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Abstract

Purpose—PSA has limited performance in detecting prostate cancer (PCa). The transcription 

factor GATA2 is expressed in aggressive PCa. Here we analyzed the predictive value of urine 

extracellular vesicle (EV) GATA2 mRNA alone and in combination with a multigene panel to 

improve detection of PCa and high-risk disease.

Materials and Methods—GATA2 mRNA was analyzed in matched EVs isolated from urines 

pre- and post-prostatectomy (n=16) and paired urine and tissue prostatectomy samples (n=19). EV 

GATA2 mRNA performance to distinguish PCa and high-grade disease was tested in training 
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(n=52) and validation (n=165) cohorts. The predictive value of a multigene score including 

GATA2, PCA3 and TMPRSS2-ERG (GAPT-E) was tested in both cohorts.

Results—Confirming its prostate origin, urine EV GATA2 mRNA levels significantly dropped 

after prostatectomy and correlated with PCa tissue GATA2 mRNA levels. In the training and 

validation cohort, GATA2 discriminated PCa (area under the curve (AUC), 0.74 and 0.66) and 

high-grade disease (AUC 0.78 and 0.65), respectively. Notably, the GAPT-E score improved 

discrimination of PCa (AUC 0.84 and 0.72) and high-grade cancer (AUC 0.85 and 0.71), in both 

cohorts when compared with each biomarker alone and PT-E (PCA3 and TMPRSS2-ERG). A 

GAPT-E score for high-grade PCa would avoid 92.1% of unnecessary prostate biopsies, compared 

to 61.9% when a PT-E score is used.

Conclusions—Urine EV GATA2 mRNA analysis improves the detection of high-risk PCa and 

may reduce the number of unnecessary biopsies.
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INTRODUCTION

Prostate cancer (PCa) is the most common solid malignant disease and fifth leading cause of 

cancer death in men worldwide 1. In the 1990s, widespread adoption of prostate specific 

antigen (PSA) for PCa screening resulted in a spike in the incidence of localized disease 

followed by a decrease in mortality 2. However, the positive effects of PSA screening are 

overshadowed by its low specificity which compromises its ability to distinguish benign 

conditions and low-risk from high-risk (Gleason score, GS≥7) tumors and subjects patients 

to unnecessary biopsies 3–5. Thus, better biomarkers are needed to predict indolent tumors 

prior to invasive procedures.

Importantly, non-invasive liquid biopsy approaches for the detection of cancer have been 

developed 6. These novel urine- and blood-based liquid biopsies may add complementary 

information since they possibly reflect the molecular signature of the entire tumor while 

conventional methods such as tissue biopsies inform about the obtained sample 7. This 

tumor circulating material is mainly composed of circulating tumor cells, extracellular 

vesicles (EVs), DNA, RNA, and proteins 8. In particular, EVs which range from 

approximately 30 to 1,000 nm in diameter and contain RNA, DNA, and protein that are 

preserved from degradation, are secreted by most cell types into nearly all bodily fluids 9. 

EV content can be examined to determine the health of the cell from which they originate. 

Thus, taking into consideration all these characteristics, detailed molecular analysis of EVs 

may represent a valuable source to develop novel liquid biopsy biomarkers to study disease 

conditions, such as PCa.

In recent years several urine- and blood-based PCa biomarkers have been developed to better 

predict PCa10–17. However, there continues to be an unmet clinical need to develop novel 

liquid biopsy biomarkers that are not only prostate specific, but also define the 

aggressiveness of PCa. In this context, we and others have described that the pioneer 
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transcription factor GATA2 plays a key role in the development of the prostate and in 

enhancing PCa aggressiveness 18. GATA2 contributes to the metastatic dissemination of PCa 
19, as well as the survival of tumor cells to standard therapy 20–24. In tissue specimens, 

GATA2 mRNA and protein expression are increased in patients with high-risk primary PCa 

and correlate to clinical outcome 19, 20, 25. Patients with high GATA2 mRNA and protein 

expression have a higher GS, decreased disease free survival, and lower overall survival.

In this study, we investigated GATA2 mRNA expression levels in EVs from non-digital 

rectal exam (DRE) urine obtained from males with suspicion of PCa prior to biopsy to 

evaluate its predictive value for detecting any cancer and high-risk PCa. Moreover, based on 

previous studies which have shown that PCA3 and TMPRSS2-ERG discriminate PCa 13, 14, 

we evaluated whether a multiple gene score index that included GATA2 would further 

improve the detection of this disease.

MATERIAL AND METHODS

Study population

The study population consisted of men with suspicious DRE and/or PSA serum levels 

scheduled for initial prostate needle biopsy. Non-DRE urine samples prior to biopsy were 

tested in a training cohort of 52 men and an independent validation cohort of 165 men. Non-

DRE urines were collected prospectively in three institutions (Hospital Calella, Barcelona, 

Spain; Thomas Jefferson University Hospital, Philadelphia, PA, USA; and Mount Sinai 

Hospital, New York, NY, USA) from September 2017 to April 2019. Pathological analysis 

of biopsies was performed blinded to the urine EV biomarker result. Paired urine samples 

from 16 patients pre- and post-prostatectomy and 19 patients matched formalin-fixed 

paraffin-embedded (FFPE) prostate tissues from radical prostatectomies (RPs) and urine 

samples pre-prostatectomy were analyzed. Magnetic resonance imaging (MRI) was not 

required to participate in this study. The study was approved by the Ethics Committee of 

each institutional review boards and conducted satisfying the principles of the Helsinki 

Declaration. All patients provided written informed consent.

PCa cell culture and generation of PCa cells stably expressing GATA2 cDNA and shRNAs 

Human PCa cell lines, DU145 and 22Rv1, were obtained from American Type Culture 

Collection (ATCC HTB-81 and CRL-2505, respectively) and maintained in RPMI 1640 

medium (GIBCO) supplemented with 10% fetal bovine serum (FBS, GIBCO) 

ultracentrifuged 120,000 g for 18 hours at 4°C to remove FBS-contained EVs. Cells were 

grown at 37°C in a humidified atmosphere with 5% CO2 and conditioned media for EV 

isolation collected after 48 hours of cell culture. GATA2 overexpression and short hairpin 

RNA (shRNA) stable expressing cells were generated as previously reported 23.

Sample processing and EV isolation

Non-digital rectal exam (DRE) urines samples (15 – 40 ml) were collected and stored in 

sterile urine collection vessels at 2–8°C no more than 14 days before analysis. Urines from 

patients with clinical symptomatology of infection and positive leukocyte-nitrite dipstick 

result at the time of collection were not included in the study. EVs were isolated by 
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ultracentrifugation. Briefly, sequential centrifugation was performed at 4°C first at 300 g for 

10 min, followed by 16,000 g for 20 min. Finally, the supernatant was ultracentrifuged at 

120,000 g for 2 hours at 4°C in L8–70M Ultracentrifuge (Beckman) with 50.2 Ti Rotor 

(Beckman).

RNA extraction and PCR analysis

EV RNA was obtained using the Total Exosome RNA and Protein Isolation Kit (Invitrogen), 

FFPE RNA using the Recover All Total Nucleic Acid Isolation Kit (Invitrogen), and cellular 

RNA using the RNeasy Mini Kit (Qiagen) following the manufacturer’s instructions. cDNA 

was synthesized using SuperScript III First-Strand Synthesis System (Invitrogen) according 

to manufacturer’s instructions. RT-qPCR reactions were performed with the QuantStudio3 

Real-Time PCR System (Thermo Fisher) using SYBR Green Master Mix (Applied 

Biosystems). A Ct (cycle threshold) value was derived for GATA2, PCA3, TMPRSS2-ERG, 

and ACTIN. Relative gene expression was calculated using the 2−ΔΔCt method. Primer 

sequences are described in Supplementary Table 1. Samples with RNA concentration <1.25 

ng/μL and/or ACTIN Ct value >34 did not fulfill quality control and were excluded from the 

analysis. GATA2 RT-qPCR linearity and reproducibility were assessed using a standard 

curve constructed with GATA2 cDNA (Fig. S1).

Statistical analysis

PCA3, GATA2, PSA, and age were modeled as continuous variables while race, family 

history of PCa, and TMPRSS2-ERG were modeled as categorical variables. For all models 

the logarithm of PCA3 and GATA2 was used. TMPRSS2-ERG was dichotomized as 0 vs 

greater than 0. The three categories used for race were Caucasian, African-American, and 

other.

Logistic regression was used to develop two scores for the outcome cancer/no cancer in the 

training set. The variables used here were GATA2, PCA3, and TMPRSS2-ERG (GAPT-E) 

or PCA3, and TMPRSS2-ERG (PT-E). The parameters from fitting this regression model in 

the training set were then used to generate a predicted probability of cancer which was 

multiplied by 100 to the get the proposed score for each patient. The scoring model 

developed in the training set was used to generate scores for each patient in the validation 

set. Similarly, a SOC score was developed using age, PSA, and family history in the training 

set. A cutoff for diagnosing cancer vs no cancer was determined by finding the score in the 

training set that corresponded to approximately 90% sensitivity. This sensitivity level was 

chosen under the assumption that high sensitivity was a minimum requirement of a 

diagnostic test in this context. Performance of these cutoffs was evaluated in the validation 

cohort by calculating the sensitivity, specificity, negative predictive value (NPV), and 

positive predictive value (PPV). ROC curves were developed to assess the accuracy of the 

GAPT-E and PT-E scores, component variables, and a multivariable model incorporating 

standard of care (SOC) variables (race [validation cohort only], age, PSA, and family 

history) and other models for predicting any cancer and high-grade cancer in both the 

training and validation cohorts. To analyze correlations between variables, we used 

Spearman’s correlation tests when the two variables were assessed as continuous, t test when 

one variable was assessed as continuous and the other as qualitative and χ2 test (Fisher exact 
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test) when the two variables were qualitative. Statistical tests were conducted at the two-

sided 0.05 level of significance. All analyses were completed using SAS 9.4 and SAS/STAT 

14.1 (SAS Institute, Cary, NC).

RESULTS

Urine EV GATA2 mRNA a biomarker of PCa aggressiveness

The usefulness of EV GATA2 mRNA to discriminate PCa was studied in PCa cells, urine 

pre- and post- radical prostatectomy and paired urine and tissue samples. In addition the 

capacity of urine EV GATA2 mRNA to predict biopsy result was studied in a training and 

validation cohorts of men with suspicion of PCa. Study flow diagram is presented in Fig. 1.

To test whether GATA2 mRNA is expressed in EVs secreted from PCa cells we performed 

RT-qPCR analysis of GATA2 mRNA in EVs isolated from conditioned media of two PCa 

cell lines (DU145 and 22Rv1) and observed that EVs contained GATA2 mRNA (Fig. S2A). 

To study if mRNA GATA2 levels detected in EVs mimic the GATA2 mRNA levels 

expressed in PCa cells, we generated stable cell lines (DU145 and 22Rv1) that expressed 

high and low levels of GATA2 by either transducing cells with a GATA2 vector or two 

independent shRNAs, respectively. EV GATA2 mRNA levels secreted into conditioned 

media increased (Fig. S2B) or decreased (Fig. S2C) in a similar magnitude to those observed 

in the parental corresponding cells. Thus, these results demonstrate that GATA2 mRNA is 

expressed in EVs secreted by PCa cells and mirror the GATA2 mRNA levels of the PCa cells 

from which they originate.

Based on these results, we conducted a series of studies to assess whether urine EV GATA2 

mRNA expression derived from the patient’s prostate. Analysis of paired urine of 16 PCa 

patients pre- and post-RP showed that EV GATA2 mRNA levels significantly (p<0.05) 

decreased after surgery (Fig. 2A). Moreover, analysis of GATA2 mRNA in 19 paired 

prostate tissue samples and urine EVs showed a significant (r= 0.58, p<0.01) positive 

correlation (Fig. 2B). Collectively, these results indicate that urine EV GATA2 mRNA levels 

inform on the levels of GATA2 in PCa tumors and provide the rational to further study its 

use as a urine biomarker for detecting PCa.

Next, we addressed whether urine EV GATA2 mRNA would associate with PCa and 

established clinico-pathologic variables of aggressive disease, such as Gleason score, stage 

and PSA levels. Detailed information of each patient cohort is provided in Table 1.

Indeed, we observed that urine EV GATA2 mRNA levels in patients that satisfied quality 

control criteria in a test (n=48) and validation cohort (n=146) prior to biopsy significantly 

increased in the biopsy-positive PCa patients, when compared to biopsy-negative patients 

(Fig. 2C). 75% of PCa in the training cohort and 63% in the validation cohort showed high 

levels of GATA2 (>0.32, the median in biopsy-negative patients in the training cohort). Of 

note, in biopsy-negative PCa, GATA2 mRNA levels did not increase in patients displaying 

benign prostatic hyperplasia (Fig. S3). Moreover, EV elevated GATA2 mRNA levels showed 

a trend towards being significantly associated to high Gleason Score (GS≥7) in the 

validation cohort (Fig. 2D) with 65.1% high-grade PCa expressing high GATA2, but did not 
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associate with stage (Fig. 2E) and PSA levels (Fig. 2F). Of note, further detailed analysis 

between urine EV GATA2 levels and Gleason score showed no significant association with 

Gleason (3+4) or (4+3) and Gleason 7 or >7 (Fig. S4).

GATA2 alone and combined in a multigene score discriminates biopsy result

Mindful of the established role of PCA3 and TMPRSS2-ERG gene fusion as useful urine 

EV biomarkers to detect PCa 13, 14, we next extended our studies to explore if developing a 

multigene score that includes GATA2 improves the prediction of biopsy result. As observed 

with GATA2, urine PCA3 and TMPRSS2-ERG EV mRNA levels decreased after radical 

prostatectomy (Fig. S5A) and were significantly associated with the mRNA levels of paired 

tumor tissue samples (Fig. S5B), confirming its prostate origin. Of note, multivariable 

regression analysis showed that GATA2, PCA3, and TMPRSS2-ERG mRNA levels were 

independent predictive biomarkers for discriminating any cancer and high-grade PCa (Table 

2).

Next, we developed the GATA2, PCA3, and TMPRSS2-ERG (GAPT-E) and PCA3 plus 

TMPRSS2-ERG (PT-E) scores using logistic regression models in the training cohort (Table 

S2). ROC curve analysis of the training and validation cohort showed that tested biomarkers 

improved the detection of PCa (Fig. 3A and 3B) and high-risk disease (Fig. 3C and 3D), 

with the GAPT-E panel exhibiting the most robust results. Combining EV GATA2, PCA3, 

and TMPRSS2-ERG mRNA improved the prediction of any cancer and high-grade disease, 

when compared to individual biomarkers and PT-E and multivariable models of individual 

SOC variables (Table S3 and S4).

Finally, based in these results we tested the GAPT-E panel from each patient to derive a 

prediction score for initial biopsy result. Importantly, from this analysis we observed that 

adding GATA2 better discriminated high-risk prostate cancer in both the training (Table 3) 

and validation cohorts (Table 4). Of note, using the same GAPT-E cutoff score in the 

validation cohort as the one used in the training cohort, although the sensitivity decreased, 

the specificity improved by 74.6%, the NPV 11.1%, and the PPV 31.2% of high-grade 

disease when compared to a score based on SOC variables only. Indeed, adding GATA2 to 

PCA3 and TMPRSS2-ERG increased all these parameters, indicating that GATA2 

substantially improves the prediction of high-risk disease prior to biopsy. Most importantly, 

applying a GAPT-E cut point of 46.9 for predicting high-grade disease would have avoided 

69.8% of all biopsies (n=102) or 92.1% of unnecessary negative or low-grade biopsies (Fig. 

4A). Otherwise, applying a PT-E (without GATA2) panel cut point of 31.4 for predicting 

high-grade disease would have only avoided 52.1% of all biopsies (n=76) or 61.9% of 

unnecessary negative biopsies (Fig. 4B).

Collectively, these results demonstrate that urine EV GATA2 mRNA levels improves the 

detection of clinically significant PCa and may help tailor the management of this disease.

DISCUSSION

Overdiagnosis of indolent PCa is an important issue worldwide 26. Although the high 

sensitivity of PSA has significantly improved the detection of PCa, its low specificity has 
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raised the number of unnecessary invasive diagnostic procedures. Consequently, there is an 

unmet clinical need to identify novel biomarkers to detect clinically significant PCa and 

avoid unnecessary biopsies.

In an attempt to improve the detection of clinically significant PCa a wide variety of 

biomarkers have been studied. In this context, based on their high prostate organ specificity, 

the long non-coding RNA PCA3 27 and the oncogenic gene fusion rearrangement 

TMPRSS2-ERG 16 have been analyzed in EVs and used to develop several clinical 

diagnostic and prognostic tests.

A major strength of the present study is that it is the first to describe the utility of GATA2 as 

a urine biomarker that reflects both prostate specificity and PCa aggressiveness. Our results 

showed that urine GATA2 EV mRNA levels correlate with PCa tissue expression and 

significantly decrease after prostatectomy, supporting its use as a urine biomarker for the 

detection of PCa. Importantly, these results laid the foundation to uncover that GATA2 

mRNA levels in urine EVs may discriminate PCa and high-grade disease. Furthermore, in 

this study, we confirm the results of previous reports 13, 14 describing the utility of non-DRE 

urine EV PCA3 and TMPRSS2-ERG mRNA analysis for the detection of PCa. Most 

notably, when adding GATA2 to PCA3 and TMPRSS2-ERG the detection of high-risk PCa 

was substantially improved.

A limitation of our study is that GATA2 is not exclusively expressed in prostate cells. In this 

context, it is worth noting that urine EV GATA2 mRNA expression did not completely 

disappear after prostatectomy suggesting that other cells within the urinary track may secret 

EVs containing GATA2 mRNA. Indeed public available transcriptomic datasets show that 

GATA2 mRNA is also expressed at low levels in the bladder28, 29. Moreover, although EV 

GATA2 mRNA levels discriminate between Gleason score 6 and Gleason score ≥7, it did not 

differentiate between Gleason score 3+4 vs 4+3 and >7. These results may be a consequence 

of several factors which comprise: i) limited number of patients with high Gleason score 

included in the study, ii) lack of correlation studies between PCa volume and EV GATA2 

mRNA expression, and iii) pooled analysis of EVs. Ideally, new technologies that allow the 

quantification and analysis of single EV molecular content, when complemented with PCa 

volume, may improve the accuracy of EV biomarkers in discriminating high-grade PCa. 

Other limitations include the lack of MRN imaging studies and multiple serial biopsies in 

most of the patients analyzed, as well as the inability to study free-PSA as part of the SOC 

variables which can be a source of potential error.

Importantly, to translate urine EV GATA2 mRNA detection into the clinic several careful 

considerations will be required. For example, the selection of the best commercial kit that 

isolates EVs in a timelier manner instead of serial ultracentrifugation30, as well as the 

identification of clinical variables that might influence urine EV GATA2 mRNA expression 

such as infection, digital rectal examination, sexual activity, exercise and diet, among others, 

will need to be considered. Finally, the GAPT-E scores and cutoff points will require further 

validation in independent larger prospective studies. Ideally, these studies should be 

designed to evaluate how GAPT-E may complement existing tests, such as Prostate Health 

Index 12 and OPKO-4K15, which already have shown to better discriminate high-risk PCa.
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CONCLUSIONS

In men with suspicion of PCa, urine EV GATA2 mRNA can discriminate high-grade disease 

and be used to tailor prostate biopsy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Scheme of study design. EV= extracellular vesicle, FFPE= formalin-fixed paraffin 

embedded.
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Fig. 2. 
Analysis of EV GATA2 mRNA in A) paired pre- and post-RP urine samples (n=16, t-test); 

B) matching urine and RP FFPE tissue (n=19, Pearson correlation); C) biopsy-negative and -

positive (t-test); D) low- versus high-grade PCa (t-test); E) pT2 compared to pT3 (t-test) 

and; F) PSA<4ng/ml comparted to PSA≥4ng (t-test) in the training and validation cohorts.

EV = extracellular vesicle; BxN = biopsy negative; PCa = prostate cancer; GS = Gleason 

score; pT = pathological stages RP = radical prostatectomy; FFPE = formalin-fixed paraffin-

embedded.
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Fig. 3. 
Receiver operating characteristic (ROC) curves show the performance of individual genes, 

SOC, PT-E, GAPT-E and GAPT-E plus SOC in discriminating any cancer (A and B) and 

high-grade disease (C and D) in the training (n=48) and validation (n=146) cohorts.

SOC = standard of care. PT-E= PCA3, and TMPRSS2-ERG. GAPT-E= GATA2, PCA3, and 

TMPRSS2-ERG.
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Fig. 4. 
Waterfall plot of A) GAPT-E and B) PT-E scores in relation to biopsy outcomes across the 

validation cohort (n=146). Dashed line is high-grade cutoff and solid line is cutoff for any 

cancer. For the PT-E test the high-grade and any cancer cutoffs are the same, hence the lines 

are coincident. Each colored bar represents an individual patient’s score, increasing from left 

to right. Blue, biopsy negative; Yellow, GS≤6; and Red, GS≥7.

GAPT-E = GATA2, PCA3, and TMPRSS2-ERG; PT-E= PCA3, and TMPRSS2-ERG.
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Table 1.

Subject clinical characteristics in the training and validation cohort

Training Validation

Median (range) or % N Median (range) or % N

QC passed 92.3% 48/52 88.5% 146/165

Age (years) 67.8 (51 – 83) 48 66.5 (47 – 82) 146

Serum PSA level (ng/ml) 8.6 (1.5 – 39.2) 48 7.9 (0.1 – 46.8) 146

Race

Caucasian 100% 48 92.5% 135

African-American - - 3.4% 5

Other - - 4.1% 6

Family history of PCa

Yes 14.6% 7 14.4% 21

No 85.4% 41 85.6% 125

Biopsy result positive 41.6% 20/48 63.2 % 107/146

Gleason score

GS ≤ 6 (3+3) 35% 7 22.4% 24

GS ≥ 7 (3+4) 65% 13 77.6% 83

GS = 7 (3+4) 25% 5 40.2% 43

GS = 7 (4+3) 20% 4 20.6% 22

GS = 8 (4+4) 10% 2 9.3% 10

GS = 9 (4+5) 10% 2 5.6% 6

GS = 10 (5+5) - - 1.9% 2

Pathological stages

pT2 70% 14 70.1% 75

pT3 30% 6 29.9 % 32

QC=quality control; PSA=prostate specific antigen; PCa=prostate cancer; GS=Gleason score
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Table 2.

Multivariate analysis of urine EV biomarkers and SOC variables for any cancer and high-grade PCa in the 

validation cohort.

Predictor Cancer vs. No Cancer
OR (95% CI); p-value

Gleason Score ≥7 vs <7
OR (95% CI); p-value

log_PCA3 1.96 (0.95 to 4.05); 0.069 1.63 (0.91 to 2.90); 0.099

log_GATA2 1.80 (1.07 to 3.03); 0.027 2.15 (1.31 to 3.53); 0.002

TE

TE>0 2.62 (1.09 to 6.26); 0.031 2.70 (1.23 to 5.92); 0.013

PSA 0.97 (0.92 to 1.04); 0.414 0.97 (0.91 to 1.03); 0.340

Age 0.98 (0.92 to 1.04); 0.456 0.98 (0.93 to 1.03); 0.469

Race

African-American 3.39 (0.19 to 83.98); 0.552 12.88 (0.49 to 294.24); 0.316

Other 2.19 (0.21 to 23.18); 0.950 5.40 (0.49 to 59.38); 0.780

Family History of PCa

Yes 0.49 (0.15 to 1.59); 0.236 0.41 (0.13 to 1.27); 0.123

EV=extracellular vesicles; SOC=standard of care; PCa=prostate cancer; TE=TMPRSS2-ERG; OR=odds ratio; CI=confidence interval
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Table 3.

Performance comparisons of GAPT-E to SOC at 90% fixed sensitivity – Cancer vs. No Cancer and High 

Grade Cancer (GS >=7) vs. GS<=6, No Cancer in the training cohort

Cancer vs. No Cancer in the training cohort

Sensitivity % (95% CI) Specificity % (95% CI) NPV % (95% CI) PPV% (95% CI)

*SOC 90.0 (68.3–98.8) 20.0 (7.71–38.6) 75.0 (34.9–96.8) 42.9 (27.7–59.0)

PT-E 90.0 (68.3–98.8) 63.3 (43.9–80.1) 90.5 (69.6–98.8) 62.1 (42.3–79.3)

GAPT-E 90.0 (68.3–98.8) 43.3 (25.5–62.6) 86.7 (59.5–98.3) 51.4 (34.0–68.6)

Improvement: GAPT-E vs. PT-E −20.0 3.8 −10.3

Improvement: GAPT-E vs. SOC 23.3 11.7 8.5

High Grade Cancer (GS >=7) vs. GS<=6, No Cancer in the training cohort

Sensitivity % (95% CI) Specificity % (95% CI) NPV % (95% CI) PPV% (95% CI)

*SOC 92.3 (64.0–99.8) 27.0 (13.8–44.1) 90.9 (58.7–99.8) 30.8 (17.0–47.6)

PT-E 92.3 (64.0–99.8) 54.1 (36.9–70.5) 95.2 (76.2–99.2) 41.4 (25.5–61.1)

GAPT-E 92.3 (64.0–99.8) 78.4 (61.8–90.2) 96.7 (82.8–99.9) 60.0 (36.1–80.1)

Improvement: GAPT-E vs. PT-E 24.3 1.5 18.6

Improvement: GAPT-E vs. SOC 51.4 5.8 29.2

GAPT-E = urine EV GATA2, PCA3, and TMPRSS2-ERG; PT-E = urine EV PCA3, and TMPRSS2-ERG; SOC = standard of care; GS = Gleason 
score; NPV = negative predictive value; PPV = positive predictive value; CI = confidence interval

*
In the training data set SOC includes family history, PSA, and age.
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Table 4.

Performance comparisons of GAPT-E to SOC at 90% fixed sensitivity in the training cohort – Cancer vs. No 

Cancer and High Grade Cancer (GS >=7) vs. GS<=6, No Cancer in the validation cohort

Cancer vs. No Cancer in the validation cohort

Sensitivity % (95% CI) Specificity % (95% CI) NPV % (95% CI) PPV% (95% CI)

*SOC 86.9 (79.0–92.7) 15.4 (5.86–30.5) 30.0 (11.9–54.3) 73.8 (65.2–81.2)

PT-E 54.2 (44.3–63.9) 69.2 (52.4–83.0) 35.5 (24.8–47.3) 82.9 (72.0–90.8)

GAPT-E 57.0 (47.1–66.5) 66.7 (44.6–76.6) 36.1 (25.1–48.3) 82.4 (71.8–90.3)

Improvement: GAPT-E vs. PT-E 2.5 0.6 −0.5

Improvement: GAPT-E vs. SOC 51.3 6.1 8.6

High Grade Cancer (GS >=7) vs. GS<=6, No Cancer in the validation cohort

Sensitivity % (95% CI) Specificity % (95% CI) NPV % (95% CI) PPV% (95% CI)

*SOC 84.3 (74.7–91.4) 17.5 (9.1–29.1) 45.8 (25.6–67.2) 57.4 (48.1–66.3)

PT-E 55.4 (44.1–66.3) 61.9 (48.8–73.9) 51.3 (39.6–63.0) 65.7 (53.4–76.7)

GAPT-E 47.0 (35.9–58.3) 92.1 (82.4–97.4) 56.9 (46.7–66.6) 88.6 (75.4–96.2)

Improvement: GAPT-E vs. PT-E 30.2 5.6 22.9

Improvement: GAPT-E vs. SOC 74.6 11.1 31.2

GAPT-E = urine EV GATA2, PCA3, and TMPRSS2-ERG; PT-E = urine EV PCA3, and TMPRSS2-ERG; SOC = standard of care; GS = Gleason 
score; NPV = negative predictive value; PPV = positive predictive value; CI = confidence interval

*
In the validation set SOC includes race, family history, PSA, and age
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