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The Great Prostate Mistake

I never dreamed that my discovery four decades ago would lead to such a
profit-driven public health disaster. The medical community must confront
reality and stop the inappropriate use of P.S.A. screening. Doing so would
save billions of dollars and rescue millions of men from unnecessary,
debilitating treatments.

RICHARD J. ABLIN MARCH 9, 2010 
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Abstract  False positive results are among the most common adverse outcomes of cancer screening tests. Up to 
75% of men with an elevated prostate specific antigen (PSA) have had a negative prostate biopsy. Adverse 
emotional effects of false positive prostate cancer screening have been documented using surveys, but there is 
nothing in this literature describing the lived experience of having a false positive PSA. In a qualitative interview 
study of sixteen men who had false positive PSAs, we found that all subjects experienced transient anxiety while 
waiting for the results of their prostate biopsies. In addition there were three persistent emotional responses: (1) 
increased fear of cancer; (2) relief with increased vigilance; (3) relief with less worry about elevated PSA. The 
attitude and recommendations of urologists influenced the emotional responses. Some men expressed frustration 
with the PSA as a screening test. Many men had multiple negative prostate biopsies. These data suggest that there 
should be more effort to develop guidelines for subsequent prostate biopsies after an initial negative biopsy, and 
more effort to encourage primary care clinicians and urologists to discuss emotional risks of PSA testing with their 
patients. 
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1. Introduction 
Among the most common adverse outcomes of cancer 

screening tests arefalse positive results. Croswell, et al., 
for example, found in a multimodal cancer screening trial 
that the cumulative risk of at least one false positive result 
after the 14 recommended screening tests was 60.4% 
[1].In the European randomized study of screening for 
prostate cancer, Kilpelainen et al. found that 20% of 
participants had at least one false positive prostate specific 
antigen (PSA)(defined as an elevated PSA that results in 
one or more negative prostate biopsies, with no diagnosis 
of prostate cancer made in one year) [2] and in the same 
study, Schroeder et al found that 75% of men with an 
elevated PSA had a negative prostate biopsy [3]. False 
positive PSAs can result from a number of causes other 
than prostate cancer, including benign prostatic 
hypertrophy, prostatitis, bladder infection, bicycle or 
horseback riding, instrumentation such as cystoscopy or 
colonoscopy and certain medications [4]. Consequences of 
false positive cancer screening tests include unnecessary 
invasive procedures [1], increased utilization of health 
care resources [5, 6], and decreased adherence to further 
screening [7,8,9,10]. 

Adverse emotional effects have also been reported in 
patients who have false positive cancer screening results 
[5,8,11,21]. False positive mammograms have been the 
best studied in this regard [5,11,12,16,18,20,21]. A recent 
meta-analysis of these studies found that women who had 
false positive mammograms had greater anxiety and 
distress about breast cancer, more frequent breast self-
exams, higher perceived effectiveness of screening 
mammography, and more generalized anxiety than women 
who had normal mammograms [20]. Van der Steeg, et al. 
found that women had reduced quality of life and feelings 
of anxiety that lasted for at least a year after a false 
positive mammogram [21]. 

Adverse emotional consequences in men who have 
false positive prostate cancer screening results have been 
less well studied [15,17,22,23]. Macefield et al. found that 
although most men coped well with a negative prostate 
biopsy, a significant percentage of men had high distress 
and tense anxious mood that lasted for at least 12 weeks 
after the biopsy [22]. All of these studies utilized surveys 
to assess emotional and emotional consequences and 
therefore could not capture the lived experience of having 
a false positive PSA.  Furthermore, the longest follow-up 
in any of these survey studies was one year [24], and most 
were at 6-12 weeks after the negative biopsy [17,22,23]. 

Initial Anxiety 

Increased Fear of Cancer

Relief Followed by Increased Vigilance

Relief Followed by Less Worry about Elevated PSA 

Frustration with Uncertainties of PSA 

Conclusion

These emotional responses persisted for many years in most of our subjects.
A few men were reassured about their persistently elevated PSA, but only

After multiple negative prostate biopsies.

Comment

Take home message
These data suggest that there should be more effort to develop guidelines for subsequent
prostate biopsies after an initial negative biopsy, and more effort to encourage
primary care clinicians and urologists to discuss emotional risks of PSA 

testing with their patients.
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Introduction:  Prostate-specific antigen (PSA) and the 
digital rectal exam (DRE) have moderate sensitivity but 
low specificity for cancer diagnosis, potentially causing 
unnecessary treatment complications with prostate 
biopsy.  Transrectal ultrasound (TRUS) to evaluate 
prostate size and calculate PSA density can improve the 
specificity of PSA in predicting cancer.  We evaluated the 
sensitivity and specificity of different pre-biopsy tests to 
detect prostate cancer.  
Materials and methods:  Pre-biopsy data were collected 
from 521 men referred for biopsy from January-December 
2011 and cancer aggressiveness data from 96 men who 
had radical prostatectomy.  Model predictors included 
total PSA, DRE, the ratio of free to total PSA (PSAf/t), 
and PSA density.  We used logistic regression and ROC 
curve analyses to compare the accuracy of different models 
to predict positive biopsy. 

Results:  The area under the curve (AUC) for model A 
(PSA total, DRE, PSAf/t) was moderate, but significant 
(AUC = .59, p < .05); only PSAf/t was a significant 
independent predictor of positive biopsy (OR = .002,  
p < .05).  In model B (PSAf/t and PSA density; AUC= .66,  
p < .05), PSA density was the only strong predictor 
(OR = 1067.93, p < .05).  Both models had comparable 
sensitivity (74% versus 72%) but model B had greater 
specificity (44% versus 61%).  PSA density was also 
a significant predictor of different indices of aggressive 
cancer. 
Conclusions:  PSA density has discriminative predictive 
power for prostate cancer.  It had similar sensitivity, but 
greater specificity compared to using PSA total, DRE 
and PSAf/t.  These results support the value of using 
PSA density to improve prediction of prostate cancer and 
reduce unnecessary biopsies.

Key Words:  prostate-specific antigen, prostate 
volume, PSA density, aggressive cancer

the harm continues to elude clinicians because of the 
complex nature of prostate cancer.  Prostate-specific 
antigen (PSA) testing and/or digital rectal exams (DRE) 
remain the standard screening and assessment tools to 
identify men who are at risk for prostate cancer.  They 
are easy to conduct and inexpensive.  However, today, 
there is substantial controversy over the effectiveness 
of using total PSA levels or DRE exams to refer men 
for biopsy to receive a definitive diagnosis.  DRE exams 
often detect prostate cancer in later stages when surgical 

Introduction

Accurately diagnosing clinically significant prostate 
cancer at a time when the benefits of treatment outweigh 

7312

© The Canadian Journal of Urology™; 21(3); June 2014

Accepted for publication April 2014

Address correspondence to Dr. Jennifer St. Onge, Research 
and Performance Support, Regina Qu’Appelle Health 
Region, 2180-23rd Avenue, Regina, SK S4S 0A5 Canada

PSA density improves prediction of prostate 
cancer  
Ashok Verma, MD,1 Jennifer St. Onge, PhD,2 Kam Dhillon,3 Anita Chorneyko3

1Department of Diagnostic and Interventional Radiology, Regina Qu’Appelle Health Region, Regina, Saskatchewan, Canada
2Research and Performance Support, Regina Qu’Appelle Health Region, Regina, Saskatchewan, Canada
3Prostate Assessment Centre, Regina Qu’Appelle Health Region, Regina, Saskatchewan, Canada

V E R M A A ,  S T.  O N G E  J ,  D H I L L O N  K ,  
CHORNEYKO A. PSA density improves prediction 
of prostate cancer. Can J Urol 2014;21(3):7312-7321.  

Introduction:  Prostate-specific antigen (PSA) and the 
digital rectal exam (DRE) have moderate sensitivity but 
low specificity for cancer diagnosis, potentially causing 
unnecessary treatment complications with prostate 
biopsy.  Transrectal ultrasound (TRUS) to evaluate 
prostate size and calculate PSA density can improve the 
specificity of PSA in predicting cancer.  We evaluated the 
sensitivity and specificity of different pre-biopsy tests to 
detect prostate cancer.  
Materials and methods:  Pre-biopsy data were collected 
from 521 men referred for biopsy from January-December 
2011 and cancer aggressiveness data from 96 men who 
had radical prostatectomy.  Model predictors included 
total PSA, DRE, the ratio of free to total PSA (PSAf/t), 
and PSA density.  We used logistic regression and ROC 
curve analyses to compare the accuracy of different models 
to predict positive biopsy. 

Results:  The area under the curve (AUC) for model A 
(PSA total, DRE, PSAf/t) was moderate, but significant 
(AUC = .59, p < .05); only PSAf/t was a significant 
independent predictor of positive biopsy (OR = .002,  
p < .05).  In model B (PSAf/t and PSA density; AUC= .66,  
p < .05), PSA density was the only strong predictor 
(OR = 1067.93, p < .05).  Both models had comparable 
sensitivity (74% versus 72%) but model B had greater 
specificity (44% versus 61%).  PSA density was also 
a significant predictor of different indices of aggressive 
cancer. 
Conclusions:  PSA density has discriminative predictive 
power for prostate cancer.  It had similar sensitivity, but 
greater specificity compared to using PSA total, DRE 
and PSAf/t.  These results support the value of using 
PSA density to improve prediction of prostate cancer and 
reduce unnecessary biopsies.

Key Words:  prostate-specific antigen, prostate 
volume, PSA density, aggressive cancer

the harm continues to elude clinicians because of the 
complex nature of prostate cancer.  Prostate-specific 
antigen (PSA) testing and/or digital rectal exams (DRE) 
remain the standard screening and assessment tools to 
identify men who are at risk for prostate cancer.  They 
are easy to conduct and inexpensive.  However, today, 
there is substantial controversy over the effectiveness 
of using total PSA levels or DRE exams to refer men 
for biopsy to receive a definitive diagnosis.  DRE exams 
often detect prostate cancer in later stages when surgical 

Introduction

Accurately diagnosing clinically significant prostate 
cancer at a time when the benefits of treatment outweigh 

7312

Conclusions: PSA density has discriminative predictive power for 
prostate cancer. It had similar sensitivity, but greater specificity
compared to using PSA total, DRE and PSAf/t. These results support
the value of using PSA density to improve prediction of prostate 

cancer and reduce unnecessary biopsies.

Materials and methods: Pre-biopsy data were collected from 521 men 
referred for biopsy from January-December 2011 and cancer
aggressiveness data from 96 men who had radical prostatectomy. 
Model predictors included:

• total PSA, DRE, the ratio of free to total PSA (PSAf/t) (model A), 

• plus PSA density (model B).
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positive and negative biopsies.  As expected, patients 
with positive biopsies were older, had a higher PSA 
total, a lower PSAf/t, a larger prostate volume, higher 
PSA density (all p < .001, Mann-Whitney U) and were 
also more likely to have an abnormal DRE exam (n = 412;  
χ2(1) = 4.63, p = .03; Phi = .11) than those with negative 
biopsies.

Univariate analyses
Table 4 shows the AUC of the ROC curve for each 
univariate variable in predicting a positive biopsy.  We 
only focused on variables that could be used clinically 
prior to biopsy.  PSA total, PSAf/t, PSA density and 
age were all significant predictors of positive biopsy.  
A comparison of all the ROC curves revealed that PSA 
density had significantly larger AUC compared to the 
other four variables (all p < .05), whereas the AUC for age, 
DRE, PSA total and PSAf/t were all statistically similar.  
Therefore, PSA density had the best overall diagnostic 
performance (AUC = .72, p < .05; Table 4 and Figure 1).   
The two most optimal PSA density cut off scores in 
predicting positive biopsy were .14 with sensitivity (73%) 

and specificity (61%), and .15 with sensitivity (68%) and 
specificity (66%).  To examine the influence of age, we 
compared the performance of PSA density with a cut 
off of .15 for three clinically relevant age groups: 50-59, 
60-69, and 70+.  PSA density had consistently high AUC 
for all age groups: 50-59 (.62; 95%CI: .51, .74); 60-69 (.72, 
95%CI: .66, .79); and 70+ (.78, 95%CI: .71, .85; all p < .05).   
We also did a supplementary analysis on PSA total 
because some centers use age-specific total PSA cut offs as 
an indirect way to account for prostate size growth with 
age.26  The AUC for PSA total for each age group was: 50-
59 (.54; 95%CI: .41, .66; p > .05); 60-69 (.58; 95%CI: .50, .64;  
p = .05); and 70+ (.63; 95%CI: .55, .71; p < .05).

Multivariate analyses
We chose to estimate the predictive performance of 
different combinations of pre-biopsy tests that are used 
clinically to determine appropriateness of prostate 
biopsy.  Only clinically relevant and statistically 
significant models are reported in this paper.  We 
chose to compare a standard model (model A) using 
information from PSA total, PSAf/t, and DRE with a 

TABLE 3. Proportion of patients with positive vs. negative biopsies that had normal and abnormal DRE results 
(χ2(1) = 4.63, p =.03; Phi = .11)      

  Positive biopsy Negative biopsy
  N % N %
DRE
 Normal 90 38.0% 85 48.6%
 Abnormal 147 62.0% 90 51.4%
 Total 237 100% 175 100%
DRE = digital rectal examination
PSA = prostate-specific antigen; PSAf/t = free to total prostate-specific antigen ratio

TABLE 4.  Areas under the curve (AUC) for univariate 
variables in predicting positive biopsy result     

                               95% CI
Predictor N Area (SE) Lower Upper 
PSAf/t 324 .63* (.03) .56 .69
PSA density 514 .72* (.02) .68 .77
PSA total 521 .61* (.03) .56 .66
DRE 423 .54 (.03) .49 .60
Age 521 .63* (.02) .59 .68
PSAf/t = free to total prostate-specific antigen ratio;
PSA = prostate-specific antigen; DRE = digital rectal examination
*significantly different from 0.5, p < .05

Figure 1.  ROC curves for univariate variables predicting 
positive biopsy.
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under 100.  Clinicopathological characteristics of these 
patients are shown in Table 9.

We examined the relationship between PSA density 
and cancer aggressiveness using a cut off of .15, which 
has been used clinically to determine appropriateness 
of biopsy in some clinics and patients with densities 
greater than these cut offs have a greater probability of 
aggressive cancer.14,15,18,27,28  In the current study, we also 
found that PSA density of .14-.15 had the best balance 
of sensitivity and specificity in predicting a positive 
biopsy.  We categorized clinical stage into two groups: 
stage < pt3 and ≥ pt3.  Due to small numbers in each 
group, we defined “expansion outside the prostate” as 
a dichotomous variable to include any cancer that had 
seminal vesicle invasion, perineural invasion, venous 
invasion, or lymphatic invasion.  PSA density (cut off 
= .15) was significantly associated with two measures 

Figure 2.  ROC curves for multivariate model A (PSA 
total, DRE, PSAf/t) and model B (PSA density, PSAf/t) 
in predicting positive biopsy.

TABLE 7.  Areas under the curve (AUC) and sensitivity and specificity for model A versus model B in predicting 
positive biopsy      

Model N Area (SE) 95% CI  95% CI  Sensitivity Specificity 
   lower upper
Model A 
(PSA total, PSAf/t, DRE) 265 .59* (04) .53 .66 74% 44% 
Model B
(PSAf/t, PSA density)        
     Overall 321 .66* (.03) .60 .72 72% 61% 
     Age 50-59 74 .57 (.07) .44 .70 41% 73% 
     Age 60-69 155 .63* (.05) .54 .72 60% 65% 
     Age 70+ 92 .66* (.07) .53 .79 89% 43% 
PSA = prostate-specific antigen; PSAf/t = free to total prostate-specific antigen ratio; DRE = digital rectal exam
 *significantly different from 0.5, p < .05

of aggressive cancer: clinical stage (χ2(1) = 4.62, p = .03, 
Phi = .22, Table 10) and cancer with expansion outside 
of prostate (χ2(1) = 16.43, p < .001, Phi = .41, Table 11).  
PSAf/t was also significantly associated with expansion 
outside the prostate (χ2(1) = 8.62, p < .05, Phi = -.33, 
Table 11).  However, the majority of patients had a ratio 
< .24 (97%) so these results should be interpreted with 
caution.

In contrast, PSA total (χ2(2) = 3.95, p > .05) and DRE 
(χ2(1) = 1.69, p > .05) were not significantly associated 
with cancer that had expansion outside of the prostate.  
Similarly, PSA total (χ2(2) = 1.26, p > .05), PSAf/t 
(χ2(1) = .63, p > .05) and DRE (χ2(1) = 2.01, p > .05) 
were not associated with clinical stage.  No variables 
were significantly associated with other measures 
of aggressiveness, such as tumor size, proportion of 
the gland that is tumor and Gleason score (data not 
shown).

Discussion

The results of this study support a growing body 
of evidence supporting the utility of PSA density in 
predicting which patients are likely to have a positive 
result upon prostate biopsy, as well as more aggressive 
cancer.  In this study, incorporating information 
about PSA density with PSAf/t ratio maintained 
similar sensitivity, but increased specificity in biopsy 
prediction compared to using information from PSA 
total, DRE and PSAf/t.  Moreover, PSA density was 
significantly associated with some measures of cancer 
aggressiveness, such as clinical stage and pathological 
stage (whereas PSA total and DRE were not).  Age 
was also an important factor as the performance of 
these models varied with men in different decades.  In 
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Introduction:  Prostate-specific antigen (PSA) and the 
digital rectal exam (DRE) have moderate sensitivity but 
low specificity for cancer diagnosis, potentially causing 
unnecessary treatment complications with prostate 
biopsy.  Transrectal ultrasound (TRUS) to evaluate 
prostate size and calculate PSA density can improve the 
specificity of PSA in predicting cancer.  We evaluated the 
sensitivity and specificity of different pre-biopsy tests to 
detect prostate cancer.  
Materials and methods:  Pre-biopsy data were collected 
from 521 men referred for biopsy from January-December 
2011 and cancer aggressiveness data from 96 men who 
had radical prostatectomy.  Model predictors included 
total PSA, DRE, the ratio of free to total PSA (PSAf/t), 
and PSA density.  We used logistic regression and ROC 
curve analyses to compare the accuracy of different models 
to predict positive biopsy. 

Results:  The area under the curve (AUC) for model A 
(PSA total, DRE, PSAf/t) was moderate, but significant 
(AUC = .59, p < .05); only PSAf/t was a significant 
independent predictor of positive biopsy (OR = .002,  
p < .05).  In model B (PSAf/t and PSA density; AUC= .66,  
p < .05), PSA density was the only strong predictor 
(OR = 1067.93, p < .05).  Both models had comparable 
sensitivity (74% versus 72%) but model B had greater 
specificity (44% versus 61%).  PSA density was also 
a significant predictor of different indices of aggressive 
cancer. 
Conclusions:  PSA density has discriminative predictive 
power for prostate cancer.  It had similar sensitivity, but 
greater specificity compared to using PSA total, DRE 
and PSAf/t.  These results support the value of using 
PSA density to improve prediction of prostate cancer and 
reduce unnecessary biopsies.

Key Words:  prostate-specific antigen, prostate 
volume, PSA density, aggressive cancer

the harm continues to elude clinicians because of the 
complex nature of prostate cancer.  Prostate-specific 
antigen (PSA) testing and/or digital rectal exams (DRE) 
remain the standard screening and assessment tools to 
identify men who are at risk for prostate cancer.  They 
are easy to conduct and inexpensive.  However, today, 
there is substantial controversy over the effectiveness 
of using total PSA levels or DRE exams to refer men 
for biopsy to receive a definitive diagnosis.  DRE exams 
often detect prostate cancer in later stages when surgical 

Introduction

Accurately diagnosing clinically significant prostate 
cancer at a time when the benefits of treatment outweigh 
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under 100.  Clinicopathological characteristics of these 
patients are shown in Table 9.

We examined the relationship between PSA density 
and cancer aggressiveness using a cut off of .15, which 
has been used clinically to determine appropriateness 
of biopsy in some clinics and patients with densities 
greater than these cut offs have a greater probability of 
aggressive cancer.14,15,18,27,28  In the current study, we also 
found that PSA density of .14-.15 had the best balance 
of sensitivity and specificity in predicting a positive 
biopsy.  We categorized clinical stage into two groups: 
stage < pt3 and ≥ pt3.  Due to small numbers in each 
group, we defined “expansion outside the prostate” as 
a dichotomous variable to include any cancer that had 
seminal vesicle invasion, perineural invasion, venous 
invasion, or lymphatic invasion.  PSA density (cut off 
= .15) was significantly associated with two measures 

Figure 2.  ROC curves for multivariate model A (PSA 
total, DRE, PSAf/t) and model B (PSA density, PSAf/t) 
in predicting positive biopsy.

TABLE 7.  Areas under the curve (AUC) and sensitivity and specificity for model A versus model B in predicting 
positive biopsy      

Model N Area (SE) 95% CI  95% CI  Sensitivity Specificity 
   lower upper
Model A 
(PSA total, PSAf/t, DRE) 265 .59* (04) .53 .66 74% 44% 
Model B
(PSAf/t, PSA density)        
     Overall 321 .66* (.03) .60 .72 72% 61% 
     Age 50-59 74 .57 (.07) .44 .70 41% 73% 
     Age 60-69 155 .63* (.05) .54 .72 60% 65% 
     Age 70+ 92 .66* (.07) .53 .79 89% 43% 
PSA = prostate-specific antigen; PSAf/t = free to total prostate-specific antigen ratio; DRE = digital rectal exam
 *significantly different from 0.5, p < .05

of aggressive cancer: clinical stage (χ2(1) = 4.62, p = .03, 
Phi = .22, Table 10) and cancer with expansion outside 
of prostate (χ2(1) = 16.43, p < .001, Phi = .41, Table 11).  
PSAf/t was also significantly associated with expansion 
outside the prostate (χ2(1) = 8.62, p < .05, Phi = -.33, 
Table 11).  However, the majority of patients had a ratio 
< .24 (97%) so these results should be interpreted with 
caution.

In contrast, PSA total (χ2(2) = 3.95, p > .05) and DRE 
(χ2(1) = 1.69, p > .05) were not significantly associated 
with cancer that had expansion outside of the prostate.  
Similarly, PSA total (χ2(2) = 1.26, p > .05), PSAf/t 
(χ2(1) = .63, p > .05) and DRE (χ2(1) = 2.01, p > .05) 
were not associated with clinical stage.  No variables 
were significantly associated with other measures 
of aggressiveness, such as tumor size, proportion of 
the gland that is tumor and Gleason score (data not 
shown).

Discussion

The results of this study support a growing body 
of evidence supporting the utility of PSA density in 
predicting which patients are likely to have a positive 
result upon prostate biopsy, as well as more aggressive 
cancer.  In this study, incorporating information 
about PSA density with PSAf/t ratio maintained 
similar sensitivity, but increased specificity in biopsy 
prediction compared to using information from PSA 
total, DRE and PSAf/t.  Moreover, PSA density was 
significantly associated with some measures of cancer 
aggressiveness, such as clinical stage and pathological 
stage (whereas PSA total and DRE were not).  Age 
was also an important factor as the performance of 
these models varied with men in different decades.  In 
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Conclusion

study suggests that using TRUS to image the prostate and 
calculate PSA density adds substantial predictive
power to diagnostic testing for prostate cancer

PSA density has similar sensitivity, but greater
specificity compared to using PSA total, DRE and 

PSAf/t.



Words of Wisdom

Re: PSA Density Improves Prediction of Prostate Cancer
Verma A, St. Onge J, Dhillon K, Chorneyko A

Can J Urol 2014;21:7312–21

Expert’s summary:
The authors have analyzed the sensitivity and specificity of
different prebiopsy tests—total prostate-specific antigen
(PSA), digital rectal examination (DRE), free-to-total (F/T)
PSA ratio, and PSA density—in diagnosing prostate cancer
(PCa). The study cohorts consisted of 521 men referred for
biopsy in 2011 and 96 patients who underwent radical pros-
tatectomy. Of the total of 521 men who were biopsied, 296
men (57%) were diagnosed with PCa, and 51% (n = 149) of
those men had a Gleason score !6.

Univariate testing (x2 test and Mann-Whitney U test)
was applied to compare the predictive accuracy of the
different tests. In addition, using multivariate logistic
regression and receiver operating characteristic curve
analysis, the predictive capability of two models—one
without information on prostate volume and one with
information on prostate volume—was compared. On the
basis of 96 radical prostatectomy specimens, using cate-
gorical analyses, the relationship between PSA density
(ie, !0.15 ng/ml per milliliter or >0.15 ng/ml per milliliter)
and cancer aggressiveness was assessed. Cancer aggres-
siveness was defined as lower than category pT3 versus
category pT3 or higher and no expansion outside the
prostate versus expansion outside the prostate based on
seminal vesicle invasion, perineural invasion, venous
invasion, or lymphatic invasion.

The authors concluded that total PSA was associated
with a positive biopsy in univariate analysis but that
neither PSA nor DRE was associated with biopsy result or
aggressiveness in a multivariate model including PSA
density. The F/T PSA ratio was of additional value when
combined with total PSA and DRE; however, it lost
predictive capability when combined with PSA density.

Expert’s comments:
These data again highlight the fact that the serum PSA test is,
apart from not being PCa specific, strongly related to prostate
volume [1,2].

In current clinical practice, the decision to perform a
biopsy (a procedure not without risks [3]) is donemainly on

the basis of the outcome of the total PSA test, DRE, and
sometimes the F/T PSA ratio. As noted in the paper by Verma
et al., this combination of prebiopsy information is not very
capable of discriminating between men with and without
biopsy-detectable PCa (area under the curve [AUC]: 0.59).
The inclusion of information on prostate volume (in this
case, transrectal ultrasound [TRUS]–assessed prostate
volume) increases discrimination considerably in this data
set (AUC: 0.66).

This is exactly the basis of the PCa risk calculator (RC)
based on data from the Dutch part of the European
Randomized Study of Screening for Prostate Cancer (ERSPC
[4], www.prostatecancer-riskcalculator.com). The ERSPC RC
consists of six different RCs, and in four of the RCs, which
are used to predict biopsy outcome or the presence of
potentially indolent PCa, prostate volume plays a crucial
role. These RCs have been validated in different cohorts in
which the importance of the addition of information on
prostate volume was confirmed [5]. In fact, due to
disappointing performance, the RC based on data from
the Prostate Cancer Prevention Trial was recently updated
to a 2.0 version that now includes the possibility of entering
data on prostate volume [6].

However, as Verma et al. correctly state in their paper,
the inclusion of prostate volume requires a volume
assessment, and if done by TRUS, the procedure is not
without discomfort for the patient and is time and resource
consuming. This has driven researchers to find alternative
methods for estimating prostate volume. One option is to
estimate prostate volume during DRE. It is reported that
volume assessment based on DRE has poor correlation with
volume assessed by TRUS. However, as already described by
Pinsky et al. [2] and confirmed in ERSPC Rotterdam [7], this
correlation is much better if DRE assessment of prostate
volume is standardized (eg, 25, 40, or 60 ml).

Another option for including information on prostate
volume without the necessity of TRUS is to include
biomarkers related to the transition zone volume. This is
described in a study by Carlsson et al. who found almost
similar predictive discrimination when replacing TRUS-
based volume information with a panel of biomarkers
known as the four-kallikrein panel [8].

In summary, the study by Verma et al. confirms the fact
that as long as the PSA test is themainstay in the decision to
perform a prostate biopsy, information on prostate volume
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must be taken into account, preferably on the basis of an
objective individual risk assessment using an RC or a
nomogram.
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Re: Long-term Testosterone Therapy in Hypogonadal
Men Ameliorates Elements of the Metabolic Syndrome:
An Observational, Long-term Registry Study
Traish AM, Haider A, Doros G, Saad F

Int J Clin Pract 2014;68:314–29

Expert’s summary:
In a follow-up study of 255 hypogonadal men on testosterone
supplementation therapy (TST), the authors evaluated
changes in signs and symptoms of the metabolic syndrome.
All men received testosterone undecanoate 1000-mg injec-
tions at 3-mo intervals for a period of 60 mo. Anthropometric
measurements (body weight, waist circumference, prostate
volume, blood pressure) were performed at follow-up visits,
along with laboratory examinations (lipids, glucose, liver
enzymes and haemoglobin A1c, prostate-specific antigen
[PSA]). The authors found a marked and sustainable reduction
in body weight, waist circumference, and blood pressure
throughout the study period and improvement of the lipid
profile and blood glucose. Prostate volume and PSA slightly
increased with TST but without prostate-related symptoms.
Three patients were diagnosed with prostate cancer during
the study; this number was much lower than expected. This
study confirms that TST can help improve symptoms of the
metabolic syndrome, including weight reduction and im-
proved hypertension and diabetes regulation.

Expert’s comments:
The metabolic syndrome is characterised by overweight status,
hypertension, insulin resistance, type 2 diabetes mellitus,
hypercholesterolemia, and an increased risk of cardiovascular
disease (CVD). Men with obesity often have testosterone defi-
ciency due to the activity of the enzyme aromatase, which is
abundantly present in fatty tissue. Aromatase converts testos-
terone in estradiol [1]. Hypogonadism is associated with an
increased riskof all-cause andCVDmortality [2]. This long-term
follow-up study confirms the positive results of TST on diabetes
control and lipid profile, which will result in a lower risk for
cardiovascular incidents in thesepatients [3]. This findingneeds
to be confirmed in prospective controlled trials, such as the
ongoing European Male Ageing Study (EMAS) [4].

These findings are of importance to urologists because
we often see these patients first in our practice for sexual

problems. Sexual symptoms together with low testosterone
appeared to be strong and independent risk factors for a
high risk of cardiovascular incidents and death in these
patients [4]. Urologists are sometimes reluctant to start TST
due to unfamiliarity with reproductive endocrinology and
potential serious side effects of TST, such as cardiovascular
events and newly diagnosed prostate cancer. Based on
recent publications, however, there is growing evidence
that TST has clear advantages in well-selected patients in
terms of improving symptoms and health outcomes in
hypogonadal men without increasing the risk of prostate
cancer and cardiovascular mortality. Testosterone supple-
mentation is clearly contraindicated in men with advanced
prostate cancer and uncontrolled CVD [1], but many other
symptomatic hypogonadalmenmay benefit fromhormonal
substitution.

Low testosterone appears to be a marker for poor health
status, and substitution therapy together with an improve-
ment in lifestyle can reverse certain risks associated with
obesity and diabetes. Weight reduction and exercise remain
the primary goals for the patients, but TST seems to help
improve disease control. Close follow-up of patients under
TST is mandatory, with a special focus on polycythaemia
(elevated haematocrit), which can occur in some of these
menunder therapy andmay increase the risk for thrombosis.
The treatment of hypogonadal men is a multidisciplinary
process, and urologists need to have both the knowledge and
the skills to diagnose and manage hypogonadal men who
may benefit from TST.
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PSA kinetics

PSADT is calculated as the slope of a linear regression of PSA measurements over 
time(ng/ml  yr), PSADT represents the relative rate of PSA change over time and is 
defined as the time needed for the PSA value to double.

PSADT = log 2(t2 S t1)/(log PSA2 Slog PSA1)]
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PSA v

(1) High PSA velocity is not an indication for biopsy
(2) For men with a low total PSA but a high PSA velocity, consideration

should be given to having PSA taken at a shorter interval
(3) Men with an indication for biopsy should be biopsied irrespective of PSA

velocity
(4) Changes in PSA after negative biopsy findings do not determine the need

for repeat biopsy
(5) Monitoring PSA over time can aid judgment in decisions about biopsy, as

informed by the clinical context
(6) PSA velocity is uninformative of risk at diagnosis
(7) High PSA velocity is not an indication for treatment in men on active

surveillance
(8) PSA velocity at the time of recurrence should be entered into prediction

models (or “nomograms”) to aid patient counseling
(9) PSA changes after treatment for advanced disease can help indicate

therapeutic response.
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PSA Kinetics and AS

PSA-DT of >10 yr can be considered favourable
PSA-DT of <3–4 yr should lead to the advice to 
switch to radical treatment.



PSA Kinetics and AS
diagnosis (Table 1) or only including men with a longer interval
between follow-up visits (!8 months) did not change the results (data
not shown).

A separate subset analysis was performed to determine whether
the predictive value of postdiagnostic PSA kinetics in identifying bi-

opsy progression differed among men with PSA levels less than 4
ng/mL at diagnosis. In this analysis, the mean PSAV was significantly
higher among men with biopsy progression when compared with
those without (P " .02; Table 1); however, there remained consider-
able overlap between the groups (Fig 1B). PSADT was not associated
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Fig 2. Receiver operating characteristic (ROC) analysis for the performance of prostate-specific antigen velocity (PSAV) and PSA doubling time (PSADT) to predict
adverse findings (A) on repeat biopsy and (B) at time of prostatectomy. All men were included in the PSAV ROC curve, whereas the PSADT curve excluded men with
PSADT less than 0.

Table 2. Sensitivity and Specificity of PSAV and PSADT Using Previously Published Clinical Cut Points to Identify Biopsy Progression in Overall Population
and in Subset With PSA # 4 ng/mL and to Identify Adverse Pathology at Radical Prostatectomy

Cut Point

Goal

To Predict Biopsy Progression in
the Overall Population

To Predict Biopsy Progression in
the Subset With PSA # 4 ng/mL

To Predict Adverse Disease at
Radical Prostatectomy

Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity

PSAV ! 0.35 ng/mL/y 0.588 0.622 0.679 0.652 0.579 0.476
PSAV ! 0.75 ng/mL/y 0.402 0.787 0.429 0.843 0.421 0.691
PSADT " 4 years 0.574 0.442 0.607 0.412 0.263 0.619
PSADT " 3 years 0.495 0.508 0.429 0.506 0.632 0.452

Abbreviations: PSAV, prostate-specific antigen velocity; PSADT, prostate-specific antigen doubling time; PSA, prostate-specific antigen.

PSA Kinetics Unreliable for Active Surveillance Intervention
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with biopsy progression in this subset (P ! .54). On ROC analysis for
biopsy progression in men with PSA less than 4 ng/mL at diagnosis,
PSAV and PSADT had AUCs of 0.65 and 0.50, respectively. As in the
overall population, we were unable to identify a PSAV or PSADT cut
point with high sensitivity and specificity to accurately identify men
who would eventually demonstrate adverse histologic findings on a
surveillance biopsy (Table 2).

We also repeated our analysis of PSA kinetics by using the pres-
ence of Gleason pattern 4 or 5 on subsequent biopsy as the only
criterion for progression. Of the 102 men who experienced progres-
sion by the full criteria, 28 (27%) experienced progression by Gleason
score. PSAV and PSADT values in men who experienced progression
by Gleason score were comparable to those experiencing progression
by other criteria. Neither PSAV (P ! .09) nor PSADT (P ! .83) was
significantly associated with progression to higher Gleason pattern on
biopsy (Table 1).

Finally, we examined the utility of PSA kinetics in predicting final
pathology after prostatectomy for men with adverse biopsy findings
who subsequently underwent radical prostatectomy. Of the men with
progression on repeat biopsy, 45 (44%) elected surgical management;
of those, 28 (62%) had favorable disease at the time of prostatectomy.

Of the 17 men (38%) with adverse disease, 13 (77%) had extracapsular
extension, one (5.9%) had seminal vesicle invasion, one (5.9%) had
lymph node metastases, 13 (77%) had a Gleason score ! 7, and three
(18%) had Gleason score ! 8. Age, interval from diagnosis to treat-
ment, PSAV, PSADT, and PSA at last follow-up were all similar when
comparing men with favorable pathology and those with adverse
disease (Table 3; Fig 3). Analogous to the biopsy results, no cut point of
postdiagnostic PSAV or PSADT provided high sensitivity and speci-
ficity to identify adverse pathology at prostatectomy (Table 2; Fig 2B).

DISCUSSION

In our cohort of men observed expectantly for low-risk, low-volume
prostate cancer, PSA kinetics after diagnosis were not closely associ-
ated with progression on surveillance biopsy. The results were similar
in subset analyses to predict biopsy progression by Gleason score, and
in men with longer follow-up on surveillance (" 3 values after diag-
nosis and average of 4.5 biopsies [SD, 1.9 biopsies]). Postdiagnostic
PSAkineticsalsodidnotreliablypredictthepresenceofadversepathology
among those who experienced progression and who underwent radical
prostatectomy. This would suggest that postdiagnostic PSA kinetics may
not provide adequate prognostic value to warrant their use as sole triggers
for curative intervention in surveillance programs.

The use of PSA kinetics as a trigger for intervention has been
explored in other active surveillance programs. In some of these stud-
ies, PSADT was used to define disease progression, precluding an
independent assessment of its prognostic utility.2,4 However, PSAV
and PSADT have also been studied in programs that instead used
unfavorable pathologic characteristics on repeat biopsy or clinical
stage progression to determine the need for treatment. For example,
Ng et al3 examined the ability of PSAV and PSADT to predict adverse
histology on repeat surveillance biopsies and found that, although
PSAV performed slightly superior to PSADT, both were only modest
predictors of disease progression (AUCs, 0.70 and 0.63, respectively).
A possible explanation for the greater utility of PSA kinetics in this
report compared with the present study may be the inclusion of

Table 3. Demographic and Clinical Characteristics of Men With Favorable
And Adverse Disease at Radical Prostatectomy

Characteristic

Favorable
(n ! 28)

Adverse
(n ! 17)

PMean SD Mean SD

Age at entry, years 61.3 5.3 63 5.1 .31
Age at surgery, years 64.4 5.0 65.8 4.2 .30
PSA at last follow up, ng/mL 4.4 3.5 4.5 3.3 .85
Follow up, years 3.1 1.6 2.9 1.1 .73
PSAV, ng/mL/y 0.65 1.9 0.53 1.4 .79
PSADT, years 2.5 8.5 2.1 6.2 .87

Abbreviations: SD, standard deviation; PSA, prostate-specific antigen; PSAV,
PSA velocity; PSADT, PSA doubling time.
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verse or favorable disease at radical
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Ideal Pca marker

Normal / BPH
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Urinary Biomarker

Gene Tissue Urine

1998 …

BussemakersMJ, etal.DD3:a new prostate-
specificgene,highly overexpressed in Pca.



Traslational AP(CA3)PLICATION

First Biopsy





PCA3-Trials

Conclusions: PCA3 is independent of prostate volume,
serum prostate specific antigen level and the number of
prior biopsies.

Conclusion
High predictive performance in rebiopsy

Cut-off of 35 had a greater diagnostic accuracy than
%fPSA (cut-off of 25%). 

The PCA3score was independent of: 
*The number of previous biopsies
*Age
*Prostate volume,
*PSA level. 

The PCA3 score was significantly higher in men with:
*(HGPIN) vs No-HGPIN
*Clinical stage T2 versus T1
*Gleason score >7 versus <7
*‘‘Significant’’ versus ‘‘Indolent’’Pca.



P(CA3)rediting Tools



P(CA3)rediting Tools



PCA3-Prognostic Performance 
Re BiopsyRadical Prostatectomy

CONCLUSIONS: The PCA3 score did not show any
significant correlation with TV, primary or secondary GS.



PSA Revolution

Prostate-specific antigen isoforms

Reference No.of PTS PSA range (ng/ml) Results

Bangma CH 2004 431 0,9-10,2 No improvement over fPsa

Mikolajczyk SD 2004 380 4-10 Predictive value not reported

Naya Y 2004 43 4.4-8.5 (-7)pPsa not discriminative in Pca
vs. noPca

Stephan C 2006 898 1-10 No improvement over fPsa

Lein M 2005 2055 0,28-8.1 No improvement over fPsa

Summary of the studies focusing on (-7,-5 )pPSA



[-2]proPSA in Pca detection

Phi=([-2]proPSA/fPSA)*√tPSA



Author N°pts phi %p2PSA p2PSA

Liang Y. 2010 223 (Psa 2-10 ng/ml) (AUC=0,59) (AUC=0,57) (AUC=0,53)

Le B.V. 2010 74 (Psa 2,5-10 ng/ml) (AUC=0,77) (AUC=0,76)

Jansen
F.H.2010

405 (Psa 2-10 ng/ml)
351 

(AUC=0,75)
(AUC=0,70)

(AUC=0,71)
(AUC=0,69)

(AUC=0,61)
(AUC=0,62)

Guazzoni
G.2011

268(Psa 2-10 ng/ml) (AUC=0,76) (AUC=0,76) (AUC=0,59)

Stephan C.
EAU 2011

902(Psa 1.6- 8ng/mL) (AUC=0,72)

Catalona WJ 
2011

892(Psa 2-10 ng/ml) (AUC=0,703)

Summary on Biopsy Performance : phi,%p2PSA and 
p2PSA



The areas under curve (AUCs) of PHI and %fPSA were 0.74 (95% confidence interval [CI], 0.70–0.77) and
0.63 (95% CI, 0.58–0.67), respectively.
Meta-regression analysis confirmed the superiority of PHI which showed, compared with %fPSA, a
relative diagnostic odds ratio of 2.81 (95% CI,2.19–3.6; P , 0.0001



Pca-early detection
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PCA3
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Pca-early detection
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Prognostic Performance



Prognostic Performance

PHI index in an accurate predictor of high grade , high 
stage and volume Pca

Conclusion :
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PSA Screening Diagnosis

Overtreatment

Overdiagnosis
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Biomarker’s Prognostic Performance

Indolent vs not Indolent PCa



Open Question

ReBiopsy (Increasing PSA)

HG-PIN-ASAP-Follow up

Risk Calculator

AS-Inclusion Criteria

AS- Follow-up

Cut-off  ?


