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Test Description 

The Prostate Health Index (phi) is an FDA approved blood test that improves the accuracy of prostate 
cancer detection. Prostate cancer is a leading cause of cancer mortality in men. It is estimated that 
164,690 US men will be newly diagnosed and 29,430 will die of prostate cancer in 2018.1 Prostate-
specific antigen (PSA), a serine protease produced by prostate epithelial cells, is a commonly-used 
serum marker for prostate cancer, as cancer-induced changes to prostate gland architecture can lead 
to increased “leakage” of PSA into the bloodstream (Figure 1).2 However, total PSA (tPSA) tests alone 
lack the specificity for accurate prostate cancer detection, because PSA leakage and resultant 
increases in serum PSA can also be caused by benign conditions such as prostatitis, 
nonmalignant enlargement of the prostate (known as benign prostatic hyperplasia or BPH), and 
prostate biopsy.3 Overtreatment of prostate cancer due to misdiagnosis or overdiagnosis (which is 
defined as the detection of cancer that would not otherwise cause symptoms or death) often causes 
lasting damage, including urinary incontinence, problems with bowel function, erectile dysfunction, and 
infection.4 

Figure 1. PSA biosynthesis in normal vs. cancerous prostate epithelium. Normal secretory 
epithelium (A) is surrounded by basal cells and a basement membrane and secretes proPSA into the 
prostatic lumen, where the proteases KLK2 and KLK4 remove the propeptide to generate active PSA. A 
small fraction of this active PSA diffuses to the circulation and is bound by protease inhibitors such as 
alpha-1 antichymotrypsin (ACT) to form cPSA. Active PSA also undergoes proteolysis by seminal 
proteases to generate inactive PSA, which enters the bloodstream and circulates as free PSA. In 
prostate cancer (B), loss of basal cells and degradation of the basement membrane results in decreased 
luminal processing of proPSA to active PSA, and increased levels of cPSA and proPSA in the serum.2 

PSA is first synthesized as preproPSA, which includes a 17–amino acid leader sequence that is 
cotranslationally cleaved to generate an inactive 244–amino acid precursor protein called proPSA; the 
mature PSA enzyme (237 amino acids) is then generated via cleavage of the N-terminal 7 amino acids 
of proPSA by the proteases KLK2 and KLK4 (Figure 2). ProPSA may also undergo cleavage at various 
positions within the propeptide; the most stable of these truncated forms is pro2PSA, which has two 
extra amino acids relative to mature PSA, is the primary form found in prostate tumor tissue, and has 
been associated with more aggressive disease.2,5,6 The majority of PSA that enters the bloodstream (70-
90%) is bound by various protease inhibitors—primarily alpha-1 antichymotrypsin (ACT)—to inactivate 
its catalytic activity, forming complexed PSA (cPSA); the remaining 10-30% is inactivated via cleavage 
by seminal proteases while still in the prostatic lumen, and circulates in the bloodstream as free PSA 
(fPSA).2Total PSA (tPSA) includes both complex and free forms of the protein, which comprises a 
mixture of mature PSA (active and inactive), full-length proPSA, and truncated proPSA.7 
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Figure 2. PSA protein structure. The leader sequence of preproPSA (amino acids -22 to -7) is removed to generate proPSA. Cleavage of the propeptide 
(-7 to 1) by KLK2 and KLK4 then generates active PSA. (ProPSA is sometimes cleaved at various positions within the propeptide to generate truncated 
forms; pro2PSA is produced by cleavage at the asterisk.) Active PSA may be further cleaved at the indicated internal points to generate inactive PSA.2

Measurement of alternate forms of PSA and its precursors has been explored as a means of increasing 
prostate cancer testing accuracy. In prostate cancer, loss of the prostatic basement membrane results in 
increased serum cPSA (Figure 1), reducing the fPSA/tPSA ratio.2 Accordingly, the percentage of fPSA in 
serum (fPSA/tPSA x 100%;%fPSA) is inversely associated with prostate cancer risk and has been 
demonstrated to significantly improve the discrimination of prostate cancer from benign conditions, 
especially in patients with PSA levels in the 4-10 ng/ mL range.8,9 Nevertheless,%fPSA-based screening 
still results in a high number of unnecessary prostate biopsies and needless treatment of slow-growing 
tumors that otherwise may persist for many years with no ill effects 
(sometimes referred to as indolent tumors). 

The phi test is designed to improve upon the specificity of PSA and %fPSA for prostate cancer detection. 
Developed by Beckman Coulter and widely used in Europe under CE mark approval, it was granted 
approval by the US Food and Drug Administration (FDA) in June 2012 for determining the probability that 
prostate cancer is present. phi is calculated as follows: 

phi = (pro2PSA / fPSA)(tPSA½) 

This risk score, along with factors such as overall health and life expectancy, can help clinicians and 
patients determine whether a man would benefit from prostate biopsy. 
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Clinical Interpretation 

Prostate Health Index (PHI) is indicated for use as an aid in distinguishing prostate cancer from benign prostatic
conditions. The FDA has approved PHI in men aged 50 years and older with Total PSA > 4.0 to < 10.0 ng/mL.
Peer-reviewed, published literature addresses the use of PHI in men with Total PSA > 2.0 to < 10.0 ng/mL, and
in those younger than age 50. (11,13)  

The Prostate Health Index is included in the National Comprehensive Cancer Network (NCCN) Guideline for 
Prostate Cancer Early Detection as a blood test to improve specificity for prostate cancer detection.27 

Prostate cancer risk factors include the following14:
• Age (risk rises rapidly after age 50; about 60% of cases are found in men over the age of 65)
• Race/ethnicity (prostate cancer occurs more often in men of African ancestry)
• Family history of prostate cancer (risk is more than doubled for men who have a father or brother with
• prostate cancer, and is much higher for men with several affected relatives)
• Diet high in red meat or high-fat dairy products, and low in fruits and vegetables
• Obesity (linked to risk of more aggressive prostate cancer)
• Smoking (linked to risk of more aggressive prostate cancer)
• Excessive alcohol intake
• Genetic mutations (e.g., BRCA1 or BRCA2)
• Exposure to Agent Orange

In 2011, a multi-center pivotal clinical trial sponsored by Beckman Coulter demonstrated that phi significantly 
enhanced specificity for prostate cancer detection compared to PSA and %fPSA for men over age 50 with PSA in 
the 2-10 ng/mL range; in a receiving operator characteristic (ROC) analysis, the diagnostic accuracy of phi (~70%) 
was significantly greater than those for PSA, fPSA, and %fPSA (~53%, 62%, and 65%, respectively).10 Higher phi 
values were significantly associated with increased probability of prostate cancer being present, and with more 
aggressive disease; for example, men with phi > 55 had a greater than 52% probability of prostate cancer (Figure 
3) and a 4.7-fold increased risk of positive biopsy, while phi > 21.3 conveyed a 1.61-fold increased risk of 
moderately- or highly-aggressive cancer.10 Moreover, phi—unlike PSA and fPSA—was not found to be associated 
with age or prostate volume. All study participants were between 50 and 84 years of age, had digital rectal 
examination (DRE) findings that were not suspicious for cancer, and had PSA levels in the diagnostic “gray zone” 
of 2-10 ng/mL; in this range, biopsy confirms the presence of cancer in only about 25% of patients.10

Multiple clinical trials have since corroborated the findings of the original Beckman Coulter-sponsored study.  
A recent systematic review and meta-analysis of eight studies totaling nearly 3,000 patients concluded that phi 
significantly improves the accuracy of prostate cancer detection in comparison with PSA or %fPSA, particularly in 
patients with PSA between 2-10 ng/ mL.11 The marked improvement in specificity of phi (Figure 4) represents a 
substantial advance in testing to distinguish prostate cancer from benign conditions. 

Figure 3. Probability of prostate cancer on 
biopsy, by phi. For PSA from 2-10 ng/mL.10 

Figure 4. Specificity of PSA, %fPSA, and phi at 
90% sensitivity, for PSA from 2-10 ng/mL.10 



Selection of a phi cutoff for referral to biopsy 

Higher phi scores are associated with an increased probability of prostate cancer on biopsy. However, prostate 
biopsy is not without risk, and may cause complications such as pain, bleeding, and infection.14 

Furthermore, prostate biopsy carries a high risk of overdiagnosis; modeling analysis of a randomized 
controlled trial of PSA screening revealed rates of overdiagnosis ranging from 27% for 55-year-old 
individuals to 56% for 75-year-olds.15 Rampant overdiagnosis of prostate cancer is problematic because 
~90% of patients elect to undergo treatment, which may cause serious complications and side effects.16

 

Prostate cancer diagnosis has also been shown to contribute to anxiety and depression, and is 
associated with significantly increased risk of cardiovascular events and suicide.17,18 The decision of when 
to refer a patient for biopsy must therefore balance the potential benefits and harms of prostate cancer 
treatment, and may vary for each individual, depending upon factors such as age, overall health, family 
history of disease, and patient preference. 

Selection of an appropriate phi score to guide clinical patient 
management should take into account both the percentage of 
actual cancers detected (sensitivity) and the percentage of 
healthy men who are accurately identified as cancer free, or 
“true negatives" (specificity; see Table). For example, a phi 
value of 22.1 corresponds to 95% sensitivity and 14.1% 
specificity; therefore, choosing to refer patients with phi < 
22.1 for biopsy will detect 95% of cancers while identifying 
14% of true negatives (i.e., 1 in 7 cancer-free individuals 
would avoid biopsy). Similarly, using a phi cutoff of 27.0 
(90% sensitivity, 31.1% specificity) would detect 90% of 
cancers while allowing nearly 1 in 3 cancer-free men to 
avoid biopsy. Raising the phi cutoff value to 31.3 (80%, 
sensitivity, 46.1% specificity) results in detection of 80% of 
cancers, while avoiding nearly half of unnecessary 
biopsies.19

It should also be noted that the intermediate-timeframe 
mortality rate for prostate cancer is extremely low; 5-, 10-, 
and 15-year survival rates are >99%, >98%, and 93%, 
respectively.14 Clinical trials of active surveillance, in which 
men with a positive screening test for low-risk prostate 
cancer are closely monitored rather than receiving 
therapeutic treatment, consistently demonstrate high survival 
and low rates of cancer progression.20 In one such study of 
450 patients, the 10-year overall and prostate cancer-specific 
survival rates were 79% and 97%, respectively, and only 
30% of participants exhibited signs of disease progression 
over a 7-year follow-up period.21 Even more strikingly, study 
participants were nearly 20 times more likely to die of 
unrelated causes than of prostate cancer.21 Clinicians and 
patients may thus wish to consider the patient’s expected 
lifespan, and whether prostate cancer treatment would 
significantly increase quality life-years, when determining 
whether biopsy is appropriate. 

Table. Sensitivity and specificity of phi cutoffs for men 
over age 50 with non-suspicious DRE. The percentage of 
cancers detected (sensitivity) and the percentage of cancer- 
free individuals spared from biopsy (specificity) must be 
considered, along with other factors, when selecting an 
appropriate phi cutoff.19

Sensitivity (%) phi cutoff Specificity (%) 

99 17.2 4.2 
98 19.4 8.4 
95 22.1 14.1 
90 27.0 31.1 
85 28.9 37.7 
80 31.3 46.1 
75 34.0 55.7 
70 36.2 63.2 
65 38.1 65.9 
60 40.9 73.4 
55 42.8 76.3 
50 44.4 80.5 
45 47.6 83.8 
40 49.3 85.3 
35 51.7 88.9 
30 54.8 89.8 
25 58.2 91.0 
20 62.7 92.5 
15 68.1 94.3 
10 77.1 96.7 
5 99.9 100 
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Total PSA and %fPSA have limited utility for specifically detecting clinically significant prostate cancer. Reliance on 
these tests alone for prostate cancer diagnosis can lead to unnecessary biopsies and treatment of indolent tumors. 
To limit overtreatment, clinicians should consider screening male patients over the age of 50 with PSA and/or fPSA 
(%fPSA), and reflexing to phi/ pro2PSA for those whose results indicate increased prostate cancer risk (i.e., PSA ≥ 
2 ng/mL or %fPSA ≤ 25).9,12   
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Using phi for clinical patient management 

Patients whose test results indicate elevated prostate cancer risk may choose to undergo prostate 
biopsy or, instead, to be closely monitored for signs of disease progression (“active surveillance”). To 
minimize overtreatment, it is important to consider reflex testing prior to biopsy. 

Prostate cancer prevention 

Although the exact causes of prostate cancer are unknown, the following lifestyle and dietary 
modifications may reduce men’s risk of developing the disease: 22,23  

• Weight loss (as appropriate)
• Exercise
• Smoking cessation
• Decreased alcohol consumption
• Increased consumption of green tea
• Increased intake of foods that have been shown to significantly reduce inflammation and

cancer risk, including fresh fruits, carotenoid-rich foods, non-starchy vegetables, raw nuts
and seeds, and omega-3 fatty acid-containing foods such as oily fish24

• Decreased intake of foods that may increase inflammation and cancer risk, such as red/processed meat,
refined grains and sugars, highly heated or oxidized oils, and trans fats24,25

• Replacement of calories from carbohydrates and animal fats with calories from vegetable fats26
• Increased dietary intake of folate, lycopene, and soy
• Vitamin D supplementation
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Abstract 
Purpose—PSA and free PSA (fPSA) have limited specificity for detecting clinically significant, 
curable prostate cancer (PCa), leading to unnecessary biopsies and detection and treatment of 
some indolent tumors. [−2]proPSA (p2PSA) may improve specificity for detecting clinically 
significant PCa. Our objective was to evaluate p2PSA, fPSA, and PSA in a mathematical formula 
(prostate health index [phi] = [−2]proPSA / fPSA) × PSA1/2) to enhance specificity for detecting 
overall and high-grade PCa. 

Materials and Methods—We enrolled 892 men in a prospective multi-institutional trial with 
no history of PCa, normal rectal examination, a PSA of 2–10 ng/mL, and ≥6- core prostate biopsy. 
We examined the relationship of serum PSA, %fPSA and phi with biopsy results. The primary 
endpoints were the specificity and AUC using phi to detect overall and Gleason ≥7 prostate cancer 
on biopsy compared with %fPSA. 

Results—For the 2–10 ng/mL PSA range, at 80–95% sensitivity, the specificity and AUC 
(0.703) of phi exceeded those of PSA and %fPSA. Increasing phi was associated with a 4.7-fold 
increased risk of PCa and 1.61-fold increased risk of Gleason ≥7 disease on biopsy. The AUC for 
phi (0.724) exceeded that of %fPSA (0.670) in discriminating between PCa with Gleason ≥ 4+3 
vs. lower grade disease or negative biopsies. Phi results were not associated with age and prostate 
volume. 

Conclusions—Phi may be useful in PCa screening to reduce unnecessary biopsies in men age 
≥50 years with PSA 2–10 ng/mL and negative DRE, with minimal loss in sensitivity. 

INTRODUCTION 
PSA testing was approved by the FDA using a 4.0 ng/mL cutoff for recommending prostate 
biopsy. Lower cutoffs further enhance early prostate cancer (PCa) detection,1 since PSA 
correlates with the risk of overall and high-grade PCa at PSA concentrations <4 ng/mL.2
However, PSA testing may be confounded by benign conditions. 

The low specificity at PSA <10.0 ng/mL has created a diagnostic gray zone in which PCa is 
found on biopsy in ~25% of patients. This is important, since most PCa is curable at PSA 
<10.0 ng/mL; whereas, PSA >10 ng/mL often portends advanced disease.3

PSA in serum is either complexed with proteins or in an unbound form called free PSA 
(fPSA).4 At PSA levels of 4.0–10.0 ng/mL, the ratio of fPSA to PSA (%fPSA) significantly 
improves discrimination between PCa and benign conditions.5

Different regions of the prostate contain varying proportions of fPSA isoforms, including 
proPSA that is associated with PCa. [−2]proPSA (p2PSA) is the primary form in PCa 
tissue.6–8 At PSA of 2.0–10.0 ng/mL, p2PSA further improves specificity for PCa detection 
relative to %fPSA.9–13

The utility of p2PSA at PSA <4.0 ng/mL and its relationship to PCa aggressiveness are 
relevant to the PCa screening debate, including concerns about overdiagnosis and 
overtreatment.13–19 Preliminary evidence suggests that a higher percentage of p2PSA may 
be associated with more aggressive PCa.10, 12, 13, 19
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Selecting thresholds for clinical use of p2PSA has received limited study. We evaluated the 
relationship of p2PSA** combined with fPSA and PSA in a mathematical formula called 
Prostate Health Index (phi) with prostate cancer detection and tumor features. 

METHODS 
Study Design 

We conducted a multi-center, double-blind, case-control clinical trial to validate phi in the 
2.0–10.0 ng/mL PSA range. This formula was developed from an independent dataset,20 and 
is calculated as (p2PSA pg/mL / fPSA ng/mL) × (PSA ng/mL) ½. Intuitively, higher [−2] 
proPSA and PSA with a lower fPSA has greater likelihood of PCa. The study protocol was 
approved by the IRB of each participating institution, and all participants provided informed 
consent. 

Study population 
We evaluated 1372 men from October 2003 through June 2009 from 8 medical centers. The 
study cohort included men age ≥50 years of all ethnic backgrounds who met the following 
criteria: (1) no history of PCa, (2) non-suspicious digital rectal examination (DRE) findings, 
(3) pre-study PSA of 1.5–11.0 ng/mL (all PSA concentrations were re-tested in the Access
Hybritech assay, and only those 2–10 ng/mL were included), (4) ≥6 core biopsy within 6
months of blood draw, and (5) a histologic diagnosis from prostate biopsy.

Exclusion criteria were: (1) treatment with medications that alter PSA levels or interventions 
such as transurethral resection of the prostate prior to blood draw, (2) acute prostatitis or 
urinary infection at blood draw, (3) a final Access Hybritech PSA value outside the 2.0–10.0 
ng/mL range, (4) no blood draw or biopsy at the appropriate time interval, or (5) prior 
androgen-replacement therapy. 

Seven men were excluded due to unevaluable tests from hemolyzed or lipemic samples or 
p2PSA duplicate results with >15% coefficient of variation at p2PSA concentrations ≤ 20 
pg/mL, for which samples could not be retested. Finally, one site enrolled only men aged 
55–75 years (our study enrolled men aged ≥ 50 years), and our study-specific sample 
storage limit (≤ 5 years) further limited the evaluable population to men aged 62–74. 
Because the age distribution from this site may not be representative of the target 
population, we performed separate analyses excluding and including these men. 

The final study population of 892 men included: (1) 121 (13.6%) prospectively enrolled, (2) 
743 (83.3%) prospectively enrolled under separate protocols, and (3) 28 (3.1%) 
retrospective samples. The study population included 706 (79.2%) initial biopsies, 159 
(17.8%) repeat biopsies, and 27 (3%) with unknown history of prior biopsy. Each institution 
enrolled an approximately equal number of men with or without PCa, for a total of 430 
(48.2%) men with PCa and 462 (51.8%) without. Participants and investigators were blinded 
to p2PSA results, and testing sites were blinded to individual clinical information. 

Test Methods 
Access Hybritech p2PSA, PSA, and fPSA assays were measured on the Beckman Coulter 
Access 2 Immunoassay Analyzer***. Serum samples were collected and processed within 8 
hours, then stored frozen at ≤−70°C prior to testing (≤5 years from the date of blood draw), 
conditions that allowed accurate measurement of phi.21 Samples were tested at one of 3 

**Pending FDA approval. 
***All trademarks are the property of their respective owners. 
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laboratories. PSA and fPSA assays were run using one-sample replicate. The p2PSA assay 
was run in duplicate (first replicate used for data analysis, consistent with the proposed 
product labeling) according to the testing protocol. Evaluation of the first replicate compared 
to the mean of duplicates using Passing-Bablock regression analyses showed no difference 
(Spearman R=0.9985). The p2PSA assay is a two-site immunoenzymatic sandwich assay 
using specific monoclonal antibodies and 6 calibrators from 0- 5000 pg/mL. 

Statistical Methods 
The minimum sample size was estimated as 295 patients without cancer to detect a 10% 
difference in specificity between phi and % fPSA at α = 0.05 and β = 0.10. In addition, a 
minimum sample size of 350 cancer patients was determined to accurately estimate 
sensitivity at 95% with a 95% confidence interval of ± <3%. The target sample size was then 
increased to 400 participants in each group. 

The primary null hypothesis was that phi has no greater specificity than %fPSA at 95% 
sensitivity. This hypothesis was tested using bootstrap-based receiver operating 
characteristic (ROC) analysis.22 Briefly, 1000 datasets of benign and PCa patients were 
generated to repetitively sample the study population.23–25 Differences in the specificity 
between phi and %fPSA at 95% sensitivity were calculated for the 1000 pairs of replicate 
datasets. The standard error of the difference in specificities was then estimated with 
adjustment for correlation between the results of the two tests. Finally, the bootstrap- 
estimated standard error was used to evaluate whether the difference in specificities is >0 
assuming normal distribution of the differences. A one-sided statistical test was performed 
for this analysis. This method was also used to compare the specificities of phi and %fPSA 
at 90%, 85%, and 80% sensitivities. 

The secondary null hypothesis was that the area under the ROC curve (AUC) for phi equals 
that of %fPSA. This hypothesis was tested by evaluating whether the difference between the 
estimated AUCs for the two tests equals 0 using empirical methods.26, 27 The standard error 
of the difference was calculated accounting for the correlation in AUCs as appropriate for 
comparison of paired data. The difference between the two estimated AUCs has been shown 
to have a Chi-square distribution with one degree of freedom. The AUCs for phi and %fPSA 
were also estimated for each prostate volume tertile to determine whether the observed trend 
in AUCs differed by prostate volume. 

The validity of pooling data across sites was evaluated by fitting a logistic regression model 
with cancer status as the dependent variable, with phi (dichotomized at the estimated cutoff 
for 95% sensitivity) and site as independent predictors including interaction terms for site 
and phi. A statistically significant parameter estimates for this interaction terms was 
considered evidence of heterogeneity in phi performance by site. 

Comparisons between participant subgroups were performed using the Wilcoxon Rank-Sum 
test for continuous variables and the χ2 test for categorical variables. Two-sided statistical 
tests were used on all analyses except as noted above, and statistical significance was 
defined as p<0.05. All analyses were performed using SAS version 9.2 (SAS Institute, Cary, 
North Carolina). 

Individual Patient Risk Assessment 
A 25% PCa detection rate has been previously reported in men with PSA of 2.0–10.0 ng/ 
mL.3 For this study, cancer patients were over-sampled by design, resulting in 48.2% of 
study participants with PCa. Since the proportion of PCa was determined by design, direct 
calculation of PCa probability would result in inflated estimates for detecting PCa. 
Therefore, to obtain more accurate risk estimates for PCa, we adjusted the proportion of PCa 
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to 25% by repetitively sampling the study population 1000 times with each replicate dataset 
consisting of 462 (75%) benign and 154 (25%) cancer participants.23–25 The mean 
probability of cancer in the bootstrapped datasets for each phi range was used as the point 
estimate, and bootstrap-estimated standard errors were used to calculate 95% confidence 
intervals. Likewise, relative risk estimates were calculated for each replicate dataset by 
dividing the probability of PCa in each phi range to that of phi 0–24.9. The mean relative 
risk and bootstrap-estimated standard errors were used to calculate the risk estimate and 
95% confidence intervals. In addition, age-stratified probability estimates for PCa were 
calculated to determine whether observed trends persist in all age groups. 

Association of phi with Gleason Score 
Among participants with PCa, the probability of a Gleason score ≥7 was calculated directly 
from the proportion of participants in each phi range with Gleason score ≥7. Risk ratios 
were estimated by dividing the probability of Gleason score ≥7 in each phi range to that of 
phi 0–24.9. Confidence intervals were calculated using the normal approximation of the 
binomial distribution. The Cochrane-Armitage test for trend was used to determine whether 
increasing phi ranges corresponds to increasing probability of PCa with Gleason score ≥7. 
ROC analysis was used to evaluate the clinical utility of phi in detecting PCa with Gleason 
scores 4+3 or higher. 

RESULTS 
Participants 

Table 1 shows the demographics and results for each assay. Both phi and p2PSA were 
significantly higher in PCa than controls; whereas, fPSA and %fPSA were lower in PCa 
than controls. Total PSA and age were comparable between groups. 

Of the participants, 89.8% had ≥12-core biopsy, and 98% had ≥10 cores. Overall, 30.6%, 
49.9%, and 19.6% of participants were aged 50–59, 60–69 and 70–84 years, respectively. 
Mean age and PSA were similar across the 7 clinical sites. In addition, none of the 
interaction terms in the statistical model for evaluating heterogeneity by site was significant, 
supporting data pooling across sites. There were no significant differences in age (P=0.123), 
PSA (P=0.106), p2PSA (P=0.088), %fPSA (P=0.125), or phi (P=0.848) between Caucasians 
and African-Americans. 

Receiver Operating Characteristic (ROC) Results 
Figure 1 shows the sensitivity and specificity for all observed PSA, fPSA, p2PSA, %fPSA, 
and phi cutoffs in the 2.0–10.0 ng/mL PSA range. At a given sensitivity, phi demonstrated 
greater specificity than the other analytes (Table 2). At 95% sensitivity, the specificity of phi 
was 16.0% compared to 8.4% for %fPSA (P=0.015), 7.6% for p2PSA, 6.5% for PSA, and 
3.5% for fPSA, rejecting the primary null hypothesis. Moreover, at lower sensitivities (90%, 
85%, and 80%) for PCa detection, the specificity of phi was significantly greater than 
%fPSA (i.e., unnecessary biopsies possibly avoided: 26% vs. 18%, P= 0.036; 39% vs. 28%, 
P= 0.006; 45% vs. 37%, P= 0.031, respectively). 

The AUC for PCa detection was significantly greater for phi (AUC=0.703) than for %fPSA 
(0.648, P=0.004), fPSA (0.615), p2PSA (0.557), or PSA (0.525), rejecting the secondary 
null hypothesis. 

Individual Patient Risk Assessment 
Higher phi values were associated with an increased risk of PCa detection based upon the 
adjusted 25% proportion of PCa cases (Table 3). Of the study population, 25%, 33%, 30%, 
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and 13% had phi values of 0–24.9, 25.0–34.9, 35.0–54.9, and ≥ 55.0, respectively. 
Compared to phi < 25.0, the relative risk of PCa detection on biopsy was 1.6-, 3.0-, and 4.7- 
fold higher at phi values of 25.0–34.9, 35.0–54.9, and ≥ 55.0, respectively. Overall, a phi≥ 
55.0 was associated with a 52.1% probability of PCa. 

Age and Probability of PCa 
Higher phi values were also associated with higher bootstrapped risk estimates of PCa 
within each age group. The probability (and relative risk [RR]) of PCa ranged from 10.9% 
(phi 0–24.9) to 53.4% (phi ≥ 55) (RR 4.9) for the 50–59 age group, 12.5% (phi 0–24.9) to 
54.5% (phi ≥ 55) (RR 4.4) for the 60–69 age group, and 5.8% (phi 0–24.9) to 44.8% (phi ≥ 
55) (RR 7.7) for the > 70 age group.

Association of phi with Gleason Score 
Phi also had a significant relationship with biopsy Gleason score (r=0.138, P=0.004). 
Among participants with PCa, biopsy Gleason score was <7 in 290 (67.6%) and ≥7 in 139 
(32.4%) Compared to phi < 25.0, the relative risk of Gleason ≥ 7 PCa increased to 1.08 for 
phi values from 25.0–34.9, 1.15 for phi values from 35.0–54.9, and 1.61 for phi ≥ 55.0. The 
corresponding proportion of cancers with a Gleason score ≥ 7 increased from 26.2% to 
28.2%, 30.1%, and 42.1% at phi values of 0–24.9, 25.0–34.9, 35.0–54.9, and ≥ 55.0, 
respectively (Cochran-Armitage test for trend, P=0.013) (Table 4). The AUC for phi (0.724) 
exceeded that of %fPSA (0.670) in discriminating between Gleason ≥ 4+3 vs. lower 
Gleason grade PCa or negative biopsies. 

Relationship of TRUS volume and phi 
The AUCs for phi exceeded those of %fPSA in all three prostate volume tertiles (≤38, 39– 
53, and ≥54cc): 1st tertile: AUC 0.693 for phi vs. 0.614 for %fPSA; 2nd tertile: 0.707 vs. 
0.593; 3rd tertile: 0.642 vs. 0.559. 

Evaluation of Excluded Participants 
AUCs for phi with and without the excluded site were 0.696 and 0.703, respectively. 
Similarly, AUCs for %fPSA were 0.634 and 0.648, respectively. 

COMMENT 
Prostate biopsy is routinely recommended for suspicious DRE results regardless of PSA.3
Biopsy is also recommended using PSA thresholds ranging from 2.5 to 4.0 ng/mL.1, 2, 15

However, this has led to unnecessary biopsies and possible over-detection of some 
cancers.15–17 To elucidate whether phi PSA-isoform measurement can improve PCa early 
detection, we examined a large, prospective cohort to predict biopsy findings in patients 
with moderate PSA elevations (2.0–10.0 ng/mL) and benign DRE findings. Such men are at 
higher risk of PCa (25% cancer detection rate compared with 4% in the general male 
population aged ≥50 years).3 Our bootstrapped population was designed to mirror this 25% 
incidence of PCa on biopsy. 

Prostate biopsy may be associated with discomfort, anxiety, and financial costs. Minor 
complications occur frequently, and major complications are possible, underscoring the need 
for more specific markers to reduce unnecessary biopsies. We sought to determine the utility 
of p2PSA and phi for this clinical goal. 

Precursor forms of PSA have been shown to improve the accuracy of PSA for detecting 
PCa.5, 6, 9–12, 28, 29 Specifically, preliminary reports suggest that p2PSA may be useful at 
PSA concentrations from 2.0–10.0 ng/mL.6, 9–12, 28, 29 Some, but not all, studies have 
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suggested an association between proPSA and PCa aggressiveness.10, 12, 20 Thus, p2PSA 
and phi are being investigated in active surveillance programs to help overtreatment of 
insignificant PCa.19, 30

Catalona et al. previously reported in the PSA range of 2.0–10.0 ng/mL, the proPSA-to- 
fPSA ratio (%proPSA) yielded a higher specificity than %fPSA.9 Results from a separate 
multi-site study also supported the role of p2PSA, in combination with PSA and fPSA, in 
reducing unnecessary biopsies.12, 13

In the current study, the specificity for phi was higher than %fPSA at all pre-specified 
sensitivities, and PCa risk increased directly with increasing phi values. This suggests a role 
for phi as a patient monitoring tool, since increasing phi values reflect PCa risk.19 For 
example, at 95% sensitivity, the specificity of phi was 16.0% compared to 8.4% for %fPSA. 
Moreover, at lower sensitivities (90%, 85%, and 80%) for PCa detection that might be 
preferred to reduce the detection of possibly “insignificant” tumors, phi had a significantly 
greater specificity than %fPSA. These results were consistent across age groups, PSA 
concentrations, and ethnic groups, suggesting that they are representative of the intended-use 
population. 

For individual risk assessment, the probability of PCa varied considerably based upon phi 
values. For example, a man with a phi ≥ 55 (13% of the study population) had a > 52% 
probability of PCa and 4.7-fold increased relative risk of positive biopsy. In contrast, at 
approximately 90% sensitivity, a patient with a phi < 25 had an 11% probability of PCa. 

For the PCa group, higher phi values were also significantly associated with a higher 
percentage of biopsy Gleason grade ≥ 7, ranging from 26% to 42% for phi concentrations < 
25 and ≥ 55, respectively. For the entire study population, the AUC for phi (0.724) exceeded 
that of %fPSA (0.670) in discriminating Gleason ≥ 4+3 PCa vs. lower Gleason grade PCa or 
negative biopsies. Using a phi cutoff of 21.3 (95% sensitivity), 25% of missed cancers were 
Gleason score ≥7; therefore, careful surveillance is necessary. The AUCs for phi also 
exceeded those of %fPSA in all three prostate volume tertiles, suggesting that phi provides 
better discrimination of PCa from benign disease than %fPSA across the spectrum of 
prostate volumes. Because phi did not differ by age and race these results suggest that phi 
may be applicable to a broad spectrum of men as an adjunct to predict clinically-significant 
PCa. 

The large number of subjects in the present validation study provides confidence in the phi 
cutoffs determined. Phi is highly effective when used in patients with moderately elevated 
PSA concentrations who may be most likely to benefit from early diagnosis and curative 
PCa treatment. A physician might recommend biopsy for a patient with a phi ≥ 55.0 (risk = 
52.1%) and surveillance for some men with a phi <25.0 (risk = 11.0%). For patients 
reluctant to undergo prostatic biopsy, a high phi might increase compliance with the 
appropriate follow-up. 

We conclude that the phi measurement ([−2]proPSA / fPSA) × PSA1/2) may be useful to 
reduce unnecessary biopsies with improved specificity at various sensitivities for PCa 
detection in men age ≥50 years with PSA concentrations from 2.0–10.0 ng/mL, and negative 
DRE findings.**** 

****Our results apply to the Access Hybritech p2PSA, PSA and fPSA assays on the Beckman Coulter Access Immunoassay Systems, 
as studies have shown that results differ when assays from different manufacturers or standardization are used.31 
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Figure 1. 
PSA, fPSA, [−2]proPSA, %fPSA, and Phi ROC Curves in the 2–10 ng/mL PSA Range 
Sensitivity × 1-Specificity for Sequential Cutpoints 
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Clinical Characteristics of the Study Population 

TABLE 1 

Characteristic Benign 
N=462 

Cancer 
N=430 

p-value Total 
N=892 

Age Median 63.0 63.0 63.0 

Mean ± SD 62.6 ± 7.0 63.0 ± 7.1 62.8 (7.0) 

Range 50 – 84 50 – 84 50 – 84 

0.477 

Race, n(%) Caucasian 361 (78.1) 365 (84.9) 726 (81.4) 

African-American 24 (5.2) 22 (5.1) 46 (5.2) 

Other 22 (4.8) 9 (2.1) 31 (3.5) 

Unknown 55 (11.9) 34 (7.9) 89 (10.0) 

0.025 

Ethnicity, n(%) Hispanic 14 (3.0) 6 (1.4) 20 (2.2) 

Not Hispanic 187 (40.5) 153 (35.6) 340 (38.1) 

Unknown 261 (56.5) 271 (63.0) 532 (59.6) 

0.059 

Prostate Volume Median 51.0 40.0 45.0 

Mean ± SD 55.1 ± 23.2 44.3 ± 19.4 50.1 ± 22.2 

Range 16 – 209 14 – 120 14 – 209 

<0.001 

Prior Biopsy, n(%) No prior biopsy 345 (74.7) 361 (84.0) 706 (79.2) 

Prior biopsy 105 (22.7) 54 (12.6) 159 (17.8) 

Unknown 12 (2.6) 15 (3.5) 27 (3.0) 

<0.001 

Gleason Score, n(%) 5 Not Applicable 1 (0.2) 1 (0.2) 

6 289 (67.2) 289 (67.2) 

7 119 (27.7) 119 (27.7) 

8 9 (2.0) 9 (2.0) 

9 11 (2.6) 11 (2.6) 
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Characteristic Benign 
N=462 

Cancer 
N=430 

p-value Total 
N=892 

Unknown 1 (0.2) 1 (0.2) 

Not Applicable 

PSA (ng/mL) Median 5.1 5.3 5.1 

Mean ± SD 5.3 ± 1.9 5.4 ± 1.9 5.4 ± 1.9 

Range 2.0 – 10.0 2.0 – 9.8 2.0 – 10.0 

0.199 

fPSA (ng/mL) Median 1.0 0.7 0.9 

Mean ± SD 1.0 ± 0.5 0.9 ± 0.5 1.0 ± 0.5 

Range 0.1 – 4.3 0.2 – 3.9 0.1 – 4.3 

<0.001 

[−2]proPSA (pg/mL) Median 12.9 14.1 13.3 

Mean ± SD 14.4 ± 7.1 16.8 ± 11.1 15.5 ± 9.3 

Range 2.9 – 43.5 2.9 – 93.5 2.9 – 93.5 

0.003 

%fPSA Median 18.8 15.1 17.0 

Mean ± SD 20.0 ± 8.0 16.4 ± 7.6 18.3 ± 8.0 

Range 3.1 – 53.2 3.7 – 51.1 3.1 – 53.2 

<0.001 

phi Median 30.3 42.2 34.7 

Mean ± SD 33.9 ± 15.0 49.2 ± 31.3 41.3 ± 25.5 

Range 13.7 – 98.2 10.2 – 325.8 10.2 – 325.8 

<0.001 
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TABLE 2 

Sensitivity and Specificity for PCa Using Various phi Cutoffs in Men with Non-Suspicious DRE 

% Sensitivity phi Cutoff % Specificity (n) 

99 17.2 5.2 (24) 

98 18.4 8.4 (39) 

95 21.3 16.0 (74) 

90 24.1 26.2 (121) 

89.1 25.0 29.4 (136) 

85 27.2 39.0 (180) 

80 29.3 45.2 (209) 

75 31.1 52.6 (243) 

70 33.4 60.0 (277) 

65 35.0 65.2 (301) 

60 37.5 70.3 (325) 

55 39.1 74.2 (343) 

50 42.2 79.0 (365) 

45 44.3 82.7 (382) 

40 46.7 85.7 (396) 

35 49.3 87.4 (404) 

30 52.6 90.7 (419) 

25 55.9 91.8 (424) 

20 61.9 93.7 (433) 

15 67.6 95.2 (440) 

10 78.1 97.6 (451) 

5 104.2 100 (462) 

J Urol. Author manuscript; available in PMC 2011 July 21. 

N
IH

-PA Author M
anuscript 

N
IH

-PA Author M
anuscript 

N
IH

-PA Author M
anuscript 



24 

Catalona et al. Page 14 

Risk Assessment Probability of PCa using phi 

TABLE 3 

phi 
Range 

Probability of Cancer 
(95% Confidence Interval) 

Relative Risk 
(95% Confidence Interval) 

Percent of 
patients in 
phi range 

0–24.9 11.0% (6.5% – 15.8%) 1.0 24.9% 

25.0–34.9 18.1% (13.7% – 22.6%) 1.6 (1.0 – 3.1) 32.8% 

35.0–54.9 32.7% (27.3% – 38.0%) 3.0 (1.9 – 5.3) 29.5% 

55.0+ 52.1% (42.0% – 62.1%) 4.7 (3.0 – 8.3) 12.8% 
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TABLE 4 

Relationship of phi with Biopsy Gleason Score 

Gleason Score on Biopsy 

phi Range Less than 7 
n (%) 

≥7 
n (%) 

Risk Ratio 
(95% CI) 

0–24.9 34 (73.9) 12 (26.1) 1.0 

25.0–34.9 74 (71.8) 29 (28.2) 1.08 (0.61, 1.92) 

35.0–54.9 116 (69.9) 50 (30.1) 1.15 (0.67, 1.98) 

55.0+ 66 (57.9) 48 (42.1) 1.61 (0.95, 2.75) 

Note: One participant excluded with missing Gleason score. 
Cochran-Armitage test for trend, p=0.01 
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Review 

Xavier Filella* and Nuria Giménez 

Evaluation of [−2] proPSA and Prostate Health 
Index (phi) for the detection of prostate cancer: 
a systematic review and meta-analysis 
Abstract: The usefulness of %[−2] proPSA and Prostate 
Health Index (phi) in the detection of prostate cancer are 
currently unknown. It has been suggested that these tests 
can distinguish prostate cancer from benign prostatic 
diseases better than PSA or %fPSA. We performed a sys- 
tematic review and meta-analysis of the available scien- 
tific evidence to evaluate the clinical usefulness of %[−2] 
proPSA and phi. Relevant published papers were identi- 
fied by searching computerized bibliographic systems. 
Data on sensitivity and specificity were extracted from 
12 studies: 10 studies about %[−2] proPSA (3928 patients 
in total, including 1762 with confirmed prostate cancer) 
and eight studies about phi (2919 patients in total, includ- 
ing 1515 with confirmed prostate cancer). The sensitivity 
for the detection of prostate cancer was 90% for %[−2] 
proPSA and phi, while the pooled specificity was 32.5% 
(95% CI 30.6–34.5) and 31.6% (95% CI 29.2–34.0) for %[−2] 
proPSA and phi, respectively. The measurement of %[−2] 
proPSA improves the accuracy of prostate cancer detec- 
tion in comparison with PSA or %fPSA, particularly in the 
group of patients with PSA between 2 µg/L and 10 µg/L. 
Similar results were obtained measuring phi. Using these 
tests, it is possible to reduce the number of unnecessary 
biopsies, maintaining a high cancer detection rate. Pub- 
lished results also showed that %[−2] proPSA and phi are 
related to the aggressiveness of the tumor. 
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analysis; prostate cancer; Prostate Health Index (phi); 
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Introduction 
Prostate specific antigen (PSA) is a serum tumor marker 
that is widely used in the early detection of prostate cancer. 
However, since the specificity (Sp) of PSA is limited, biopsy 
is positive in approximately 25% of patients with PSA in 
the range between 2 µg/L and 10 µg/L [1]. Furthermore, 
prostate cancer is detected on repeated biopsy in 10%– 
35% of patients with a negative first biopsy. So, according 
to the guidelines of the European Association of Urology, 
it is necessary to repeat the biopsy in these patients [2]. 

The measurement of the several fractions of PSA (free 
PSA, complexed PSA) has been proposed with the aim to 
improve the Sp of total PSA. A meta-analysis, published in 
2005, showed that the use of the percentage of free PSA 
(%fPSA) is useful to improve the detection of prostate 
cancer [3]. More recently, fPSA has been found to include 
the subforms BPSA, iPSA and proPSA [4, 5]. BPSA and iPSA 
are associated with benign tissue, but proPSA is associated 
with cancer. It is possible to detect three truncated forms of 
proPSA in serum, [−2], [−4] and [−5,−7], with [−2] proPSA 
being the most stable form. Several studies suggested the 
clinical usefulness of proPSA in the detection of prostate 
cancer using different non-commercial assays, including 
the measurement of the cumulative sum of all truncated 
forms [6, 7] and the measurement of [−5,−7] proPSA [8, 9]. 
However, these tests have not been shown to be as useful 
as the new assay for the measurement of [−2] proPSA. Also, 
the use of a panel of four kallikrein markers – total PSA, 
free PSA, intact PSA and hK2 – in the detection of prostate 
cancer has been proposed by recent studies [10, 11]. 

The development of the [−2] proPSA assay by Beckman 
Coulter opens a new field of study in the detection of pros- 
tate cancer. Currently, several studies have suggested that 
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in men with a total PSA between 2.5 µg/L and 10 µg/L, the 
percentage of [−2] proPSA to fPSA (%[−2] proPSA) can dis- 
tinguish between malignant and benign prostate diseases 

better than total PSA or %fPSA. Also, several studies under- 
lined  the usefulness  of the Prostate  Health  Index (phi), 
a mathematical combination of total PSA, fPSA and [−2] 
proPSA according to the formula [−2] proPSA/fPSA)×√tPSA. 

The objective of this systematic review was to assess 
the usefulness of %[−2] proPSA and phi in the detection of 
prostate cancer. A critical analysis of results referring to 
the relationship between these tests and the aggressive- 
ness of prostate cancer was also performed. 

Methods 
Meta-analysis was performed in accordance with the 
preferred reporting items from systematic reviews and 
meta-analysis (consensus PRISMA) adapted to studies 
of diagnostic tests [12]. In short, the PRISMA statement 
is a consensus that intends to inform by evidence when- 
ever possible and consists of a 27-item checklist and a 
four-phase flow diagram that are available for research- 
ers on internet for free (http://www.prisma-statement. 
org/). 

Search strategy and study selection 

A systematic search of several electronic databases 
was performed: MedLine, Embase, Cancerlit, Cochrane 
Library, Web  of Science and Scopus. A strategy search 
in title, abstract or keyword lists was done looking for 
combinations of the following search terms: as medical 
subject headings MeSH (“Prostatic Neoplasms”, “Sen- 
sitivity and Specificity”, “Diagnosis”, “Evidence-Based 
Medicine”) and as free search terms (“proPSA”, “p2PSA”, 
“[−2]proPSA”, “[−2]proenzyme prostate specific antigen”, 
“Prostate Health Index”, “phi”, “Prostate tumor”, “Pros- 
tate tumour”). This literature search was complemented 
with the review of three specialized journals in Urology 
(European Urology, Journal of Urology and Prostate) from 
January 1990 to December 2011. Furthermore, the authors 
checked the cited bibliographies of selected studies and 
contacted experts. 

To avoid duplication of information, when the same 
population was reported in several publications, priority 
was given to scientific articles over meeting abstracts or 
in case there was more than a scientific article, the most 
complete study was chosen. 

Eligibility criteria 

All the studies about diagnostic tests and systematic 
review about %[−2] proPSA and phi were considered eligi- 
ble for inclusion if they met the following criteria: original 
data and confirmation of prostate cancer on biopsy. There 
were no language restrictions. 

Data extraction 

All the studies were assessed independently by both 
researchers to determine study inclusion. Both review- 
ers, separately, screened all titles and excluded studies 
if obviously irrelevant and removed duplicate citations. 
When there was any doubt concerning the eligibility of 
a study, the abstract was examined and, if necessary, the 
full text. After selecting relevant studies, data extraction 
was carried out using a standardized form. The analysis 
of the concordance between both researchers about the 
eligibility of a study and the values of true positive (TP), 
false-positive (FP), false negative (FN) and true negative 
(TN) was done by calculating the kappa index. Disagree- 
ments about eligibility and data extraction were resolved 
by consensus. 

Assessment of risk of bias 

The quality of the selected studies was assessed by 
using quality assessment of diagnostic accuracy studies 
(QUADAS) [13]. The QUADAS tool consists of a set of 
14 items, phrased as questions, each of which should be 
scored as yes, no or unclear. Possible sources of hetero- 
geneity between studies were examined. Methodologi- 
cal heterogeneity or differences in design or quality were 
assessed during the selection of relevant studies and 
statistical heterogeneity was measured using I2 scores and 
the χ2-test. 

The protocol was prepared a priori and this study was 
done in accordance with the Research Ethics Committee of 
Mútua Terrassa Hospital, Barcelona, Spain. 

Data analysis 

For each study, 2×2 tables for each test with TP, FP, FN and 
TN results using data extraction from the original referred 
scientific articles were performed. Pooled estimates of 
sensitivity (Se) and Sp as the main outcome measures 
were calculated as well as the limits of the 95% confidence 
intervals for such values. Forest plot was represented 
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as figures. Methodological heterogeneity was assessed 
during selection. 

The threshold effect is a characteristic source of 
heterogeneity in the meta-analysis of diagnostic tests and 
arises when the included studies uses different cut-off 
points to define what is considered as a positive result 
of a diagnostic test. The analysis of diagnostic threshold 
was assessed through receiver operating characteristic 
(ROC) plane and correlation coefficient Spearman. The 
ROC plane is the graphic representation of the pairs of Se 
and Sp and, characteristically its points show a curvilin- 
ear pattern if the threshold effect exists. Statistical het- 
erogeneity was measured using the χ2-test and I2 scores. I2 

score was used as a measure of the inconsistency between 
studies in the meta-analysis and was interpreted as low 
(25%–50%), moderate (51%–75%) and high (>75%). 

Data were analyzed using a free statistical software 
package Metadisc version 1.4 [14], with the only exception 
of the analysis of the concordance between reviewers and 
kappa index which was performed using SPSS 17.0 (SPSS 
Inc., Chicago, IL, USA). 

Assays used in the references evaluated 
in this study 

In the studies corresponding to references [15–27] the con- 
centrations of [−2] proPSA were measured in a Beckman 

Coulter ACCESS→ immunoassay system, using dual mono- 
clonal antibodies. [−2] proPSA was measured in refe- 
rences [28, 29] using a dual monoclonal sandwich assay 
in a microtiter plate. PSA and fPSA were measured using a 
Beckman Coulter ACCESS→ immunoassay system in refer- 
ences [15–24] or Hybritech Tandem PSA and Tandem free 
PSA assays in reference [28]. The measurement of PSA 
and fPSA in reference [29] was determined with Hybr- 
itech Tandem PSA and Tandem free PSA assays (Beckman 
Coulter, Inc.) in site 2 (Washington University) and with 
the Abbott total and free PSA assays (Abbott Laboratories, 
Chicago, IL, USA) in site 1 (Innsbruck University). 

Phi was calculated in studies corresponding to ref- 
erences [16–21, 25, 27] using the formula [−2] proPSA/ 
fPSA)×√tPSA. 

Results 
Two hundred and thirteen potentially relevant references 
were obtained by electronic databases and supplementary 
sources in our systematic search. The results of the search 
and study selection process are shown in Figure 1. There 
were 31 articles requiring full-text review, and 12 studies 
were finally included in the meta-analysis. Data on Se and 
Sp were pooled from 10 studies for %[−2] proPSA (3928 
patients in total, including 1762 with confirmed prostate 

Excluded at title stage (n=143) 
Did not study prostate cancer: 16 
Other tumor markers: 71 
Narrative review, editorial, guidelines or commentary: 46 
Analysis of pPSA in tissue: 10 

Articles requiring abstract review 
n: 70 

Excluded at abstract stage (n=39 ) 
Other fractions of proPSA: 11 
Communications to congresses (repeated results in articles 

or no data about sensitivity and specificity) : 28 

Excluded at full-text stage (n=19 ) 
Other fractions of pro PSA: 8 
Data about [-2] proPSA (but not %[-2] proPSA): 1 
Data about budget impact of %[-2] proPSA: 2 
Data about prognosis of %[-2] proPSA: 4 
No data about sensitivity and specificity of %[-2] proPSA: 4 

Figure 1 Summary of literature search and selection of studies included. 

Unique articles retrieved 
n: 213 

Articles requiring full-text review 
n: 31 

Selected articles 
n: 12 

(only %[-2] proPSA: 5; only 
phi: 3; %[-2] proPSA and phi: 4) 
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cancer) and eight studies about phi (2919 patients in total, 
including 1515 with confirmed prostate cancer). 

The study by Jansen et al. [15] contained two different 
populations (Rotterdam and Innsbruck), and was treated 
as two separate studies. 

The results about concordance between both review- 
ers had a coincidence of 94% and a kappa index of 0.812 
(95% CI 0.635–0.990). 

The quality assessment of the eligible studies was 
moderate-high according to QUADAS scale (Table 1) [15– 
24, 28, 29]. The main characteristics about the selected 
studies are shown in Table 2 including the description 
of the population of each study, the sampling frame and 
the criteria and characteristics of prostate biopsy. Table 3 
shows the performance of %[−2] proPSA and phi and 
compares the area under the curve (AUC) correspond- 
ing to these tests with the AUC for PSA and %fPSA. The 
accuracy of %[−2] proPSA and phi in the detection of pros- 
tate cancer is reported in Table 4. Data presented in this 
table were extracted from the included studies. Of the 12 
studies included, only three specified the cut-off value. 
The cut-off level for %[−2] proPSA at a Se of 90% was 2.5% 
for Mikolajczyk et al. [28] and 1.06% for Miyakubo et al. 
[19]. The cut-off reported for phi at a Se of 90% was 24.9% 
for Miyakubo et al. [19] and 21.1% for Catalona et al. [16]. 

Methodological heterogeneity was assessed before 
analyses and no studies were excluded due to this reason. 
The existence of a threshold effect was ruled out after 
examining the ROC plane and Spearman’s correlation 
coefficient (r=0.636 and p-value=0.048 for %[−2] proPSA 
and r=0.262 and p-value=0.531 for phi). 

When revising the studies, it was found that they had 
in common the results for sensibility of 90% and therefore 
it was decided to extract the data and perform calculations 
to this Se. There was a high degree of statistical hetero- 
geneity (I2 score ≥ 75%) in Sp of %[−2] proPSA (χ2=84.24; 
p<0.0001) and phi (χ2=36.07; p<0.0001). Results are 
shown in Figure 2. For this selected Se of 90%, the pooled 
Sp of %[−2] proPSA was 32.5% (95% CI 30.6–34.5%, I2

score=89.3%, p<0.001, Figure 2A) and the pooled Sp of phi 
was 31.6% (95% CI 29.2–34.0%, I2 score=80.6%, p<0.001, 
Figure 2B). 

Discussion 
A low %fPSA has been shown to be associated with pros- 
tate cancer and several studies have indicated that this 
test is useful in reducing the number of negative biopsies 
[3]. However, currently, we know that fPSA is composed 

of three distinct molecular forms, which are associated 
differently with cancer. Initial clinical studies showed 
that proPSA may be a useful marker for the detection of 
prostate cancer, and more recently Beckman Coulter intro- 
duced a new immunoassay for the measurement of the 
[−2] proPSA, a stable form of proPSA [30]. 

This meta-analysis is the first study that shows the 
available information on the clinical usefulness of this 
tumor marker in the detection of prostate cancer. Data 
on Se and Sp about %[−2] proPSA and the derivative test 
phi were extracted from 12 eligible studies. At Se of 90%, 
which is clinically acceptable, the Sp was 32% for %[−2] 
proPSA, ranging between 21% and 49%, and 32% for phi, 
ranging between 26% and 43%. The AUCs obtained by 
ROC analysis were also clinically acceptable, with results 
between 0.635 and 0.780 for %[−2] proPSA and between 
0.703 and 0.77 for phi. 

This study has some limitations. For one, information 
about the cut-offs used was showed only in three studies [16, 
19, 28]; therefore, there was heterogeneity in primary studies. 
The high level of inconsistency in the global Sp for %[−2] 
proPSA (89%) and for phi (81%) shows the heterogeneity 
of the studies included in this meta-analysis. Differences in 
recruitment strategy, in population characteristics, and in 
the number of cores obtained in biopsies may contribute to 
these variations. We must underline that the same assay was 
used in the majority of studies, with only two exceptions, cor- 
responding to the earlier references [28, 29] that uses a non- 
commercial assay for the measurement of [−2] proPSA. This 
factor may influence in part in the heterogeneity of results. 
PSA and fPSA were measured using an equivalent assay 
(Beckman Coulter ACCESS→ immunoassay or Hybritech 
Tandem assays) in all studies, only with a partial exception 
in reference [29], that used the Abbott total and free PSA 
assays in part of the measurements. 

%[−2] proPSA and phi have a similar performance 
for patients with PSA between 2 µg/L and 4 µg/L and 
for patients with PSA between 4 µg/L and 10 µg/L 
according to different studies [17, 22, 24, 29]. So, Guaz- 
zoni et al. [17] showed that the AUC for %[−2] proPSA 
is 0.76 for patients with PSA between 2 µg/L and 4 µg/L 
and 0.78  for patients with PSA between 4 µg/L and  
10 µg/L. For both groups of patients the AUC for phi was 
0.76. Similar results were indicated for %[−2] proPSA in 
other studies [22, 24, 29]. 

The majority of studies reported in this meta-analysis 
showed that the AUC for %[−2] proPSA (ranging between 
0.635 and 0.78) was higher than the AUC for %fPSA. Sokoll 
et al. [22] communicated an exception to this criteria, but 
in this study, too, the AUC for %[−2] proPSA was higher to 
%fPSA in the group of patients with PSA between 2 µg/L 
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Study Patients Test Results 

Author Patients are Selection criteria according DRA and Biopsy is Number of cores per Assays for the Blinded Cut-off reported 
representative PSA serum levels performed biopsy ≥ 10 measurement of 
of the in all [−2] proPSA and 
question patients phi are described 

Catalona et al., 2011 [16] Yes Yes Yes Yes Yes Yes Yes 
(Normal DRE, PSA 2–10 µg/L) (only for phi) 

Guazzoni et al., 2011 [17] Yes Yes Yes Yes Yes Yes No 
(Normal DRE, PSA 2–10 µg/L) 

Houlgatte et al., 2011 [18] Yes Yes Yes Yes Yes Yes No 
(Normal DRE, PSA 2–10 µg/L) 

Miyakubo et al., 2011 [19] Yes Only according to PSA 2–10 µg/L; No Yes Age- and prostate Yes No Yes 
information about DRE volume-adjusted 

multiple-core biopsies 
Vincendeau et al., 2011 [20] Yes Yes (Normal DRE, PSA 2–10 µg/L) Yes Yes Yes No No 
Jansen et al., 2010 Yes Yes Yes No Yes No No 
Site 1 (Rotterdam) [15] (PSA >4 µg/L or abnormal DRE or 

abnormal TRUS)a

Jansen et al., 2010 Yes Yes Yes No Yes No No 
Site 2 (according to estimation of prostate 
(Innsbruck) [15] cancer risk using ANN)b

Le et al., 2010 [21] Yes Yes Noc Not reported Yes Yes No 
(Normal DRE, PSA 2–10 µg/L) 

Sokoll et al., 2010 [22] Yes Yes (Normal and abnormal DRE, PSA Yes Yes Yes Yes No 
0.29–310.6 µg/L) 

Stephan et al., 2009 [23] Yes Normal DRE, PSA 0.26–28.4 µg/L Yes 8–12 cores Yes No No 
Sokoll et al., 2008 [24] Yes PSA 0.48–33.18 µg/L; Yes Yes Yes Yes No 

No information about DRE 
Mikolajczyk et al., 2004 [28] Yes PSA 4–10 µg/L; Yes Not reported Yesd Yes Yes 

No information about DRE (only for %[−2] 
proPSA) 

Catalona et al., 2003 [29] Yes PSA 2–10 µg/L; Yes Yes in Innsbruck site; Yesd Yes No 
No information about DRE No in Washington site 

Table 1 Quality of 12 studies included in the meta-analysis according to the questionnaire QUADAS. 
aIn 1997, this combination was replaced by PSA testing only; bIndication for biopsy based on the estimation of prostate cancer by an artificial neural network (ANN) including PSA, fPSA, age, 
DRE, and TRUS. In addition, PSA velocity was incorporated in 2005; cBiopsy was performed in all patients included for the calculation of the sensitivity and specificity of the tests; 
dNon-commercial assay. DRE, digital rectal examination; TRUS, transrectal ultrasound. 
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Sampling frame Years of 
recruitment 
of patients 

Population Age of Patients Inclusion criteria Indication for biopsy Number of cores 
in biopsy 

Patients with 
biopsy 

Patients 
with cancer 

%[−2] 
proPSA 
Assay 

Algorithms 

Catalona et al., Multi-center: 2003–2009 Selected 62.8±7.0 ≥ 50 year, PSA All patients included in 89.8% had ≥ 12 892 430 Beckman Phi 
2011 [16] Prospective and 

retrospectivea
(mean±S.D.) 2–10 µg/L & biopsy the study cores; 98% 

had ≥ 10 cores 
Coulter 

Guazzoni et al., 
2011 [17] 

Prospective 2010 Referral 
patients/ 
consecutive 

63.3±8.2 
(mean±S.D.) 

PSA 2–10 µg/L & 
DRE - 

All patients included in 
the study 

18–22 biopsy 
cores 

268 107 Beckman Phi 
Coulter 

Houlgatte et al., 
2011 [18] 
Miyakubo et al., 

Retrospective Not reported Selected Not reported PSA 2–10 µg/L All patients included in 
the study 

Retrospective 2004–2007 Consecutive Not reported PSA 4–10 µg/L All patients included in 

12 or more cores  452 243 Beckman Phi 
Coulter 

Age- and prostate 239 53 Beckman Phi 
2011 [19] the study volume-adjusted 

multiple-core 
biopsies 

Coulter 

Vincedeau et al., Retrospective Not reported  Early detection/ Not reported PSA 2–10 µg/L & All patients included in ≥ 10 cores 250 143 Beckman Phi 
2011 [20] 
Jansen et al., 2010 
Site 1 (Rotterdam) 
[15] 

selected 
Retrospective 1994–1997 Screening/non 

serial 
55–75 (66) 
range (median) 

DRE - 
≥ 50 year, PSA 
2–10 µg/L & 
biopsya

the study 
PSA >4, DRE + or 
TRUS + 
(In 1997 replaced by 
PSA only) 

Coulter 
6 or more cores 405 226 Beckman Phi 

Coulter 

Jansen et al., 2010 
Site 2 
(Innsbruck) [15] 

Retrospective Started in 
1993 

Screening/non 
serial 

50–77 (69) 
range (median) 

≥ 50 year, PSA 
2–10 µg/L & 
biopsya

ANN including PSA, 
fPSA, age, DRE and 
TRUS (PSA velocity was 
incorporated in 2005) 

6 or more cores 351 174 Beckman Phi 
Coulter 

Le et al., 2010 [21] Prospective 2007 Screening/ 
consecutive 

65 (median) PSA 2.5–10 µg/L 
& DRE − 

PSA ≥ 2.5 µg/L & DRE + Not reported 63 26 Beckman Phi 
Coulter 

Sokoll et al., Prospective Not reported Early detection/ 61.7±8.6 >40 year, no prior All patients included in ≥ 10 cores 566 245 Beckman LR including age, 
2010 [22] multicenter consecutive (mean ± S.D.) prostate surgery, 

biopsy or history
of PCa

the study With PSA 
between 2 and 
10 µg/L: 
429 

With PSA 
between 2 
and 10 µg/L: 
195 

Coulter race, DRE, prostate 
cancer family history, 
log PSA, log %fPSA 
and log %[−2] proPSA 

Stephan et al., Retrospective 2002–2006 Referral 62.1±5.63 (PCa) Referred to All patients included in 8–12 cores 586 311 Beckman ANN and LR models 
2009 [23] patients 67.2±7.01 

(subjects with 
department 
of Urology for 

the study With PSA 
between 2 and 

With PSA 
between 2 

Coulter including [−2] proPSA, 
%fPSA, tPSA and age 

negative biopsy) suspected PCa 
(mean±S.D.) 

10 µg/L: 
475 

and 10 µg/L: 
264 

Sokoll et al., 2008 Retrospective, Not reported Early detection/ 62.2±8.2 Indication for All patients included in ≥ 10 cores 123 63 Beckman LR including PSA, 
[24] multicenter selected (mean±S.D.) prostate biopsy the study With PSA 

between 2 and 
10 µg/L: 
89 

With PSA 
between 2 
and 10 µg/L: 
50 

Coulter BPSA, %fPSA, %[−2] 
proPSA, [−2] proPSA/ 
BPSA, testosterone 

Mikolajczyk et al., 
2004 [28] 

Retrospective 1995–2001 Screening/non 
serial 

66 (median) PSA 4–10 µg/L All patients included in 
the study 

Not reported 380 238 Research No 
assay 

Catalona et al., 
2003 [29] 

Retrospective, 
2 institutions 
(Innsbruck & 
Washington) 

Innsbruck: 
1999–2002 
Washington: 
1995–2001 

Screening/non 
serial 

Not reported PSA 2–10 µg/L All patients included in 
the study 

Innsbruck: 10 
core biopsy 
Washington: 6 
core biopsy 

1091 456 Research No 
assay 

Table 2 Characteristics of the studies included in the review. 
ANN, artificial neural network; CaP, prostate cancer; DRE, digital rectal examination; LR, logistic regression; TRUS, transrectal ultrasound. aOnly 3.1% were retrospective samples. 
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AUC PSA AUC %fPSA AUC AUC phi Relationship of %[−2] proPSA and Relationship of phi and Gleason 
(95% CI) (95% CI) %[−2] proPSA (95% CI) Gleason score score 

(95% CI) 

Catalona et al., 2011 [16] 0.525 0.648 Not reported 0.703 Not reported Yes 
The probability of Gleason 
score ≥ 7 was 26.1% when 
phi <25, and 42.1% when 
phi ≥ 55. 

Guazzoni et al., 2011 [17] 0.53 (0.47–0.59) 0.58 (0.52–0.64) 0.76 (0.71–0.81) 0.76 (0.70–0.81) %[−2] proPSA was significantly Phi was significantly associated 
associated with Gleason score with Gleason score (Spearman r: 
(Spearman r: 0.303; p<0.002), but it did 0.387; p<0.002), but it did not 
not improve the prediction of Gleason improve the prediction of Gleason 
score ≥ 7 PCa in multivariable accuracy score ≥ 7 PCa in multivariable 
analyses accuracy analyses 

Houlgatte et al., 2011 [18] 0.56 0.59 (not reported) 0.72 (not reported) 0.73 (0.67–0.77) Not reported Not reported 
(0.51–0.64) 

Miyakubo et al., 2011 [19] Not reported Not reported Not reported Not reported Not reported Not reported 
Vincedeau et al., 2011 [20] Not reported Not reported Not reported Not reported Not reported Not reported 
Jansen et al., 2010, 0.585 (0.535–0.634) 0.675 (0.627–0.721) 0.716 (0.669–0.759) 0.750 (0.704–0.791) %[−2] proPSA discriminates Gleason Phi discriminates Gleason 
Site 1 (Rotterdam) [15] score ≥ 7 (with biopsy Gleason score, score ≥ 7 (with biopsy Gleason 

p:0.002; with pathologic Gleason score, score, p:<0.0001; with pathologic 
p:0.09) Gleason score, p:0.02) 

Jansen et al., 2010, 0.534 (0.473–0.594) 0.576 (0.523–0.629) 0.695 (0.644–0.743) 0.709 (0.658–0.756) No (neither with biopsy or pathologic No (neither with biopsy or 
Site 2 Gleason score) pathologic Gleason score) 
(Innsbruck) [15] 
Le et al., 2010 [21] 0.50 0.68 0.76 0.77 Not reported Not reported 
Sokoll et al., 0.66 (0.62–0.71) 0.70 (0.65–0.74) 0.67 (0.62–0.71) Not reported Yes Not reported 
2010 [22] For PSA 2–10 µg/L: For PSA 2–10 µg/L: For PSA 2–10 µg/L: LRM1: 0.79 (0.75–0.82) %[-2] proPSA increased with increasing 

0.58 (0.53–0.64) 0.66 (0.61–0.71) 0.70 (0.65–0.75) For PSA 2–10 µg/L: Gleason score (p<0.001 for all patients 
0.76 (0.72–0.81) and 0.02 for patients with PSA between 

2 µg/L and 10 µg/L 
Stephan et al., 2009 [23] 0.56 (0.51–0.61) 0.77 (0.73–0.81) 0.78 (0.74–0.82) Not reported Yes: Not reported 

(ANN2: 0.85; %[−2] proPSA is significantly elevated 
0.81–0.88) in PCa 
(LR2: 0.84; 0.80–0.87) (p<0.0001) 

Sokoll et al., 2008 [24] 0.52 (0.42–0.63) 0.61 0.69 (0.60–0.79) Not reported Not reported Not reported 
For PSA 2 10 µg/L (0.51–0.71) For PSA 2–10 µg/L LRM3: 0.73; 0.64–0.83 
0.52 (0.40–0.64) For PSA 2–10 µg/L 0.73 (0.63–0.84) For PSA 2–10 µg/L: 

0.53 (0.41–0.65) 0.73 (0.62–0.84) 
Mikolajczyk et al., 2004 0.526 0.627 0.635 Not reported Not reported Not reported 
[28] 
Catalona et al., 2003 [29] Not reported 0.602 0.638 Not reported Not reported 

Table 3 AUCs for PSA, %fPSA, %[−2] proPSA and phi, and relationship of %[−2] proPSA and phi with Gleason score. 
aLogistic regression model (LRM) including PSA, BPSA, %fPSA, %[−2] proPSA, [−2] proPSA/BPSA, testosterone; bArtificial Neural Network (ANN) and logistic regression (LR) models including 
%[−2] proPSA, %fPSA, tPSA and age; cLogistic regression model (LRM) including age, race, DRE, prostate cancer family history, log PSA, log%fPSA and log %[−2] proPSA. CI, confidence interval. 7 
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Table 4A %[−2] proPSA 

Studies %[−2] proPSA TP FP  FN TN Se Sp 

majority of papers included in our review. The cut-off level 
for %[−2] proPSA at Se of 90% was 2.5% for Mikolajczyk 
et al. [28] and 1.06% for Miyakubo et al. [19]. More similar 
are the cut-offs suggested for phi by Miyakubo et al. [19] 
and Catalona et al. [16] showing, respectively that 24.9% 
and 21.1% of phi corresponds to Se of 90%. Published 
results showed that while the accuracy of PSA declines 
with age, the %fPSA increases the predictive value of PSA 
in older patients [31]. Results communicated by Catalona 
et al. [16] indicated that phi does not differ by age, and 
this test may be applicable to young and older men in the 
detection of prostate cancer. 

However, although the unit cost of [−2] proPSA is two 
to three times higher than both PSA or fPSA, the use of 

Studies phi TP FP  FN TN Se Sp %[−2] proPSA and phi for the detection of prostate cancer 
decreases global costs. The additional blood test costs 

Catalona et al., 2011 [16] 387  341  43  121 90% 26.2% 
Guazzoni et al., 2011 [17] 96 92 11 69 90% 43% 
Houlgatte et al., 2011 [18] 219 149 24 59 90% 28.2% 
Miyakubo et al., 2011 [19] 48 125 5 61 90% 33% 
Vincendeau et al., 2011 [20] 129 79 14 28 90% 26% 
Jansen et al., 2010, 204 117 22 62 90% 35% 
Site 1 (Rotterdam) [15] 
Jansen et al., 2010, 157 122 17 55 90% 31% 
Site 2 (Innsbruck) [15] 
Le et al., 2010 [21] 23 13 3 24 88.5% 64.9% 

Table 4 Diagnostic accuracy: sensitivity and specificity. Data were 
extracted from included studies. 
aResults for patients with PSA between 2 µg/L and 10 µg/L. FN, false 
negative; FP, false positive; Se, sensitivity; Sp, specificity; TN, true 
negative; TP, true positive. 

and 10 µg/L. These results underline that %[−2] proPSA 
may be a useful test in the detection of prostate cancer in 
men with PSA between 2 µg/L and 10 µg/L. 

The derivative test phi showed similar or slightly 
better results than %[−2] proPSA, with AUCs between 
0.703 and 0.77. The performance of other derivative tests 
obtained by artificial neural network (ANN) or logistic 
regression (LR) analysis was better than %[−2] proPSA. 
The best results were reported by Stephan et al. [23] 
using ANN and logistic regression models with AUCs of 
0.85 and 0.84, respectively. According to this author, the 
ANN model, including %[−2] proPSA, %fPSA, tPSA and 
age, performs significantly better than %fPSA or %[−2] 
proPSA, enhancing the Sp of 17%–28% at sensitivities of 
90% and 95%. 

These results show that the measurement of %[−2] 
proPSA and phi increases the specificity of the detection 
of prostate cancer hence reducing the number of unnec- 
essary biopsies. However, information about the recom- 
mended cut-offs for these tests were not shown in the 

were compensated by the savings on the costs of physi- 
cian office visits and the avoidance of unnecessary biop- 
sies [32, 33]. 

Several authors showed that %[−2] proPSA  and 
phi may be related to  prostate  cancer  aggressive- 
ness, with higher levels of these tests in patients with 
Gleason score higher than 7 and in patients with locally 
advanced tumors [15, 17, 22, 23]. This is relevant informa- 
tion because about one-third of new diagnosed tumors 
have features of insignificant prostate cancer [34] and 
these patients can be candidates to active surveillance. 
However, the identification of these patients using the 
standard markers, including PSA, biopsy, Gleason score 
and number of positive biopsy cores, fails to predict 
accurately the prostate cancer aggressiveness and to 
choose the more adequate treatment. This point has 
been confirmed recently by the PIVOT study [35] com- 
paring the effectiveness of radical prostatectomy versus 
observation in 731 men with localized prostate cancer. 
The authors showed absolute reductions in all-cause 
mortality with radical prostatectomy in patients with 
PSA higher than 10 µg/L and possibly for patients with 
intermediate- or high-risk tumors, but not in patients 
with low-risk prostate cancer. 

These results underline the usefulness of risk factors 
in the management of patients with prostate cancer in 
order to select between a radical treatment and active 
surveillance. Results reported about %[−2] proPSA and 
phi suggest that these tests may distinguish low- and 
high-risk prostate cancer. Using a multivariate analysis, 
Guazzoni et al. [25] showed that the inclusion of %[−2] 
proPSA and phi significantly increased the predictive 
accuracy of a model based on patient age, PSA, %fPSA, 
clinical stage and biopsy Gleason score in the predic- 
tion of high pathologic stage or high pathologic Gleason 

Guazzoni et al., 2011 [17] 96 99 11 62 90% 39% 
Miyakubo et al., 2011 [19] 48 139 5 47 90% 25% 
Jansen et al., 2010, Site 1 204 122 22 57 90% 32% 
(Rotterdam) [15] 
Jansen et al., 2010, Site 2 154 117 17 60 90% 34% 
(Innsbruck) [15] 
Le et al., 2010 [21] 23 19 3 18 88.5% 48.6% 
Sokoll et al., 2010 [22] 196 177 49 144 80% 44.9% 
Stephan et al., 2009 [23]a 238 123 26 88 90% 41.7% 
Sokoll et al., 2008 [24] 56 38 7 22 90% 37% 
Mikolajczyk et al., 2004 [28] 128 152 14 86 90% 36% 
Catalona et al., 2003 [29] 410 502 46 133 90% 21% 
Table 4B Phi 
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A 
Guazzoni et al., 2011 

Specificity (95% CI) 
0.39 (0.31-0.46) 

Miyakubo et al., 2011 0.25   (0.19-0.32) 
Jansen et al., 2010 (site 1) 0.32   (0.25-0.39) 
Jansen et al., 2010 (site 2) 0.34   (0.27-0.41) 
Le et al., 2010 0.49   (0.32-0.66) 
Sokoll et al., 2010 0.45   (0.39-0.50) 
Stephan et al., 2009 0.42   (0.35-0.49) 
Sokoll et al., 2008 0.37   (0.25-0.50) 
Mikolajczyk et al., 2004 0.36   (0.30-0.43) 
Catalona et al., 2003 0.21   (0.18-0.24) 

Pooled Specificity=0.33 (0.31-0.35) 
χ2=84.24; df=9 (p=0.0000) 

0 0.2 0.4 0.6 0.8 1.0 Inconsistency (I-square)=89.3 % 
Specificity 

B Specificity (95% CI) 
Catalona et al., 2011 0.26   (0.22-0.30) 
Guazzoni et al., 2011 0.43   (0.35-0.51) 
Houlgatte et al., 2011 0.28   (0.22-0.35) 
Miyakubo et al., 2011 0.33   (0.26-0.40) 
Vincedeau et al., 2011 0.26   (0.18-0.36) 
Jansen et al., 2010 Site 1 0.35   (0.28-0.42) 
Jansen et al., 2010 Site 2 0.31   (0.24-0.38) 
Le et al., 2010 0.65   (0.47-0.80) 

Pooled Specificity=0.32 (0.29-0.34) 
χ2=36.07; df=7 (p=0.0000) 

0 0.2 0.4 0.6 0.8 1.0 Inconsistency (I-square)=80.6 %

Specificity 

Figure 2 Specificities of %[−2] proPSA and phi. Forest plots showing pooled specificity results of %[−2] proPSA (A) and phi (B). 
Studies are ordered by author and year of publication. The circles and horizontal lines correspond to the recorded percentage of TN results 
among patients without prostate cancer and their respective 95% CIs. The area of circles reflects the weight each study contributes to the 
analysis. The diamond represents the pooled value with its 95% CI. 

score. Similarly, de Vries et al. [26] indicated promising 
results for %[−2] proPSA in selecting treatment strate- 
gies for men with prostate cancer using Epstein’s criteria 
to differentiate between non-aggressive and aggressive 
tumors. Finally, in a recently published study Isharwal 
et al. [27] described that %[−2] proPSA and phi predicts 
unfavorable biopsy conversion at an annual surveillance 
biopsy examination among men enrolled in an active 
surveillance program. According to this study, the prob- 
ability of an unfavorable biopsy conversion is higher in 
patients with %[−2] proPSA higher than 0.7 or with phi 
higher than 34.2. 

Conclusions 
The available data shows that %[−2] proPSA and the 
derivative test phi may be useful in the detection of pros- 
tate cancer reducing the number of negative biopsies and 
improving results obtained with %fPSA and total PSA. 
Recent published data, concerning cost-effectiveness 

of these tests also suggests a positive budget impact of 
their generalized implementation in the management of 
prostate cancer. Results about the relationship of %[−2] 
proPSA and phi with the aggressiveness of the tumor cor- 
roborate the clinical usefulness of these tests. However, 
more studies are necessary in order to confirm these data 
and, specially, in order to define the most appropriate 
cut-off for %[−2] proPSA and phi. 
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The Prostate Health Index: a new test for the 
detection of prostate cancer 
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Abstract: A major focus in urologic research is the identification of new biomarkers with 
improved specificity for clinically-significant prostate cancer. A promising new test based 
on prostate-specific antigen (PSA) is called the Prostate Health Index (PHI), which has 
recently been approved in the United States, Europe and Australia. PHI is a mathematical 
formula that combines total PSA, free PSA and [-2] proPSA. Numerous international studies 
have consistently shown that PHI outperforms its individual components for the prediction 
of overall and high-grade prostate cancer on biopsy. PHI also predicts the likelihood of 
progression during active surveillance, providing another noninvasive modality to potentially 
select and monitor this patient population. This article reviews the evidence on this new blood 
test with significant promise for both prostate cancer screening and treatment decision- 
making. 
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Introduction 
In 2013, there will be an estimated 238,590 new 
cases of prostate cancer and 29,720 deaths, mak- 
ing it the second leading cause of cancer death in 
US men [ACS, 2013]. Widespread prostate cancer 
screening with prostate-specific antigen (PSA) has 
led to a dramatic reduction in the proportion of 
men diagnosed with metastatic disease and pros- 
tate cancer death rates [Schroder et al. 2012]. 
However, PSA screening continues to be highly 
controversial due to its limited specificity for clini- 
cally significant prostate cancer, resulting in unnec- 
essary biopsies for false positive results as well as 
detection of some indolent tumors that would not 
have caused harm during the patient’s lifetime. 

To preserve the benefits of screening and early 
detection and to reduce these harms, there has 
been great progress into alternate ways of using 
the PSA test with better performance characteris- 
tics. In the early 1990s, several studies showed 
that a greater percentage of PSA circulating in the 
unbound or form (‘free PSA’) indicated a greater 
likelihood that the elevation was from benign con- 
ditions rather than prostate cancer [Lilja et al. 
1991; Stenman et al. 1991]. 

More recently, several PSA isoforms have been 
identified that can further increase the specificity 

for prostate cancer [Mikolajczyk et al. 2004]. In 
particular, the [-2] form of proPSA (‘p2PSA’) has 
become commercially available, with improved 
performance over either total or free PSA for 
prostate cancer detection on biopsy [Catalona 
et al. 2003; Sokoll et al. 2010]. 

The Prostate Health Index (PHI) is a new for- 
mula that combines all three forms (total PSA, 
free PSA and p2PSA) into a single score that can 
be used to aid in clinical decision-making 
[Catalona et al. 2011]. PHI is calculated using 
the following formula: ([-2]proPSA/free PSA) × 
√PSA. Intuitively, this formula makes sense, in
that men with a higher total PSA and p2PSA
with a lower free PSA are more likely to have
clinically significant prostate cancer. In this arti- 
cle, we review the evidence on PHI in prostate
cancer screening and management.

Results 

US studies on PHI in prostate cancer screening 
In 2011, Catalona and colleagues published the 
results of a large multicenter trial of PHI for pros- 
tate cancer detection in 892 men with total PSA 
levels from 2 to 10 ng/ml and normal digital 
rectal examination (DRE) who were undergoing 
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prostate biopsy [Catalona et al. 2011]. The mean 
PHI scores were 34 and 49 for men with negative 
and positive biopsies, respectively. Setting the 
sensitivity at 80–95%, PHI had greater specificity 
for distinguishing prostate cancer on biopsy com- 
pared with PSA or percentage free PSA (%fPSA). 
On receiver operating characteristic analysis, PHI 
had an area under the curve (AUC) of 0.70, com- 
pared with 0.65 for %fPSA and 0.53 for PSA. 
Although the PHI test has been approved by the 
US Food and Drug Administration only in the 4 
-10 ng/ml PSA range, this study showed that PHI
performed well in the 2-10 ng/ml PSA range.
[Loeb et al. 2013].

More recently, Sanda and colleagues showed that 
not only did PHI outperform free and total PSA 
for prostate cancer detection, but it also improved 
the prediction of high-grade and clinically-signifi- 
cant prostate cancer [Sanda et al. 2013]. In 658 
men with PSA levels of 4 to 10 ng/ml from the 
multicenter study population, this study showed a 
significant relationship between PHI and the 
Gleason score on prostate biopsy. PHI had a 
higher AUC (0.698) compared with %fPSA 
(0.654), p2PSA (0.550) and PSA (0.549) for 
clinically significant prostate cancer based on the 
Epstein criteria. Furthermore, a quarter of the 
study population had PHI levels <27, and only a 
single patient in this PHI range had a biopsy 
Gleason score ≥4+3 = 7. These combined find- 
ings suggest that the use of PHI could signifi- 
cantly reduce unnecessary biopsies and the 
overdetection of nonlethal disease. 

Since the aforementioned results came from a 
large multicenter trial, it is important to note that 
PHI has also been examined in a grassroots popu- 
lation with consistent findings. Specifically, Le 
and colleagues compared PHI with to its individ- 
ual components in men undergoing a prostate 
biopsy with PSA levels from 2.5 to 10 ng/ml and 
negative DRE from a prospective screening popu- 
lation of 2034 men [Le et al. 2010]. On ROC 
analysis, PHI had the highest AUC (0.77) com- 
pared with p2PSA (0.76), %fPSA (0.68) and 
PSA (0.50) for prostate cancer detection. 

International studies on PHI in prostate cancer 
screening 
Several large international studies have also 
reported on PHI, including the PRO-PSA 
Multicentric European Study. Among 646 
European men from five centers undergoing 

prostate biopsy for a PSA of 2–10 ng/ml or suspi- 
cious DRE, Lazzeri and colleagues showed that 
using p2PSA or PHI significantly improved the 
prediction of biopsy outcome over total and free 
PSA [Lazzeri et al. 2013b]. While the use of 
%p2PSA or PHI would reduce the number of 
unnecessary biopsies by ≥15% at 90% sensitivity, 
PHI would miss the fewest high-grade tumors. 

 
The same authors also reported a subset of men 
from this multicenter PROMEtheuS trial to spe- 
cifically evaluate men with a positive family his- 
tory of prostate cancer [Lazzeri et al. 2013a]. 
They found that proPSA and PHI were signifi- 
cant independent predictors of prostate cancer in 
this high-risk population. When added to a model 
containing PSA and prostate volume, p2PSA and 
PHI led to a 8.7% and 10% increase in accuracy, 
respectively (p < 0.0001). In addition, p2PSA 
and PHI were associated with Gleason score on 
biopsy, suggesting their potential utility to reduce 
unnecessary biopsies in men with a positive fam- 
ily history. Additional study is warranted to fur- 
ther examine the potential utility of PHI in other 
high-risk populations, including men of African 
descent. 

 
Several groups have also compared the perfor- 
mance of PHI with other prostate cancer bio- 
markers leading up to a prostate biopsy. For 
example, Scattoni and colleagues reported on a 
comparison between PHI and PCA3 in European 
men undergoing initial or repeat biopsy. Overall, 
PHI had a higher AUC (0.70) than either PCA3 
(0.59) or %fPSA (0.60) [Scattoni et al. 2013]. 
Another series of 300 patients undergoing first 
biopsy in Italy had a 36% prostate cancer detec- 
tion rate [Ferro et al. 2013]. They reported an 
AUC of 0.77 for PHI, which compared favorably 
with 0.73 for PCA3 and 0.62 for free PSA. On 
decision curve analysis, PHI had greater net 
benefit at threshold probabilities >25%. Stephan 
and colleagues also performed a comparison of 
PHI with both PCA3 and the urinary 
TMPRSS2:ERG test in 246 men undergoing 
either initial or repeat prostate biopsy [Stephan 
et al. 2013]. In the overall population, PHI and 
PCA3 had a statistically similar AUC for pros- 
tate cancer detection on biopsy, and in general, 
the inclusion of both variables led to significant 
net benefit compared with standard parameters. 
However, their comparative performance dif- 
fered between clinical scenarios, with PCA3 per- 
forming best in men undergoing repeat biopsy. 
Nevertheless, only PHI correlated with Gleason 
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score among men with prostate cancer, while 
PCA3 and TMPRSS2:ERG did not. 

PHI for risk stratification and treatment 
outcomes 
The recent Melbourne Consensus Statement dis- 
cusses the importance of dissociating diagnosis 
from treatment and considering active surveil- 
lance as a way to reduce overtreatment for men 
with low-risk disease [Murphy et al. 2013]. There 
is currently no consensus over the optimal patient 
selection and follow-up protocol for patients on 
active surveillance. Some programs use PSA 
kinetics to help determine the need for interven- 
tion, but others have found that changes in total 
PSA are not always reliable predictors of histo- 
logical findings, at least in the short term [Ross 
et al. 2010]. The Johns Hopkins active surveil- 
lance program includes men with very low-risk 
prostate cancer (clinical stage T1c, PSA den- 
sity<0.15, Gleason ≤6 in a maximum of 2 posi- 
tive cores with ≤50% involvement) and has 
traditionally used annual repeat prostate biopsies 
to assess for signs of progression. Increasing rec- 
ognition of the risks of prostate biopsy highlights 
the need for other noninvasive modalities that can 
be used to monitor patients during active surveil- 
lance [Loeb et al. 2012]. Numerous recent studies 
have suggested that magnetic resonance imaging 
(MRI) may be helpful during active surveillance 
[Morgan et al. 2011]. In addition, Tosoian and 
colleagues showed that both baseline and longitu- 
dinal values of PHI predicted which men would 
have reclassification to higher-risk disease on 
repeat biopsy during a median follow up of 4.3 
years after diagnosis [Tosoian et al. 2012]. 
Baseline and longitudinal measurements of PHI 
had C-indices of 0.788 and 0.820 for upgrading 
on repeat surveillance biopsy, respectively. In con- 
trast, an earlier study in the Johns Hopkins active 
surveillance, PCA3 did not reliably predict short- 
term biopsy progression during active surveil- 
lance [Tosoian et al. 2010]. Additional studies are 
warranted to further examine the use of PHI in 
different active surveillance populations. 

Risk stratification is also important for men 
undergoing definitive treatment and those with 
more advanced disease. Although relatively fewer 
studies have been studied using phi in this clini- 
cal context, a recent pilot study of men with bio- 
chemical recurrence reported significantly higher 
p2PSA and phi in men with metastatic progres- 
sion compared those without clinical metastasis 

[Sottile et al. 2012]. Future studies are necessary 
to further evaluate and validate a role for PHI in 
the management of more advanced disease. 

Conclusion 
Although no single marker in isolation has perfect 
performance characteristics, PHI is a simple and 
inexpensive blood test that should be used as part 
of a multivariable approach to screening. In mul- 
tiple prospective international trials, this compos- 
ite measurement has been shown to outperform 
conventional PSA and free PSA measurements. 
Unlike PCA3 and TMPRSS2:ERG, PHI is also 
consistently associated with Gleason score and 
upgrading during active surveillance. PHI should 
be considered as part of the standard urologic 
armamentarium for biopsy decisions, risk stratifi- 
cation and treatment selection. 
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Abstract. Background/Aim: Several efforts have been made
to find biomarkers that could help clinicians to preoperatively
determine prostate cancer (PCa) pathological characteristics
and choose the best therapeutic approach, avoiding over-
treatment. On this effort, prostate cancer antigen 3 (PCA3),
prostate health index (phi) and sarcosine have been presented
as promising tools. We evaluated the ability of these
biomarkers to predict the pathologic PCa characteristics
within a prospectively collected contemporary cohort of
patients who underwent radical prostatectomy (RP) for
clinically localized PCa at a single high-volume Institution.
Materials and Methods: The prognostic performance of PCA3,
phi and sarcosine were evaluated in 78 patients undergoing
RP for biopsy-proven PCa. Receiver operating characteristic
(ROC) curve analyses tested the accuracy (area under the
curve (AUC)) in predicting PCa pathological characteristics.
Decision curve analyses (DCA) were used to assess the
clinical benefit of the three biomarkers. Results: We found that
PCA3, phi and sarcosine levels were significantly higher in
patients with tumor volume (TV) ≥0.5 ml, pathologic Gleason

sum (GS) ≥7 and pT3 disease (all p-values ≤0.01). ROC curve
analysis showed that phi is an accurate predictor of high-stage
(AUC 0.85 [0.77-0.93]), high-grade (AUC 0.83 [0.73-0.93])
and high-volume disease (AUC 0.94 [0.88-0.99]). Sarcosine
showed a comparable AUC (0.85 [0.76-0.94]) only for T3
stage prediction, whereas PCA3 score showed lower AUCs,
ranging from 0.74 (for GS) to 0.86 (for TV). Conclusion:
PCA3, phi and sarcosine are predictors of PCa characteristics
at final pathology. Successful clinical translation of these
findings would reduce the frequency of surveillance biopsies
and may enhance acceptance of active surveillance (AS).

Prostate-specific antigen (PSA) screening leads to an increasing
number of men identified with low-stage and low-grade disease
in the setting of prostate cancer (PCa). These subjects are good
candidates for treatments other than radical prostatectomy
(RP), such as active surveillance (AS) or focal therapy (1). The
best treatment chosen should maximize oncologic and
functional outcomes. Circulating and urinary biomarkers
represent a promising approach to identify men with apparently
low-risk biopsy pathology but who harbor potentially
aggressive tumors unsuitable for active surveillance. Recent
studies have shown that the Prostate Health Index (phi;
[preoperative prostate-specific antigen isoform (p2PSA)/free
PSA] x √ total PSA (tPSA)) improve the accuracy of tPSA and
percentage of free PSA (%fPSA) in predicting the presence of
PCa at prostate biopsy and it is also related to PCa
aggressiveness at biopsy (2-7) and at RP (8, 9). 

Conflicting results have been reported for predicting the
pathologic PCa characteristics of prostate cancer antigen 3
(PCA3) (9-11). 
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Sreekumar et al. (12) showed that sarcosine in prostate
tissue is associated with prostate cancer progression. Since
sarcosine was originally shown to be a mechanistic
biomarker of proliferation and invasion (13), it could
potentially serve as biomarker for progressive disease,

Currently, no evidence is available on the role of PCA3,
phi and sarcosine in the prediction of PCa aggressiveness at
final pathology after RP within a prospectively-collected
contemporary cohort of patients. 

The aim of this prospective observational study is to
assess the accuracy of PCA3, phi and sarcosine in predicting
pathological features in the same cohort of patients who
underwent RP for clinically-localized PCa. 

Materials and Methods

Study population. We evaluated 78 patients with biopsy-proven,
clinically localized PCa, who were prospectively enrolled between
January 2013 and December 2013 and underwent, within 3 months,
laparoscopic or robot-assisted laparoscopic RP at one tertiary care
institution (National Institute of Cancer, Naples, Italy). None of the
study patients received neoadjuvant hormonal therapy (anti-
androgens or luteinizing hormone-releasing hormone analogues or
antagonists) and/or other hormonal preparations (i.e. 5-alpha
reductase inhibitors) that could alter the PSA values. The local
hospital ethics committee approved the study protocol (M2/33) and
all participants signed written informed consent. 

The primary end-point of the current study was to assess whether
Phi, PCA3 and sarcosine significantly discriminate men with tumor
volume (TV) ≥ 0.5ml, pathologic Gleason sum ≥7 and T stage ≥2
and might be used to stratify the risk of harboring clinically
insignificant or more aggressive PCa at final pathology. 

Measurement of biomarkers. Blood specimens were collected before
initial prostate biopsy. Whole blood was allowed to clot before
serum was separated by centrifugation. Serum aliquots were stored
at -80°C until samples were processed according to Semjonow et
al. (14). Specimens were analyzed in blinded fashion for PSA, fPSA
and p2PSA by an Access 2 Immunoassay System analyzer
(Beckman Coulter, Brea, CA, USA).

First catch urine samples were also collected before prostate
biopsy and following an attentive digital rectal exam (DRE) ( three
strokes per lobe) and stored in a Progensa urine specimen transport
kit as described by Groskopf et al. (15). Urine samples were
processed and tested to quantify PCA3 mRNA and PSA mRNA
concentrations using the Progensa PCA3 assay (Gen-probe, San
Diego, CA, USA). The PCA3 score was calculated as PCA3
mRNA/PSA mRNA ×1,000. Sarcosine was measured using the
Sarcosine Assay Kit (Biovision, Mountain View, CA, USA)
following the manufacturer’s instructions. 

Phi index and PCA3 score, for each single patient, were
determined in the same laboratory (University of Naples, Naples,
Italy), sarcosine was measured at the University of Bari, Italy. RP
specimens were evaluated using serially 3-mm sectioned whole-
mount specimens according to the Stanford protocol and primary
and secondary GS were assigned by an experienced uropathologist
at each center, blinded to the biomarkers value, according to the
2005 consensus conference of the International Society of

Urological Pathology definitions. All tumor foci were identified and
cumulative TV was assessed using computerized planimetry
accounting for all tumor foci. 

Statistical analysis. All statistical analyses were performed in R (R
Development Core Team, 2012).

Median [min–max] values were used to describe continuous
variables, whereas categorical variables were reported as number
of occurrences and percentages. The Mann-Whytney and Chi-
square test were used to assess differences among PCa patients.
The predictive accuracy of the single markers was measured by
the Area under the receiver operating characteristic (ROC) curve
(area under the curve (AUC)). Differences in diagnostic
performance were assessed using the De Long method. Because
of the large number of the pairwise comparisons among markers
and to control the family-wise error rate at level α=0.05, the
significance of the DeLong test statistics was appraised by using
the adaptive Bonferroni procedure (16). Finally, decision curve
analysis (DCA) (17) was used to assess the net benefit (calculated
by subtracting the proportions of false positives from the
proportion of true positives, the former being weighted by the
relative harms of false positives and false negatives results) of
using PCA3, phi and sarcosine in guiding treatment decision
making. Statistical significance was set at p<0.05 (unless in AUC
pairwise comparisons as stated above).

Results

The demographic and clinical characteristics of the study
population are listed in Table I. All patients had clinical stage
T1-T2 with a preoperative PSA median value of 6.7 ng/ml.
Biopsy GS ≤7 was found in 68 (87%) subjects. At final
pathology, TV ≥0.5 ml was observed in 13 patients (16.7%),
pathologic GS ≥7 was found in 48 patients (60.7%) and pT3
was diagnosed in 22 (28.2%) patients.

Figure 1 shows the comparison of biomarkers according
to study end-points. In detail, PCA3, phi and sarcosine
were significantly increased in subjects with TV ≥0.5 ml,
pathological Gleason score ≥7 and pT3 stage (all p-values
<0.01). Predictive accuracy was quantified by ROC curve
analysis for each outcome of interest (Figure 2). The largest
AUC’s were obtained with phi for tumor volume (0.94;
95% confidence interval (CI)=0.88 to 0.99) and GS (0.94;
95% (CI)=0.88 to 0.99), whereas same AUCs values were
found for phi (0.85; 95% (CI)=0.77 to 0.93) and sarcosine
(0.85; 95% (CI)=0.76 to 0.94) for pathological stage. No
significant differences in pairwise comparison of AUCs
were observed, except for sarcosine vs. phi for TV outcome
(p=0.004).

Results of DCA analysis are reported in Figure 3. Phi and
PCA3 clearly result in greater net benefit compared to
sarcosine in TV ≥0.5 ml and GS ≥7 probability, when it is
plotted against various threshold probabilities. Conversely,
sarcosine had an increased net benefit against PCA3 and phi
for pT3 tumor, which endures for the range of threshold
probabilities 25-50%.
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Discussion  

The preoperative anticipation of histological prognostic features
at RP would affect the therapeutic approaches to localized PCa,

such as the decision for AS, preservation of neurovascular
bundles and performing pelvic lymph node dissection. 

Several patients with apparently low-risk PCa might
harbor unfavorable disease due to inaccuracies in currently
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Figure 1. Box plot showing the distribution of PCA3 values (a), phi values (b) and sarcosine (c), each relative to tumor volume, Gleason sum, tumor
stage. Data are shown as median (horizontal line in the box) and Q1 and Q3 (borders of the box). Dots represent outlier values and asterisks
represent extreme values. Q1, 25th percentile; Q3, 75th percentile; IQR (interquartile range), Q3-Q1.
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Figure 2. Receiver operating characteristic (ROC) curve of all the analyzed markers as predictors of tumor volume (a), Gleason sum (b), tumor stage (c).



used tools. Therefore, several efforts have been made to find
preoperative biomarkers that could help clinicians determine
PCa pathological characteristics. 

In the current study, we investigated the accuracy of PCA3,
phi, and sarcosine in predicting PCa characteristics at final
pathology in a same cohort of patients who underwent RP. 

Although previous studies (8, 9, 10, 18, 19) have
separately determined the accuracy of these markers in

predicting pathological features of PCa at the time of RP, to
the best of our knowledge, this is the first study to investigate
these relationships in the same cohort of patients. 

In this study, we showed that phi, PCA3 and sarcosine
were independent predictors of TV ≥0.5 ml, GS ≥7 and pT3
stage. ROC curve analysis showed that phi, PCA3 and
sarcosine have a good accuracy in the prediction of these
three pathological outcomes. Of note, phi showed the largest
AUCs and only for the prediction of TV there is a
statistically significant difference between phi and sarcosine.
A larger number of samples may probably allow reaching
statistical significance. DCA analysis favored the use of phi
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Figure 3. Decision curve analysis of the effect of PCA3, phi and
sarcosine on the detection of tumor volume ≥0.5 ml (a), Gleason sum
≥7 (b) and pT3 (c) at radical prostatectomy. 

Table I. Clinical characteristics of the study population.

Age
Mean±Std. Dev. 64±5.2
Median [Range] 65 [49; 72]

BMI
Mean±Std. Dev. 26.2±4.2
Median [Range] 26 [19.4; 36]

tPSA
Mean±Std. Dev. 6.7±2.9
Median [Range] 6.13 [2.11; 17.86]

fPSA
Mean±Std. Dev. 1±0.5
Median [Range] 0.88 [0.27; 3.3]

f/tPSA
Mean±Std. Dev. 0.2±0.1
Median [Range] 0.16 [0.05; 0.9]

Phi
Mean±Std. Dev. 69.9±45.3
Median [Range] 54.26 [3.05; 210.02]

PCA3
Mean±Std. Dev. 75.9±47.1
Median [Range] 71.5 [8; 254]

Sarcosina
Mean±Std. Dev. 1±0.6
Median [Range] 0.85 [0.02; 2.57]

Biopsy Gleason Sum N (%)
≤6 53 (68.0)
7 15 (19.2)
≥8 10 (12.8)

Clinical Stage N (%)
cT1c 71 (91)
cT2a 7 (9)

Prostatectomy Gleason Sum N (%)
6 30 (38.5)
7 34 (43.6)
≥8 14 (18.0)

Pathological Stage N (%)
pT2 56 (71.8)
pT3 22 (28.2)

Tumore Volume
≥0.5 13 (16.7)
<0.5 65 (83.3)

BMI= Body mass index; tPSA= total PSA; fPSA= free PSA.



and PCA3 to predict TV and high GS for a wide range of
threshold probabilities, whereas sarcosine to identify high
stage tumor for a defined range of threshold probabilities
lower than 50%.

Several studies have aimed to clarify, in separate study
cohorts, the potential role of these new biomarkers in
predicting pathological features of PCa at final pathology.
The most extensively studied biomarker was PCA3. The
majority of studies supported the hypothesis that PCA3 score
was a significant predictor of low-volume disease (10, 11,
19-21), whereas several authors demonstrated limited ability
of PCA3 in predicting aggressive disease, defined as GS sum
≥7 (10, 19, 22). According to Whitman et al. (11), PCA3 is
an independent predictor of extra-capsular extension (ECE)
on the RP specimen. Durand et al. (10) found a significant
difference in PCA3 scores between the pT2 tumor group and
the pT3/4 tumor group, probably due to large TV, strongly
linked to ECE risk.

Recently, two different reports (8, 9) showed that phi is an
accurate predictor of large TV, high-grade and high-stage
PCa at RP.

Finally, Lucarelli et al. (18) showed that higher serum
sarcosine levels were significantly associated with low- and
intermediate-grade tumors in men with PSA <4 ng/ml.
Conversely, tissue (23) and urinary (24) sarcosine content
cannot be considered suitable predictors of tumor
aggressiveness or biochemical recurrence.

In the present study, we provide evidence that urinary
PCA3 score, phi and serum sarcosine had a good predictive
value of histopathological findings. In particular, ROC curve
analysis showed that phi is significantly more accurate than
sarcosine in the prediction of TV. This is a relevant issue
since smaller tumors are thought to be less aggressive and
less frequently associated with progression (25). 

Our DCA indicated that the clinical benefit in the prediction
of different aspects of PCa aggressiveness is quite different for
the three biomarkers. In fact, PCA3 and phi seem to provide a
higher benefit to predict TV and GS, whereas sarcosine has an
increased clinical benefit for high-stage cancer risk. This issue
is of importance in order to improve the identification of
cancers that require intervention, supporting clinicians in the
choice of therapeutic strategy.

Even if these results are regarded as preliminary, PCA3, phi
and sarcosine could have an important role in selecting men
with insignificant PCa representing about one-third of new-
diagnosed tumors (26). These patients may be candidates to
prostate-sparing managements, such as active surveillance
(AS) allowing to delay or avoid radical treatment and its
related morbidity without compromising survival (27).

The strength of our study resides in a single-centre
prospective cohort study in which, for the first time, the
prognostic performance of the three biomarkers are
contextually evaluated on RP histological findings.

Despite its strength, this study is limited by the relatively
small size of our cohort. In addition, we did not evaluate the
inclusion of PCA3, phi and sarcosine in predictive
nomograms, which are often used for PCa prognosis, neither
did we perform a comparison with the currently used tools.
Consequently, further and larger studies are required to
externally validate our findings and to compare or integrate
these biomarkers with wide-used nomograms and risk
calculators.

Conclusion

In the current study, we showed that, in a same cohort of
patients who underwent RP, PCA3, phi and sarcosine were
good predictors of large, high-grade and high-stage tumor. 
In clinical practice, these biomarkers could meaningfully be
considered as important tools in patients’ risk stratification
and best treatment selection.
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Abstract
OBJECTIVE:
To compare the prognostic accuracy of Prostate Health Index (PHI) and Prostate Cancer Antigen 3 in predicting pathologic
features in a cohort of patients who underwent radical prostatectomy (RP) for prostate cancer (PCa).

METHODS AND MATERIALS:
We evaluated 156 patients with biopsy-proven, clinically localized PCa who underwent RP between January 2013 and
December 2013 at 2 tertiary care institutions. Blood and urinary specimens were collected before initial prostate biopsy for [-2]
pro-prostate-specific antigen (PSA), its derivates, and PCA3 measurements. Univariate and multivariate logistic regression
analyses were carried out to determine the variables that were potentially predictive of tumor volume >0.5ml, pathologic Gleason
sum≥7, pathologically confirmed significant PCa, extracapsular extension, and seminal vesicles invasions.

RESULTS:
On multivariate analyses and after bootstrapping with 1,000 resampled data, the inclusion of PHIsignificantly increased the
accuracy of a baseline multivariate model, which included patient age, total PSA, free PSA, rate of positive cores, clinical
stage, prostate volume, body mass index, and biopsy Gleason score (GS), in predicting the study outcomes. Particularly, to
predict tumor volume>0.5, the addition of PHI to the baseline model significantly increased predictive accuracy by 7.9% (area
under the receiver operating characteristics curve [AUC] = 89.3 vs. 97.2, P>0.05), whereas PCA3 did not lead to a significant
increase. Although both PHI and PCA3 significantly improved predictive accuracy to predict extracapsular extension compared
with the baseline model, achieving independent predictor status (all P׳s<0.01), only PHI led to a significant improvement in the
prediction of seminal vesicles invasions (AUC = 92.2, P<0.05 with a gain of 3.6%). In the subset of patients with
GS≤6, PHIsignificantly improved predictive accuracy by 7.6% compared with the baseline model (AUC = 89.7 vs. 97.3) to predict
pathologically confirmed significant PCa and by 5.9% compared with the baseline model (AUC = 83.1 vs. 89.0) to predict
pathologic GS≥7. For these outcomes, PCA3 did not add incremental predictive value.
CONCLUSIONS:
In a cohort of patients who underwent RP, PHI is significantly better than PCA3 in the ability to predict the presence of both more
aggressive and extended PCa.

Copyright © 2014 Elsevier Inc. All rights reserved. 
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FDA APPROVAL 
phi is indicated for use as an aid in distinguishing prostate cancer from benign prostatic conditions, for 
prostate cancer detection in men aged 50 years and older with total PSA ≥ 4 .0 to ≤ 10.0 ng/mL, and 
with digital rectal examination findings that are not suspicious for cancer. Peer-reviewed published 
studies support the use of the phi test in men with total PSA values as low as 2 ng.  Prostatic biopsy 
is required for diagnosis of cancer. (See FDA Letter Following this Page) 

Recommended by National Comprehensive Cancer Network 
(NCCN) 
phi has been recommended by the National Comprehensive Cancer Network (NCCN) as a blood test 
to improve specificity for prostate cancer detection in its Clinical Practice Guidelines in Oncology 
(NCCN Guidelines) for Prostate Cancer Early Detection. Inclusion in the NCCN Guidelines 
recognizes the benefit and clinical utility of phi to help the appropriate use of prostate biopsy, and 
therefore help bring about better cancer diagnosis.27 



DEPARTMENT OF HEALTH & HUMAN SERVICES Food and Drug Administration

10903 New Hampshire Avenue
Silver Spring, MD 20993

Mr. Brent Taber
Staff Regulatory Specialist
Beckman Coulter, Inc. JUN 1 4 2012
1000 Lake Hazeltine Dr.
Chaska, MN 55318-1084

Re: P090026
Access@ Hybritech® p2PSA on the Access Immunoassay Systems
Filed: November 17, 2009
Amended: January 8, 2010, July 28, 2010, April 7, 2011 and September 6, 2011
Procode: OYA

Dear Mr. Taber:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its review of your premarket approval application (PMA) for the Access®
Hybritech® p2PSA on the Access Immunoassay Systems. This device is indicated for:

The Access Hybritech p2PSA assay is a paramagnetic particle, chemiluminescent
immunoassay for the quantitative determination of [-2]proPSA antigen, an isoform of free
PSA, in human serum using the Access Immunoassay Systems. Access HIybritech p2PSA is
intended to be used in combination with Access Hybritech (total) PSA and Access
Hybritech free PSA to calculate the Beckman Coulter Prostate Health Index (phi), an In
Vitro Diagnostic Multivariate Index Assay (IVDMIA).

Beckman Coulterphi as calculated using the Access Hybritech assays is indicated for use as
an aid in distinguishing prostate cancer from benign prostatic conditions, for prostate
cancer detection in men aged 50 years and older with total PSA > 4.0 to < 10.0 ng/mL, and
with digital rectal examination findings that are not suspicious for cancer. Prostatic biopsy
is required for diagnosis of cancer.

We are pleased to inform you that the PMA is approved. You may begin commercial distribution
of the device in accordance with the conditions of approval described below.

The sale and distribution of this device are restricted to prescription use in accordance with 21
CFR 801.109 and under section 515(d)(1)(B)(ii) of the Federal Food, Drug, and Cosmetic Act (the
act). FDA has determined that this restriction on sale and distribution is necessary to provide
reasonable assurance of the safety and effectiveness of the device. Your device is therefore a
restricted device subject to the requirements in sections 502(q) and (r) of the act: in addition to the
many other FDA requirements governing the manufacture, distribution, and marketing of devices.

Expiration dating for this device has been established and approved at 12 month; when stored at 2
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to 100C. Expiration dating for the Access Hybritech p2PSA calibrator has been established and
approved at 12 months when stored unopened at < -200 C.

Continued approval of this PMA is contingent upon the submission of periodic reports, required
under 21 CFR 814.84, at intervals of one year (unless otherwise specified) from the date of
approval of the original PMA. Two copies of this report, identified as "Annual Repor" (please use
this title even if the specified interval is more frequent than one year) and bearing the applicable
PMA reference number, should be submitted to, the address below. The Annual Report should
indicate the beginning and ending date of the period covered by the report and should include the
information required by 21 CFR 814.84.

In addition to the above, and in order to provide continued reasonable assurance of the safety and
effectiveness of the device, the Annual Report must include, separately for each model number (if
applicable), the number of devices sold and distributed during the reporting period, including those
distributed to distributors. The distribution data will serve as a denominator and provide necessary
context for FDA to ascertain the frequency and prevalence of adverse events, as FDA evaluates the
continued safety and effectiveness of the device.

Before making any change affecting the safety or effectiveness of the device, you must submit a
PMA supplement or an alternate submission (30-day notice) in accordance with 21 CFR 814.39.
All PMA supplements and alternate submissions (30-day notice) must comply with the applicable
requirements in 21 CFR 814.39. For more information, please refer to the FDA guidance
document entitled, "Modifications to Devices Subject to Premarket Approval (PMA) - The PMA
Supplement Decision-Making Process"
(www.fda.gov/MedicalDevices/DeviceRegjulationandGuidance/GuidanceDocuinents/ucffi089274.h

You are reminded that many FDA requirements govern the manufacture, distribution, and
marketing of devices. For example, in accordance with the Medical Device Reporting (MDR)
regulation, 21 CFR 803.50 and 21 CFR 803.52, you are required to report adverse events for this
device. Manufacturers of medical devices, including in vitro diagnostic devices, are required to
report to FDA no later than 30 calendar days after the day they receive or otherwise becomes aware
of information, from any source, that reasonably suggests that one of their markzted devices:

1. May have caused or contributed to a death or serious injury; or

2. Has malfunctioned and such device or similar device marketed by the manufacturer
would be likely to cause or contribute to a death or serious injury if the malfunction
were to recur.

Additional information on MDR, including how, when, and where to report, is available at
www.fda.gov/MedicalDevices/Safety/RetortaProblem/default htm

In accordance with the recall requirements specified in 21 CFR 806.10, you are required to submit
a written report to FDA of any correction or removal of this device initiated by you to: (1) reduce a
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risk to health posed by the device; or (2) remedy a violation of the act caused by the device which
may present a risk to health, with certain exceptions specified in 21 CFR 806.1 0(a)(2). Additional
information on recalls is available at www.fda.gov/Safety/Recalls/IndustryGuiLance/default.htm.

CDRH does not evaluate information related to contract liability warranties. We remind you;
however, that device labeling must be truthful and not misleading. CDRH will notify the public of
its decision to approve your PMA by making available, among other information, a summary of the
safety and effectiveness data upon which the approval is based. The information can be found on
the FDA CDRH Internet HomePage located at
www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/DeviceApirove.IsandClearances/P
MAApprovals/default.htm. Written requests for this information can also be made to the Food and
Drug Administration, Dockets Management Branch, (HFA-305), 5630 Fishers Lane, Rm. 1061,
Rockville, MD 20852. The written request should include the PMA number or docket number.
Within 30 days from the date that this information is placed on the Internet, any interested person
may seek review of this decision by submitting a petition for review under section 515(g) of the act
and requesting either a hearing or review by an independent advisory committe . FDA may, for
good cause, extend this 30-day filing period;

Failure to comply with any post-approval requirement constitutes a ground for withdrawal of
approval of a PMA. The introduction or delivery for introduction into interstate commerce of a
device that is not in compliance with its conditions of approval is a violation of law.

You are reminded that, as soon as possible and before commercial distribution of your device, you
must submit an amendment to this PMA submission with copies of all approved labeling in final*
printed form. Final printed labeling that is identical to the labeling approved in draft form will not
routinely be reviewed by FDA staff when accompanied by a cover letter stating that the final
printed labeling is identical to the labeling approved in draft form. If the final printed labeling is
not identical, any changes from the final draft labeling should be highlighted and explained in the
amendment.

All required documents should be submitted in triplicate, unless otherwise specified, to the address
below and should reference the above PMA number to facilitate processing. One of those three
copies may be an electronic copy (eCopy), in an electronic format that FDA can, process, review
and archive (general information:
http://www.fda.gov/MedicalDevices/DeviceRe~ulationandGuidance/HowtoMai-](etYourDevice/Pre
marketSubmissions/ucml34508.htm; clinical and statistical data:
heketYourDevice/Pre
marketSubmissions/ucml36377.htm)

U.S. Food and Drug Administration
Center for Devices and Radiological Health
PMA Document Mail Center - W066-G609
10903 New Hampshire Avenue
Silver Spring, MD 20993-0002
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If you have any questions concerning this approval order, please contact Maria M. Chan at 301-
796-5482.

Sincerely yours,

Alberto Gutierrez, Ph.D.
Office Director
Office of In Vitro Diagnostic Device Evaluation and

Safety
Center for Devices and Radiological Health
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Evaluation & Customer Support 

• Memorial Herman Health System - Evaluation completed 2014

• MD Anderson - Evaluation completed 2015

• More than 600 practices have used the phi test throughout the US.
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Understanding and curative treatment options can be offered. 
Studies support an initial PSA test for men 
between the ages of 40 and 45, before the 

Implementing PSA Guidelines 
into Practice 

By Kevin M. Slawin, M.D. 

he individual and societal 
burden of  prostate   cancer 
is enormous. In 2013, the 
American Cancer Society 

estimated that nearly 240,000 new cases 
would be diagnosed in the United States 
alone, and 29,720 American men – or 1 
in 36 – would die of the disease. Prostate 
cancer is the second leading cause of 
cancer fatality among American men, 
second only to lung cancer. 

“NEW ADVANCES IN MOLECULAR MARKERS HAVE IMPROVED OUR 
ABILITY TO BETTER GAUGE THE RISK OF SERIOUS PROSTATE CANCER, 
AND HELP GUIDE BETTER DECISION-MAKING ABOUT THE DIAGNOSIS 

AND TREATMENT OF POTENTIALLY LETHAL DISEASE.” 

In May 2012, the United States 
Preventive Services Task Force (USPSTF) 
recommended against PSA-based screen- 
ing for prostate cancer, noting that there is 
“a very small potential benefit and signifi- 
cant potential harms.” The panel, which 
did not include urologists or cancer spe- 
cialists, advised clinicians to “not screen 
their patients with a PSA test unless the 
individual being screened understands 
what is known about PSA screening and 
makes the personal decision that even a 
small possibility of benefit outweighs the 
known risk of harms.” The recommen- 
dation applies to men in the general U.S. 
population, regardless of age. 

While the recommendation was written 
with good intent, the fact remains that the 
introduction of the PSA blood test has 
resulted in significantly more early stage 
prostate cancer diagnoses, including 
high-risk cancers for which potentially 
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possibility of the presence of benign pros- 
tatic hyperplasia (BPH) may confound the 
ability of the test to establish the future 
risk of prostate cancer. A baseline serum 
PSA level ≥ 1.0 ng/ml at 45 years of age 
and a baseline serum PSA level ≥ 2.0 ng/ 
ml at 60 years of age are associated with 
a significantly increased risk of prostate 
cancer-related mortality and diagnosis of 
advanced or metastatic disease even 25 
years after the initial PSA was obtained. 
Based on these and other studies, the 
European Urological Association (EUA) 
issued sound, evidence-based guidelines 
for early detection of prostate cancer in 
July 2013.1 These guidelines included 
recommendations that baseline testing be 
done between the ages of 40 and 45. In a 
patient with very low PSA and the absence 
of symptoms, the need for further lifetime 
screening may be obviated. A PSA of less 
than 1.0 ng/ml is considered low risk and 
a good indication of the potential lack of 
need for intensive screening in the future, 
whereas men with a higher PSA at that age 
may need to be followed more closely as 
they age. The EUA guidelines balance 
early screening with appropriate surveil- 
lance guidelines and appear to be more 
scientifically nuanced than the USPSTF 
guidelines. 

Prostate-specific antigen testing may 
be problematic. PSA is not a classic tumor 
marker – expression is highest in benign 
cells. At lower levels, it primarily reflects 
the presence of BPH. While there is per- 
sistent debate over the risk-to-benefit 
ratio of PSA-based screening for prostate 
cancer, there is general agreement about 
the need for new markers specifically 
associated with biologically aggressive 
prostate cancer for improved diagnosis 
and staging. 

In 2012, the FDA approved a ground- 
breaking, new prostate cancer screen- 
ing test called the Prostate Health Index 
(phi). This new screening test combines 
the PSA and free PSA with a novel, 



Dr. Slawin explains Prostate Health 
Index test results and ranges to his 
patient Daniel Lundeen. 
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clipped form of the precursor to PSA, 
called [-2]pro-PSA. This precursor form 
of PSA, which is more elevated in prostate 
cancer patients and more accurately iden- 
tifies the disease, was jointly discovered 
by myself and researchers at Beckman 
Coulter. Baylor College of Medicine, 
where I practiced at the time, licensed 
the technology exclusively to Beckman 
Coulter, which then developed the new 
screening test. PSA-screening expert 
William Catalona, M.D., led a multi- 
center study that confirmed the improved 
performance of the phi score over the PSA 
or free PSA tests, the results of which were 
published in the Journal of Urology.2 The 
phi is approved and available in Europe, 
and was recently launched in the United 
States through Innovative Diagnostic 
Laboratory in Richmond, Virginia. 

cancer, and to assist in the approach to 
the diagnosis and treatment of potentially 
lethal disease. Treatment options include 
active surveillance for men with smaller, 
lower-grade tumors who meet rigid crite- 
ria. For men who choose surgical removal 
of the prostate gland as treatment for 
early prostate cancer, advanced robotic 
techniques in the hands of an experienced 
surgeon may reduce the chances of debil- 
itating side effects such as incontinence 
and impotence, problems too often cited 
in the media as inevitable complications 
from prostate cancer surgery. 

In the midst of this controversy, there 
are nine principles supported by most 
medical evidence3: 

 
1) PSA is strongly associated with prostate

cancer. There is a strong relationship
at the population level between PSA
and clinically relevant prostate cancer

“WHILE NOT ALL PROSTATE CANCERS ARE POTENTIALLY LETHAL, IF WE 
DON’T MAINTAIN OUR FOCUS ON THE EARLY DETECTION OF PROSTATE 
CANCER, WE WILL FAIL TO DETECT THOSE AGGRESSIVE CANCERS THAT 

WARRANT AGGRESSIVE, POTENTIALLY LIFE-SAVING THERAPY.” 

The phi test reduces unnecessary 
biopsies by 26 percent for men with PSA 
values between 2-10 ng/mL. The test 
also preferentially detects more aggres- 
sive, potentially life-threatening cancers 
that most agree require treatment. FDA 
approval of phi has renewed the path  
to effective screening and offers hope 
and subsequent treatment to patients in 
whom disease may have gone previously 
unidentified. It represents a significant 
step forward in settling the prostate 
cancer screening controversy and has 
the potential to reintroduce screening as 
a viable and important tool in the overall 
disease management of prostate cancer, 
preventing us from losing the consider- 
able ground we’ve gained since PSA was 
first introduced. 

For men in their 50s and older with an 
elevated PSA, new advances in molecu- 
lar markers have improved our ability to 
better gauge the risk of serious prostate 

endpoints. There are few other markers in
medicine that can predict disease-specific
death at 25 years with an area-under-the- 
curve of 0.90.

2) Screening can be risk stratified. PSA
is highly informative of long-term risk.
Screening could focus on the men at
highest risk, identified by PSA. Men
at lower risk may need less frequent
screening or in some cases, the need for
subsequent screening may be completely
eliminated.

3) The DRE is not an effective screening test.
In a man with elevated PSA, a positive
DRE does not indicate increased risk of
cancer. In low PSA ranges, however, the
positive predictive value of DRE is very
poor – 4 to 11 percent – and the DRE
adds little information.

4) PSA has moderate specificity. Most men
with an elevated PSA do not have pros- 
tate cancer. This has led to the search
for markers to use as a reflex test in men
with elevated PSA, including free PSA; a
panel of four kallikrein markers in blood;
and the recently launched phi test that
includes [-2]pro-PSA, urinary PCA3, and
urinary detection of the TMPRSS2-ERG
gene fusion.
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5) PSA screening is associated with sub- 
stantial overdiagnosis. Many of the
cancers identified by current approaches
to PSA-based screening would never
have become apparent in the course of a
man’s lifetime. PSA screening is recom- 
mended in men with a life expectancy of
10 years. It is clear that, given a mean
lead time of 12 years, a non-negligible
proportion of men would die in the period
between screen and clinical cancer
detection.

6) PSA screening reduces prostate cancer
mortality in men who would not otherwise

While not all prostate cancers are 
potentially lethal, if we don’t maintain 
our focus on the early detection of pros- 
tate cancer, we will fail to detect those 
aggressive cancers that warrant aggres- 
sive, potentially life-saving therapy. We 
must rely on the urologists caring for 
these patients to wisely apply these new 
technologies and knowledge to focus on 
the early detection and cure of aggressive 
prostate cancer, not strip them of their 
ability to effectively manage this common 
but complex disease. 

 
1 Heidenreich A, Abrahamsson P, Artibani W, 

Catto J, Montorsi F, Van Poppel H, Wirth M, 
Mottet N. Early Detection of Prostate Cancer 
Recommendation: European Association of 
Urology Recommendation. European Urology. 
2013;64:347-54. 

 
2 Catalona WJ, Partin AW, Sanda MG, Wei JT, 

Klee GG, Bangma CH, Slawin KM, Marks LS, 
Loeb S, Broyles DL, Shin SS, Cruz AB, Chan 
DW, Sokoll LJ, Roberts WL, van Schaik RHN, 
Mizrahi IA. A Multi-Center Study of [−2]Pro- 

Prostate-Specific Antigen (PSA) in Combination 

with PSA and Free PSA for Prostate Cancer 

“THE PHI TEST COMBINES THE PSA AND FREE PSA WITH A NOVEL, 
CLIPPED FORM OF THE PRECURSOR TO PSA, CALLED [-2]PRO-PSA.” 

Detection in the 2.0 to 10.0 ng/mL PSA Range. J 
Urol. 2011 May;185(5):1650-55. 

3 Vickers AJ, Roobol MJ, Lilja H. Screening 
be screened. The European Randomized 
Study of Screening for Prostate Cancer 
(ERSPC) trial reported statistically sig- 
nificant reductions in cancer mortality in 
the participants randomized to screening 
compared to unscreened controls.4 

7) The benefits of screening take time to
accrue. The survival curves in ERSPC
only separated noticeably after about 10
years.

8) Not all cancers need treatment. Recent
long-term studies suggest low risk of
prostate cancer death from patients with
Gleason 6 tumors, suggesting that many
of these patients will not benefit from
immediate treatment and could there- 
fore be placed on an active surveillance
program. This is especially relevant as, in
the ERSPC, nearly three-quarters of the
patients diagnosed in the screening arm
had a Gleason score of 6 or less.

9) The type of treatment matters. PSA
screening in and of itself cannot prevent
mortality or lead to physical dysfunc- 
tion; it is treatment following diagnosis
of screen-detected cancer that leads
to both benefit and harm. Benefits can
be maximized and harms minimized if
patients in need of curative therapy are
treated by high-volume surgeons, or by
radiation oncologists who use high-dose
approaches.

Dr. Slawin is director of the Vanguard 
Urologic Institute at Memorial Hermann 
Medical Group, director of urology at 
Memorial Hermann-Texas Medical 
Center, adjunct professor at the Center 
for Clinical and Translational Sciences at 
The University of Texas Health Science 
Center at Houston and clinical professor 
of urology at Baylor College of Medicine. 
He has devoted his career to the study 
and clinical care of men with prostate 
cancer and is a pioneer in robotic pros- 
tatectomy, which he first performed in 
2001. He emphasizes the importance of 
minimizing the risks of prostate biopsy 
and reducing the side effects of prostate 
cancer treatment. 

for Prostate Cancer: Early Detection 
or Overdetection? Annu Rev Med. 
2012;63:161-170. 

4 Schröder FH, Hugosson J, Roobol MJ, Tammela 
TLJ, Ciatto S, Nelen V, Kwiatkowski M, Lujan M, 
Lilja H, Zappa M, Denis LJ, Recker F, Berenguer 
A, Määttänen L, Bangma CH, Aus G, Villers A, 
Rebillard X, van der Kwast T, Blijenberg BG, 
Moss SM, de Koning HJ, Auvinen A for the 
ERSPC Investigators. Screening and Prostate- 
Cancer Mortality in a Randomized European 
Study. N Engl J Med. 2009 Mar 26;360:1320-28. 
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