
Serum Filamin A is a Prognostic Biomarker for Screening Benign Prostatic 
Hyperplasia vs Prostate Cancer in Caucasian and African American Men

Prostate cancer represents a significant health risk to aging men, in which diagnostic challenges pose major issues with
identification of indolent and/or aggressive cancers. Prostate cancer screening is driven by 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,
triggering unnecessary biopsies in men with this condition. Thus, there is a critical unmet medical need to identify a marker for men
with this condition. Moreover, it is crucial to test any novel biomarker in populations of different ancestry (especially African American
men who have higher prostate cancer risk) to ensure results apply regardless of race. To this extent, we recently identified a cleaved
fragment of Filamin A (FLNA) protein (as measured by IP-MRM mass spectrometry assessment) as a novel biomarker for stratifying
BPH from prostate cancer and subsequently evaluated its utility in Caucasian and African American patients. All men had a negative
digital rectal examination (DRE), PSA between 4-10 ng/ml and underwent prostate biopsy.

In African American (AA) men, FLNA expression exhibited diagnostic utility for stratifying BPH from prostate cancer patients (0.72
AUC, 0.82 PPV, 0.76 NPV, 14.2 OR, P Value 1.5 e-08 in 48 BPH and 139 PCa AA men) and outperformed PSA (0.54 AUC, 0.75 PPV, 0.28
NPV, 1.1 OR, P Value 0.78). In addition, FLNA could stratify BPH from Gleason 7-10 prostate cancers (0.71 AUC, 0.66 PPV, 0.86 NPV,
12.2 OR, P Value 1.7 e-05 in 48 BPH and 60 PCa AA men) and again outperformed PSA (0.5 AUC, 0.58 PPV, 0.62 NPV, 2.18 OR, P Value
0.24).

In Caucasian American (CA) men, FLNA expression exhibited diagnostic utility for stratifying BPH from prostate cancer patients
(0.68 AUC, 0.68 PPV, 0.73 NPV, 5.6 OR, P Value 1.6 e-12 in 191 BPH and 281 PCa CA men) and outperformed PSA (0.56 AUC, 0.58 PPV,
0.28 NPV, 0.55 OR, P Value 0.13). FLNA could also stratify BPH from Gleason 7-10 prostate cancers (0.74 AUC, 0.46 PPV, 0.96 NPV, 19.4
OR, P Value 1.6 e-12 in 191 BPH and 109 PCa CA men) and again outperformed PSA (0.46 AUC , 0.35 PPV, 0.38 NPV, 0.32 OR, P Value
0.03).

Previously we showed FLNA along with prostate volume and age had superior performance over PSA in identifying patients with
prostate cancer compared to those with BPH (Kiebish et al Scientific Reports, 2021 Jul 23, 11(1)). Herein, we refined our analysis and
establish FLNA alone as a serum biomarker for stratifying men with BPH vs prostate cancer as well as those with high Gleason prostate
cancers compared to the current diagnostic paradigm of using PSA. This simplified approach demonstrates clinical actionability as a
test with utility in AA and CA men and represents a significant opportunity to decrease the need for unnecessary biopsies in prostate
cancer diagnosis. A clinical test is being developed to address this important medical need.
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METHODS

TABLE 4: Results of logistic model to distinguish PCa patients from BPH patients in AA patients for A) 139 PCa patients from 48 BPH patients B) 139 PCa patients from
25 BPH patients with multiple negative biopsies C) 60 Gleason Scores 7 – 10 PCa patients from 48 BPH patients. Figures on the right of each table are the
corresponding AUCs comparing FLNA alone with PSA alone to distinguish the respective groups.
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TABLE 3: Results of logistic models to distinguish PCa patients from BPH patients for A) 477 PCa patients from 300 BPH patients B) 477 PCa patients from 95 BPH patients
with multiple negative biopsies C) 203 Gleason Scores 7 – 10 PCa patients from 300 BPH patients. Figures on the right of each table are the corresponding AUCs
comparing FLNA alone with PSA alone to distinguish the respective groups.

CONCLUSIONS

Quantification of FLNA-P21 
The clinical design of this study was structured to evaluate men with PSA between 4 and 10 ng/mL with a negative digital rectal

exam (DRE) to demonstrate the utility of the marker in stratifying BPH men with confirmed negative biopsy (one or multiple biopsies)
compared to those with confirmed PCa. Serum samples were collected prior to first biopsy. Quantitation of FLNA peptides were
performed by immunoprecipitation and LC–MS/MS (MRM) analysis. Three mouse monoclonal antibodies (Anti-FLNA 2C12, Anti-FLNA
3F4, and Anti-FLNA 6E3) were immobilized onto an agarose support for immunoprecipitation. The immunoprecipitation and
preparation of calibration standards were performed using the Pierce Direct IP Kit (Thermo Fisher Scientific), with slight modifications.
Trypsin digestion was performed using the Flash Digest Kit (Perfinity Biosciences, West Lafayette, IN) , with slight modifications. Finally,
MRM analyses were performed on a 6500 QTRAP mass spectrometer (SCIEX) equipped with an electrospray source. IPMRM data
analysis was performed using the Analyst® software (version 1.6.2, SCIEX Framingham, MA) and peak integrations were manually
reviewed. The regression equations from FLNA P21 calibration standards were used to back-calculate the measured P21
concentrations for each QC and unknown sample.

Statistical Analysis
Logistic models were used to evaluate predictive performance for features/combinations of features. Model statistics including

Sensitivity, Specificity, Area under the ROC curve (AUC), Positive Predictive Value (PPV), Negative Predictive Value (NPV), Diagnostic
Odds Ratio (OR), and P-value of OR are reported for each model. AUCs were calculated based on sensitivity and specificity at various
thresholds of classification. All other statistics were calculated by choosing a probability threshold (Cutoff) that yielded sensitivity
greater than 0.9. All analyses were performed in R version 3.6.

• FLNA is a serum biomarker that can distinguish BPH from PCa men and has improved predictive performance
compared to PSA.

• FLNA demonstrated significant diagnostic utility in identifying PCa in Caucasian and African American men, when
compared to PSA in the same populations.

• FLNA demonstrated improved diagnostic utility compared to PSA in BPH men who underwent multiple negative
biopsies compared to PCa men and for distinguishing high Gleason prostate cancer compared to BPH men. This
demonstrates its utility to reduce the number of unnecessary biopsies on BPH men as well as detecting aggressive
forms of prostate cancer.

TABLE 5: Results of logistic model to distinguish PCa patients from BPH patients in CA patients for A) 281 PCa patients from 191 BPH patients B) 281 PCa patients
from 67 BPH patients with multiple negative biopsies C) 109 Gleason Scores 7 – 10 PCa patients from 191 BPH patients. Figures on the right of each table are the
corresponding AUCs comparing FLNA alone with PSA alone to distinguish the respective groups

TABLE 2: Distribution of Gleason Scores in
PCa patients and number of negative
biopsies for BPH patients. “Low” and “High”
Gleason groups are aggregates, as well as
“Multiple” biopsy (defined as number of
negative biopsies > 1) group.

Principal Component Analysis (PCA) was performed to understand the
spread of data and correlations between features. Figure 1 displays biplots
for A) All patients using features Age, Vol, PSA, and FLNA-P21 B) Only PCa
patients using features Age, Vol, PSA, FLNA-P21, and Gleason C) Only BPH
patients using features Age, Vol, PSA, FLNA-P21, and Negative Biopsies.
Additionally, below we report the correlation between Age, Vol, and
Gleason or Negative Biopsies with PSA and FLNA-P21 in their respective
subsets. Correlations were computed using Pearson’s method and the
corresponding Pearson’s r value reported. We report no correlation if
r < 0.1 and r > -0.1, positive correlation for r ≥ 0.1, and negative correlation
for r ≤ -0.1. Finally, we use the following notation to signify P-values for
Pearson’s r : ***<0.001; **<0.01; *<0.05
A. Figure 1A shows the biplot from PCA on all patients. Correlations and

biplot reveal that FLNA-P21 is uncorrelated with Vol (r=-0.08*) or PSA
(r=-0.01) and negatively correlated with Age (r=-0.21***). PSA is
positively correlated with Vol (r=0.21***) and Age (r=0.16***).

B. Figure 1B shows the biplot from PCA on PCa men. Here, Gleason score
was used in addition to all features in A. Correlations and biplot reveal
that FLNA-P21 is positively correlated with Gleason (r=0.1*) and
uncorrelated with Age (r=-0.08), Vol (r=0.06), or PSA (r=-0.02). PSA is
positively correlated with Age (r=0.12***), Vol (r=0.11*), and Gleason
(r=0.11*). Notice that FLNA is positively correlated with Gleason,
demonstrating its utility as a prognostic marker for prostate cancer.

C. Figure 1C shows the biplot from PCA on BPH men. Here, Negative
Biopsies were used in addition to all features in A. Correlations and
biplot reveal that FLNA-P21 is negatively correlated with Age (r=-
0.31***) and Negative Biopsies (r=-0.31***); FLNA is uncorrelated
with PSA (r=0.01) and Vol (r=-0.05). PSA is positively correlated with
Negative Biopsies (r=0.34***), Age (r=0.23***), and Vol (r=0.44***).
PSA is strongly positively correlated with Negative Biopsies (r=0.34***,
CI 0.24-0.46) and Vol (r=0.44***, CI 0.39-0.52) for BPH men (Figure
1C). This speaks to the clinical practice of over-biopsy in BPH men who
have elevated PSA levels or an enlarged prostate but do not have
clinically significant PCa.

CLASSIFICATION RESULTS FOR CAUCASIAN PATIENT SUBSET

FIGURE 1: PCA plots showing first two principal components (PC) for A) PCa and
BPH patients (n=777) B) PCa patients (n=477) C) BPH patients (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 are two correlations of importance, FLNA is
positively correlated with Gleason in PCa patients (Figure 1B) and PSA is strongly
positively correlated with Prostate Volume in BPH patients (Figure 1C).
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PRINCIPAL COMPONENT ANALYSIS

STUDY DESIGN

In this study, we obtained serum
samples for 300 BPH men and 477 PCa
men, from four sites (Table 1). Serum
samples were obtained prior to biopsy
from retrospective biobanks as well as
prospective trial under IRB approval.
Demographic features age and race
were present for all patients. Prostate
volume (Vol) (as measured using
transrectal ultrasonography) and PSA
are also present for all patients. Finally,
Gleason Scores (Gleason) were available
for all PCa men and number of negative
biopsies for all BPH men (Table 2).
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TABLE 1: Distribution of serum samples
obtained from the four sites for BPH and PCa
groups. Retrospective biobank sites:
CPDR/Walter Reed, Veteran Affairs, University
Health Network. Prospective trial site: Cleveland
Clinic

All Patients Comparing BPH Undergoing Multiple Biopsy with PCa

CLASSIFICATION RESULTS FOR ALL PATIENTS
PCa

Caucasian Patients Comparing BPH Undergoing Multiple Biopsy with PCa

†

†Model failed to converge producing AUC < 0.5

PCa

African American Patients Comparing BPH Undergoing Multiple Biopsy with PCa

PCa

CLASSIFICATION RESULTS FOR AFRICAN AMERICAN PATIENT SUBSET
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