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Abstract

Purpose—The DOCUMENT multicenter trial in the United States validated the performance of
an epigenetic test as an independent predictor of prostate cancer risk to guide decision making for
repeat biopsy. Confirming an increased negative predictive value could help avoid unnecessary
repeat biopsies.

Materials and Methods—We evaluated the archived, cancer negative prostate biopsy core
tissue samples of 350 subjects from a total of 5 urological centers in the United States. All subjects
underwent repeat biopsy within 24 months with a negative (controls) or positive (cases)
histopathological result. Centralized blinded pathology evaluation of the 2 biopsy series was
performed in all available subjects from each site. Biopsies were epigenetically profiled for
GSTP1, APC and RASSF1 relative to the ACTB reference gene using quantitative methylation
specific polymerase chain reaction. Predetermined analytical marker cutoffs were used to
determine assay performance. Multivariate logistic regression was used to evaluate all risk factors.

Results—The epigenetic assay resulted in a negative predictive value of 88% (95% CI 85-91).
In multivariate models correcting for age, prostate specific antigen, digital rectal examination, first
biopsy histopathological characteristics and race the test proved to be the most significant
independent predictor of patient outcome (OR 2.69, 95% CI 1.60-4.51).
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Conclusions—The DOCUMENT study validated that the epigenetic assay was a significant,
independent predictor of prostate cancer detection in a repeat biopsy collected an average of 13
months after an initial negative result. Due to its 88% negative predictive value adding this
epigenetic assay to other known risk factors may help decrease unnecessary repeat prostate
biopsies.
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Approximately 1 million prostate biopsies are performed yearly in the U.S. alone,! of which
only approximately 25% are positive for carcinoma.? Pinsky et al reported that about 40% of
patients with a negative biopsy undergo a second biopsy, which results in a PCa diagnosis in
approximately an additional 15%.2 Also, 40% of the men with a negative repeat biopsy
undergo a third biopsy and another 20% undergo a fourth biopsy while still detecting PCa in
more than 5% of these patients.35

DNA hypermethylation of key genes is ideally suited for early disease detection and,
therefore, it could be used to decrease the need for subsequent biopsy. Cancer associated
epigenetic changes are biologically relevant, occurring commonly and early during the
oncogenic process.’” Some markers show a field effect with epigenetic aberrations a distance
from the actual tumor in line with the early observation of DNA methylation changes during
oncogenesis. 8 While currently many patients undergo repeat biopsy due to suspicion of
missed PCa, those with a low risk epigenetic signature may forego a likely unnecessary
repeat biopsy with its associated potential complications.?

As a specific biomarker for PCa, GSTP1 methylation was reported in 1994 with many
subsequent validation studies.1® A recent meta-analysis concluded that this gene is
methylated in up to 90% of PCa cases.! Additionally, APC and RASSF1 are important field
effect markers that increase the diagnostic sensitivity of the assay.8:12 All 3 genes have
prominent tumor suppressive roles in key cancer related pathways, ie GSTP1 acts as a
detoxifying agent to prevent genomic damage by carcinogens, APC is a Wnt antagonist in
this oncogenic signaling pathway and RASSF1 acts as a negative effector with a pro-
apoptotic function in the Ras signaling pathway.13-15

In the previously reported MATLOC study a multiplex epigenetic assay profiling APC,
GSTP1 and RASSF1 demonstrated 90% NPV.16 The DOCUMENT study was designed to
validate the performance of an epigenetic assay using predetermined marker cutoff values.16
The DOCUMENT study evaluates the same epigenetic assay in a U.S. population of patients
with a negative biopsy to identify those at low risk for harboring cancer missed through
biopsy sampling error and who could forego an unnecessary repeat biopsy.1’

MATERIALS AND METHODS

Patients were selected from 5 geographically dispersed medical centers and grouped into
men with 2 consecutive negative biopsies (controls) and those with a negative biopsy
followed by a positive biopsy (cases) within 24 months. Each center received institutional
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review board approval, exemption or waiver to use archived clinical samples for research
purposes. A total of 350 patients from Cleveland Clinic, Eastern Virginia Medical School,
LHMC, JHU and UCLA were enrolled in this multicenter trial. Two controls were enrolled
per case, increasing the cancer prevalence over the estimate of approximately 20% in a
general population, as determined by recent studies of PCa screening using 10 to 12-core
biopsies,** to allow for more accurate determination of epigenetic assay sensitivity. For
direct comparison with the MATLOC cohort the prevalence was set at 18% in all NPV
calculations using assay sensitivity and specificity according to the formula, (specificity x (1
— prevalence))/((specificity x (1 — prevalence)) + ((1 —sensitivity) x prevalence)).16 Cohort
size was calculated using estimated MATLOC sensitivity and specificity to achieve at least
80% power to demonstrate a NPV higher than 86%, ie the lower boundary of the 95% CI of
the MATLOC study.18

The sites identified eligible subjects in a retrograde, consecutive manner from patients
biopsied at the clinics starting from the study start date (2011). Study eligibility criteria
included a minimum of 8 cores per biopsy collected no earlier than 2007. Excluded from
study were initial biopsies with atypia suspicious for cancer, ie atypical small acinar
proliferation identified by pathologists at the sites, since this would have triggered repeat
biopsy based on histopathology alone.1920 Blinded central pathology review was performed
for all available tissue sections at JHU by one of us (JIE). Atypia (atypical small acinar
proliferation) detected after central pathology review and HGPIN were accepted and served
as separate categories or risk factors.

We requested 40 um of each archived, formalin fixed, paraffin embedded tissue core block
from the initial biopsy. However, in the event of limited excess tissue a minimum of 20 um
from formalin fixed, paraffin embedded tissue cores were epigenetically profiled based on
the 3 genes GSTP1, APC and RASSF1 as previously described.?! After completion of all
analyses with the epigenetic assay clinical and patient characteristics were verified and
updated with data from subsequent biopsies as necessary.

Epigenetic analysis was performed in random, blinded fashion using a multiplex
methylation specific polymerase chain reaction (MDxHealth, Irvine, California). The
methylation ratio of all 3 genes was determined relative to that of the ACTB reference gene.
Predetermined analytical gene cutoff values for determining methylation status were
identical to those used in the independent MATLOC study.16 A positive methylation result
for at least 1 gene in at least 1 tissue core produced a positive assay result. In this validation
study and because DNA quantity and quality could have been affected by sample age, a
minimum of 6 analyzable biopsy cores were required to define a patient methylation as
negative and assure accurate results. Since patient outcome is based on the detection of
aberrant DNA methylation in at least 1 biopsy, patients with fewer than 6 cores, of which at
least 1 was positive, could be included in analysis.

All statistical analysis was done in R (http://www.r-project.org/). An exact binomial test or
the chi-square test was used to compare a proportion to a reference value or 2 proportions,
respectively, while the Fisher exact test was applied when more than 2 categories were
present. Two populations, particularly for ordinal data, were compared with the Wilcoxon
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(Mann-Whitney) test except for time between biopsies and age, for which the t-test was
applied. For comparisons between clinical sites the Kruskal-Wallis test was used for
continuous variables and the chi-square test was used for categorical variables.

RESULTS

Patient Characteristics

A total of 350 patients were enrolled in the study, of whom 30 (9%) were excluded because
of non-eligibility (2), insufficient DNA (1), insufficient biopsy cores (23) or detection of
adenocarcinoma in the first biopsy based on central pathology review (4). Table 1 lists
clinical and demographic characteristics of the remaining 320 eligible patients. PSA
categories and DRE results showed a significant difference among the sites, chiefly
attributable to a high proportion of patients (47% vs 15% at all other sites) with PSA less
than 4 ng/ml and a low proportion (21% vs 77%) with a normal DRE at LHMC. The
difference in central pathology results between the sites had 2 causes, ie mainly the high
percent (81% vs 52%) of samples with benign histology from UCLA and the low incidence
of atypia from JHU (1% vs 14%). Eastern Virginia Medical School and UCLA were typed
by a lower number of analyzable cores (8.8 vs 10.7). The time between the 2 biopsies was
relatively longer at JHU and shorter at LHMC (15.8 vs 9.6 months).

Epigenetic Assay Validation

All key clinical parameters (sensitivity, specificity and NPV) were within the 95% Cl
determined in the MATLOC study (table 2). In this PSA screened population sensitivity was
somewhat lower while specificity remained consistent at 64%. Notably the main
characteristic of clinical importance (88% NPV) did not statistically differ between the
MATLOC and DOCUMENT studies (p = 0.6707). In addition, the 88% NPV was
significantly higher than the baseline NPV of 82% (p = 0.0227). That is, there was an 18%
false-negative rate based on the adjusted cancer prevalence in repeat biopsies, indicating that
the NPV of the epigenetic assay was an improvement over histopathological results alone.16

Notably while the number of black patients was too small to accurately determine the
performance characteristics in this specific subgroup, sensitivity was 77% (95% CI 46-95),
specificity was 66% (95% CI 46-82) and NPV was 93% (85% CI 82-97).

Marker Contribution

All 3 markers had a balanced contribution, accounting for approximately a third of positive
cases (table 3). While APC was the most sensitive marker to identify cancer positive cases,
GSTP1 showed the best sensitivity vs specificity tradeoff since it was responsible for a third
of assay sensitivity but only 17% of false-positive results. The remaining non-specificity
was equally divided between APC and RASSF1 in line with the role of these genes in the
field effect. Interestingly 72% of correctly identified controls had a completely benign
histology compared to only 43% of controls with a positive epigenetic assay result (p
<0.0001).
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Epigenetic Assay Performance Characteristics

No difference was observed in GS distributions in repeat biopsies of patients with a positive
VS a negative epigenetic assay (p = 0.9426). Thus, the GS frequency of each group was
comparable to that of the entire cohort (table 1). The epigenetic test performed equally well
for low GS 6 and high GS 7 or greater (p = 0.6597). However, only 9% of patients had a GS
of 8 or greater. Finally, the likelihood of finding cancer in repeat biopsies following
histopathologically negative initial biopsies increased with the number of methylation
positive cores, total methylation events or total number of distinct methylated genes (fig. 1).

DNA Methylation as Significant Independent Predictor of Cancer

Univariate analysis indicated that DRE, in particular suspicious findings, unexpectedly
showed an inverse trend and, therefore, it was excluded from subsequent multivariate
analysis (table 4). A multivariate logistic regression model was constructed using DNA
methylation, age, PSA, histopathology and race as predictors of cancer in a repeat biopsy.
DNA methylation and atypia in the first biopsy were identified as good predictors (fig. 2).
Patient age was borderline significant and the associated OR was low. Finally, a model
containing only the best performing predictors indicated an important role for DNA
methylation and to a lesser extent for atypia but not for HGPIN.

DISCUSSION

Sampling errors associated with prostatic biopsy raise fear that cancer was not sampled in
men at high risk, leading to a high rate of followup procedures that merely confirm the
absence of disease. With a NPV of 88% (95% CI 85-91) this multicenter validation study
confirms the NPV of the previous MATLOC study® and indicates that this epigenetic assay
could be used to detect or help rule out cancer after an initial histopathologically negative
biopsy.

Relative to other molecular assays the use of residual tissue of all available biopsy cores
assures adequate sensitivity and may provide additional insight into tumor location.22
Repeat biopsies were performed an average of 1 year after initial biopsy, ie the period
between biopsies was shorter than the maximum allowed time of 24 months. To address this
shorter time to rebiopsy patient status updates were requested from all participating centers
if available.

While assay specificity remained stable, indicating no difference in background methylation
levels in this U.S. based cohort vs a European cohort, sensitivity was slightly lower but not
significantly so. The predetermined marker cutoffs proved to be robust based on the
validated clinical performance. This suggests that the validated gene cutoffs are not
overfitted to a particular population and are broadly applicable.

The slightly decreased sensitivity was most likely associated with the higher PSA screening
prevalence in the DOCUMENT cohort. Table 1 shows that study patients typically had only
1 cancer positive core compared to 2 in the MATLOC study, indicating lower disease
volume. The subgroup of 41 cases (51%) with only 1 cancer positive core in DOCUMENT
was larger but not significantly larger than the 37% in MATLOC (p = 0.1458). In contrast,
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disease grade did not differ in the 2 cohorts and there was no detectable difference in GS (p
= 0.4753). However, the lack of a singular pathology review for both populations could have
confounded such differences.

Another argument contributing to lowered sensitivity due to a PSA screening effect in
DOCUMENT is that the time between biopsies significantly differed from MATLOC cases
(p = 0.0002). With a median time to repeat biopsy of 6.5 months in cases the European
cohort typically underwent repeat biopsy more than 5 months earlier than the current U.S.
population. This could indicate that PSA screening results in biopsying menwith earlier
stage, less extensive disease, as reported in large screening studies.23:24 While such disease
might be harder to detect on biopsy, negative initial histopathological results combined with
a lack of other evidence or symptoms indicating unsampled cancer could then result in a
lesser sense of urgency for repeat biopsy. In addition, PSA in all patients at initial biopsy
was significantly lower in the U.S. population (p = 0.0051), further strengthening this
hypothesis.

Multivariate logistic regression revealed that DNA methylation of GSTP1, APC and/or
RASSF1 in initial, histopathologically cancer negative biopsies serves as a significant
independent predictor of the presence of unsampled PCa. While the presence of atypia was
borderline significant as a predictor, it has 2 major drawbacks. The observation of atypia not
including HGPIN is an uncommon event that also has high interobserver variability. Based
on the centralized pathology review 17 cases and 20 controls harbored atypia in this cohort,
resulting in 18% sensitivity and 91% specificity. Thus, while the presence of atypia is a
useful diagnostic parameter, the MATLOC and DOCUMENT studies demonstrate that
assessing the methylation status of APC, GSTP1 and RASSF1 would detect more missed
cancer cases regardless of histopathological features, resulting in broader, more objective
applicability. However, the 2 factors are partially complementary as indicated by the final
regression model with a slightly higher positive predictive value (p = 0.6992), ie 32% when
corrected for the 18% disease prevalence attributable to the presence of atypia. Notably
assessing the predictive value of atypia in the DOCUMENT cohort might have been biased
since the cohort included only patients with atypia identified during central pathology
review.

Historically DNA methylation of certain genes has been linked to age.2> In addition, this
series and another study26 propose a link among all 3 factors, ie DNA methylation, age and
cancer, resulting in higher vulnerability for cancer at an older age. Cancer-free controls in
this cohort were significantly younger than those in the MATLOC cohort (61.5 vs 63.1
years, p = 0.0065). While cases were also younger in the DOCUMENT study (63.5 vs 64.7
years), this difference was not significant (p = 0.2501), indicating that the lower sensitivity
was not particularly affected by age.

CONCLUSIONS

This multicenter study validates the previously determined 90% NPV in a population of 350
PSA screened men.16 In the current series an 88% NPV was achieved by correctly
predicting the presence/absence of unsampled PCa after a histopathologically negative
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initial biopsy using an epigenetic assay. This epigenetic assay is a significant independent
predictor that was the most valuable diagnostic aid of all evaluated risk factors in 2
independent trials. Negative findings of this assay could be used to decrease concern about
unsampled cancer and effectively avoid unnecessary repeat biopsies.

Abbreviations and Acronyms

DOCUMENT Detection Of Cancer Using Methylated Events in Negative Tissue
DRE digital rectal examination
GS Gleason score
HGPIN high grade prostate intraepithelial neoplasia
JHU Johns Hopkins University
LHMC Lahey Hospital and Medical Center
MATLOC Methylation Analysis to Locate Occult Cancer
NPV negative predictive value
PCa prostate cancer
PSA prostate specific antigen
UCLA University of California-Los Angeles
u.s United States
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Figure 1.
Case prevalence trends as function of methylation characteristics. Detection of at least 1

methylated gene in at least 1 biopsy core resulted in significant detection of men with
unsampled PCa. Using LOESS fit several trends indicated that likelihood of harboring
unsampled cancer increased with increase in observed methylation relative to total amount
of analyzable biopsy cores whether expressed as distinct genes (orange curve and circles),
methylation positive biopsy cores (red curve and circles) or total number of epigenetic
aberrations (green curve or circles). Of overall study population 29% were cases (horizontal
line).
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Figure2.
Multivariate analysis of potential predictors of cancer on repeat biopsy. OR and 95% CI

were determined by logistic regression model. Final model OR (hatched bars) was obtained
using only diagnostically important and significant (orange bars) parameters, ie DNA
methylation and histopathology of biopsy 1 (atypia and HGPIN). Contribution of atypia in
final model was further evaluated by determining ROC AUC. Model with only epigenetic
assay had AUC of 0.628. When epigenetic assay was modeled simultaneously with atypia
but not with HGPIN, AUC showed minor increase to 0.646.
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Table 2
Epigenetic test performance characteristics
Sengitivity ~ Specificity NPV™
DOCUMENT:
No. pts/total No. 57/92 145/228  167/189
% (95% CI) 62 (51-72) 64 (57-70) 88 (85-91)
% MATLOC (95% Cl) 68 (55-78) 64 (55-73) 90 (86-94)
p Value 0.5068 1.0000 0.6707

*
Patient numbers adjusted to 18% MATLOC study prevalence.
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Relative marker contribution

No. Cases (% pos)

% Pos Controls

Total
Total pos
1 Marker pos:
APC
GSTP1
RASSF1
2 Markers pos:
APC + GSTP1
APC + RASSF1
GSTP1 + RASSF1
3 Markers pos
Total marker contribution:
GSTP1
APC
RASSF1

92
57 (100)
32 (56)
11 (19)
10 (18)
11 (19)
13 (23)
7(12)
5(9)
1)
12 (21)

18 (32)
21 (37)
18 (32)

17
a4
42
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