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Summary 
 
OTraces, in collaboration with the Johns Hopkins Medical Center, Brady Urology Institute (JHMC), 

performed a blinded validation study on OTraces prostate cancer (PCa) detection products.   The blinded 

validation project involves two phases, and the first has been completed:   

 Phase I: Blinded third party validation of the test for men with aggressive PCa, Gleason score of 

7(4+3), 8, 9, and 10 against men without any form of PCa, not cancer.     Accuracy of results for 

the blinded samples were 95% for sensitivity and specificity was 90% meeting the Phase I test 

design goals.  Furthermore, the validation not cancer cohort samples included about 40 samples 

with PSA levels greater than the current biopsy cutoff of 4 ng/ml of the PSA in serum (as high as 

124 ng/ml).  All of these were called correctly as not cancer by the test, indicating that the problem 

with the current PSA test false positive rate has been completely solved. 

 

 Phase II: Blinded third party validation of test for men with low grade, Gleason score of 5, 6, 

and 7(3+4) against men with aggressive PCa and men without PCa (not PCa cohort).   This 

evaluation determined that the correlation method can separate low grade from high grade 

PCa to at about 95% predictive power.  The JHMC derived aggressive PCa samples were also 

compared to a test sample cohort of men with low grade PCa, Gleason score 5, 6, and 7(3+4) that 

were collected from another source and run within OTraces labs to determine what Phase II 

results are likely to be.   

The goal of this pre-clinical trial was to find a better solution to the current screening test for prostate 

cancer, The Prostate Specific Antigen (PSA) test which produces excessive false positives.  For instance, 

at 90% sensitivity the test yields only about 25% specificity, 75% of men who test positive are actually 

prostate cancer negative from the resultant biopsy.   

The goals of this better solution is to reduce false positive rates to less than 15% (85% specificity) with 

sensitivity improved to about 95% (Phase I) as compared with the current PSA screening test with 

predictive power of 57% must be improved to greater than 90%).  The secondary goal (Phase II) was to 
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determine if a screening test could be developed that focuses only on men with so called aggressive PCa 

with Gleason score of 7(4+3), 8, 9, and 10 for the PCa biopsy.  This goal, if met, would direct the new 

screening test to men who have aggressive PCa while not subjecting men with non-aggressive PCa to 

further diagnostic biopsies. 

The blinded validation test was conducted by JHMC personnel using equipment and reagents supplied by 

OTraces.  OTraces also supplied operator training.  OTraces personnel were not allowed in the JHMC lab 

during the test runs. 

Meeting design goals in Phase I is considered a gating item for completing Phase II.  The new screening 

test for PCa must be able to detect aggressive PCa with high accuracy without calling men with non-

malignant prostate conditions such as benign prostate hyperplasia (BPH) or prostatitis with high levels of 

serum PSA as positive for PCa.  Phase II will then determine the statistics for men with low grade PCa that 

will test positive and thus get post-test biopsies.  Currently, with the PSA test, these men will get a post-

test biopsy.  The goal is to reduce the number of these men who get biopsies with the new test. 

Measurement Systems 

PR Sera Dx Cartridge Test Kit 
 
The OTraces, Inc. PR Sera Dx Prostate Cancer Detection Kit measures 5 low abundance proteins.  4 of these are 

focused on the microenvironment around the tumor (TME) and its actions to grow and the immune 

systems actions to kill the tumor.  The fifth is a tumor marker that has no immune or other functional 

aspect in the tumors growth.  We monitor proteins secreted by tumor cells into interstitial fluid and that 

promote anti-tumor actions within the TME.  We 

measure serum level concentrations of these 

proteins.  The computational methods yield the 

signature of the TME actions in the blood, thus we use 

serum as a proxy for TME actions.   

The actions of the tumor are in improving circulatory 

access; angiogenesis, circulation in surrounding tissue, 

IL-8, and vascularization in the tumor bulk, VEGF.  We 

also observe the systemic response of patients, i.e. the 

changes in immune response to the disease.  The 

hypothesis is that there are specific changes in levels of immune regulators, e.g. cytokines.  Briefly, they 

are a pro-inflammatory cytokine, IL-6, and an anti-tumoral and apoptotic response of cytokine, TNFα.  The 

test panel also uses one tumor marker, PSA.   
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This test cartridge is designed to process 16 samples in one test run.  The cartridge only measures the 4 

cytokines noted above.  Each cartridge requires about one hour to incubate results.  The cartridge is fully 

self-contained including both the capture and labeled antibody sets, diluents and wash solutions needed 

to process samples.   

The cartridge was loaded with antibodies specified by OTraces, Inc. that were optimized for PCa detection 

by OTraces. 

The PSA concentrations were measured with an off the shelf FDA approved ELISA microtiter plate based 

test kit from Alpha Diagnostics.  These antibody pair used in this test were also optimized for PCa detection 

by OTraces. 

Ella Instrument System 
This fully automated testing system is supplied by Protein Simple, Inc.  It is a micro-cartridge based 

immunochemistry system.  The system will process 32, or 16 samples per cartridge with four different 

analytes per cartridge.  Each cartridge takes about one hour to process.  

The system is designed to process ELISA type (sandwich) immunoassays.  

All assay processing steps are built into the instrument and cartridge 

including capture antibody incubation, detector antibody incubation, 

wash steps and the reading step.  The system uses a fluorescent label.  

It requires only 25 μliter of sample for all four target cytokines. 

 

  

Computation Software 
The concentration measurements are processed through complex mathematic algorithms producing a score, 

arbitrary, from 0 to 200.  0 to 100 being not cancer and 101 to 200 being cancer, though medical needs may 

indicate a shift to a lower trip point to maximize sensitivity, for example.  This score is not related to the 

stage or seriousness of the disease state but the probability of it being accurate.  The scoring algorithm is 

based upon OTraces proprietary proteomic noise suppression and the spatial proximity correlation 

method.   

The algorithms are located on OTraces servers and the instrument is connected and operated through 

OTraces internet based operating system.  All data transferred over the internet is encrypted and secure 

in accordance with FDA and HIPAA requirements.  The process of converting this data into highly accurate 

test results is, as noted, performed remotely, using algorithms and software centrally stored in U.S. based 

servers by Bio-IT Solutions, Inc. exclusively and on OTraces’ behalf.  The OTraces servers are deployed by 

Razorwire Solutions and co-located in Virginia and California. 
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Computation of Cancer Score, Brief Description 

The Cancer score is produced in a multistep process.  It designed to determine an accurate signature of 

an active tumor microenvironment (TME) in serum.  The noise suppression is intended to suppress actions 

of these proteins caused by conditions other than the question of interest; which is; does the patient 

under test have, or not have an active tumor microenvironment.  In other words the serum based 

concentrations are used as a proxy for the TME actions, via these methods1. 

Concentration is converted into a new independent variable for the correlation process called Proximity 

Score.  This new independent variable: 

a) Dampens or reduces noise inherent in all proteomic concentration measurements caused by 
conditions that inevitably up or down regulate the biomarkers of choice that are unrelated to 
the condition of interest, in this case prostate cancer.   

b) This suppression is confined to zones that are defined by the signature of the TME is serum 
determined by the mean values of the active proteins for samples with and without the TME 
for the disease of interest.  Thus this damping is anchored on the mean values of cancer and 
not-cancer for each cohort.  There are 4 possible zones defined by 1) less than mean value of 
the not cancer state; 2) between the mean value of the not cancer state and the mid-point in 
concentration between the mean values for not cancer and cancer states; 3) above the afore 
mentioned mid-point and less than the mean value of the cancer state; and 4) finally above the 
mean value of the cancer state.  Each zone represents a separate suppression zone. 

c) In the translation from concentration to Proximity Score, age drift in these mean values is 
neutralized.  This is done by further anchoring on the mean values at each year of age of the 
target patient samples.  Thus the translation is a family of equations, one for each year of age 
where the equations are associated with each defined zone.  

These new variables, Proximity Score, are then plotted in multidimensional orthogonal space (one for 

each biomarker).  Each unknown samples is then scored by computing its proximity to the training set 

data points that are also plotted within the multi-dimensional space.  In this case we use 5 orthogonal 

axes.  Unknown samples that "see" only not cancer in nearby locations will be scored 0 and likewise those 

that "see" only cancer will be scored 200 and so on.  Scores in between are weighted by the count of each 

state in proximity.  The score thus does not indicate severity of the disease but probability of being correct. 

For determining severity see below on the cancer stage prediction.  The correlation method is called 

Spatial Proximity. 

                                                           
1 Diagnostic Proteomics – A New Approach – White Paper – Ver. 05-21-2020C.pdf, available from OTraces, Inc. 
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The Cancer Score 

The cancer is scored with an arbitrary numbering system from 0 to 200.  Typically 100 to 200 is considered 

cancer, however, good medical practice may indicate additional diagnostic procedures are necessary at 

scores below 100.  The score is not an indicator of the severity of the cancer, but the probability that the 

prediction is correct.  The score is also not directly related to numerical probability.  It is an indication of 

location density of cancer vs. non-cancer data points in a complex 5 dimensional topology from which the 

scoring is computed. The relationship between score and probability is shown in the figure below.  In 

breast cancer scores above 140 are virtually 100% cancer based upon over 1500 validated samples. No 

false positives have been found at scores above 140.  Likewise scores below 80 are virtually 100% not-

cancer.  At scores below 120 and above 80 the accuracy is about 99% to 97%. 

 
 

Blinded Validation Trial Design 
The trial design was done jointly by JHMC and OTraces.  The project was conducted under the supervision 

of Dr. Kenneth Pienta, Director of Research at the Brady Urology Center at JHMC.  The object of the first 

Phase of the Project was to determine detection statistics for screening for aggressive PCa, Gleason score 

of 7(4+3), 8, 9, and 10 against men without any form of PCa, not cancer. 
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The goal of the blinded trial was to achieve predictive power of at least 90% compared to only 57% for 
PSA.  The secondary goal is to focus the new screening test on men with, as noted aggressive PCa.  Current 
medical practice is shifting treatment away from men with low grade PCa, Gleason Scores of 5, 6 and 
7(3+4).  Preferred treatment for these men is called active surveillance (or watch and wait) and not surgery 
as the “tumor” may not progress at during the lifetime of the patient.  Surgery on these men is now 
considered over treatment.  To summarize the goal of the new screening test is to focus on men with 
aggressive PCa that need immediate treatment and to not subject men without any form of PCa to biopsy. 

If successful in Phase I, Phase II will provide statistics for men who do have low grade PCa that will be 
called positive for aggressive PCa by the new test.  These men will thus get a biopsy as they do today, but 
the goal will be to minimize the number.  If these men are not called positive and they at a later date do 
progress to aggressive PCa they will be properly diagnosed as aggressive at a later testing date.  The men 
who have low grade PCa (as determined by biopsy) who are called positive by the test will go into Active 
Surveillance.  See the Active Surveillance section of this report, below, for an assessment of how a test for 
this situation may perform. 

Blinded Validation Trial Design 
The trial design was done by in coordination with Johns Hopkins Medical Center (JHMC), Brady urology 
Institute Research group led by Dr. Kenneth Pienta.  The cancer samples were collected from the JHMC 
prostate cancer serum bank.  Not cancer samples were procured commercially. The only input from 
OTraces was the design of the training set for model construction (see below).  The not cancer were drawn 
anonymously and no provision was made to follow up, on false positive samples.   Also any true positives 
included in the not cancer cohort would be included as a false positive results (~0.5%) by design.  These 
two provisions were done for cost reasons.  OTraces was simply accepted as a false positive possible any 
unknown true positive results. 

The goal of the blinded trial was to achieve predictive power equivalent or better than the current PSA 
screening test.  Also since JHMC Brady Urology Institute express a high desire to focus on aggressive PCa 
for the screening test. 

Sample Collection Criterion and Methods 

Criteria for the Cancer (malignant) cohort group: 

1) 160 samples total, the full inventory from the JHMC serum bank for high Gleason Score samples. 

100 of these were reserved for the training set. 

2) PCa biopsy positive and serum sample resident in the JHMC serum bank.  
3) 160 samples total, the full inventory from the JHMC serum bank for high Gleason Score samples. 

a. Samples from the JHMC serum bank, diagnosed positive by biopsy and treated by 
standard methods, usually radical retropubic prostatectomy. 

b. Samples must be Gleason Score of 7(4+3), 8, 9 and 10 as determined by post-surgery 
pathology. 

4) Population statistics should mimic a general population presenting for screening men with PCa. 
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5) Inclusion Criterion – Biopsy positive men aged 45 to 75.  Age distribution was broken into 4 groups 
(45-52, 53-60, 61 to 68 and 68 and up) and evenly distributed across each group, for the training 
asset only.  The validation set was not constrained.  

6) Exclusion criterion – none(**see section below on exclusion criterion) 

Description of the Cancer Sample set actually collected.  

1) The malignant cohort included 61 Gleason Score 7(4+3), 48 Gleason Score 8, and 51 Gleason Score 

9 samples.  No samples with Gleason Score of 10 were available in the JHMC serum bank. Six of 

the samples were in treatment for BPH (Avodart, Proscar, or Propecia).  Seven samples had basal 

cell cancer, treated.  One was on Lupron prior to surgery. 

2) The JHMC serum bank samples contained 1 sample at stage T1a, 105 at T1c, 29 at T2a, 17 at T2b, 

4 at T2c, and 5 at T3b 

3) A comprehensive list of medications was supplied with the samples and data set. 

4) Race was supplied with samples and Data Set. 

5) PSA levels ranged from 1.8 to 92.5 pg/ml. 

6) There were 3 false negative cancer score calls in the total cohort of training set and validation set, 

0 in the training set and 3 in the validation set, yielding sensitivity of 95%. 

7) The three false negative calls were all Gleason Score 8.  Two of these had very low VEGF 

response and the other had a PSA level well below 4 ng/ml (1.9 ng/ml).  This suggests that a 

training set adjustment could improve results. 

Criteria for the Not Cancer cohort group: 

1) 240 samples total in the cohort. 100 were reserved for the training set. These samples were 

supplied to the project by OTraces from commercial sources and were not chosen to have 

specific abnormal or non-malignant conditions.  As best as possible the makeup of this group 

mimicked men who would present for their annual physical exam and PSA test. 

2) About 0ne half were from blood donor sites and the other half were from physicians’ offices   

3) Age Distribution – (Same as above). 

4) Samples from physician’s office were noted by the physician to be PCa negative. 
5) The blood samples were processed into serum with the normal clinical lab protocol and then 

the serum was cryo-preserved.   
6) Samples were processed on the OTraces Immunochemistry analyzer in one large batch about 

6 months after samples collection began. 

7) Samples were drawn from men presenting for an annual physical exam or blood donation. 

8) Where possible men or the attending physician were queried for existing non-malignant 

conditions present. 
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9) Inclusion Criterion – Biopsy positive men aged 45 to 75.  Age distribution was broken into 4 
groups (45-52, 53-60, 61 to 68 and 68 and up) and evenly distributed across each group, for 
the training asset only.  The validation set was not constrained.  

10) Exclusion criterion – none(**see section below on exclusion criterion) 

Description of the Not Cancer sample set actually collected. 

1) 50% normal Donors, 20% Hypertension, 9% Hyper-cholesterolemia, 6% Hyper-lipidemia, 5% 

Atrial Fibrillation, 4% BPH, 3% Gout, 3% Rheumatoid Arthritis; and under  

1% Pancreatitis, Stomach Ulcer, Anxiety, Hypothyroidism, Obesity, Peptic Ulcer, Aortic 

Aneurism, Aortic Sclerosis, ED, Diabetes, Coronary Artery Disease, Temporal Lobe Seizures, 

Cardiomyopathy, Ventricular Tachycardia, Sleep Apnea. 

2) A comprehensive list of medications was supplied with the samples and data set. 

3) Race was supplied with samples and Data Set. 

4) PSA levels ranged from 0.087 to 124 pg/ml. 

5) There were 11 false positive cancer score calls in the total cohort of training set and validation 

set, 0 in the training set and all 11 in the validation set.  The false positive calls were all normal 

donors, except one with Hyperlipidemia.  This yields a specificity of 92%.  All of these samples 

exhibited very high VEGF levels that was not represented in the training set.  The 

concentration level for VEGF for these samples ranged from 52 pg/ml to 380 pg/ml.  The 

highest VEGF level in the training set is 40 pg/ml, clearly a training set issue.  Correcting the 

training set will yield an improvement in false positive calls increasing specificity to about 96%. 

Note the not cancer cohort could potentially contain ~0.15% undetected prostate cancers. OTraces 

deemed accepting these as statistically false positives acceptable, by the trial design and by default. Since 

the "putatively healthy" samples also could include immune related conditions that could impact the test 

these would also show up in the false positive cohort as true false positive results. 

Exclusion Criterion 

Note that it is critical to have representation in the training set for the “noise” from non-malignant 

conditions that may effect biomarker serum concentration levels.  This method suppresses information in 

serum contraction measurement that is unrelated to the condition of interest in this case breast cancer.  

Though “Proteomic Noise Suppression” reduces this effect it cannot completely eliminate it. Thus the 

training set must see the residual effect of this “noise”.  Thus we do not exclude any non-malignant 

conditions from the training set.  Though prudence indicates that certain conditions that are not likely to 

be seen at an annual health screen (e.g. such as recent healing severe trauma, or current ongoing cancer 

treatment) be excluded from a clinical trial under regulatory authority scrutiny.  Thus the clinical trial may 

logically exclude such conditions from being included, but the training set will have proper representation. 
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Sample Size 

400 samples (240 not cancer and 160 with PCa) were processed in the project. The sample set was split 

into two sets of 200 (100 not PCa 100 with PCa) for the training set and the rest were the blind samples.   

OTraces required that the training set be equally split cancer/not cancer to assure that the training set 

model not be biased. The training set requires the diagnosis up front for model processing.  The blind 

samples had no restrictions by OTraces, except the ages need to conform to the model, 45 to 75.  The 

blind sample makeup of not PCa vs. PCa cancer was of course unknown at the time of analysis. These 

samples were measured by the Brady Urology laboratory at JHMC by JHMC personnel using the Ella 

Instrument utilizing the PR Sera Dx prostate cancer test cartridge kit.  OTraces supplied both the 

instrument and the reagent test kits and supplied operator training to JHMC technicians.  OTraces was 

not allowed in the clinical laboratory during the test runs.  OTraces did have a qualified technician near 

the site during the test running. 

Comments on the Trial Design 

The project was broken into two Phases.  The first Phase tested the ability in a blinded validation trial to 

separate aggressive PCa from men without PCa, putatively healthy.   These men though were reported to 

have a number of non-malignant maladies (see above).  Additionally a sample set of 40 men with PSA 

levels above 4 ng/ml were culled from the not PCa cohort to test the ability of the training set model to 

call these men correctly as not PCa.  The highest PSA concentration of this group was 124 ng/ml and 6 

were above 10 ng/ml.  Additionally the possibility of having 0.15% true positive in the false positive cohort 

was OTraces accepted by OTraces and JHMC this by default.  0.15% of the total not PCa cohort would 

represent less than one sample (0.42 samples), obviously likely either 0 or 1 samples in the 280 samples.  

The samples from physician’s office were noted by the physician to not likely have PCa, but do to expense 

no testing or biopsies were requested beyond the PSA test were done.  As the PSA tests were done at 

OTraces for the training set and at JHMC for the blind sets and the samples were anonymous no follow-

up was possible.  The possibility exists that one false positive sample in the not PCa cohort is true. 

JHMC’s Dr. Pienta asked that primary training set be constructed without any samples above the 4 ng/ml 

biopsy trip point for prostate cancer, thus the not-PCa cohort was tested within OTraces labs to cull 100 

not-PCa samples for the training set in that sampling test the 40 were culled out with PSA levels exceeding 

4 ng/ml.  This will compromise the training set in that high PSA levels were not represented increasing the 

risk that the model created will not properly score high level PSA samples in the blind sample set as PCa.  

However, OTraces pre-validation work within its laboratory indicated that the primary driver of the 

positive PCa score is driven not by the PSA concentration, but the actions of the 4 cytokines.  This design 

of the training set thus provided an opportunity to test the hypothesis.  Furthermore, adjustments can be 

made after the blinded results are unblended. 
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Prostate Cancer Prediction 
Measurements of the training set samples allowed creation of the training set model termed the Primary 

Training Set (PTS) Model.  Other training sets have been constructed and discussed in this report.  Note 

that all primary performance data report herein is based upon the PTS Model. 

The cancer scoring performance is broken into two groups in the table below, 1) the training set, 2) Phase 

I Validation set (200 samples blind) with the Phase I data set (40 samples as blind) with very high PSA 

levels, computed as blind.  The table below shows the results. 

The blinded data were collected on OTraces Instruments and reagents run at the JHMC laboratory facility.  

The cancer scores were computed on OTraces LIMS Servers.  The Instruments are coupled to the server 

and the server performs the data computation, reporting and repository. 

The blinded validation set data set were supplied to OTraces server’s blind and randomized.  OTraces 

scored these samples and the JHMC, Brady Urology Institute returned the accuracy of this scoring to 

OTraces.  These samples were processed through the model to check the accuracy of these samples 

measured on different equipment.   As can be seen the blinded data set predictive power was about 90%. 

To summarize, here are the findings in a comparative table:  

OTraces 

Cohort 

Size
Performance

Cohort 

Size
Performance

better  than PSA 

by:

Predictive Power 57% 91% 100% 90.5% 57%

       Sensitivity 90% 95% 100% 95% 90%

# False Negatives 10% 5% 0 3 10 per 100

       Specificity 25% 89.5% 100% 89% 25%

# False Positives 75% 11.50% 0 20 75 per 100
6.8X

OTraces Validation 

60

180

Johns Hopkins Medical Center - High Gleason Score Samples - Blinded Validation Results

Current PSA 

Test Predictive 

Power
1

OTraces 

Trial

2X

Current PSA Test 

Predictive Power1

1 at the ROC curve cutoff of 4ng/ml

100

100

OTraces Training 

 
Figure Table 1 Prostate Cancer Screening Test Performance 

For comparison the table shows the performance of the current PSA test with predictive power of 57% 

and at 90% sensitivity the specificity is only about 25%.  

The Aggressive Prostate cancer screening test uses a five protein panel of analytes --- TNFα, VEGF, IL-6, IL-

8 and PSA --- to assess the presence or absence of prostate cancer in the patient.  Implementation of this 

test panel requires a training set consisting of 200 known samples, 100 known High Gleason Score samples 

(Gleason scores of 7(4+3), 8, 9 or 10) and 100 samples procured from commercial sources that do not 

have PCa.  At the request of Dr. Pienta (and OTraces agreed), the training set not PCa cohort did not 



OTraces Inc. 
1500 Fannie Dorsey Rd. 
Sykesville, MD. 21784 
United States 

 
 

 
OTraces Inc. Confidential 
Do Not Copy or Distribute 

11 

include any samples with a PSA level above 4 ng/ml.  This was done to preclude possible inclusion of 

unknown true PCa samples in the not PCa cohort.  Normally this would not be done as this biases the 

model to call high level PSA samples in blind cohorts as true positive samples even though they a true 

negative samples.  OTraces agreed to this to test the hypothesis that the primary driver of true positive 

PCa is the levels of the 4 cytokines included in the test panel.  This was determined by OTraces earlier 

internal laboratory testing.   The results are shown in the table the internal predictive power of the training 

set showed 100% sensitivity and specificity and of course 100% predictive power.  

The un-blinded validation samples, by JHMC, showed at 95% sensitivity and 89% specificity.  This result 

included the samples that had PSA levels above 4 ng/ml.  40 samples were included in this cohort with 

PSA levels from 2.1 ng/ml to 124 ng/ml, 24 of which were above 4 ng/ml.  All of these samples were called 

correctly as not PCa in spite of the high levels of PSA and the fact that the model was under represented 

with such high level PSA samples in the not PCa cohort.  The reason, as expected, is that the primary driver 

of the high PCa positive cancer score is the levels of the cytokines as a group, and not PSA concentration. 

As compared to the current PSA test, the results are significantly better for the OTraces test. The current 

PSA test for prostate cancer (at the medically accepted cut-off point of 4 ng/ml PSA concentration) yields 

90% sensitivity (10% false negative rate) and 25% specificity (~75% false positive rate) for an overall 

predictive power of 57%.  This is shown on ROC curve as the “X” on the green curve, below. 
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Figure 1 Combined ROC Curve 

Plotted in blue are blinded validation samples run at JHMC and un-blinded by them after they were scored 

by OTraces method.  This set does not include the 40 high level PSA not PCa samples measured in OTraces 

lab.  The purple curve shows all validation samples and the performance numbers are reflected in the 

table above. It is apparent from this that the OTraces test is a significantly better predictor of prostate 

cancer than the current PSA test, with the added benefit that improvement in both the false negative and 

false positive rates could reduce the amount of unneeded biopsies. 

During our work with the PTS Model, we uncovered several relatively minor issues that will require 

refinement to increase the predictive power.  We have identified these necessary refinements caused by 

the limitations of the JHMC serum bank (a population distribution issue), coupled with the actions of 

certain biomarkers (discussed below), which caused the mean cancer value in the PTS Model to be 

somewhat lower than the true population should exhibit, causing a slight over-call of cancer in the blind 

samples. 

By correcting the population distribution issue, overall predictive power can be increased to 95%.  This 

refinement to the blind validation trial will be completed in the next phase of the project which will also 

include assessing detection capability of low grade PCa versus high grade PCa.  
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High PSA samples 
40 samples with elevated PSA concentration levels but without the presence of PCa (likely BPH) originally 

culled out of the training set samples (at the suggestion of Dr. Pienta, the study leader) were subsequently 

evaluated at OTraces’ lab.  These were run as blind samples through the PTS Model, and all scored as 

negative for PCa.  (Interestingly, one sample had a PSA concentration of 124 ng/ml, roughly 30 times the 

PSA test cutoff of 4 ng/ml, but yet was negative for PCa.  This sample had VEGF and TNFα levels similar to 

the levels for healthy men, and showed none the dramatic up regulation found for these men with 

aggressive PCa. 

The cytokines that measure the activity in the micro-environment around the tumor (the TME) indicated 

that no tumor was present in these samples.  The conclusion to be reached by these results is that TME 

activity, as uniquely measured by the OTraces test, is a more accurate predictor of PCa than PSA alone.  

Addition of these samples to the test blind validation cohort increased the specificity to 89.5% and the 

overall predictive power to 91%. 

False Positive Results in the Blind Validation set. 

The false positive results found in the blinded validation set were all caused by a group of samples with 

high levels of VEGF, but with PCa.  These levels of VEGF were not represented in the training set.  These 

twenty samples were all from physician’s office derived samples.   Since this level of VEGF in true not PCa 

samples in the training set model, it incorrectly called then as cancer.  If these samples are redistributed 

into an updated training set model the predictive power increases to 95.5% and the false positive rate 

improves from about 89% to 95%. The results report above are based upon the primary PTS model.  In 

Phase II, plans are in place to correct this PTS model deficiency and if possible determine the condition 

that causes this high level of VEGF in men over 50 years of age. 
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Receiver Operator Characteristic (ROC) Curve for Individual Biomarkers 
The figure to the left shows the 

ROC curve for VEGF.  What is 

notable is the high predictive 

power of this biomarker.  The 

average concentration of VEGF 

increases by a factor of 12 in the 

transition from not PCa the 

aggressive PCa.  This aggressive 

level of up regulation was 

unexpected.  Note that the 

scientific literature does not report 

information on up regulation 

behavior of VEGF in aggressive 

PCa. 

 

 

The figure to the left shows the 

ROC curve for IL 6 the pro-

inflammatory cytokine.  Note 

representation of this curve would 

be with the ROC curve above the 

null line (orange).  It was left in the 

inverted position to indicate that 

this biomarker down regulates in 

the transition from not PCa to 

aggressive PCa.  Note that this 

biomarker is shown to up regulate 

slightly in scientific literature, 

where all Gleason Score grades of 

PCa are grouped together.  This 

finding is unique in that the 

immune system is being 

suppressed in aggressive PCa 

(more on this below). 
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The figure to the left show the 

ROC curve for TNFα.  Note 

fairly strong up regulation in 

aggressive PCa from the not 

PCa state.  In a general 

exposition of TNFα behavior 

shows slight up regulation for 

all Gleason score levels of PCa.  

The specific behavior of TNFα 

for just high Gleason Score 

PCa is not reported.  The 

average levels increased by a 

factor of 2.25 
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The figure to the left show the 

ROC curve for PSA.  Note fairly 

strong up regulation in 

aggressive PCa from the not 

PCa state.  In a general 

exposition of PSA behavior 

shows slight up regulation for 

all Gleason score levels of PCa.  

The specific behavior of PSA 

for just high Gleason Score 

PCa is not reported. The 

average levels increased by a 

factor of 5.8 
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The fifth biomarker IL 8 did not show strong action.  This is likely due to the fact that tissue surrounding 

the prostate gland is not heavily vascularized.  This angiogenesis actions of IL 8 are not likely as effective 

in generating tumor tissue growth in early stages.  IL 8 up regulation is strong in breast and lung cancer in 

the early stages of tumor formation as it perhaps improves tumor growth before the tumor is large enough 

to require VEGF vascularization in the tumor bulk. 

The findings for behavior of the selected biomarkers for the transition from not PCa to the aggressive from 

(Gleason Score 7(4+3), 8, 9, and 10 was surprising.  VEGF up regulation shows a dramatic increase meaning 

the tumor is aggressively increasing vascular circulation inside the bulk tumor.  Also the down regulation 

of IL6 in this not PCa to aggressive PCa transition is likely from the tumor secreting an immune suppressant 

cytokine e.g. IL 10.  OTraces has seen late stage secretion of IL 10 with the attendant suppression of 

immune function in Non-small cell Lung cancer and breast though not nearly as aggressive.   

These actions are not noted in the scientific literature.  Usually the literature does not separate biomarker 

actions by low versus high Gleason Score and these biomarkers are not pursued in the literature much.  

OTraces has patented these actions including the likelihood of IL 10 being the actor in the TME that 

suppresses the immune system. 

Development of a Test for Active Surveillance of Low Grade PCa 
These data suggest that a very effective test for surveilling men with low grade prostate cancer can also 

be developed and it may be similar or the same as the screening test.  OTraces has a data set from internal 

experiment done several years ago from samples collect in a separate project from the University of 

Maryland (U of M), Baltimore prostate cancer serum bank.   This sample set was measured on a different 

immunochemistry system in house developed LHS semi-automated immunochemistry system.  The assays 

used for these test was from the same source as the measurements done in the JHMC Phase I project, 

however.  A different training set was developed using these data from the U of M project. And the 

aggressive PCa samples from the JHMC project.  This work shows that both IL 6 and TNFα slightly up-

regulates in low grade (Gleason Score 5, 6, 7(3+4) prostate cancer along with the attendant PSA up-

regulation.  VEGF show very little up-regulation and does IL 8.   

The U of M PCa cohort had only 95 samples with low grade PCa, thus 95 samples were culled at random 

from the aggressive JHMC cohort to build the training set model.  There were not enough samples to 

measure an independent validation sample set.  Alternatively, the model was validated by a method called 

boot strapping.  One sample is removed from the training set samples group and the model is then rebuilt.  

This removed samples in then scored by the new reduced model.  This process is done for all samples in 

the training set one-by-one.  The miss calls are then added up to score the internal predictive power of 

the training set.  The model achieve 94.5% predictive power. 
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The ROC curves for VEGF for both low 

grade and aggressive PCa versus not 

PCa is shown in the figure to the left.  

Note that low grade PCa show no 

VEGF action and as expected the 

tumor is not growing at this stage.  
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The Curve to the left shows the ROC 

curve for the separation of JHMC 

derived aggressive PCa cohort versus 

the U of M derived data for low grade 

prostate cancer a predictive power of 

94% + is expected for this test. 

 

 

 

 

 

 

 

Discoveries 
It should be noted that significant patentable discoveries were made during the course of this work.  The 

very aggressive actions of several of the biomarkers (described below) have not heretofore been seen in 

either proteomics research, or in detecting aggressive PCa in any cancer detection scientific publication.  

We have filed patents to protect these discoveries. 

The project discovered very aggressive actions of VEGF and to a lesser extent PSA and TNFα in the training 

sample set.  VEGF as a standalone biomarker for aggressive prostate cancer showed an area under the 

ROC curve of close to 80%.  This biomarker up-regulated by a factor of 12 in the transition from not cancer 

to high Gleason score PCa.   This high degree of up regulation is not seen in low grade PCa. 

Il 6 down regulated in the transition from both not PCa and from low grade PCa.  This suppression of IL6 

is seen in other cancers such as lung and breast however, not to this extent.  Il 6 levels on average are 

lower than those found in not PCa men, putatively healthy. 
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Next and Final Steps 
1) Procure and characterize additional aggressive PCa samples to refine the training set model, with 

respect to issues noted above.  We have found a commercial source of well characterized aggressive 

PCa samples which will resolve the serum bank shortage at JHU. 

2) Collect and analyze non-aggressive PCa samples from JHU serum bank.  JHU has a large inventory of 

low Gleason Score samples so the shortage encountered with high grade PCa should not be a problem. 

3) Measure Interleukin 10 for all samples from Phase I and Phase II.  

4) Analyze all three cohorts (aggressive, non-aggressive PCa, and not PCa samples) together to finalize the 

deployable test design, in consultation with Dr. Pienta at JHMC. 

5) Complete blinded third party validation of a final test for monitoring men with low grade PCa, “Active 

Surveillance” and for the screening test to make ready for clinical trials. 

 


