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BACKGROUND: Prostate cancer is the most common cancer diagnosed in men in developed coun-
tries. Using molecular testing may help to improve outcomes in this clinically challenging group. Since
2011, the Prostate Core Mitomic Test (PCMT), which quantifies a 3.4-kb mitochondrial DNA deletion
strongly associated with prostate cancer, has been used by more than 50 urology practices accessing
pathology services through our laboratory in New Jersey. However, the use of a molecular test can only
be beneficial if it affects patient management and improves outcomes.

OBJECTIVE: To determine whether repeated biopsy decision-making was affected in a quantifiable
manner through the adjunct use of molecular testing with the PCMT.

METHODS: In this observational study we conducted 2 independent, structured query language data-
base queries of our patient records at our laboratory, QDx Pathology Services, in Cranford, NJ. Query
1 included all men who had a negative prostate biopsy and a negative PCMT between February 1,
2011, and June 30, 2013. Men with a previous diagnosis of cancer were excluded. Query 2 included
all men who had a negative prostate biopsy and a repeated biopsy between February 1, 2011, and
September 30, 2013. The data exported for each query included the unique specimen number for an
index biopsy, the interval between biopsies where present, the unique specimen number for a follow-up
biopsy where present, histopathology for all biopsies, the biopsy procedure dates, the patient’s date of
birth, and the PCMT result when utilized. The patient rebiopsy rates and intervals were compared be-
tween the patients who were using PCMT and those who were not to assess whether the adjunct use
of the PCMT impacted the rebiopsy decision-making process.

RESULTS: Query 1 identified 644 men who had a negative biopsy and a negative PCMT result within
the study period. Query 2 identified 823 men with a repeat biopsy after the initial negative index biopsy
within the study period. Of these men, 132 had PCMT to inform their care. This patient population of
1467 men originated from US-based clinical urology practices. Evaluation of the impact on physician
behavior demonstrated a general trend toward the earlier detection of prostate cancer on repeat biopsy
by an average of 2.5 months and a coincident increase in cancer detection rates for urologists using the
deletion assay in their rebiopsy decision-making process. Importantly, this trend was only observed
when men with atypical small acinar proliferation (ASAP) on index biopsy were not considered. In the
644 men with a negative PCMT result, only 35 (5.4%) were subjected to a follow-up biopsy, with 5
(14.3%) of the 35 men identified as having cancer. Finally, the cohort of 132 men who had PCMT and
repeat biopsy was compared with the published data supporting PCMT’s ability to predict rebiopsy
outcome. The key metrics of sensitivity and negative predictive value were comparable and within the
95% confidence intervals of the reported work.

CONCLUSION: Molecular tests, such as the PCMT, are useful in addressing the sampling error of
prostate needle biopsy and providing additional evidence to inform the clinical uncertainty regarding initial
negative prostate biopsy when ASAP is not present. Longitudinal monitoring of clinical impact indicators
provides the necessary inputs to better allocation of healthcare resources in the short- and long-term.

KEY WORDS: atypical small acinar proliferation, biopsy, clinical decision-making, prostate biopsy,
prostate cancer, Prostate Core Mitomic Test, repeated biopsy
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KEY POINTS

> Early detection of prostate cancer through
screening has decreased disease-related mortality.

> A molecular test that measures a prostate cancer—
related mitochondrial DNA deletion can predict
the future diagnosis of prostate cancer.

> This study evaluated 2 sets of patient records
from 68 urology practices to see if repeated biopsy
decision-making was affected by the use of the
molecular test.

> In 644 men with negative biopsy and negative
molecular test results, only 35 patients had a
follow-up biopsy, of which 5 had cancer.

> Of 823 men who had a repeated biopsy after an
initial negative biopsy, 16% had PCMT in the
interval between the biopsies.

> Through the use of the molecular test in the
rebiopsy decision-making process, prostate cancer
was detected 2.5 months earlier, and more often,
with the repeated biopsy.

> This trend was observed only when men with
atypical small acinar proliferation (ASAP) on the
index biopsy were not considered.

> Molecular tests can address sampling errors of
prostate biopsy and can inform clinical decision-
making in initial negative prostate biopsies when
ASAP is not present.

Prostate cancer is the second most common invasive
cancer diagnosed among men worldwide, and the most
common cancer diagnosed in developed regions of the
world, with an estimated age-standardized rate of 63
cases per 100,000 person-years.! Overall prostate cancer—
related mortality is relatively low, with an estimated
5-year relative survival rate approaching 100% in the
United States; however, if prostate cancer is diagnosed at
a distant stage, the survival rate drops to only approxi-
mately 28%.? The decreases in prostate cancer mortality
observed over the past several decades can be attributed
in part to the early detection of disease with the wide-
spread use of prostate-specific antigen (PSA) testing’;
however, PSA has limitations as a screening tool. As
reviewed by Hayes and Barry, the current use of PSA has
a positive predictive value of approximately 30%, result-
ing in many unnecessary biopsies.*

Furthermore, at least 20% to 30% of prostate biopsies
performed after elevated PSA levels result in false-negative
findings.”® A mean of 24.1% of men with high-grade pros-
tatic intraepithelial neoplasia and 40.2% of men with
atypical small acinar proliferation (ASAP) have underly-

ing prostate cancer that is subsequently diagnosed on re-
peated biopsy.”® This suggests that repeated biopsy should
be performed within 12 months or earlier of the index bi-
opsy for men diagnosed with either of these 2 conditions.
However, significant challenges exist to adequate sampling
of the prostate by means of the standard needle biopsy
technique, including differential access to all regions of the
gland, the inverse relationship of cancer detection to pros-
tate size, and limited interpretable information from ultra-
sonography used to guide the biopsy needle. Furthermore,
the resultant evaluable tissue from a typical 12-core needle
biopsy procedure represents <0.04% of the prostate,” a
value that should inform our understanding of the poor
reproducibility of cancer detection using a biopsy alone.

These observations highlight the need for additional
diagnostic tests that can be useful in reducing the sam-
pling error of prostate biopsy that is observed in current
clinical practice. Of paramount importance is the need
to triage the number of men who are candidates for biop-
sy by elevated PSA levels to mitigate the morbidity and
costs associated with the biopsy procedure.

In 2010, Robinson and colleagues reported on the
performance of one such test,'° which has been marketed
in the United States since 2011 as the Prostate Core
Mitomic Test (PCMT). In a study of 101 patients, a
polymerase chain reaction—based assay measuring a 3.4-
kb mitochondrial DNA deletion in index biopsy prostate
tissue was very predictive of future prostate cancer diag-
nosis.'® This particular deletion was shown to predict a
positive biopsy in 17 (85%) of the 20 men who were
subsequently diagnosed with cancer on a repeated biop-
sy, suggesting an acceptable number of false-negative
results of only 15%.1° The test specificity was 54%, and
the negative predictive value was 91%, the latter indi-
cating that a negative test result could be strongly associ-
ated with the absence of cancer on repeat biopsy.

The large extent of the mitochondrial DNA deletion
field effect contributes to the low false-negative rate of
15%, an outcome of the large number of normal-appearing
cells that are affected by the presence of a prostate tumor.
This low false-negative rate, coupled with the high nega-
tive predictive value reported at 91%, suggest that this test
would be ideally used to avoid or delay additional biopsies
when the biomarker is not detected at clinically significant
levels. Because the PCMT assay has been marketed since
2011, our current investigation sought to evaluate the im-
pact of the PCMT on patient management in the clinic
setting among patients with a negative index biopsy.

Materials and Methods
Patient Population

QDx Pathology Services is a national, independent,
clinical and anatomical pathology laboratory servicing
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US-based medical practices, including urologic practic-
es. This service necessitates compiling basic demograph-
ic and clinical data for each patient, as well as detailed
pathology information in our internal relational database
of medical records. To evaluate the impact of the use of
the PCMT on the repeated biopsy decision-making pro-
cess, 2 independent (structured query language) queries
of this database were completed.

Query 1, which was designed to assess the impact of a
negative PCMT result on the incidence of repeated bi-
opsy, included all men who had a negative prostate biop-
sy between February 1, 2011, and June 30, 2013, and a
negative PCMT result. Men with a previous diagnosis of
prostate cancer were excluded from the study.

The negative biopsies included findings of benign
ASAP, high-grade prostatic intraepithelial neoplasia,
inflammation, and other nonmalignant conditions. The
data elements exported included unique specimen iden-
tification for the index biopsy, date of birth, histopatho-
logic findings for the index biopsy, procedure date for the
index biopsy, the PCMT result, and the PCMT date.
When a repeated biopsy was performed, the unique spec-
imen identification, histopathology, and procedure date
were exported. To allow additional time for a repeated
biopsy to occur, the biopsy period was extended by 3
months—to September 30, 2013.

Query 2, which was designed to assess the difference in
repeated biopsy intervals between patients who had a
PCMT result and those who did not, included all men
with a negative index biopsy and a repeated biopsy within
the same time periods as Query 1. These men were further
classified by whether the PCMT occurred during the in-
terval between the index and the repeated biopsies. The
data elements that were exported in Query 2 were identi-
cal to those exported in Query 1. PSA values were not
included, because of inconsistent reporting by urologists at
the time of the biopsy sample submission. The data were
exported to an electronic spreadsheet for further analysis.

Because these test records were related to the com-
mercial use of the test, informed consent was not ob-
tained. Once it was extracted from the clinical database,
patients’ information was deidentified for analysis, and
thus no protected health information or Health Insur-
ance Portability and Accountability Act information
were collected or reviewed in this study.

The Prostate Core Mitomic Test

Details on the development, evaluation, and optimi-
zation of PCMT have been previously reported.'®!! Brief-
ly, the PCMT detects a 3.4-kb mitochondrial DNA de-
letion that appears in and around prostate cancer cells,
illustrating the effect of field cancerization. This field
effect extends broadly throughout the prostate when

I:UICRE Query 1 Descriptives

Patient records, N 644

65.7 (26-89), 9.3
71.6 (461/644)

Mean age (range), yrs, SD

Patients aged =65 yrs, %

Originating urology clinics, N 63
Originating urologists, N 107
Repeated biopsies, % 5.4 (35/644)
False-negative repeated biopsy, % 14.2 (5/35)
True-negative repeated biopsy, % 85.7 (30/35)

SD indicates standard deviation.

cancer is present, contributing to the high test sensitivity
observed in this study and in a previous report.'”” The
3.4-kb deletion removes all or part of a number of mito-
chondrial-encoded genes required for the proper func-
tioning of the electron transport chain, including ND4,
NDA4L, and ND5, which affect the largest of the respira-
tory complexes, Complex 1.

Statistical Analysis

The clinical characteristics were summarized using
count and percentages for the categorical data, and the
mean, standard deviation, and range for the continuous
variables. The time interval between the index biopsy
and the follow-up biopsy was calculated using the pa-
thology specimen dates. Fisher’s exact test was used to
test for a significant difference between groups. Statisti-
cal analysis was performed using GraphPad Prism 5 for

Windows (GraphPad Software, Inc; La Jolla, CA).

Results

The Query 1 results are summarized in Table 1. This
search identified 644 men (from 63 US-based urology
clinics and 107 urologists) who had a negative index bi-
opsy and a negative PCMT result during the study peri-
od. The men’s mean age was 65.7 years (range, 26-89
years). The majority (71.6%) of patients were aged =65
years. There were 35 (5.4%) repeated biopsies within the
study period ending September 30, 2013, of which 30
(85.7%) were confirmed as being negative during a fol-
low-up biopsy and 5 (14.2%) were false-negative. Table
2 summarizes the clinical characteristics of the men who
were incorrectly classified as negative by the PCMT as
determined by repeated biopsy histology outcome. Three
of the 5 men had ASAP on the index biopsy, and 2 had
high-grade prostatic intraepithelial neoplasia; 4 of the 5
men had low-volume cancers, with no more than 2 biop-
sies with cancer. Of the 5 men, 3 had a Gleason score of
6 (3 + 3) and 2 had a Gleason score of 7 (3 + 4).

The mean number of days allowed for follow-up,
which was calculated by subtracting the study end date
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Table 2 Clinical Characteristics of False-Negative PCMTs with
Repeated Biopsy Outcome

Repeated Highest

Patient biopsy Index Biopsies  Location(s) Gleason grade

age at interval, biopsy  revealing of biopsies involvement
Specimen ID PCMT, yrs mo histology cancer, N with cancer (%)
10182 64 <1 HGPIN 1122 LM 3+ 3(<5)
10087 81 6 HGPIN 4/14 LLA, RLB, 3+4(30)

RTZ, LTZ

10112 57 12 ASAP 2/12 LLB, RA 3+ 3(<5)
10060 62 4 ASAP 112 LLA 3+3(<5)
9762 63 3 ASAP 112 LA 3 +4(40)

aThese numbers indicate the ratio (eg, 1 in 12 biopsies).

ASAP indicates atypical small acinar proliferation; HGPIN, high-grade prostatic intraepithelial neoplasia;
ID, identification number; PCMT, Prostate Core Mitomic Test.

IELERE Query 2 Descriptives

Patient records, N 823

Mean age (range), yrs, SD

63.8 (41-87), 8.4

Patients aged =65 yrs, % 48.6 (400/823)
Originating urology clinics, N 68

Originating urologists, N 124

PCMT during biopsy interval, N 132

No PCMT during biopsy interval, N 691

PCMT indicates Prostate Core Mitomic Test; SD, standard deviation.

Table 4 Comparison of Repeat Biopsy Intervals and Cancer

Detection Rates Between PCMT Users and Nonusers

Positive PCMT, No PCMT, ASAP

ASAP at index at index biopsy

biopsy excluded excluded Pvalue
Repeat biopsy interval, mo (SD) 8.1(4.7) 10.5 (6.5) 012
Cancer detection rate, % 22 (13/59) 18.7 (62/332) .590

deviation.

ASAP indicates atypical small acinar proliferation; PCMT, Prostate Core Mitomic Test; SD, standard

500

(September 30, 2013) from the date of the index biopsy,
was 485 days or 1.3 years. The minimum follow-up peri-
od was 52 days (0.14 years), and the maximum was 965
days (2.64 years).

The Query 2 results are summarized in Table 3. This
search identified 823 men from 68 US-based urology
clinics and 124 urologists who had a repeat biopsy after
an initial negative index biopsy within the study period.
The mean age was 63.8 years (range, 41-87 years), and
400 (48.6%) of the men were aged =65 years. Of the 823
men, 132 (16%) had a PCMT during the time interval
between biopsies, and 691 (84%) did not. When the
repeated biopsy intervals between these groups were
compared, the intervals were generally equivalent (mean
difference, 1.3 months).

Table 4 compares the repeated biopsy intervals and
cancer detection rates for men without ASAP. Exclud-
ing these men with a finding of ASAP on the index bi-
opsy, men with a positive PCMT result were rebiopsied
on average 2.5 months earlier than men who did not
have a PCMT before a repeated biopsy (P = .012).

The 132 men with a negative index biopsy and a
PCMT before a repeated biopsy within the study period
were compared with test performance reported previously
in the literature.'” The key metrics of sensitivity and neg-
ative predictive value were not significantly different at
83% (95% confidence interval [CI], 66-93) and 83%
(95% CI, 67-94), respectively, at a 99% confidence level.

Discussion

Mitochondrial DNA deletions have long been sus-
pected to play a role in human cancer progression. First
described more than 50 years ago, Warburg surmised that
the disruption of normal processes to generate cellular
energy, namely, reducing the amount of energy (ie, aden-
osine triphosphate) produced from oxidative phosphory-
lation and increasing the amount created during glyc-
olysis, plays a critical role in carcinogenesis. It has also
been shown that mitochondrial-deficient cells are resis-
tant to normal apoptotic pathways and are associated
with disease progression.'#!”

Mitochondrial DNA mutations have been observed
in a number of solid tumors, including prostate cancer.!®
With these observations in mind, the proposed theory of
“field cancerization” in describing the ability of the
PCMT to predict prostate cancer may be explained as
histologically normal prostate cells that contain specific
abnormalities that increase the likelihood for malignant
transformation.'?!8

An ideal test for predicting prostate cancer on repeat-
ed biopsy will have a low false-negative rate, providing
greater certainty in a negative test result; that is, that
cancer is very probably absent when the test is negative.
Greater certainty of a negative test result provides a
sound basis for when future biopsies can be avoided or
delayed. With an observed sensitivity of 83% in this
study, and of 85% in Robinson and colleagues’ study,'° as
well as negative predictive values of 83% and 91%, re-
spectively, the PCMT has an acceptably low false-nega-
tive rate to fulfill this requirement. Indeed, in the assess-
ment of 644 patients with negative PCMT results, the
false-negative rate was 14.3%, consistent with the 15%
and 17% rates reported in the study by Robinson and
colleagues'® and the PCMT User Group in our study.

In addition, a trend was observed wherein on exclu-
sion of patients with ASAP at index biopsy, patients
with a positive PCMT result were on average rebiopsied
earlier than patients who did not have a PCMT to in-
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form their care. This trend is only apparent when ASAP
is excluded, which may be a result of obfuscation by the
already defined practice guidelines for the near-term re-
biopsy of patients with findings of ASAP on biopsy. This
suggests that the PCMT and similar tests have limited
utility in the management of men with ASAP on index
biopsy. Of note, men who have a PCMT and a repeated
biopsy on average 2.5 months in advance of those men
who were not using the test had a marginally increased
cancer detection rate from 18.7% to 22%, perhaps as a
result of better elimination of patients without cancer to
detect from the rebiopsy pool.

When examining the impact that the PCMT has on
patient management, urologists are typically applying
the test in a statistically supported manner—that is, the
greatest impact was observed in the negative PCMT re-
sult set of 644 patients, wherein <6% of patients had a
follow-up biopsy, representing a low percentage com-
pared with that observed within the Prostate, Lung,
Colorectal, and Ovarian Cancer Screening Trial.”” In
this seminal trial, 43% of men proceeded to first fol-
low-up biopsy based on elevated PSA."

Contrasted with the repeated biopsy rate calculated in
our negative test results cohort, an 8-fold reduction in the
repeated biopsy rate was observed. Although the mean
follow-up interval in our study of 16 months was less than
in the Prostate, Lung, Colorectal, and Ovarian Cancer
Screening Trial, the primary recommended repeated biop-
sy intervals of 3, 6, and 12 months are within this period,
and thus it is expected that the majority of men intended
for repeated biopsy are represented within our study.

Limitations

The main limitation of this study is the inclusion of
patients from a single pathology laboratory, which re-
flects a lack of availability of additional clinical informa-
tion that would have allowed for more detailed subgroup
analyses, as well as the family history of prostate cancer
among patients and other molecular testing results, as a
basis for additional comparisons.

Conclusion

The inclusion of molecular testing in the manage-
ment of patients with negative prostate biopsy results
can be of substantial benefit to the patient and the
healthcare system. Especially where routine follow-up
measures include surgical biopsy, the ability to triage the
number of patients who are unnecessarily exposed to the
associated comorbidities and the expense associated with
a biopsy becomes paramount. The continued assessment
of new adjunct tests to the diagnostic pathway in this
patient population is beneficial for establishing best prac-
tices and directing healthcare spending appropriately.

Copyright © 2016 by Engage Healthcare Communications, LLC; protected by U.S. c%ﬁ(;}!lcgeh}tl w

Tests, such as the PCMT, with proved benefit in the
clinical setting can be a welcomed tool in the clinician’s
decision-making toolkit. Hl
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ver the past 5 years, several molecular tests have

been developed to help make treatment deci-

sions related to prostate cancer. In 2016, an es-
timated 180,900 men were diagnosed with prostate
cancer,' but many of the diagnosed men will have pros-
tate cancer that is not life-threatening. A common use
of molecular tests is to determine if the cancer is aggres-
sive or indolent, for which active surveillance is the
recommended approach, because treatments such as
surgery and radiation can have serious side effects (eg,
incontinence and erectile dysfunction). In May 2012,
the US Preventive Services Task Force recommended
against routine testing for prostate cancer in otherwise
healthy men because of these treatment complications
and the risk for side effects that are associated with pros-
tate biopsies, such as infection and prostatitis.?

In their article in this issue, Legisi and colleagues
present a retrospective analysis suggesting that the Pros-
tate Core Mitomic Test (PCMT) may help clinical deci-
sion-making, which may result in a reduction in repeated
biopsy rates and earlier use of repeated biopsy when
deemed necessary.’ A limitation of this study is the lack
of risk stratification as it relates to physician difficulty in
clinical decision-making.?

PHYSICIANS: Analysis of the data among clinical
parameters, such as atypical small acinar proliferation,
high-grade prostatic intraepithelial neoplasia, and Gleason
score, would be valuable, because those pose uncertain
clinical next steps. For example, physicians often have
clear protocols for lower and higher Gleason scores relative
to a score of 5 or 6. Another potential limitation is the
comparison of the 2 cohorts during the early period of the
data evaluation relative to the availability of the PCMT. It
is possible that physicians can apply a new test to situations
where there is no question of next clinical steps to gain a
familiarity and confidence in the results. Such utilization
would skew the test’s actual impact on the clinical deci-
sion-making, such as whether to perform a repeated biopsy.

PATIENTS/PHYSICIANS: Patients and providers
should discuss the available data and experience (eg,
details of the biopsy results, prostate-specific antigen
history, family history, digital rectal examination results,

Molecular Tests May Aid Clinical Decision-Making
and Reduce Healthcare Costs

General Manager, US Aesthetic & Corrective, Galderma LP, Fort Worth, TX

and age) to determine the clinical course of action in the
individual case. In the context of Legisi and colleagues’
conclusions,’ the PCMT may aid clinical uncertainty
relative to repeated biopsy. If the cohort comparison
proves true over time, there is a great benefit to a reduc-
tion in repeated biopsy if it is unnecessary, as well as
quicker action to repeated biopsy when appropriate.

Patients and providers should also welcome the ad-
vancements in molecular tests, because they hold prom-
ise to improve over time. In the future, molecular tests
may be able to guide the choice of treatment by predict-
ing the likelihood of outcomes, such as biochemical
progression after radical prostatectomy, or the likelihood
of death if the patient does not receive treatment.

PAYERS: Molecular tests, such as the PCMT, may
result in a reduced need for repeat biopsy, and thus, may
decrease the complications associated with biopsy and
overtreatment. Such clinical advancement could reduce
the cost of care and give rise to evidence-based, tailored
approaches for individualized care management. If the
impact of the PCMT on clinical decision-making is
proved by a robust, large-scale study, it would be benefi-
cial to patient outcomes and reduce the economic bur-
den on the healthcare system.

Furthermore, health plans may consider guideline
development to molecular tests when the clinical path
forward is unclear, such as in the case of a biopsy with a
Gleason score of 5 or 6. It may not be necessary to run
such a test for a patient with a Gleason score of <4 and
a normal digital rectal examination (DRE) or for a pa-
tient with a Gleason score of 27 and a suspicious DRE
result. Guideline-based utilization, with a demonstrated
change in clinician behavior, would be of special inter-
est. Payers should consider the economic benefits and
the benefits of improvement in quality of life for patients
who avoid the need for repeated biopsies. H
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