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Simple Summary: Prostate Cancer represents a significant health risk for men, especially African
American men, despite the availability of PSA testing. Although PSA testing is the current gold-
standard test for identifying at-risk men, an increased PSA level may arise from Benign Prostatic
Hyperplasia instead of Prostate Cancer. For men with BPH, PSA testing may lead them to undergo
unnecessary biopsies. As an alternative to PSA, we have previously described a Filamin-A and
prostate volume based biomarker test with superior performance. To simplify this test, we removed
the requirement of prostate volume measurement. Herein, we present results of this updated test
utilizing Filamin-A alone in Caucasian and African American men. Filamin-A demonstrates superior
predictive power compared to PSA in both patient populations. By reliably separating benign
conditions from aggressive prostate cancer, this test would reduce the health care burden resulting
from unnecessary prostate biopsies.

Abstract: Prostate cancer represents a significant health risk to aging men, in which diagnostic
challenges to the identification of aggressive cancers remain unmet. Prostate cancer screening is
driven by the prostate-specific antigen (PSA); however, in men with benign prostatic hyperplasia
(BPH) due to an enlarged prostate and elevated PSA, PSA’s screening utility is diminished, resulting
in many unnecessary biopsies. To address this issue, we previously identified a cleaved fragment of
Filamin A (FLNA) protein (as measured with IP-MRM mass spectrometry assessment as a prognostic
biomarker for stratifying BPH from prostate cancer and subsequently evaluated its expanded utility
in Caucasian (CA) and African American (AA) men. All men had a negative digital rectal examination
(DRE) and PSA between 4 and 10 ng/mL and underwent prostate biopsy. In AA men, FLNA serum
levels exhibited diagnostic utility for stratifying BPH from patients with aggressive prostate cancer
(0.71 AUC and 12.2 OR in 48 men with BPH and 60 men with PCa) and outperformed PSA (0.50 AUC,
2.2 OR). In CA men, FLNA serum levels also exhibited diagnostic utility for stratifying BPH from
patients with aggressive prostate cancer (0.74 AUC and 19.4 OR in 191 men with BPH and 109 men
with PCa) and outperformed PSA (0.46 AUC, 0.32 OR). Herein, we established FLNA alone as a
serum biomarker for stratifying men with BPH vs. those with high Gleason (7–10) prostate cancers
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compared to the current diagnostic paradigm of using PSA. This approach demonstrates clinical
actionability of FLNA alone without the requirement of prostate volume measurement as a test
with utility in AA and CA men and represents a significant opportunity to decrease the number of
unnecessary biopsies in aggressive prostate cancer diagnoses.

Keywords: prostate cancer; benign prostatic hyperplasia; prostate specific antigen; biomarker; FLNA

1. Introduction

The detection and diagnosis of aggressive prostate cancer (PCa) remains a critical
medical need due to its incidence and mortality in the global male population. According
to recent projections in the United States population, PCa is the most common cancer
diagnosis in men, accounting for 29% of all new cancer cases, and is the second leading
cause of mortality in men following lung cancer [1]. For this reason, effective screening
tools are needed to detect life threatening PCa accurately, while simultaneously avoiding
unnecessary biopsies in low-risk populations. The prostate-specific antigen (PSA) is one
such screening tool widely used in clinical practice. Unfortunately, the adoption of PSA
testing has led to unnecessary treatment of men with low-risk PCa due to its low sensitivity
and specificity in detecting clinically significant PCa in men with elevated PSA levels. The
lack of specificity of PSA is largely driven by the incidence of benign prostatic hyperplasia
(BPH), a non-cancerous condition also characterized by elevated PSA levels [2,3]. Therefore,
there is a critical unmet need for improved methods to distinguish patients with BPH from
patients with clinically significant PCa.

We previously identified the level of a cleaved peptide of Filamin A (FLNA) in serum,
when combined with prostate volume and age among men who all had elevated PSA levels
between 4 and 10 ng/mL, that provided superior predictive performance compared to PSA
in distinguishing between men with BPH and men with PCa [4]. The identified protein,
FLNA, has been implicated for its role in PCa metastasis, which supports the biological
plausibility that FLNA may be a serum biomarker for a PCa diagnosis [5].

Further, we previously reported that the inclusion of prostate volume as an additional
variable with FLNA provided superior predictive power for diagnostics. Prostate volume
is quantified via transrectal ultrasound (TRUS); however, TRUS can pose some challenges
regarding obtaining accurate volumetric measurements due to human error and is found
to be highly user-dependent [6,7]. Additionally, TRUS exposes patients to unnecessary
procedures that might result in complications [8,9]. A diagnostic test that eliminates the
need for TRUS would be advantageous for the patient and be more cost-effective. For
this reason, we report results from a reanalysis of our previous cohort without prostate
volume and establish FLNA alone to be a reliable test while still providing better predictive
performance compared to PSA alone in two different ethnic populations.

Finally, the development of diagnostics has historically focused primarily on Caucasian
(CA) populations, while largely lacking in studies of populations of different ancestral
origins, especially underserved populations such as Hispanic Americans, Native Amer-
icans, and African Americans (AAs). Recent work has illuminated the disproportionate
impact of PCa on AA men: (1) AA men are more likely to harbor genomically aggressive
cancer [10]; (2) AA men have a two to four times higher PCa mortality rate than other racial
and ethnic groups [1]; (3) annual screening for PCa would be especially beneficial in AA
men compared to CA men [11]. Given the impact of PCa on underserved populations,
there is an unmet need for a novel PCa screening or reflex tool capable of identifying at-risk
patients across men of different ancestry. Toward this aim, we evaluated the utility of FLNA
alone without other risk factors in both CA men and AA men separately and found that
FLNA provides superior performance in distinguishing men with BPH from men with PCa
as compared to PSA in both patient groups.
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2. Methods

This study analyzed a previously published cohort of men whose age ranged between
35 and 92 years old and who had a median age of 63 years and analyzed a specific combina-
tion of markers for the investigation of its utility in Caucasian as well as African American
men. Within this study cohort, 300 men had BPH (191 CA, 48 AA, and 61 other-race), while
477 men had PCa (281 CA, 139 AA, and 57 other-race) (Table 1). Men with BPH were
subjected to at least one biopsy to indicate their PCa-negative status. In contrast, men with
PCa were confirmed with biopsy. All men in the analysis cohort had a PSA in the range of
4–10 ng/mL and a negative digital rectal exam (DRE). Additional clinical characteristics of
the study cohort are described in Table 1, also being previously published in [4].

Table 1. Demographic table for 777 patients. Gleason Scores are only available for patients with PCa
and are not applicable for patients with BPH. Negative Biopsies are only available for patients with
BPH; all patients with PCa underwent a positive biopsy.

Characteristic BPH (n = 300) PCa (n = 477)

Age (years) † 65 (8) 62 (8)

Prostate Volume (mL) † 61 (27) 42 (26)

PSA (ng/mL) † 6.7 (4.7) 6.5 (5.9)

FLNA (ng/mL) † 5.07 (0.55) 5.39 (0.51)

Race ‡

African American 48 (16%) 139 (29%)

Caucasian 191 (64%) 281 (59%)

Other 61 (20%) 57 (12%)

Gleason Scores ‡

Low (3–6) 238 (54%)

High (7–10) 203 (46%)

Negative Biopsies ‡

Single 205 (68%)

Multiple 95 (32%)

Collection Site ‡

Cleveland Clinic 5 (1.7%) 126 (26%)

CPDR/Walter Reed 119 (40%) 239 (50%)

Uni. Health Network 118 (39%) 78 (16%)

Veteran Affairs 58 (19%) 34 (7.1%)
† Mean (std. dev) ‡ Count (%).

In our previous study, we showed that logistic regression using a panel of FLNA,
age, and prostate volume performed better than PSA in discriminating between men with
PCa and men with BPH. Here, we evaluated five parsimonious logistic regression models
comprised of at most two of these features (FLNA alone, PSA alone, age alone, FLNA
and age, and PSA and age) and compared their performance to our previous model using
FLNA, age, and prostate volume. Models were evaluated by their capability to distinguish
PCa (aggressive, i.e., Gleason ≥ 7, as well as comparison of all patients with PCa) from BPH
using AUC as a performance metric computed at each model’s optimal cutoff, determined
at a sensitivity ≥ 0.9. Finally, model performances were assessed on CA and AA patient
subsets separately for each classification analysis.
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Quantitation of FLNA

Antibody immobilization. Three mouse monoclonal antibodies, Anti-FLNA 2C12
and Anti-FLNA 3F4, were immobilized using the Thermo Fisher Scientific Pierce Direct
IP Kit (Thermo Fisher Scientific, Waltham, MA, USA) according to the manufacturer’s
recommendations, with a few modifications as previously described [12]. In total, 200 µg
of each of the antibodies was coupled individually to 200 µL of AminoLink Plus coupling
resin and stored at 4 ◦C until needed.

Immunoprecipitation calibration standard generation. Immunoprecipitation tubes
were prepared by aliquoting 5 µL of each of the two antibody-coupled resins into the IP
tube (Pierce Direct IP Kit, Thermo Fisher Scientific). The resin was washed twice with
200 µL of an IP lysis/wash buffer. In total, 100 µL of a human serum sample or 100 µL of
water (surrogate matrix) was added to each IP tube along with 500 µL of a prepared lysis
buffer solution (IP lysis/wash buffer with 1.2X Halt protease cocktail inhibitor; Thermo
Fisher Scientific) and 0.5 M EDTA, then incubated overnight at 4 ◦C with end-over-end
mixing. The resin was washed five times with 200 µL of the IP lysis/wash buffer and once
with 100 µL of a 1X conditioning buffer. The captured proteins were eluted with 50 µL of an
elution buffer with an incubation time of 15 min, and then neutralized with 5 µL of 1 M Tris
HCl, pH 9.0 (Teknova, Hollister, CA, USA). The IP eluates from the surrogate matrix were
used to prepare P2 (AGVAPLQV) peptide calibration curves by spiking with a P2 synthetic
peptide (Genscript, Piscataway, NJ, USA) stock solution (0.2/0.36 µg/mL) followed by
serial dilution. P2 calibration standards ranged from 125 pg/mL to 2000 pg/mL. All
samples were then subjected to trypsin digestion as described below.

Trypsin Digestion of IP-extracted samples. Trypsin digestion was performed us-
ing the Flash Digest Kit (Perfinity Biosciences, West Lafayette, IN, USA) following the
manufacturer’s protocol with few modifications. Flash digest tubes were equilibrated to
room temperature, and then centrifuged for 1 min at 1500× g and 5 ◦C. In total, 50 µL of
each sample, 25 µL of a digestion buffer (Perfinity Biosciences), and 5 µL of a working
internal standard (Thermo Fisher Scientific) solution (P2/P4 10/30 ng/mL) were added
to the Flash digest tubes. After vortexing, samples were digested at 70 ◦C for 20 min in
Eppendorf Thermo Mixer C (Eppendorf, Framingham, MA USA). The Flash digest tubes
were then centrifuged for 5 min at 1500× g and 5 ◦C. A 60 µL aliquot of the supernatant
was transferred to an LC-MS vial.

LC-MS/MS analysis. MRM analyses were performed on a 6500 QTRAP mass spec-
trometer (SCIEX) equipped with an electrospray source, a 1290 Infinity UPLC system
(Agilent Technologies, Santa Clara, CA, USA), and an Xbridge Peptide BEH300 C18 (3.5 µm,
2.1 mm × 150 mm) column (Waters, Milford, MA, USA). Liquid chromatography was
carried out at a flow rate of 400 µL/min, and the sample injection volume was 30 µL.
The column was maintained at a temperature of 60 ◦C. Mobile phase A consisted of 0.1%
formic acid (Sigma Aldrich, St. Louis, MO, USA) in water (Thermo Fisher Scientific), and
mobile phase B consisted of 0.1% formic acid in acetonitrile (Thermo Fisher Scientific). The
gradient with respect to %B was as follows: 0–1.5 min, 5%; 1.5–2 min, 5–15%; 2–5 min,
15%; 5–7.1 min, 15–20%; 7.1–8.1 min, 20–80%; 8.1–9.0 min, 80%; 9.0–9.1 min, 80–5%; and
9.1–16 min, 5%. The instrument parameters for the 6500 QTRAP mass spectrometer were
as follows: ion spray voltage of 5500 V, curtain gas of 20 psi, collision gas set to “medium”,
interface heater temperature of 400 ◦C, nebulizer gas (GS1) of 80 psi and ion source gas
(GS2) of 80 psi, and unit resolution for both Q1 and Q3 quadrupoles.

PMRM peptide quantitation. A data analysis was performed using Analyst® software
(version 1.6.2, SCIEX, Framingham, MA, USA) and peak integrations were reviewed
manually. The calibration curve for the FLNA P2 peptide was constructed by plotting
the peak area ratios (analyte/internal standard) versus concentration of the standard
with 1/×2 linear least square regression. The regression equations from P2 calibration
standards were used to back-calculate the measured P2 concentrations for each QC and
unknown sample.
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3. Results
3.1. Comparison of FLNA with PSA to Distinguish PCa from BPH Using Entire Study Cohort

We evaluated the ability of FLNA alone and PSA alone in distinguishing 477 men with
PCa from 300 men with BPH along with the utility of using different variables to assess
relationships involving PSA (Figure 1). This analysis presented FLNA as an independent
variable from PSA as well as closely associated with the Gleason score in men with PCa,
whereas PSA and prostate volume were associated in men with BPH. The FLNA biomarker
yielded sensitivity greater than 0.9 with a positive predictive value (PPV) of 0.69 and a
negative predictive value (NPV) of 0.72 in patients with prostate cancer with a range of
Gleason scores, including low and high Gleason PCa (Table 2(A)). In contrast, PSA yielded
a PPV of 0.6 and an NPV of 0.27. The diagnostic odds ratio (OR) of the FLNA test was
5.76 (CI: 3.78–8.94) with the p-value = 5.7 × 10−19. Additionally, the FLNA test provided
an AUC of 0.65 as compared to an AUC of 0.55 for PSA.

Table 2. Results of logistic models to distinguish patients with PCa from patients with BPH for
(A) 477 patients with PCa from 300 patients with BPH, (B) 477 patients with PCa from 95 patients with
BPH with multiple negative biopsies, (C) 203 patients with Gleason Scores 7–10 PCa from 300 patients
with BPH.

(A) All Patients Comparing BPH vs. PCa

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.61 0.55 0.9 0.057 0.6 0.27 0.55 (0.29–0.999) 0.044 300 477

Age 0.52 0.59 0.92 0.19 0.64 0.6 2.71 (1.71–4.33) 8.8 × 10−6 300 477

FLNA 0.5 0.65 0.92 0.33 0.69 0.72 5.76 (3.78–8.94) 5.7 × 10−19 300 477

PSA + Age 0.53 0.59 0.9 0.21 0.64 0.57 2.38 (1.55–3.68) 3.2 × 10−5 300 477

FLNA + Age 0.49 0.66 0.9 0.32 0.68 0.67 4.36 (2.92–6.58) 1.4 × 10−14 300 477

FLNA + Age + Vol 0.5 0.75 0.9 0.45 0.72 0.74 7.36 (4.99–11) 1.4 × 10−28 300 477

(B) All Patients Undergoing Multiple Biopsies

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.81 0.57 0.9 0.16 0.84 0.24 1.71 (0.848–3.3) 0.1 95 477

Age 0.72 0.69 0.92 0.31 0.87 0.43 5.06 (2.81–9.07) 2.5 × 10−8 95 477

FLNA 0.72 0.83 0.92 0.62 0.92 0.61 18.8 (10.8–33.3) 1 × 10−29 95 477

PSA + Age 0.73 0.7 0.9 0.31 0.87 0.38 4.01 (2.26–7.03) 1.1 × 10−6 95 477

FLNA + Age 0.7 0.85 0.9 0.62 0.92 0.56 14.9 (8.7–25.8) 1.2 × 10−26 95 477

FLNA + Age + Vol 0.71 0.87 0.9 0.67 0.93 0.58 18.7 (10.8–33) 4.2 × 10−31 95 477

(C) All Patients Comparing BPH with PCa Gleason Score 7–10

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.38 0.5 0.9 0.08 0.4 0.55 0.796
(0.408–1.57) 0.52 300 203

Age 0.35 0.55 0.92 0.15 0.42 0.73 1.98 (1.07–3.8) 0.027 300 203

FLNA 0.28 0.68 0.95 0.33 0.49 0.91 9.61 (4.83–21.3) 6.8 × 10−16 300 203

PSA + Age 0.34 0.55 0.9 0.16 0.42 0.71 1.74 (0.975–3.21) 0.062 300 203

FLNA + Age 0.28 0.68 0.9 0.33 0.48 0.83 4.56 (2.67–8.12) 3.6 × 10−10 300 203

FLNA + Age + Vol 0.29 0.77 0.9 0.44 0.52 0.87 7.07 (4.17–12.5) 3.4 × 10−17 300 203
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two loadings signify the correlation between the features (smaller angles = positive correlation; right 
angles = no correlation; wide angles = negative correlation). Highlighted in red are two correlations 
of importance; FLNA is positively correlated with Gleason in patients with PCa (panel B) and PSA 
is strongly positively correlated with prostate volume in patients with BPH (panel C). 

Next, we compared the performance of FLNA with PSA on a different classification 
task: discriminating 477 men with PCa from 95 men with BPH who had more than one 
negative biopsy (analyzing the serum sample prior to the first biopsy). The rationale for 

Figure 1. Principal component analysis plots showing first two principal components (PCs) for
(A) patients with PCa and BPH (n = 777), (B) patients with PCa (n = 477), (C) patients with BPH
(n = 300). In each plot, loadings of feature used for PCA are represented as vectors. Angles between
any two loadings signify the correlation between the features (smaller angles = positive correlation;
right angles = no correlation; wide angles = negative correlation). Highlighted in red are two
correlations of importance; FLNA is positively correlated with Gleason in patients with PCa (panel B)
and PSA is strongly positively correlated with prostate volume in patients with BPH (panel C).
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Next, we compared the performance of FLNA with PSA on a different classification
task: discriminating 477 men with PCa from 95 men with BPH who had more than one
negative biopsy (analyzing the serum sample prior to the first biopsy). The rationale for this
is that PCa can be missed on the first biopsy. Thus, for the 95 men with two or more negative
biopsies, we can demonstrate improved insight that they do not harbor missed cancer,
demonstrating that an independent biomarker other than PSA can provide diagnostic
insight. Here, the FLNA diagnostics again provided superior predictive performance over
PSA (Table 2(B)). The FLNA biomarker yielded sensitivity greater than 0.9 with a PPV of
0.92, an NPV of 0.61, an OR of 18.8 (CI: 10.8–33.3), a p-value = 1 × 10−29, and an AUC of
0.83. In comparison, PSA gave a PPV of 0.84, an NPV of 0.24, an OR of 1.71 (CI: 0.848–3.3),
and an AUC of 0.57.

Finally, we considered a different classification task to compare FLNA with PSA:
discriminating 203 men with PCa and higher-grade PCa (Gleason score between 7 and
10) from 300 men with BPH. FLNA provided superior predictive performance over PSA
(Table 2(C)). The FLNA biomarker yielded sensitivity greater than 0.9 with a PPV of 0.49,
an NPV of 0.91, an AUC of 0.68, an OR of 9.61 (CI: 4.83–21.3), and a p-value = 6.8 × 10−16.
This is an improvement over PSA, which showed a PPV of 0.4, an NPV of 0.55, an OR of
0.796 (CI: 0.408–1.57), an AUC of 0.5, and a p-value of 0.52.

3.2. Comparison of FLNA with PSA in AA Men

We further assessed our comparison of FLNA and PSA in a patient subset of men of
African descent (Table 3(A)). The FLNA biomarker yielded sensitivity greater than 0.9 with
a PPV of 0.82, an NPV of 0.76, and an AUC of 0.72 when classifying 139 AA men with PCa
(range of Gleason scores) from 48 AA men with BPH. Additionally, the OR of the FLNA
biomarker was 14.2 (CI: 4.94– 47.5) with a p-value = 1.5 × 10−8. This performance was
superior to PSA, which provided a PPV of 0.75, an NPV of 0.28, an AUC of 0.54, and a
p-value of 0.78.

Additionally, with a focus on the AA patient subset, we evaluated the performance of
FLNA as compared to PSA in classifying 139 AA men with PCa from 25 men with BPH
who had more than one negative biopsy (Table 3(B)). The FLNA test showed sensitivity
greater than 0.9 with a PPV of 0.93, an NPV of 0.71, and an AUC of 0.81 when classifying
139 AA men with PCa from 25 men with BPH and multiple biopsies. Furthermore, FLNA
resulted in an OR of 31.7 (CI: 9.33–125) with a p-value = 1.8 × 10−10. In contrast, PSA
performed worse with a PPV of 0.86, an NPV of 0.28, an AUC of 0.6, and a p-value of 0.16.

The further analysis compared the performance of FLNA with PSA in classifying
60 AA men with PCa and a Gleason score between 7 and 10 from 48 AA men with BPH
(Table 3(C)). The FLNA biomarker performed well with a sensitivity greater than 0.9, a
PPV of 0.66, an NPV of 0.86, and an AUC of 0.71 when classifying AA men with PCa and a
Gleason score of 7–10 from AA men with BPH. In addition, the FLNA test demonstrated
an OR of 12.2 (CI: 3.2–69.3) and a p-value = 1.7 × 10−5. FLNA performed favorably when
compared to using PSA for this classification task, which yielded a PPV of 0.58, an NPV of
0.62, an AUC of 0.5, and a p-value of 0.24, which demonstrated minimal diagnostic utility
in AA men.

3.3. Comparison of FLNA with PSA in CA Men Patient Subset

We performed an analysis to compare the performance of FLNA to PSA in a patient
subset of CA men. The FLNA biomarker yielded sensitivity greater than 0.9, a PPV of 0.68,
an NPV of 0.73, and an AUC of 0.68 in classifying 281 CA men with PCa from 191 CA men
with BPH (Table 4(A)). Additionally, the FLNA biomarker had an OR of 5.64 (CI: 3.33–9.79),
and a p-value = 1.6 × 10−12. In comparison, PSA performed worse on this classification
task with a PPV of 0.58, an NPV of 0.28, an AUC of 0.56, and a p-value of 0.13.
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Table 3. Results of logistic model to distinguish patients with PCa from patients with BPH among
AA patients for (A) 139 patients with PCa from 48 patients with BPH, (B) 139 patients with PCa from
25 patients with BPH with multiple negative biopsies, (C) 60 patients with Gleason Scores 7–10 PCa
from 48 patients with BPH.

(A) African American Patients Comparing BPH vs. PCa

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.74 0.54 0.91 0.1 0.75 0.28 1.13 (0.297–3.62) 0.78 48 139

Age 0.58 0.74 0.91 0.4 0.81 0.59 6.27 (2.61–15.6) 7.7 × 10−6 48 139

FLNA 0.61 0.72 0.96 0.4 0.82 0.76 14.2 (4.94–47.5) 1.5 × 10−8 48 139

PSA + Age 0.56 0.74 0.91 0.4 0.81 0.59 6.27 (2.61–15.6) 7.7 × 10−6 48 139

FLNA + Age 0.57 0.79 0.91 0.5 0.84 0.65 9.53 (4.04–23.5) 1.3 × 10−8 48 139

FLNA + Age + Vol 0.6 0.82 0.91 0.58 0.86 0.68 13.3 (5.62–33.2) 3.2 × 10−11 48 139

(B) African American Patients Undergoing Multiple Biopsies

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.84 0.6 0.91 0.2 0.86 0.28 2.41 (0.606–8.24) 0.16 25 139

Age 0.7 0.82 0.91 0.52 0.91 0.5 10.3 (3.54–30.8) 3.1 × 10−6 25 139

FLNA 0.72 0.81 0.96 0.6 0.93 0.71 31.7 (9.33–125) 1.8 × 10−10 25 139

PSA + Age 0.69 0.82 0.91 0.48 0.91 0.48 8.76 (3–26.2) 1.7 × 10−5 25 139

FLNA + Age 0.7 0.89 0.91 0.6 0.93 0.54 14.1 (4.87–43.6) 7.7 × 10−8 25 139

FLNA + Age + Vol 0.72 0.89 0.91 0.68 0.94 0.57 19.9 (6.7–65) 1.2 × 10−9 25 139

(C) African American Patients Comparing BPH vs. PCa Gleason Score 7–10

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.55 0.5 0.92 0.17 0.58 0.62 2.18 (0.579–9.15) 0.24 48 60

Age 0.39 0.71 0.92 0.38 0.65 0.78 6.48 (2.06–24.6) 0.00031 48 60

FLNA 0.41 0.71 0.95 0.4 0.66 0.86 12.2 (3.2–69.3) 1.7 × 10−5 48 60

PSA + Age 0.35 0.72 0.92 0.38 0.65 0.78 6.48 (2.06–24.6) 0.00031 48 60

FLNA + Age 0.38 0.77 0.92 0.46 0.68 0.81 9.1 (2.94–34.3) 1.1 × 10−5 48 60

FLNA + Age + Vol 0.4 0.82 0.92 0.54 0.71 0.84 12.6 (4.1–47.7) 2.7 × 10−7 48 60

Next, we evaluated the ability of FLNA as compared to PSA in the CA patient subset
to classify 281 CA men with PCa from 67 CA men with BPH who had more than one
negative biopsy (Table 4(B)). FLNA yielded sensitivity greater than 0.9, a PPV of 0.91, an
NPV of 0.63, and an AUC of 0.84 in classifying CA men with PCa from CA men with BPH
and multiple negative biopsies. Also, FLNA exhibited an OR of 18.1 (9.15–36.9) and a
p-value = 1.5 × 10−20. PSA performed worse on this classification task with a PPV of 0.81,
an NPV of 0.24, and an AUC of 0.59 with a p-value of 0.39.

Lastly, we compared FLNA to PSA in classifying 109 CA men with PCa and a Gleason
score of 7–10 from 191 CA men with BPH (Table 4(C)). FLNA performed well, with a
sensitivity greater than 0.9, a PPV of 0.46, an NPV of 0.96, and an AUC of 0.74. Additional
characteristics of the FLNA model in this classification were an OR of 19.4 (CI: 6.08–99.3)
and a p-value = 1.6 × 10−12. In contrast, PSA showed a PPV of 0.35, an NPV of 0.38, and an
AUC of 0.46, an OR of 0.32, and a p-value of 0.033.
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Table 4. Results of logistic model to distinguish patients with PCa from patients with BPH among CA
patients for (A) 281 patients with PCa from 191 patients with BPH, (B) 281 patients with PCa from
67 patients with BPH with multiple negative biopsies, (C) 109 patients with Gleason Scores 7–10 PCa
from 191 patients with BPH.

(A) Caucasian Patients Comparing BPH vs. PCa

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.57 0.56 0.9 0.058 0.58 0.28 0.553
(0.242–1.18) 0.13 191 281

Age 0.51 0.58 0.91 0.2 0.63 0.61 2.65 (1.49–4.82) 0.00046 191 281

FLNA 0.47 0.68 0.91 0.36 0.68 0.73 5.64 (3.33–9.79) 1.6 × 10−12 191 281

PSA + Age 0.52 0.58 0.9 0.19 0.62 0.57 2.17 (1.24–3.84) 0.0042 191 281

FLNA + Age 0.46 0.68 0.9 0.37 0.68 0.71 5.21 (3.13–8.85) 5 × 10−12 191 281

FLNA + Age + Vol 0.49 0.76 0.9 0.46 0.71 0.76 7.68 (4.66–13) 4.4 × 10−19 191 281

(B) Caucasian Patients Undergoing Multiple Biopsies

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.77 0.59 0.9 0.13 0.81 0.24 1.4 (0.551–3.26) 0.39 67 281

Age 0.69 0.67 0.91 0.3 0.85 0.45 4.53 (2.19–9.35) 1.7 × 10−5 67 281

FLNA 0.7 0.84 0.91 0.64 0.91 0.63 18.1 (9.15–36.9) 1.5 × 10−20 67 281

PSA + Age 0.71 0.68 0.9 0.33 0.85 0.44 4.39 (2.19–8.77) 1 × 10−5 67 281

FLNA + Age 0.67 0.85 0.9 0.64 0.91 0.61 16 (8.19–32.1) 2 × 10−19 67 281

FLNA + Age + Vol 0.69 0.89 0.9 0.7 0.93 0.63 20.9 (10.5–43) 6 × 10−23 67 281

(C) Caucasian Patients Comparing BPH vs. PCa Gleason Score 7–10

Model Cutoff AUC Sensitivity Specificity PPV NPV OR (CI) p-value nBPH nPCa

PSA 0.35 0.46 0.91 0.031 0.35 0.38 0.322
(0.0934–1.01) 0.033 191 109

Age 0.33 0.53 0.91 0.13 0.37 0.71 1.49 (0.657–3.63) 0.35 191 109

FLNA 0.21 0.74 0.97 0.36 0.46 0.96 19.4 (6.08–99.3) 1.6 × 10−12 191 109

PSA + Age 0.33 0.52 0.91 0.12 0.37 0.7 1.35 (0.59–3.33) 0.57 191 109

FLNA + Age 0.21 0.74 0.91 0.37 0.45 0.88 5.7 (2.74–13.1) 7.3 × 10−8 191 109

FLNA + Age + Vol 0.25 0.8 0.91 0.49 0.51 0.9 9.53 (4.61–21.8) 1.8 × 10−13 191 109

4. Discussion

PCa, due to its prevalence and mortality, has attracted significant interest for the
development of novel diagnostic tools for the detection and identification of patients with
aggressive cancers. Nonetheless, PSA testing remains the standard of care for PCa detection.
In the United States, for instance, men over 55 years of age are recommended to discuss
with their physician and undergo shared decision making regarding routine PSA testing
despite the absence of symptoms for PCa [13]. Recent efforts have led to the development
of PSA-derived screening tests such as the Prostate Health Index (PHI) as a secondary
screening test [14]. However, the accuracy of using PSA to detect PCa is diminished in men
with an enlarged prostate volume, leading to elevated PSA levels unrelated to PCa. This
relationship involving elevated PSA arising from an increased prostate volume has been
previously established [15,16]. Thus, the use of PSA, or PSA-derived tests, to detect PCa may
lead to false positives, leading to unnecessary biopsies that create a significant burden on
patient wellbeing and the healthcare system. A complementary test for PSA that overcomes
its limitations, especially in the BPH population, and provides higher sensitivity is needed
to improve patient wellbeing and reduce healthcare costs. Underserved populations such
as AA men have an increased risk of PCa with AA men more likely to die at a younger
age as compared to other ethnicities [1]. Due to underrepresentation in PCa diagnostic
studies, whether these underserved populations are at a higher risk of either false positives



Cancers 2024, 16, 712 10 of 12

or an increased likelihood of morality resulting from failure to detect severe disease false
negatives using currently available biomarkers with a focus on separating BPH from men
with PCa is unknown.

Emerging technologies for measuring circulating proteins and cleaved fragments of
proteins, which may serve as biomarkers for diseases (e.g., cancer, cardiovascular disease,
neurological disorders), are helping through advances in the field of proteomics by provid-
ing high-sensitivity and high-specificity biomarkers at increased throughput [17]. Notable
examples of these emerging technologies are (1) Nanostring, a digital gene expression
platform that measures mRNA levels, (2) IP-MRM, a mass-spectrometry-based method
for quantifying low-abundance proteins, and (3) aptamer-based techniques that use single-
stranded RNA or DNA molecules to bind specifically to target proteins [17]. In particular,
the ability to measure cleaved protein fragments (e.g., FLNA) with high sensitivity has been
improved with the use of IP-MRM [12]. The quantification of FLNA with IP-MRM provides
a non-invasive method to determine the risk of aggressive PCa using serum samples, as
opposed to more expensive methods such as MRI that are used to guide the biopsy, which
would further decrease the barrier for their adoption regarding underserved and minority
populations [18,19]. Further advantages of blood-based PCa diagnostics, such as FLNA,
include the ability to use the diagnostics at multiple timepoints in the patient’s journey. For
instance, the blood-based FLNA test may be used in the primary care setting as a secondary
screening tool following PSA testing as a means for reducing the number of unnecessary
biopsies for men with BPH. Additionally, urologists could utilize the blood-based FLNA
test to quantify the risk of aggressive PCa and necessity for performing a biopsy.

The clinical unmet need to avoid unnecessary biopsies is significant. Biopsies can
lead to various complications, such as bleeding and infection. Additionally, biopsies are
invasive procedures that can cause pain, anxiety, and discomfort to patients. In the case
of men with BPH, the presence of elevated PSA levels may lead to repeated unnecessary
biopsies with consistent negative results. This not only exposes these men to the risks and
complications associated with biopsy but also contributes to increased healthcare costs
and the overutilization of medical resources. Therefore, avoiding unnecessary biopsies is
crucial for improving patient outcomes and reducing healthcare costs. By developing a
non-invasive method that is independent of PSA, such as the FLNA diagnostics described
here, the rate of unnecessary biopsies may be reduced and the risk of aggressive PCa
detection can be determined to allow healthcare providers to make an informed decision
to pursue biopsies. Some limitations of the current FLNA diagnostics potentially include
the widespread adoption of IP-MRM techniques in risk assessment for cancer diagnoses;
however, this technique has been widely adopted for other diagnostic testing. Further,
additional ethnicities such as Hispanic or Asian populations were not presently evaluated
in the current study. While most diagnostic tests are based on PSA-derived factors, this
potentially limits their use in distinguishing BPH from aggressive PCa as demonstrated
with the current analysis. Additionally, there has been an ethnic prevalence on the markers
in some tests, such as exosomeDX, in which a portion of the markers are more amplified in
CA than AA men, which might limit their performance in some ethnic groups. All in all,
there is a continued need to develop novel diagnostic tools to improve decision support to
assess the risk for aggressive prostate cancer in diverse ethnic groups, and the assessment
of FLNA may provide an opportunity to address this clinical unmet need.

5. Conclusions

In this work, we evaluated the performance of a revised PCa biomarker panel in
a reanalysis of our previous study cohort. By removing prostate volume, which can
be prone to variability, we evaluated the use of FLNA alone to demonstrate superior
predictive performance compared to PSA alone in discriminating aggressive PCa from
BPH. Furthermore, we found that FLNA was independent of PSA in PCa men, and FLNA
was uncorrelated with Age and PV in BPH men.
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Another important aspect of PCa diagnosis is the ethnic disparity in the incidence and
mortality of the disease. AA men have the highest rate of PCa in the world and are more
likely to develop aggressive PCa than CA men. Therefore, there is an urgent need to identify
biomarkers that can accurately detect aggressive PCa in AA men as well as CA men, which
would reduce the health disparity. In this study, we confirmed that FLNA alone had a
high sensitivity and specificity in discriminating aggressive PCa from BPH in both AA
and CA men. This suggests that FLNA is a robust and reliable biomarker that can be used
across different ethnic populations to identify men who are at risk of having aggressive
PCa. Unnecessary biopsies are a major concern in PCa diagnosis, as they can cause physical
and psychological harms to patients, increase health care costs, and contribute to the
overdiagnosis and overtreatment of indolent PCa. Therefore, developing a reliable and
non-invasive test that can accurately detect aggressive PCa is of great clinical significance.

Author Contributions: N.M.C.: Set up software and perform analysis, interpretation of data, creation
of visualization and tables, writing draft and revision. P.K.T.: Conception and design of the work,
interpretation of data and supervision. M.T.R.: Conception and design of the work, interpretation
of data. A.D.: Conception and design of the work, interpretation of data, analysis, supervision
and conceived experiments. A.A.: Conception and design of the work, interpretation of data,
supervision and conceived experiments. G.M.M.: Interpretation of data and analysis. J.J.A.-H.:
Acquisition, analysis, conceived experiments and executed experiments. E.G.: Conception and design
of the work, interpretation of data, supervision and conceived experiments. S.J.F.: Conception and
design of the work, interpretation of data, drafted the work or substantively revised it, supervision
and conceived experiments. M.D.K.: Interpretation of data, acquisition, analysis, supervision and
executed experiments. S.S.: Conception and design of the work, interpretation of data, analysis,
supervision and conceived experiments. D.G.M.: Conception and design of the work, interpretation
of data, supervision and conceived experiments. N.R.N.: Conception and design of the work,
interpretation of data, drafted the work or substantively revised it, supervision and conceived
experiments. M.A.K.: Conception and design of the work, interpretation of data, drafted the work or
substantively revised it, supervision and conceived experiments. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Walter Reed National Military
Medical Center (protocol code #390559) and the Institutional Review Board of VA Durham (protocol
code #1141).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Informed consent forms are kept by institutions and the government.

Data Availability Statement: The data can be shared up on request.

Conflicts of Interest: The authors declare no conflict of interest.

Disclaimer: The contents of this publication are the sole responsibility of the authors and do not
necessarily reflect the views, opinions, or policies of Uniformed Services University of the Health
Sciences (USUHS), The Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc.,
the Department of Defense (DoD), the Departments of the Army, Navy, or Air Force. Mention of trade
names, commercial products, or organizations does not imply endorsement by the U.S. Government.

References
1. Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 17–48. [CrossRef] [PubMed]
2. Thompson, I.M.; Pauler, D.K.; Goodman, P.J.; Tangen, C.M.; Lucia, M.S.; Parnes, H.L.; Minasian, L.M.; Ford, L.G.; Lippman, S.M.;

Crawford, E.D.; et al. Prevalence of prostate cancer among men with a prostate-specific antigen level < or =4.0 ng per milliliter.
N. Engl. J. Med. 2004, 350, 2239–2246. [PubMed]

3. Manov, J.J.; Mohan, P.P.; Kava, B.; Bhatia, S. Benign prostatic hyperplasia: A brief overview of pathogenesis, diagnosis, and
current state of therapy. Tech. Vasc. Interv. Radiol. 2020, 23, 100687. [CrossRef] [PubMed]

https://doi.org/10.3322/caac.21763
https://www.ncbi.nlm.nih.gov/pubmed/36633525
https://www.ncbi.nlm.nih.gov/pubmed/15163773
https://doi.org/10.1016/j.tvir.2020.100687
https://www.ncbi.nlm.nih.gov/pubmed/33308528


Cancers 2024, 16, 712 12 of 12

4. Kiebish, M.A.; Tekumalla, P.; Ravipaty, S.; Dobi, A.; Srivastava, S.; Wu, W.; Patil, S.; Friss, T.; Klotz, A.; Srinivasan, A.; et al.
Clinical utility of a serum biomarker panel in distinguishing prostate cancer from benign prostate hyperplasia. Sci. Rep. 2021,
11, 15052. [CrossRef] [PubMed]

5. Di Donato, M.; Zamagni, A.; Galasso, G.; Di Zazzo, E.; Giovannelli, P.; Barone, M.V.; Zanoni, M.; Gunelli, R.; Costantini, M.;
Auricchio, F.; et al. The androgen receptor/filamin A complex as a target in prostate cancer microenvironment. Cell Death Dis.
2021, 12, 127. [CrossRef] [PubMed]

6. Birs, A.; Joyce, P.H.; Pavlovic, Z.J.; Lim, A. Diagnosis and monitoring of prostatic lesions: A comparison of three modalities:
Multiparametric MRI, fusion MRI/transrectal ultrasound (TRUS), and traditional TRUS. Cureus 2016, 8, e702. [CrossRef]

7. Hagens, M.J.; Ribbert, L.L.A.; Jager, A.; Veerman, H.; Barwari, K.; Boodt, B.; de Bruijn, R.E.; Claessen, A.; Leter, M.R.; van der
Noort, V.; et al. Histopathological concordance between prostate biopsies and radical prostatectomy specimens—Implications of
transrectal and transperineal biopsy approaches. Prostate Cancer Prostatic Dis. 2023, 1–6. [CrossRef]

8. Utsumi, T.; Endo, T.; Sugizaki, Y.; Mori, T.; Somoto, T.; Kato, S.; Oka, R.; Yano, M.; Kamiya, N.; Suzuki, H. Risk assessment of
multi-factorial complications after transrectal ultrasound-guided prostate biopsy: A single institutional retrospective cohort study.
Int. J. Clin. Oncol. 2021, 26, 2295–2302. [CrossRef]

9. Harvey, C.J.; Pilcher, J.; Richenberg, J.; Patel, U.; Frauscher, F. Applications of transrectal ultrasound in prostate cancer. Br. J.
Radiol. 2012, 85, S3–S17. [CrossRef] [PubMed]

10. Le, T.; Rojas, P.S.; Fakunle, M.; Huang, F.W. Racial disparity in the genomics of precision oncology of prostate cancer. Cancer Rep.
2023, 6, e1867. [CrossRef]

11. Sherer, M.V.; Qiao, E.M.; Kotha, N.V.; Qian, A.S.; Rose, B.S. Association Between Prostate-Specific Antigen Screening and Prostate
Cancer Mortality Among Non-Hispanic Black and Non-Hispanic White US Veterans. JAMA Oncol. 2022, 8, 1471–1476. [CrossRef]
[PubMed]

12. Ravipaty, S.; Wu, W.; Dalvi, A.; Tanna, N.; Andreazi, J.; Friss, T.; Klotz, A.; Liao, C.; Garren, J.; Schofield, S.; et al. Clinical
Validation of a Serum Protein Panel (FLNA, FLNB and KRT19) for Diagnosis of Prostate Cancer. J. Mol. Biomark. Diagn. 2017,
8, 323. [CrossRef]

13. Ross, L.E.; Berkowitz, Z.; Ekwueme, D.U. Use of the prostate-specific antigen test among U.S. men: Findings from the 2005
National Health Interview Survey. Cancer Epidemiol. Biomark. Prev. 2008, 17, 636–644. [CrossRef] [PubMed]

14. Loeb, S.; Catalona, W.J. The Prostate Health Index: A new test for the detection of prostate cancer. Ther. Adv. Urol. 2014, 6, 74–77.
[CrossRef]

15. Roehrborn, C.G.; Boyle, P.; Bergner, D.; Gray, T.; Gittelman, M.; Shown, T.; Melman, A.; Bracken, R.B.; deVere White, R.; Taylor, A.;
et al. Serum prostate-specific antigen and prostate volume predict long-term changes in symptoms and flow rate: Results of a
four-year, randomized trial comparing finasteride versus placebo. PLESS Study Group. Urology 1999, 54, 662–669. [CrossRef]

16. Bohnen, A.M.; Groeneveld, F.P.; Bosch, J.L. Serum prostate-specific antigen as a predictor of prostate volume in the community:
The Krimpen study. Eur. Urol. 2007, 51, 1645–1652, discussion 1652–1643. [CrossRef]

17. Wu, L.; Wang, Y.; Xu, X.; Liu, Y.; Lin, B.; Zhang, M.; Zhang, J.; Wan, S.; Yang, C.; Tan, W. Aptamer-Based Detection of Circulating
Targets for Precision Medicine. Chem. Rev. 2021, 121, 12035–12105. [CrossRef] [PubMed]

18. Fenton, J.J.; Weyrich, M.S.; Durbin, S.; Liu, Y.; Bang, H.; Melnikow, J. Prostate-Specific Antigen-Based Screening for Prostate
Cancer: Evidence Report and Systematic Review for the US Preventive Services Task Force. JAMA 2018, 319, 1914–1931. [CrossRef]
[PubMed]

19. Van Poppel, H.; Albreht, T.; Basu, P.; Hogenhout, R.; Collen, S.; Roobol, M. Serum PSA-based early detection of prostate cancer in
Europe and globally: Past, present and future. Nat. Rev. Urol. 2022, 19, 562–572. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/s41598-021-94438-4
https://www.ncbi.nlm.nih.gov/pubmed/34302010
https://doi.org/10.1038/s41419-021-03402-7
https://www.ncbi.nlm.nih.gov/pubmed/33500395
https://doi.org/10.7759/cureus.702
https://doi.org/10.1038/s41391-023-00714-x
https://doi.org/10.1007/s10147-021-02010-x
https://doi.org/10.1259/bjr/56357549
https://www.ncbi.nlm.nih.gov/pubmed/22844031
https://doi.org/10.1002/cnr2.1867
https://doi.org/10.1001/jamaoncol.2022.2970
https://www.ncbi.nlm.nih.gov/pubmed/35925581
https://doi.org/10.4172/2155-9929.1000323
https://doi.org/10.1158/1055-9965.EPI-07-2709
https://www.ncbi.nlm.nih.gov/pubmed/18349281
https://doi.org/10.1177/1756287213513488
https://doi.org/10.1016/S0090-4295(99)00232-0
https://doi.org/10.1016/j.eururo.2007.01.084
https://doi.org/10.1021/acs.chemrev.0c01140
https://www.ncbi.nlm.nih.gov/pubmed/33667075
https://doi.org/10.1001/jama.2018.3712
https://www.ncbi.nlm.nih.gov/pubmed/29801018
https://doi.org/10.1038/s41585-022-00638-6
https://www.ncbi.nlm.nih.gov/pubmed/35974245

	Introduction 
	Methods 
	Results 
	Comparison of FLNA with PSA to Distinguish PCa from BPH Using Entire Study Cohort 
	Comparison of FLNA with PSA in AA Men 
	Comparison of FLNA with PSA in CA Men Patient Subset 

	Discussion 
	Conclusions 
	References

