Serum Filamin A is a Prognostic Biomarker for Screening Benign Prostatic
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ABSTRACT PRINCIPAL COMPONENT ANALYSIS CLASSIFICATION RESULTS FOR AFRICAN AMERICAN PATIENT SUBSET

Prostate cancer represents a significant health risk to aging men, in which diagnostic challenges pose major issues with Principal Component Analysis (PCA) was performed to ur?derstansl the oA A African American Patients Comparing BPH Vs PCa ot PG, 89 ALC072 06005
identification of indolent and/or aggressive cancers. Prostate cancer screening is driven by prostate specific antigen (PSA); however, spread of data and cgrrelatlons between features. Figure 1 displays biplots Outcome S I Viodel Cutoff | AUC | Sensitivity | Spedficity | PPV | NPV oR (Cl) oval | BPH(n) | Pca(n) | !
in men with benign prostatic hyperplasia (BPH) due to an enlarged prostate and elevated PSA, PSA’s screening utility is diminished, for.A) Al patients using features Age, Vol, PSA, and FLNA-P21 B) Only PCa . Pca A AR F I A PSA 074 | 0.54 0.91 0.1 075 | 028 | 1.13(0.297-3.62 0.78 48 139

: : L : : . : . ) : : patients using features Age, Vol, PSA, FLNA-P21, and Gleason C) Only BPH T L ARt { ) 075
triggering unnecessary biopsies in men with this condition. Thus, there is a critical unmet medical need to identify a marker for men , , S ’ ’ _ o é et i g 3 Y ) Age 0.58 0.74 0.91 0.4 0.81 0.59 6.27 (2.61-15.6) | 7.7e-06 48 139 |,
with this condition. Moreover, it is crucial to test any novel biomarker in populations of different ancestry (especially African American patients using features Age, Vol, PSA, FLNA-P21, and Negative Biopsies. oo 2 e S ARt e T T ANA a6f | 874 L 0.4 082 | 076 | 14.2(4.94-47.5) | 1.5e-08 | 48 139 | =

ho h hi h ’ <k | | dl ; To th v identified a cl 4 Additionally, below we report the correlation between Age, Vol, and & .. B, s NI : PSA + Age 056 | 0.74 0.91 0.4 081 | 059 | 6.27(2.61-156) | 7.7e-06 48 139 | &

men wno aV.e |g er prostate canc.er Fis ) to ensure results apply regardless of race. lo this extent, we receth y ldentitied a ¢ e.a\{e Gleason or Negative Biopsies with PSA and FLNA-P21 in their respective % Proatat ’ FLNA + Age 0.57 0.79 0.91 0.5 0.84 0.65 9.53 (4.04 - 23.5) 1.3e-08 48 139 0251 I
fragment of Filamin A (FLNA) protein (as measured by IP-MRM mass spectrometry assessment) as a novel biomarker for stratifying subsets. Correlations were computed using Pearson’s method and the & FLNA +Age + Vol 0.6 0.82 0.91 0.58 0.86 0.68 13.3(5.62-33.2) | 3.2e-11 48 139 Model — P21 AUC-072 -~ PSAAUC-054
BPH from prostate cancer and subsequently evaluated its utility in Caucasian and African American patients. All men had a negative corresponding Pearson’s r value reported. We report no correlation if e oS e e o e W
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digital rectal examination (DRE), PSA between 4-10 ng/ml and underwent prostate biopsy. r<0.1and r >-0.1, positive correlation for r > 0.1, and negative correlation B African American Patients Comparing BPH Undergoing Multiple Biopsy with PCa pat: PcAvs.BPH;AUM.m(0.?1.0.91: y

In African American (AA) men, FLNA expression exhibited diagnostic utility for stratifying BPH from prostate cancer patients (0.72 for r < -0.1. Finally, we use the following notation to signify P-values for , N - Model Cutoff | AUC | Sensitivity | Specificity | PPV | NPV OR (CI) pval | BPH(n) | PCa(n) | |
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 Pearson’s r : **%<0.001; **<0.01; *<0.05 o2 zs; o | 65 | ot o | o5 | o zl.glstgs;s -ssﬂ.z;}} Dif | @ [ 5

i i i i e . 5 i 5 : : : .54 - 30. Jde- g

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, A. Figure 1A shows the biplot from PCA on all patients. Correlations and - | | | e o7 T osr | o o6 05 | o | mrmmss | 1eed0 | 2 | das |1~
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 biplot reveal that FLNA'PZI IS uncorrelafced with Vol (r=-0.08) or PSfA‘ e o PC1 (38.19%) o0 o PSA +Age 0.69 0.82 0.91 0.48 0.91 0.48 8.76 (3 - 26.2) 1.7e-05 25 139 m
0.24) (r=-0.01) and negatively correlated with Age (r=-0.21***). PSA is : — FLNA + Age 0.7 | 0.9 0.91 0.6 093 | 054 | 14.1(4.87-43.6) | 7.7e-08 | 25 139 | Jor Lo

&5 positively correlated with Vol (r=0.21***) and Age (r=0.16***). 1 B ' e FLNA +Age + Vol 072 | 0.89 0.91 0.68 094 | 057 19.9 (6.7 - 65) 1.2e-09 25 139 | o b T I 1

In Caucasian American (CA) men, FLNA expression exhibited diagnostic utility for stratifying BPH from prostate cancer patients B. Figure 1B shows the biplot from PCA on PCa men. Here, Gleason score Outcome ——*— 1 Speciily

. . o, . . . i * PCa . - . '. . ‘ , -

' P ok e ’ e ' o ’ ' e . S . African American Patients Comparing BPH With PCa Gleason 7 - 10 — -

(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, was used in addition to all features in A. Correlations and biplot reveal | . C fri . . . ith | ) P21: PCA vs. BPH; AUC=0.71 (0.61,0.81)

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 that FLNA-P21 is positively correlated with Gleason (r=0.1*) and N T T I - Model Cutoff | AUC | Sensitivity | Spedificity | PPV NPV OR (CI) pval | BPH (n) | PCa(n)

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 uncorrelated with Age (r=-0.08), Vol (r=0.06), or PSA (r=-0.02). PSA is < 0% N e R . PEA Dt g 593 g 058 | 062 | 2.18(0.579-9.15) 554 a5 e
0.03). positively correlated with Age (r=0.12***), Vol (r=0.11%*), and Gleason £ Age 0.39 0.71 0.92 0.38 0.65 0.78 6.48 (2.06-24.6) | 0.00031 | 48 60 |

, , . . . . , (r=0.11*). Notice that FLNA is positively correlated with Gleason, £ o.00; o FLNA 0.41 0.71 0.95 0.4 0.66 | 086 12.2(3.2-69.3) | 1.7e-05 | 48 60 |5
Previously we showed FLNA along with prostate volume and age had superior performance over PSA in identifying patients with o . : S - PSA + Age 0.35 0.72 0.92 0.38 0.65 0.78 6.48 (2.06-24.6) | 0.00031 | 48 60
_ o T _ _ _ demonstrating its utility as a prognostic marker for prostate cancer. o
prostate cancer compared to those with BPH (Kiebish et al Scientific Reports, 2021 Jul 23, 11(1)). Herein, we refined our analysis and C. Figure 1C shows the biplot from PCA on BPH men. Here, Negative oo FLNA + Age 038 | 0.77 0.92 0.46 068 | 081 | 91(2.94-343) | 1.1e-05 | 48 60 e o Aot - Pt At
' ' ’ D] . . . . . . . - . . o ' - —
establish FLNA alone as a serum biomarker for stratifying men with BPH vs prostate cancer as well as those with high Gleason prostate Biopsies were used in addition to all features in A. Correlations and FINA + Age + Vol L 252 222 2.2 e 2.5 126(4.1-477) | 27e:07 i =
. . . . - ' . 1 - Specificity
cancers compared to the current diagnostic paradigm of using PSA. This simplified approach demonstrates clinical actionability as a biplot reveal that FLNA-P21 is negatively correlated with Age (r=- ’
-0.10 . o 4 e e . . . . . . . .
test with utility in AA and CA men and represents a significant opportunity to decrease the need for unnecessary biopsies in prostate 0.31%**) and Negative Biopsies (r=-0.31***); FLNA is uncorrelated TABLE 4: Res‘.ults of |.OgIStIC model to dI‘Stlngl‘JISh.Pca patients from BPH patients in AA patler\ts for A) 139 PCa patlepts from 48 BPH patleniis B) 139 PCa patients from
cancer diasnosis. A clinical test is beine develobed to address this important medical need B ] - 4 Vol (r= e ’ | lated with 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

g : g P p - wit P.SA (r.—0.0.1) and Vol (r=-0.05). PSA is positively correlated wit 03 G2 01 ~—% 0 corresponding AUCs comparing FLNA alone with PSA alone to distinguish the respective groups.

Negative Biopsies (r=0.34***), Age (r=0.23***), and Vol (r=0.44**%), PC1 (27.03%)
METHODS PSA is strongly positively correlated with Negative Biopsies (r=0.34**¥, '~ —T CLASSIFICATION RESULTS FOR CAUCASIAN PATIENT SUBSET
Cl 0.24-0.46) and Vol (r=0.44***, Cl 0.39-0.52) for BPH men (Figure Outcome S P
o ° o . « e . . . 0.17 . . T i N « * s
Qua ntification of FLNA-P21 1C). This speaks to the clinical practice of over-biopsy in BPH men who © BPH Negative Biopsies -+ . 7%

o . . . . S have elevated PSA levels or an enlarged prostate but do not have Age % Lo " A All Caucasian Patients Comparing BPH Vs PCa P21: PCA vs. BPH; AUC=0.68 (063079

The clinical design of this study was structured to evaluate men with PSA between 4 and 10 ng/mL with a negative digital rectal clinically significant PCa. " ce TSt M B T Eutolf | AUE | Seritiity | Sveciaty| B0 | WOV SRicH i e g Y
exam (DRE) to demonstrate the utility of the marker in stratifying BPH men with confirmed negative biopsy (one or multiple biopsies) 2 PSA 057 | 056 0.9 0.058 058 | 028 | 0.553(0.242-1.18) | 0.3 191 581
compared to those with confirmed PCa. Serum samples were collected prior to first biopsy. Quantitation of FLNA peptides were FIGURE 1: PCA plots showing first two principal components (PC) for A) PCa and & Age 051 | 0.58 0.91 0.2 063 | 061 | 265(1.49-4.82) | 0.00046 | 191 | 281 |.
performed by immunoprecipitation and LC—MS/MS (MRM) analysis. Three mouse monoclonal antibodies (Anti-FLNA 2C12, Anti-FLNA BPH patients (n=777) B) PCa patients (n=477) C) BPH patients (n=300). In each §_Ob1 PS':T‘:EE ﬂ'_:i g‘_: ”{f: ‘Ei ﬂ‘.g g‘g i‘j‘; ﬁi':i;i‘; f I{;f;:j I;i i‘;i
3F4, and Anti-FLNA 6E3) were immobilized onto an agarose support for immunoprecipitation. The immunoprecipitation and plot, loadings of feature used for PCA are represented as vectors. Angles FLNA +Age 0.46 0.68 0.9 0.37 068 | 0.71 5.21 (3.13 - 8.85) 5e-12 191 281 ¢
preparation of calibration standards were performed using the Pierce Direct IP Kit (Thermo Fisher Scientific), with slight modifications. between any two loadings signify the correlation between the features (smaller FLNA +Age + Vol 049 | 0.76 0.9 0.46 071 | 0.76 7.68 (4.66 - 13) 4.4e-19 | 191 281 | £ Model — P2t AUG- 080 -= PSA AUG-05
Trypsin digestion was performed using the Flash Digest Kit (Perfinity Biosciences, West Lafayette, IN) , with slight modifications. Finally, angles = pOSITIVe c)orrelar'::or;]; rcljght angles = r;o correlftlon; wide angles = | 1 - Speciiy

- - negative correlation). Highlighted are two correlations of importance, FLNA is ”
MRM analyses were performed on a 6500 QTRAP mass spectrometer (SCIEX) equipped with an electrospray source. IPMRM data o _ , , , , B Caucasian Patients Comparing BPH Undergoing Multiple Biopsy with PCa P21: PCA vs. BPH; AUC=0.84 (0.79,0.89)

Isi ¢ d using the Analvst® soft ( ion 1.6.2. SCIEX Eramineh MA) and K int i 1 positively correlated with Gleason in PCa patients (Figure 1B) and PSA is strongly - —
ana. ysis was performe | using e. nalyst® software ver5|o-n 6.2, ramingham, and peak integrations were manually sositively correlated with Prostate Volume in BPH patients (Figure 1C). L L T a L —— Cutoff | AUC | Sensitivity | Specificity | PPV = OR () LTI P — -
reviewed. The regression equations from FLNA P21 calibration standards were used to back-calculate the measured P21 PC1 (39.32%) PSA 0.77 0.59 0.9 0.13 0.81 0.24 1.4 (0.551 - 3.26) 0.39 67 281 .
concentrations for each QC and unknown Sample_ C SSI FICATION RESU LTS FOR ALL PATI ENTS Age 0.69 0.67 0.91 0.3 0.85 0.45 4.53 (2.19-9.35) 1.7e-05 67 281 z

LA FLNA 0.7 0.84 0.91 0.64 0.91 | 0.63 18.1(9.15-36.9) | 1.5e-20 67 281 | %
c g . PSA +Age 071 | 0.68 0.9 0.33 085 | 0.44 | 4.39(2.19-8.77) 1e-05 67 281 |
StatIStlcaI AnalySIS FLNA +A 0.67 | 0.85 0.9 0.64 091 | 061 16 (8.19-32.1 2e-19 67 281 X
A All Patients Comparing BPH Vs PCa P21: PCA vs. BPH; AUC=085 (0.61,0.69) FLNA +;geievul 069 | 0.89 05 07 053 | 063 zn_L im.s : 4.3: 52-23 67 281 | . LT A R

Logistic models were used to evaluate predictive performance for features/combinations of features. Model statistics including Model Cutoff | AUC | Sensitivity | Specificity | PPV NPV OR (C1) pval BPH(n) | PCa(n) | ; i ,
Sensitivity, Specificity, Area under the ROC curve (AUC), Positive Predictive Value (PPV), Negative Predictive Value (NPV), Diagnostic PSA 0.61 0.55 0.9 0.057 0.6 0.27 | 0.55(0.29-0.999) | 0.044 300 477 ) . B s i o BPHmzwmm;»ec ty
Odds Ratio (OR), and P-value of OR are reported for each model. AUCs were calculated based on sensitivity and specificity at various Age 0.52 0.59 0.92 0.19 0.64 0.6 2.71(1.71-4.33) | 8.8e-06 300 477 |2 C S At C mpETnG i : ,E,am" — o '

h hold f ol ifi . All h . .. lcul db h . babili h hold (C £f) th ielded ere . FLNA 0.5 0.65 0.92 0.33 0.69 0.72 5.76 (3.78 - 8.94) 5.7e-19 300 477 -‘go.so- Model Cutoff AUC Sensitivity | Specificity PPV NPV OR (CI) pval BPH (n) | PCa (n) '
thresholds or classification. other statistics were calculated by choosing a probability threshold (Cutoff) that yielded sensitivity PSA + Age 0.53 0.59 0.9 0.21 0.64 0.57 | 2.38(1.55-3.68) | 3.2e-05 300 a77 |” PSA’ 035 | 0.46 0.91 0.031 035 | 0.38 |0.322(0.0934-1.01)| 0.033 191 109
greater than 0.9. All analyses were performed in R version 3.6. FLNA + Age 0.49 0.66 0.9 0.32 0.68 0.67 | 4.36(2.92-6.58) | 1.4e-14 300 477 Age 0.33 0.53 0.91 0.13 0.37 0.71 | 1.49(0.657-3.63) 0.35 191 109 |z

FLNA + Age + Vol 0.5 0.75 0.9 0.45 0.72 0.74 7.36 (4.99 -11) 1.4e-28 300 477 Model " PE1iAUGR086 == PSA#UGR088 FLNA 0.21 0.74 0.97 0.36 0.46 0.96 19.4 (6.08 - 99.3) 1.6e-12 191 109 | &'
STU DY DESl GN ok PSA +Age 033 | 0.52 0.91 0.12 0.37 0.7 1.35 (0.59 - 3.33) 0.57 191 109 |
! 7 Specliely FLNA +Age 021 | 0.74 0.91 0.37 0.45 | 0.88 5.7(2.74-13.1) 7.3e-08 | 191 109
B All Patients Comparing BPH Undergoing Multiple Biopsy with PCa P21: PCA vs. BPH; AUC=0.83 (0.79,0.88) FLNA + Age + Vol 0.25 0.8 0.91 0.49 0.51 0.9 9.53(4.61-21.8) | 1.8e-13 | 191 100 | .. [ Wi i i
_ _ _ Model Cutoff | AUC Sensitivity | Specificity | PPV NPV OR (Cl) pval BPH(n) | PCca(n) | i "Model failed to converge producing AUC < 0.5 o
In this study, we obtained serum Characteristic BPH,N=300" PCa,N=477" | | Characteristic  BPH,N=300" PCa, N =477 PSA 081 | 057 0.9 0.16 0.84 | 024 | 1.71(0.848-3.3) 0.1 95 477 TABLE 5: Results of | del to d h PC from BPH CA for A) 281 PC from 191 BPH B) 281 PC
: : : : : : : 070" 3. : : ts of logistic model to distinguis a patients from patients in patients for a patients from patients a patients
samples for 300 BPH men and 477 PCa Gleason Score A esu
: ge 0.72 0.69 0.92 0.31 0.87 043 | 5.06(2.81-9.07) | 2.5e-08 95 477 | » : : ) L ~ : . . .
men, from four sites (Table 1). Serum Site oo s e — o 55 e 57 o T T oo p a7 | from 67 BZH pZtllJeCnts with multllzrl)_lﬁAnelgatlve .lz}l]olrb);fs IC) 1(:)(9 ((jS.Ii:.:\son. Sr(,:irr,es 7 12- PCa patients from 191 BPH patients. Figures on the right of each table are the
samples were obtained prior to biopsy Cleveland Clinic 5 (1.7%) 126 (26%) i PSA + Age 0.73 0.7 0.9 0.31 0.87 0.38 | 4.01(2.26-7.03) | 1.1e-06 95 477 corrésponding S comparing alone wi alone 1o distinguish the respective groups
from retrospective biobanks as well as High (7 - 10) 203 (46%) FLNA + Age 0.7 0.85 0.9 0.62 0.92 0.56 14.9 (8.7 - 25.8) 1.2e-26 95 477
% % FLNA + Age + Vol 0.71 0.87 0.9 0.67 0.93 0.58 18.7 (10.8 - 33 4.2e-31 95 477 Model — P21 /AUC=0383 -~ PSAAUG= 057
prospective trial under IRB approval. CPDR/Walter Reed 19 140%) 239 (S0%) Negative Biopsies — { : . o CONCLUS IONS
Demographic features age and race University Health Network 118 (39%) 78 (16%) Single 205 (68%) 1 Spestel ) ) o ) . o
were present for all patients. Prostate Veteran Affa s (10 1 0 _ (Al Patients Comparing BPH With PCa Gleason 7 - 10 Pa1: POA v BPH; AUG=0.68 (063,073  FLNA is a serum biomarker that can distinguish BPH from PCa men and has improved predictive performance
volume (Vol) (as measured using eleran Attairs (19%) (71%) Multiple 95 (32%) Model Cutoff | AUC | Sensitivity | Specificity | PPV | NPV OR (C1) pval | BPH(n) | Pca(n) | compared to PSA.
transrectal ultrasonography) and PSA N (%) 'n (%) PSA 038 | 0.5 0.9 0.08 0.4 | 055 |0.796(0.408-1.57)] 0.52 300 | 203 | o= — : : e e . : : : .
are also present for all patients. Finally, o | S ‘ e 53 | Toes = 015 | o4z | o073 | 1es(107-38) [ oor | 300 | 203 |, * FLNA demonstratgd significant dlagnc.)stlc utility in identifying PCa in Caucasian and African American men, when
Gleason Scores (Gleason) were available TABLE 1: Distribution of serum samples TABLE 2: Distribution of Gleason Scores in FLNA 0.28 0.68 0.95 0.33 0.49 0.91 | 9.61(4.83-21.3) | 6.8e-16 300 203 | ¢ Compared to PSA in the same populatlons.
( ) . . . .
tor all PCa men and humber of neeative obtained from the four sites for BPH and PCa  PCa patients and number of negative PSA + Age 034 | 055 0.9 0.16 042 | 071 | 1.74(0.975-3.21) | 0.062 300 203 . LNA d di d di : il d PSA in BPH h d Itiol :
o sion for il B0 mon (Tablo 2 g groups.  Retrospective  biobank  sites:  biopsies for BPH patients. “Low” and “High” FL:;NA;AEZ | g.zg g.:: g.g E.:: g.g E.:: :.{5]: ::i: 2212; :.ie-ig :gg :E: FLNA demonstrated improved diagnostic utility comparead to IN men who underwent multiple negative
. . . . + + 5 . i i i 2 . B - 2 u - Y Model — P21;AUC=0.68 - - PSAAUC=0.5 . . . . . . . o
P CPDR/Walter Reed, Veteran Affairs, University ~Gleason groups are aggregates, as well as ger ¥o : biopsies compared to PCa men and for distinguishing high Gleason prostate cancer compared to BPH men. This
Health Network. Prospective trial site: Cleveland Multiple” biopsy (defined as number of 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 demonstrates its utility to reduce the number of unnecessa ry biopsies on BPH men as well as detecting aggressive

Clinic negative biopsies > 1) group. 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.

forms of prostate cancer.
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