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Abstract 

Percent free PSA has increased specificity 
compared to total PSA for aiding in the 
diagnosis of prostate cancer among men 
with total PSA values in the gray zone. 
This increased specificity aids in reducing 
the number of unnecessary biopsies. 
Percent free PSA values are recognized 
as a useful adjunct to total PSA by 
the American Urological Association, 
European Association of Urology, 
National Comprehensive Cancer Network, 
European Group on Tumor Markers, 
and National Academy of Clinical 
Biochemistry guidelines for early prostate 
cancer detection. Even with the use of 
WHO standards, differences still exist 
between manufacturers’ assays. Because 
of these differences, percent free PSA 
values must be determined using results 
from free PSA and total PSA companion 
assays run on the same platform. Using 
assays from different manufacturers 
and different platforms may complicate 
interpretation and the utility of percent 
free PSA values. The ADVIA Centaur® 
free PSA assay* demonstrated good 
performance and clinical utility when 
used with the ADVIA Centaur PSA assay 
as an aid in the diagnosis of prostate 
cancer among men with total PSA 
values between 4 and 10 ng/mL and 
nonsuspicious DRE. 

*Not available for sale in the U.S.

Percent free PSA aids in 
prostate cancer diagnosis 

Prostate-specific antigen (PSA) is a serine 
protease that exists in bound and free 
forms. Total PSA assays measure both 
bound and free PSA, while free PSA 
assays measure only free PSA. Percent 
free PSA is calculated as follows: (free 
PSA / total PSA) × 100. The percent free 
PSA is associated with prostate cancer 
risk. Lower percent free PSA values are 
associated with a higher risk of prostate 
cancer on biopsy.1-5 Higher percent free 
PSA values are associated with a lower 
risk of prostate cancer on biopsy. In one 
prospective study, 56% of men with 
percent free PSA of <10% had prostate 
cancer on biopsy, compared to 8% of 
men with percent free PSA of >25%.3

Among men with total PSA values of 
between 4 and 10 ng/mL (gray zone)  
and a nonsuspicious digital rectal  
exam (DRE), percent free PSA has been 
shown to increase the specificity of 
prostate cancer detection on biopsy. 
Percent free PSA determinations are 
widely used in this application and  
are acknowledged as increasing the 
specificity of prostate cancer detection  
in the European Association of Urology, 
American Urological Association, and  
the National Comprehensive Cancer 
Network guidelines for early detection  
of prostate cancer.1-5 The guidelines  
from the National Academy of Clinical 
Biochemistry and European Group  
on Tumor Markers recommend the  
use of percent free PSA in men with  
total PSA values between 4 and 10 ng/mL  
and a negative DRE.2,4 The protocol 
recommended by the National 
Comprehensive Cancer Network  
includes suggested cutoffs;5 laboratories, 
however, should determine their own 
cutoff values. 
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Manufacturers’ varying cutoffs 
require using companion assays

The introduction of the WHO reference 
standards for total PSA and free PSA  
have reduced the variation between 
manufacturers’ assays, but variation  
still exists, and assays are not 
interchangeable.6-9 The differences in  
PSA assays are due to different antibodies 
and technologies used.6 Percent free  
PSA values should be determined from 
the results of total PSA and free PSA 
companion assays run on the same 
platform. Manufacturers’ suggested 
cutoffs and regulatory approval are  
both based on percent free PSA values 
determined in this way. Calculating a 
percent free PSA using a free PSA result 
from one manufacturer’s assay and a 
total PSA result from a different 
manufacturer’s assay could provide an 
unexpected value. Moreover, percent  
free PSA cutoff values from different 
manufacturers have various levels of 
sensitivity and specificity and are not 
interchangeable.6-9 Each laboratory 
should establish its own percent free  
PSA cutoff values.

ADVIA Centaur free PSA  
assay demonstrated good 
performance characteristics

The ADVIA Centaur free PSA assay is a 
two-site sandwich immunoassay using 
direct chemiluminometric technology  
and two monoclonal mouse antibodies.10  
The assay is intended to be used in 
conjunction with the ADVIA Centaur PSA 
assay to determine percent free PSA 
values in men aged 50 years or older with 
total PSA values between 4 and 10 ng/mL 
and a DRE that is nonsuspicious for 
cancer. Percent free PSA values aid in 
discriminating between prostate cancer 
and benign prostatic disease. The 
diagnosis of prostate cancer is based on 
prostate biopsy results.10 

The ADVIA Centaur free PSA assay is 
traceable to the WHO 97/668 standard;  
a comparison over the range of the  
assay demonstrated a correlation 
coefficient of 1.00.10 
 
 
 
 
Excellent reproducibility

The ADVIA Centaur free PSA assay 
demonstrated excellent within-run, 
between-run, and total CVs of less than 
8% (Table 1).10

Mean  
(ng/mL) (µg/L)

Within-Run  
CV (%)

Between-Run  
CV (%)

Total  
CV (%)

0.42 3.2 1.6 4.3

0.96 2.0 1.7 3.7

2.33 2.6 1.2 3.5

13.71 2.8 0.8 4.0

19.44 5.3 5.2 7.9

Table 1. ADVIA Centaur free PSA assay within-run, between-run, and total CVs.

ADVIA Centaur free PSA = 0.96 (WHO 97/668) + 0.11 
r = 1.00

For percent free PSA assays in general, 
percent free PSA values provide better 
discrimination between cancer and 
benign prostatic disease among men with 
total PSA values between 4 and 10 ng/mL 
and nonsuspicious DRE. However, 
manufacturers have different sensitivities 
at which percent free PSA values do not 
offer a significant clinical advantage over 
total PSA alone. For ADVIA Centaur percent 
free PSA sensitivity estimates above 88%, 
percent free PSA is equivalent to total PSA 
with respect to discrimination between 
cancer and benign prostatic disease. 
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Using the ADVIA Centaur assays and ROC 
analysis, two different studies compared 
percent free PSA and total PSA values for 
the detection of prostate cancer. Both 
studies showed similar results. In the one 
(internal) study, percent free PSA had an 
AUC of 0.66 and total PSA an AUC of 0.54 
(Table 2 and Figure 1). In the other 
(external) study, percent free PSA had an 
AUC of 0.64 and total PSA an AUC of 0.51 
(Table 3 and Figure 2). 

Fewer unnecessary biopsies

The increased ability of percent free PSA  
to discriminate between cancer and 
benign prostatic disease is due to its 
increased specificity. Percent free PSA 
values determined from the ADVIA Centaur 
free PSA assay at a cutoff of 27% detected 
90% of prostate cancers and avoided 
unnecessary biopsies in 15.5% of men 
without prostate cancer (Table 4).10

Assay AUC AUC 95% CI SE

Percent free PSA 0.66 0.61 to 0.70 0.025

Total PSA 0.54 0.49 to 0.59 0.026

Table 2. AUC results of ROC analysis for ADVIA Centaur percent free PSA and 
total PSA for prostate cancer detection on biopsy (n = 543).

Assay AUC AUC 95% CI SE

Percent free PSA 0.64 0.59 to 0.68 0.025

Total PSA 0.51 0.46 to 0.56 0.026

Table 3. AUC results of ROC analysis for ADVIA Centaur percent free PSA and 
total PSA values for prostate cancer detection on biopsy (n = 500).

Figure 1. ROC analysis of the ADVIA Centaur percent free PSA and total PSA 
assays for prostate cancer detection on biopsy.

Figure 2. ROC comparison of the ADVIA Centaur percent free PSA and total PSA 
values for prostate cancer detection on biopsy.

Sensitivity Specificity

Percent Free 
PSA Cutoff

Percentage of Prostate 
Cancers Detecteda 95% CIb

Percentage of Biopsies 
Avoided in Men without 
Prostate Cancerc 95% CIb

23% 86.0% (172/200) 80.4%–90.5% 25.1% (86/343) 20.6%–30.0%

25% 88.0% (176/200) 82.7%–92.2% 19.5% (67/343) 15.5%–24.1%

27% 90.0% (180/200) 85.0%–93.8% 15.5% (53/343) 11.8% –19.7%

33% 95.5% (191/200) 91.6%–97.9% 7.6% (26/343) 5.0%–10.9%

51% 100% (200/200) 98.5%–100% 0.3% (1/343) 0.0%–1.6%

aNumber of prostate cancers detected/total number of biopsy positive
b 95% CI: 95% confidence interval
cNumber of biopsies avoided, without cancer/total number of biopsy negative

Table 4. The ADVIA Centaur sensitivity and specificity for prostate cancer on biopsy by percent free PSA cutoff.10
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Comparisons to other percent 
free PSA ratios 

The ADVIA Centaur percent free PSA ratio  
was compared to the Beckman Coulter 
ACCESS 2, Roche E 170, Siemens 
IMMULITE® 2000, and Perkin Elmer  
DELFIA free PSA ratios and demonstrated 
correlation coefficients (r) for percent free 
PSA ratios ranging from 0.899 to 0.994. 

Figure 3. Comparison of the percent free PSA ratios determined by the  
ADVIA Centaur and ACCESS 2 assays.11
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Figure 5. Comparison of the percent free PSA ratios determined by the  
ADVIA Centaur and E 170 assays.
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Figure 4. Comparison of the percent free PSA ratios determined by the  
ADVIA Centaur and IMMULITE 2000 assays.
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Figure 6. Comparison of the percent free PSA ratios determined by the  
ADVIA Centaur and DELFIA assays.
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Comparison to the Beckman Coulter 
ACCESS 2 percent free PSA ratio

The percent free PSA ratios calculated 
from the ADVIA Centaur assay were 
comparable to the ratios determined 
from the ACCESS 2 free PSA assay and 
demonstrate a correlation coefficient  
of 0.976, n = 199 (Figure 3).11

Comparison to the Siemens IMMULITE 
2000 percent free PSA ratio

The ADVIA Centaur percent free PSA ratios 
were compared to the IMMULITE 2000  
percent free PSA ratios and demonstrated 
a correlation coefficient of 0.994,  
n = 203 (Figure 4).11 

Comparison to the Roche E 170  
percent free PSA ratio

The ADVIA Centaur percent free PSA 
ratios were compared to the E 170 
percent free PSA ratios (external 
study) and demonstrated a correlation 
coefficient of 0.955, n = 99 (Figure 5).

Comparison to Perkin Elmer DELFIA 
percent free PSA ratio

The ADVIA Centaur percent free PSA 
ratios were compared to the DELFIA 
free PSA ratios (external study) and 
demonstrated a correlation coefficient 
of 0.899, n = 148 (Figure 6). The three 
outliers in the plot are all of percent free 
PSA values associated with a very low  
risk for prostate cancer. 



6

Percent free PSA ratios— 
ROC analysis comparisons 

Percent free PSA ratios determined 
using the ADVIA Centaur free PSA and 
PSA assays demonstrated performance 
comparable to that of the IMMULITE 
2000 and ACCESS 2 percent free PSA 
ratios for aiding in the diagnosis of 
prostate cancer. 

ROC comparison to the IMMULITE 2000 
percent free PSA ratio

Percent free PSA ratios were determined 
for 125 samples. On ROC analysis, the 
ADVIA Centaur percent free PSA ratios 
had AUC values comparable to those 
obtained with the IMMULITE 2000 
percent free PSA values (0.67 [95% CI: 
0.57–0.78] versus 0.7 [95% CI: 0.59–
0.8]; P = 0.1896) (Figure 7).11 

ROC comparison to the ACCESS 2 
percent free PSA ratio

Percent free PSA ratios were determined 
for 130 samples. On ROC analysis, the 
ADVIA Centaur percent free PSA ratios  
had AUC values comparable to those 
obtained with the ACCESS 2 percent free 
PSA values (0.68 [95% CI: 0.57–0.78] 
versus 0.7 [95% CI: 0.59–0.8];  
P = 0.1896) (Figure 8).11 

Figure 7. ROC analysis comparison of the ADVIA Centaur and IMMULITE 2000 
percent free PSA ratios for detection of prostate cancer.11

Figure 8. ROC analysis comparison of percent free PSA ratios calculated from 
the ADVIA Centaur and ACCESS 2 free PSA assays.11
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