 35.4%) (n=611)
Low risk < 7.5% 283 (94.0%) 18 (6.0%) 301
Intermediate risk 7.5% - 19.9% 83 (52.9%) 74 (47.1%) 157
High risk = 20% 29 (19.0%) 124 (81.0%) 153

Lower 4Kscore is associated with reduced number of biopsies (P < 0.001 by Fisher’s exact test).
TABLE 4
Influence of 4Kscore Test on Prostate Biopsy Decisions Categorized by Risk )
Influenced by 4Kscore Test Not Influenced by 4Kscore Test
No Prostate Prostate No Prostate Prostate
Biopsy Biopsy Biopsy Biopsy
Performed Performed Subtotal Performed Performed Subtotal
(n = 339) (n = 203) (n = 542) (n = 56) (n=13) (n = 69)

Low risk < 7.5% 263 (94.9%) 14 (5.1%) 277 20 (83.3%) 4 (16.7%) 24
Intermediate risk 64 (47.1%) 72 (52.9%) 136 19 (90.5%) 2 (9.5%) 21
7.5% - 19.9%
High risk = 20% 12 (9.3%) 117 (90.7%) 129 17 (70.8%) 7 (29.2%) 24

those who did not have a biopsy
(median of 24% vs a median of 4%;
P < 0.001). Although all patients
either had abnormal PSA levels
and/or DRE results, 395 (64.6%)
did not undergo biopsies after the
4Kscore Test result was received
(Figure 1).

The 4Kscore Test Result
Changed Prostate Biopsy
Practice

The 4Kscore Test results were cat-
egorized as low risk (< 7.5%), inter-
mediate risk (7.5%-19.9%), and high
risk (= 20%) in 49.3%, 25.7%, and
25.0% of men, respectively. A pros-
tate biopsy was avoided in 94.0%
of men at low risk, 52.9% of men at
intermediate risk, and 19.0% of men
at high risk for aggressive prostate

cancer (Table 3). A higher 4Kscore
Test result is significantly associ-
ated with the decision to proceed
with prostate biopsy (P < 0.001).

The Reduction in Actual Pros-
tate Biopsy Rates Was a Result
of the 4Kscore Test Influenc-
ing the Patient-Physician
Decision-making Process

Table 4 categorizes the decisions
made based on the 4Kscore Test and
whether the patient and urologist
were influenced by the 4Kscore Test
result. Of the 69 (11.3%) patients
for whom the urologists indicated
that the 4Kscore Test result did not
influence their decisions, the test
result did not appear to be associ-
ated with a reduction in prostate
biopsies performed, with 70% to

236 @ Vol. 17 No. 4 ® 2015 e Reviews in Urology

90% in each risk category avoiding
a prostate biopsy. In contrast, there
were 542 (88.7%) patients whose
urologists stated that the 4Kscore
Test result did influence their deci-
sions about whether to proceed
with a prostate biopsy (Figure 1).
In these men, the decision to avoid
the prostate biopsy correlated to the
4Kscore Test results, with a reduc-
tion of 94.9%, 47.1%, and 9.3% in
prostate biopsies performed in men
with low-risk, intermediate-risk,
and high-risk 4Kscore Test results
for aggressive prostate cancer,
respectively.

The majority of changes in pros-
tate biopsy decisions were primar-
ily because patients and physicians
switched from considering a pros-
tate biopsy to not proceeding with
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e Invitations were sent to 29 urologists and 2 large clinical
centers with the largest volume of 4Kscore usage

e 35 urologists agreed to participate:
¢ 24 urologists from a large urology center (MIU)
* 11 urologists from 11 academic or community clinics

611 patients

35 did not plan to undergo biopsy

before the 4Kscore Test

4Kscore Test

576 planned to undergo biopsy

before the 4Kscore Test

4Kscore Test

4 decided to 31 retained decision 364 decided not 212 retained the
undergo biopsy of no-biopsy to undergo biopsy decision of biopsy
4Kscore Low Risk
(< 7.5%) 23 260 17
4Kscore Intermediate Risk
(7.5% - 19.9%) 3 80 72
4Kscore High Risk
(= 20%) 5 24 123

Figure 2. Patients’ biopsy decisions before and after the 4Kscore Test was performed. MIU, Michigan Institute of Urology (St. Clair Shores, Ml).

a prostate biopsy (Figure 2).
Furthermore, the decision to undergo
a prostate biopsy was most likely
because a high-risk test result further
supported the decision to proceed
with a prostate biopsy. Interestingly,
in physicians and patients who said
the 4Kscore Test result influenced
their decision (Table 4), there was a
94.9% avoidance of prostate biopsies
in the low-risk group and 90.7% of

men in the high-risk group under-
went a prostate biopsy.

Higher 4Kscore Test Results
Were More Likely to Be As-
sociated With High-grade
Prostate Cancer Pathology in
Men Who Underwent Pros-
tate Biopsy

The Gleason scores of 171 patients
who had a prostate biopsy during

the timeframe of the study are
shown in Table 5. The 4Kscore
risk category is strongly associ-
ated with biopsy-derived Gleason
score (P = 0.009). Among the
171 patients who had a biopsy, 45 of
the 104 cases (43.3%) with a high-
risk 4Kscore (= 20%) had aggres-
sive prostate cancer on prostate
biopsy compared with 2 of the 15
(13.3%) with a low-risk 4Kscore

TABLE 5

Biopsy Gleason Scores Summarized by 4Kscore Test Risk

Gleason Score Negative 6 3+4 4+3
Low risk < 7.5% 1 2 2 0
Intermediate risk 26 14 5 4
7.5% - 19.9%

High risk = 20% 35 24 22 11
Total 72 40 29 15

8 9 Total
0 0 15
2 52

104
171

Two patients who had taken biopsy were excluded from this table because their biopsy results were not available. Higher 4Kscore Test result is associated with
significantly higher risk of Gleason 7 or above at biopsy (P = 0.009 by Fisher's exact test).
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(< 7.5%). Both cases with a low-
risk 4Kscore were Gleason score
3 + 4 = 7. The patients with
4Kscore = 7.5% (n = 156) had
99 (63.5%) negative or Gleason 6
biopsy results and 57 (36.5%) high-
grade cancers diagnosed.

Discussion

Prostate cancer mortality has
declined with the advent of PSA
screening.* However, the benefits
of PSA screening have to be con-
sidered against the harms of per-
forming prostate biopsies in all
men with an abnormal PSA level
and/or DRE result, and the poten-
tial for overtreating men with
indolent, low-grade (Gleason 6)
prostate cancer.? Since the USPTF
issued a D grade recommenda-

results who are being considered
for initial or repeat prostate biopsy,
thereby reducing the number of
unnecessary prostate biopsies and
subsequent treatment of indolent
prostate cancers, would be of great
value to the public health dilemma
associated with PSA screening.
Numerous  clinical  validity
studies of the 4Kscore Test in
unscreened, screened, and nega-
tive prior prostate biopsy result
cohorts have shown its accuracy
in correctly determining which
patients with abnormal PSA levels
and/or DRE results have aggres-
sive prostate cancer. The area
under the curve of the 4Kscore Test
ranges from 0.80 to 0.90, as com-
pared with 0.51 to 0.77 for total
PSA base models to predict high-

tion against PSA screening, several
studies have shown reduced levels
of PSA screening in the primary
care population and an increase in
delayed diagnosis of higher-grade
cancers.2>26 In response to the PSA
dilemma in prostate cancer screen-
ing, Penson?’ stated, “it is time to
accept that prostate cancer screen-
ing is not an all-or-none proposi-
tion and to accelerate development
of personalized screening strategies
that are tailored to a man’s individ-
ual risk and preferences.” Reducing
the financial and quality-of-life
cost associated with PSA screen-
ing, and increasing the ability to
find treatable (aggressive) cancer, is
urgently needed. PSA is a sensitive
biomarker used to initially iden-
tify men at higher risk for aggres-
sive prostate cancer, but it lacks
adequate specificity on its own.
A blood test that can accurately
identify the risk for aggressive,
lethal prostate cancer in men with
abnormal PSA levels and/or DRE

grade pathology.1¢-2> Retrospective
and prospective large studies have
shown that use of the 4Kscore Test
could have avoided 30% to 57% of
prostate biopsies. The magnitude
of the reduction in unnecessary
prostate biopsies was similar in
populations of men with a very low
level of PSA screening,'6-18:23 popu-
lations of screened men,!-2! and in
men who had prior negative pros-
tate biopsy results.?

A decision curve analysis (DCA)
allows physicians and patients to
determine the net clinical benefit
(or harm) the use of a particular
test or procedure will have when
compared with standard of care
at their desired threshold for risk.
As applied to the 4Kscore Test, the
DCA estimates a net benefit for the
4Kscore Test and other prediction
models by summing the benefits
(true positives) and subtracting the
harms (false positives), in which the
latter is weighted by a factor so as to
reflect the relative harm of a missed
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cancer compared with an unnec-
essary biopsy. A DCA was per-
formed with the 4Kscore Test on
multiple cohorts of screened men,
unscreened men, and men with a
prior negative biopsy result. In each
case, the 4Kscore Test gave a favor-
able net benefit when compared
with standard of care or other pre-
dictive models built from PSA and
clinical data.16-22

Stattin and colleagues? conducted
a nested case-control study measur-
ing 4Kscore Test biomarkers from
blood within a population-based
cohort in Visterbotten, Sweden.
Cohorts of 40-, 50-, and 60-year-old
men at the time of initial testing were
studied. A total of 12,542 men were
followed for > 15 years to determine
the risk of distant prostate can-
cer metastases for PSA and for the
4Kscore Test biomarkers. Results
of the 4Kscore Test predicted the
risk for distant metastases occur-
ring 5 to 20 years later in men with
elevated PSA levels. For example,
using a 7.5% threshold for 4Kscore
Test, the number of prostate biopsies
would have been reduced by 59% in
the 50-year-old cohort and 38% in
the 60-year-old cohort. As the risk
for developing metastatic prostate
cancer in men with a 4Kscore Test
< 7.5% was < 1% by year 15, there
is little risk of missing a lethal can-
cer even in the absence of frequent
follow-up.

The 4Kscore Test has been shown
to have the potential to significantly
reduce prostate biopsies in men with
abnormal PSA levels and/or DRE
results, but it is critical that a clini-
cal utility study assess this in clini-
cal practice. The current study was
constructed to measure the ability
of the 4Kscore Test result to influ-
ence the decision of whether or not
to proceed with a prostate biopsy in
men seen in different types of urol-
ogy practices who are being consid-
ered for an initial or repeat prostate
biopsy. Although it is important to
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evaluate if the 4Kscore Test influ-
enced the shared decision-making
process between the urologist and
patient of whether to proceed to
a prostate biopsy, a less-biased
objective measurement is whether
the patient actually had a pros-
tate biopsy. This approach assesses
whether the information available
about the 4Kscore Test, including
the inclusion of the 4Kscore Test in
the 2015 National Comprehensive
Cancer Network guidelines,? is suf-
ficient to change behavior in a typi-
cal urology practice in which the
urologist may have inherent incen-
tives to perform a prostate biopsy
in any man with an abnormal PSA
level and/or DRE result.

Accordingly, a single large urol-
ogy practice (MIU) was selected to
evaluate a center that follows best
practices, along with smaller ACS
centers at which the reasons that
impact the decision to perform a
prostate biopsy may be more het-
erogeneous. This clinical utility
study confirms that 4Kscore Test
results do change behavior in clini-
cal practice regardless of whether it
is in a single large urology practice
or smaller ACS centers.

For men being considered for
an initial or repeat prostate biopsy
for an abnormal PSA and/or DRE
result, obtaining the 4Kscore Test
as a follow-up resulted in an over-
all 64.6% reduction in biopsies per-
formed. For those physicians who
indicated that the 4Kscore Test
influenced their clinical decision
making, the risk classification of
low risk (4Kscore < 7.5%), inter-
mediate risk (4Kscore 7.5%-19.9%),
and high risk (4Kscore = 20%) cor-
related with 94.9%, 47.1%, and 9.3%
reductions in biopsies performed,
respectively. The actual reduction
in prostate biopsies in the clinical
utility study of 64.6% was greater
than the theoretical 30% to 57%
reduction reported in retrospective
and prospective large studies.!6-23

The 4Kscore Test influenced the
shared decision of whether to pro-
ceed to prostate biopsy in 88.7%
of the cases studied, with a 94.9%
reduction in the prostate biopsy
rate in men categorized by the
test as low risk and a 90.7% actual
biopsy rate in men categorized as
high risk for aggressive prostate
cancer. In contrast, in the 11.3% of
physicians and patients who stated
that the 4Kscore did not influence
their shared decision, there was no
correlation with 4Kscore risk cate-
gory and the actual performance of
a prostate biopsy. This further sup-
ports the finding that the 4Kscore
Test did influence the decision to
conduct a prostate biopsy in the
88.7% of cases for which the urolo-
gist indicated that the 4Kscore Test
was a consideration in the decision
to perform a biopsy. Finally, this
clinical utility study showed that
results of the 4Kscore Test accu-
rately predicted the actual per-
centage risk of aggressive prostate
cancer for those men whose biopsy
data were available in the study.

A limitation of this study is that
all of these physicians had already
incorporated 4Kscore into their
analysis of prostate cancer risk,
meaning every patient received a
4Kscore Test. There may also be
additional value in testing a cohort
with a lower proportion of patients
already recommended for or con-
sidering a biopsy before the test.

The strengths of the study were
that it included physicians from
both academic and community-
based practices who are in large
urology groups or smaller prac-
tices. Patients were not excluded
for any reason, unless a contrain-
dication for testing was present.
Urologists selected patients for the
4Kscore Test using their own crite-
ria, resulting in a study group that
reflects real-world practice.

The 4Kscore Test has the ability to
identify men who are at risk for

aggressive prostate cancer and most
likely will benefit from a prostate
biopsy, while preventing prostate
biopsies in men who are at low risk
for aggressive disease. Men deter-
mined to be at low risk by the
4Kscore Test (< 7.5%) have a 99%
chance to be free of prostate cancer
metastases within 15 years of long-
term follow-up and may be safely
monitored less frequently. This cur-
rent clinical utility study demon-
strates that the 4Kscore Test, as a
follow-up test after an abnormal
PSA level and/or DRE result, broadly
reduced prostate biopsies performed
by urologists in actual practice,
regardless of type of clinical setting.
These findings suggest that PSA
screening could be made more spe-
cific and personalized, cause less
harm, and be more cost effective
when coupled with the 4Kscore Test.
If physicians provide an individual-
ized risk assessment for aggressive
prostate cancer, men who have a
low-risk 4Kscore Test result will
have a significant reduction of pros-
tate biopsies, whereas men who have
a high-risk 4Kscore Test result are
more likely to have, and benefit
from, a prostate biopsy. [
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* Prostate biopsy is invasive, and has significant costs and complications such as bleeding, urinary retention,
and life-threatening infection. There is significant concern regarding prostate cancer screening because of the
potential for overdiagnosis and overtreatment of men who are discovered to have abnormal prostate-specific
antigen (PSA) levels and/or digital rectal examination (DRE) results.

* The United States Preventative Services Task Force recently advised against routine PSA screening for prostate
cancer. The elimination of PSA screening means that the 20% to 30% of men who would have presented with an
abnormal PSA level and been found to have high-grade prostate cancer may lose an opportunity for a possible cure.

* The 4Kscore Test incorporates measured blood levels of four kallikrein proteins: total PSA, free PSA, intact
PSA, and human kallikrein 2 plus clinical information (age, DRE findings, and a history of prior negative biopsy
result) into a proprietary algorithm to calculate an individual man'’s percentage risk (< 1% to > 95%) of
having Gleason score = 7 if a prostate biopsy were to be performed.

e Utilization of the 4Kscore Test in men with an abnormal PSA/DRE resulted in an overall 64.6% reduction in
prostate biopsies. In the 88.7% of men influenced by the test, 94.9% of men with low-risk scores opted not to
proceed with a prostate biopsy and 90.7% of men with high-risk scores did proceed with a prostate biopsy.

e This allows urologists to better risk stratify men for biopsy and ultimately results in more selective treatment
of those men with aggressive disease. Conversely, those men not harboring life-threatening disease are able to
safely avoid prostate biopsy and overtreatment of indolent disease.
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