
equivocally ascertain due in part to vari-
ables such as anatomic location and 
specimen processing. A PSM can be due 
to an extensive tumor but, in certain 
locations (such as posteriorly against the 
rectum or laterally against the pelvic 
sidewall), there is a limit to the amount 
of tissue a urologist can remove; in 
these sites pathologists cannot be certain 
how much tumor, if any, is truly at the 
inked margin and therefore still in the 
patient.4  In addition, a PSM can result 
from an incision through a tumor that is 
outside the prostate capsule, or by an 
accidental incision into the prostate in a 
case that is actually organ confined dis-
ease. Other research has suggested that 
the tissue preparation method, used in 
the pathology laboratory, may result in 
different PSM rates.5 

Given the subjective and variable nature 
of what may constitute a PSM, it is not 
surprising that the association of in-
creased risk between a PSM and post-RP 
prostate cancer recurrence (measured 
primarily as biochemical or PSA recur-
rence) has resulted in variable outcomes 
in the literature.  Most studies, but not 
all, find an association between PSM and 
PSA recurrence.6,7  Studies have ana-
lyzed the possible cancer recurrence risk 
with many aspects of PSMs.  Many be-
lieve that positive margins in specific 
locations place a patient at higher risk 
but research conflicts on this point.5, 8-10  

Other studies suggest that margin length 
or the number of positive margin sites 
may or may not be associated with 
higher risk.5,11-12  Some have found an 
association between PSM, the need for 
salvage therapy and decreased risk of 

survival.13,14 However, PSMs typically 
become less predictive when other fac-
tors such as high Gleason score (>8) or 
seminal vesicle invasion (SVI) are fac-
tored into the analysis.6, 14 

Regardless of the exact nature of the 
positive margin or the link to cancer 
recurrence, margin status can affect 
treatment management.15 Some advo-
cate adjuvant therapy for patients with 
PSMs and although results are contro-
versial more studies continue to be pub-
lished on the potential benefits of adju-
vant therapy for patients with pathologi-
cally advanced prostate cancer.16-19 

Post-RP patients, who experience a high
-risk feature, regardless of its nature 
(PSM, ECC or high Gleason score) or 
have any concern, benefit from having 
an objective, comprehensive and more 
accurate understanding of their real risk 
of serious disease progression.  New 
tools that incorporate a patient’s mo-
lecular and cellular information provide 
a personalized risk assessment that can 
be very important during counseling 
post-surgery. One such ‘tool’ is 
Aureon’s Systems Pathology approach: 
an objective integration of multiple 
types of data that results in personalized 
patient risk assessment. Traditional pa-
thology bridges both basic and clinical 
biomedical sciences. However, there is a 
degree of subjectivity to these analyses, 
and they lack the ability to provide 
measurable results. Aureon’s Systems 
Pathology approach overcomes these 
deficiencies by integrating information 
from tissue shape and patterns, clinical 
data and the cellular localization and 
measurement of molecular information. 

Introduction 

In 2010, approximately 218,000 men 
were diagnosed with prostate cancer 
and, based upon available data, approxi-
mately 50% of men opted for surgery.1,2 
Radical prostatectomy (RP) is consid-
ered the gold standard by many physi-
cians and it is indeed effective for the 
vast majority of those treated. However 
post-surgery, a number of men have 
higher risk features such as positive 
surgical margins (incidence ranges from 
11% to 46%) or extracapsular extension 
which cause these men concern and 
require physician counseling.3 

Typically, positive surgical margins 
(PSMs) are defined as the presence of 
tumor at the inked margin of the re-
moved specimen and extracapsular ex-
tension (ECE) is defined as tumor ex-
tending from the prostate into the pe-
riprostatic tissue.4 After RP, the prostate 
is sent to the pathology laboratory. 
Technicians process the tissue and a 
pathologist examines the specimen, 
grading the tumor and assessing the 
extent of the disease. Often the 
prostatectomy Gleason score differs 
from the Gleason score assigned at bi-
opsy. This is because the biopsy view is 
an extremely narrow perspective of the 
tumor whereas, after surgery, the entire 
prostate can be assessed. It is during the 
pathologic review of the prostatectomy 
tissue that the presence of PSMs or ECE 
is determined. 

There are several obstacles to under-
standing the actual risk posed by a PSM. 
The presence of a PSM is determined by 
a pathologist but it is a subjective as-
sessment and can be difficult to un-
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means there is no difference in risk be-
tween the two groups. An HR of >1 
means patients in the predicted high-risk 
group are indeed at higher risk than the 
predicted low-risk group. As the HR 
increases, the more accurate the low/
high risk stratification.  

The CI is the probability that, given two 
randomly selected patients, the patient 
with the worse outcome is, in fact, pre-
dicted to have a worse outcome. This 
measure, similar to an area under the 
receiver operating characteristic curve, 
ranges from 0.5 (i.e., chance or a coin 
flip) to 1.0 (perfect ability to rank pa-
tients).  The higher the CI the more ac-
curate the test performs. 

An analysis of the disease progression 
endpoint (Table 1) in the validation co-
hort (N=385) examined the HR, CI and 
associated p values of clinical and 
pathologic variables in comparison to 
the Px SCORE.   

As Table 1 shows, age, clinical stage, 
pre-op PSA, RP Gleason sum, PSM, and 
ECE have poor prognostic value for 
disease progression, which in some 
cases, is not statistically significant (p-
value >0.05).  The Px SCORE has the 
best HR (11.4), which was highly statis-
tically significant (p-value <0.0001), as 
well as the most favorable CI  (0.84). 

A similar analysis of the PSA recurrence 
endpoint (Table 2) in the validation co-
hort (N=340) examined the same per-
formance metrics. As seen with disease 
progression, Table 2 also demonstrates 
that the Px SCORE possessed the best 
hazard ratio (HR 5.56), which was 
highly statistically significant (p-value 
<0.0001), as well as the most favorable 
concordance index (CI 0.77). 

What is Post-Op Px? 

Post-Op Px™ is an innovative test, 
based upon Systems Pathology that pro-
vides each post-surgical patient with an 
objective, comprehensive and personal-
ized assessment of their risk.  When a 
urologist orders Post-Op Px, Aureon 
sends a request to the pathology labora-
tory that processed the prostatectomy 
sample. The laboratory sends the tissue 
and the results of their pathology deter-
mination to Aureon for subsequent 
prognostic analysis. Aureon pathologists 
and scientists use a patented technologi-
cal approach that combines image 
analysis, protein detection, clinical/
pathologic information and mathematics 
to uniquely measure: 

The tissue patterns of each patient’s 
surgically removed prostate tumor 

Biologically-relevant proteins in the 
tumor specimen 

Post-Op Px helps predict: 

Patients likely to have serious disease 
progression (metastasis, or salvage 
therapy failure) within 5 years of RP 

Patients likely to have PSA recur-
rence within 5 years of RP 

Patients with PSMs may be anxious. 
These men or their loved ones do re-
search on the Internet. They ask their 
doctor many questions about their status 
and the extent to which they should be 
concerned. There is a range of medical 
responses to PSMs: some physicians 
wait for the PSA to rise before becom-
ing concerned, others watch the patient 
closely or are not concerned, and yet 
others consider adjuvant therapy. The 
difficulty arises from the subjective na-
ture of surgical margins (see intro) and 
the extent of risk that a PSM may or 
may not pose for the individual. Post-Op 
Px provides an additional and objective 
perspective about the person’s likeli-
hood of serious disease progression. 

How was Post-Op Px developed? 

A cohort of 881 patients and associated 
outcome data was assembled from Me-
morial Sloan-Kettering Cancer Center.  
After review, there were 758 evaluable 
cases in the cohort. The median time to 
disease progression was 5 years post-
RP. The cohort was split into demog-
raphically balanced data sets. One data 
set was used to design and develop Post-
Op Px and the second data set was used 

to independently validate the test’s abil-
ity to predict disease recurrence and 
progression. 

Post-Op Px Reimbursement 

Aureon currently bills all commercial, 
private, third party carriers, and Medi-
care. Our Aureon Patient Care Program 
– APCP can be helpful to patients in 
understanding the reimbursement proc-
ess.  Aureon feels very strongly that no 
patient should ever be penalized finan-
cially while working through their battle 
with Prostate Cancer. Aureon’s billing 
dept does offer an up-front benefit inves-
tigation if required to get general info 
regarding deductibles and coinsurance. 

Comparison of Systems Pathology 
with Post-Surgical High Risk Features  

In initial studies, Post-Op Px was able to 
accurately separate low-risk and high-
risk patients for both advanced disease 
progression and PSA recurrence using 
the patient’s own RP sample. 20, 21 

Given the possible significance of PSMs 
and ECE with disease progression an 
analysis was conducted utilizing the Post-
Op Px validation data set to investigate 
the comparison of these pathologic fea-
tures with the Post-Op Px integrated, 
Systems Pathology approach for predict-
ing outcome. A sub-cohort study was 
conducted utilizing the Post-Op Px vali-
dation data set to investigate the compari-
son of these pathologic features with the 
Post-Op Px integrated, Systems Pathol-
ogy approach for predicting outcome.22 

Prognostic accuracy was measured by 
both hazard ratio (HR) and concordance 
index (CI). The HR is a measure of the 
effectiveness of a factor/variable to 
stratify patients into different risk popu-
lations: low- and high-risk.  An HR of 1 

Predictor CI HR P-value 

Age 0.51 0 0.99 

Clinical Stage 0.61 1.72 0.15 

Pre-RP PSA 0.57 1.51 0.37 

Post-RP Gleason score 0.68 2.28 0.08 

SVI 0.64 5.90 <0.0001 

PSM 0.60 2.34 0.03 

ECE 0.61 2.29 0.03 

Px SCORE 0.84 11.4 <0.0001 

Table 1: Px SCORE Compared with Post-RP High-Risk Features 
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Predictor CI HR P-value 

Age 0.59 0 0.99 

Clinical Stage 0.64 1.99 0.02 

Pre-RP PSA 0.65 2.60 0.01 

Post-RP Gleason Score 0.70 4.70 0.001 

SVI 0.56 3.38 0.003 

PSM 0.65 3.75 <0.0001 

ECE 0.68 4.29 <0.0001 

Px SCORE 0.77 5.56 <0.0001 

Table 2: Prediction of Post-RP PSA Recurrence 

Figure 1: Comparison of Post-Op Px to Post-RP PSM Status 

Editor’s Note: Other tools are available 
to assist physicians in counseling a pa-
tient who is found to have high-risk fea-
tures on final pathologic exam of the 
excised tumor. These include predictive 
algorithms and nomograms that estimate 
risk using a variety of pre-RP and post-
RP risk factors collected from patient 
cohorts. Many utilized data from RP 
patients treated at one or more prostate 
cancer surgical centers of excellence 
and are accessible at no charge on the 
Internet. The CIs of such methods range 
from 0.7 to 0.85 depending on the 
model used1 and showed comparable 
CIs to earlier Systems Pathology soft-
ware versions.2  

Like the Px SCORE, results with these 
nomograms have been independently 

Another way of comparing high-risk 
features and the Systems Pathology ap-
proach is a Kaplan Meier survival curve.  
As seen in Figure 1, Post-Op Px is better 
able to separate high from low risk pa-
tients for disease progression in 5 years 
than surgical margin status. 

Conclusion 

Post-surgical patients with a high risk 
feature(s) have understandable questions 
and concern.  The literature demon-
strates the difficulty in extrapolating 
from a patient’s risk feature to actual 
disease prognosis.  Better tools are 
needed to help provide more informa-
tion about each patient’s specific cir-
cumstance.  Aureon’s System’s Pathol-
ogy approach, exemplified by Post-Op 
Px, supports the belief that more com-
prehensive, advanced prognostic tools 
require the integration of multiple fea-
tures at the molecular and cellular level. 

Systems Pathology provides a more 
accurate and objective prediction of 
serious disease progression than meth-
ods that rely primarily on clinical and 
pathologic features. Post-Op Px enables 
physicians to properly assess serious 
disease progression risk (metastasis, 
failure of surgery and salvage therapy 
within five years) post-RP. 

Any surgical patient can benefit from 
this information but, especially, patients 
with a high risk feature(s) as well as 
their physicians will benefit from an 
objective perspective that provides new 
information for their personal risk as-
sessment. Post-Op Px is an important 
tool during patient counseling. 

validated. One drawback, however, is 
some models overestimate recurrence 
risk in men with higher risk features.3  

Various tumor markers have been incor-
porated into the pre-RP and post-RP risk 
assessment models predicting post-RP 
PSA progression. Markers utilized in 
predictive models include human glan-
dular kallikrein-2 (hK2),4 PSA isoforms 
such as free PSA and [-2]pro-PSA5 and 
serum proteomic biomarkers.6  

Another exciting prognostic tool for 
predicting cancer outcome is the detec-
tion and quantification of the number of 
circulating tumor cells (CTCs) in pa-
tients with solid tumors (including pros-
tate cancer).7-9 Surprisingly, CTC detec-
tion rates and CTC numbers were inde-

pendent from disease stage. Various 
immunocytochemical enrichment meth-
ods are available 7 and RT-PCR can be 
used to quantitate circulating levels tis-
sue-specific mRNA transcripts.8 

CTCs can be detected before, during 
and after RP for localized disease. How-
ever, the likelihood of developing bio-
chemical progression or distant metasta-
sis in early stage patients seems to be 
higher when tumors cells persistently 
reside in the patient bone marrow.9 In 
advanced disease, CTC measurements 
serve as an excellent prognostic tool. 

It is important to note, however, that all 
tests mentioned here predict PSA recur-
rence, and not serious disease progres-
sion that the Post-Op Px test does. 
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Editor’s Note:  See also the Feb 2011 issue 
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on circulating tumor cells and a new, sensi-
tive blood test, Cancer Blood Test Closer to 
Market. 
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