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    Abstract  

  Due to low specifi city of Prostate-Specifi c Antigen (PSA) we face a cer-
tain risk of overdiagnosis and overtreatment of Prostate Cancer (PCa). The 
benefi ts and harms of PSA-screening are controversially discussed. To 
overcome this weakness of PSA novel PCa biomarkers and detection tools 
are required. 

 The urine-based biomarker Prostate Cancer Antigen 3 (PCA3) has 
been shown to be highly PCa-specifi c. Application of PCA3 was tested in 
the diagnostic setting and staging. Several studies pointed out the addi-
tional value of PCA3 for further stratifi cation of men selected for biopsy 
(BX) based on an elevated PSA and/or an abnormal digital rectal examina-
tion (DRE). Its combined use with established clinical risk factors for 
positive prostate BX, particularly within nomograms or risk calculators, 
may represent a valid and helpful aid for clinicians in patient counselling 
and BX indication confi rmation. 

 When it comes to prediction of favourable or unfavourable histopatho-
logical features, respectively, such as tumour volume or PCa signifi cance, 
PCA3’s value remains controversial. Based on relatively small patient 
numbers, PCA3 has been identifi ed to independently predict small-vol-
ume and insignifi cant PCa. However, in other studies PCA3 was not asso-
ciated with advanced disease and its ability of predicting PCa aggressiveness 
in men undergoing radical prostatectomy is limited. 

 PCA3’s value may be best given for BX outcome prediction. Finally, the 
implementation of the PCA3 promoter in developing new highly PCa-
specifi c gene therapies represents a promising perspective in the near future.  
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  Abbreviations 

   %fPSA    Percent-free  PSA     
   AMACR      A-methylacyl-coenzyme racemase   
  AS    Active surveillance   
  AUC    Area under the curve   
  BPH    Benign prostate hyperplasia   
  CE    Conformiteé européenne   
  CTC    Circulating tumour cell   
  DHT    Dihydrotestosterone   
  DRE    Digital rectal examination   
  EAU    European Association of Urology   
  ECE    Extracapsular extension   
  ERG     V-ets erythroblastosis virus E26 

oncogene   
  ERSPC     European Randomised Study of 

 Screening   for  Prostate    Cancer     
  FDA    US Food and Drug Administration   
   GOLM1      Golgi membrane protein 1   
  GS     Gleason score     
  IL     Interleukin   
  mRNA    Messenger Ribonucleic Acid   
  PCa    Prostate cancer   
   PCA3       Prostate    Cancer   Antigen 3   
  PCPT-RC      Prostate    Cancer   Prevention Trial 

risk calculator   
   PSA       Prostate   Specifi c Antigen   
  REDUCE     Reduction by Dutasteride of 

 Prostate    Cancer   Events – trial   
  RP    Radical prostatectomy   
  RT-PCR     Reverse transcriptase polymerase 

chain reaction   
   SPINK1       Serine peptidase inhibitor Kazal 

type 1   
  TMPRSS2     Transmembrane-serine protease gene   
  TV    Tumour volume   

17.1           Introduction 

  Prostate    Cancer   (PCa) represents the most com-
mon disease affecting men, with 238.590 esti-
mated new cases diagnosed in 2013 in the United 
States (US) [ 1 ]. Due to the implementation of 
total serum Prostate-Specifi c Antigen (tPSA) in 
clinical practice for PCa screening and detection, 
incidence rates of PCa have increased dramati-
cally over time [ 2 ]. The rationale behind PCa 
screening is to reduce the prevalence of advanced 
disease and PCa-related mortality. However, due 
to the heterogeneity of PCa cancer subtypes most 
patients have slow-growing tumours and have 
minimal risk of dying from the disease [ 3 – 5 ]. On 
the other hand, there are aggressive tumours 
resulting in signifi cant morbidity and death. 
During the decision-making process of biopsy 
(BX) indication for PCa diagnosis or active PCa 
treatment after histologically confi rmed PCa, the 
treating physician as well as the patient have to 
be aware of this dilemma. The challenge in man-
aging clinically localized disease is to distinguish 
between men with aggressive cancers who would 
truly need immediate therapy, and those with less 
aggressive disease who can be safely managed by 
e.g. active surveillance (AS). As a consequence 
efforts are made to improve PCa detection per-
formance, risk assessment and surveillance. It is 
known that  PSA   testing shows limited specifi city 
mainly in lower PSA ranges [ 3 ]. However, 
increased PSA levels do not refl ect PCa exclu-
sively, but also indicate benign prostate enlarge-
ment (BPH) and/or infl ammatory reactions [ 6 ]. 
In this setting, novel biomarkers represent a 
promising component to increase the specifi city 
of PCa detection [ 7 ]. One of these novel 
 biomarkers is Prostate  Cancer   Antigen 3  (  PCA3  ). 
PCA3 messenger Ribonucleic Acid (mRNA) is 
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highly overexpressed in prostatic tumours [ 8 ] and 
represents a urine-based biomarker that has been 
widely examined and shown to keep up to its 
promise. When the third-generation of urinary 
PCA3 assay (Progensa ®  PCA3; Hologic Gen- 
Probe Inc., Bedford, MA, USA) [ 9 ] attained 
Conformiteé européenne (CE) approval in 2006, 
several clinical studies were conducted to evalu-
ate PCA3 as a novel diagnostic marker, to coun-
sel patients or to confi rm BX indications and/or 
to rule out aggressive cancer at BX, respectively. 
Beside BX endpoints, the clinical staging signifi -
cance of preoperative urinary PCA3 was assessed 
to identify respectively favourable and/or unfa-
vourable histopathological features, such as 
small tumour volume/insignifi cant PCa vs. 
locally advanced disease and aggressive disease. 
Based on promising fi ndings from previous stud-
ies, the novel marker was further evaluated in its 
ability as a fi rst-line diagnostic test in pre- 
screened men [ 10 – 19 ]. In these studies, specifi ci-
ties range between 71 % and 93 % for prediction 
of PCa at BX in men with elevated PSA levels, 
whereas the corresponding sensitivities range 
from 47 % to 75 % when PCA3 is used in isola-
tion. The observed differences are due to the dif-
ferent PCA3 cut-offs that are used. A plethora of 
PCA3 cut-offs have been tested, still leaving the 
question of the “best” cut-off unsolved, even 
though the U.S. Food and Drug Administration 
(FDA) has recently approved a PCA3 score cut- 
off of 25 as justifi cation for a repeat BX [ 20 ]. In 
contrast to the PCA3 score cut-off of 25, Auprich 
et al. conclude that PCA3 may be most clinically 
relevant in the repeat BX setting, when using a 
cut-off of 35 to confi rm repeat  prostate BX   indi-
cation [ 21 ]. However, so far no cut-off seems to 
provide a reasonable trade-off for sensitivity and 
specifi city when PCA3 is used in isolation. 
Furthermore, it has to be considered that bio-
markers should ideally be used as a continuous 
variable instead of using cut-offs, since risk lev-
els are not truly discrete but represent a contin-
uum of risk [ 22 ,  23 ]. Nonetheless, according to 
the European Association of Urology (EAU) 
Guidelines 2011 [ 24 ] the use of PCA3 in the 
detection setting of PCa is not any more classi-
fi ed as experimental. Integrated in novel BX 

nomograms, PCA3 can be a useful aid for patient 
counselling and BX indication confi rmation, and 
it may also be used to determine whether a men 
needs a repeat BX after an initially negative BX 
outcome (evidence level 2A). 

 Concerning usefulness of  PCA3   in men under-
going active surveillance (AS) so far no evidence 
has been presented [ 21 ]. 

 Beyond these clinical implications, further 
research was also directed at evaluating its poten-
tial use in combination with other new biomark-
ers, and as a novel target for PCa therapy.  

17.2      Prostate    Cancer   Antigen 3 

17.2.1     History 

 By comparing PCa tissue with non-malignant 
prostatic tissue, Bussemakers et al. fi rstly identi-
fi ed the DD3 (later called   PCA3   ) gene in 1999 
(Fig.  17.1 ), functioning as non-coding RNA and 
mapping to chromosome 9q21–22. Using a 
reverse transcriptase polymerase chain reaction 
(RT-PCR) method, they detected that PCA3 was 
overexpressed in cancerous tissue and low 
expressed in benign prostatic tissue and not mea-
surable in the normal tissue of numerous organs 
such as the testis, bladder, kidney, seminal vesi-
cles, brain and lung. PCR3 is highly prostate spe-
cifi c and was overexpressed in 95 % of tumour 
lesions, but in only 1 of 7 human PCa cell lines 
(lymph node carcinoma of the prostate) and in 
none of 18 non-malignant prostate samples [ 8 ]. A 
multitude of studies further implicated signifi -
cantly higher PCR3-mRNA expression in pros-
tatic tumours in comparison to non-malignant 
prostatic tissue [ 19 ,  21 – 23 ,  25 ] (Fig.  17.2 ). These 
fi ndings promoted the idea of developing a PCA3 
diagnostic test.

17.2.2         Urine Analysis 

 There are several urinary assays measuring 
 PCA3   mRNA, which is highly upregulated in 
neoplastic prostate tissue [ 9 ,  26 ,  27 ]. The assays 
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measure PCA3 mRNA out of prostate cells shed 
into urine after digital rectal examination 
(DRE). Hessels et al. were the fi rst to report of 
PCA3 mRNA measurement in sedimented 
urine.  PSA   mRNA was used to normalise for the 
amount of prostate specifi c RNA in the molecu-
lar test sample. Although PSA expression is 
constant in normal cells and 1.5 fold lower in 
PCa cells, the ratio between PCA3 mRNA over 

PSA mRNA multiplied by 1000, was presented 
as a new diagnostic tool – the “ PCA3 score ”. In 
108 patients, undergoing prostate BX for PCa 
suspicion based on a PSA level >3 ng/ml, test 
sensitivity of 67 % and specifi city of 83 % were 
achieved using a determined PCA3-PSA cut-off 
of 200 × 10 3  [ 26 ]. 

 Tinzl et al. validated the second-generation 
 PCA3   test (uPM3™ assay) comparing urinary 

  Fig. 17.1    The prostate cancer antigen 3 ( PCA3  ) gene, 
located at chromosome 9q21-22, consists of four exons, 
and exon 2 is often skipped by alternative splicing. Three 
alternative polyadenylations can occur in exon 4 (4a, 4b, 

and 4c). Most frequently, the transcript contains exons 1, 
3, 4a, and 4b (Reprinted with permission from Nature 
Publishing Group: Hessels et al. Nature Reviews Urology, 
copyright 2009 [ 62 ])       

  Fig. 17.2     Prostate   cancer 
antigen 3 ( PCA3  ) messenger 
RNA (mRNA) expression in 
prostatic tissue.  Box plots  
representing the expression of 
PCA3 mRNA comparing ( a ) 
benign prostatic tissue 
(median: 2.4 T 105; range: 
0.2 T 105–10.1 T 105); ( b ) 
prostate tumour 
containing = 10 % prostate 
cancer (PCa) cells (median: 
25.3 T 105; range: 66.0 T 
105–166.0 T 105), and ( c ) 
prostate tumour containing 
>10 % PCa cells (median: 
158.4 T 105; range: 7.0 T 
105–994.0 T 105) (Reprinted 
with permission from Elsevier: 
Hessels et al. European 
Urology, copyright 2003 [ 26 ])       
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PCA3 to  PSA   in men undergoing initial and 
repeat BX for an elevated PSA. In this study the 
informative rate of 79 % was inferior to current 
third-generation assays. However, PCA3 
achieved a sensitivity and specifi city of 82 % and 
76 % compared to PSA of 87 % and 16 %, respec-
tively [ 30 ]. Using the same assay, the diagnostic 
superiority of PCA3 was confi rmed by Fradet 
et al. in the fi rst multicenter study including 443 
men undergoing  prostate BX   for elevated 
PSA. PCA3 vs. PSA revealed an area under the 
curve (AUC) of 81 % vs. 40 % [ 28 ]. 

 In 2006, the prototype of a new quantitative, 
validated  PCA3  -based urine test using post-DRE 
whole-urine specimens further processed in a 
single-tube format, was presented by Groskopf 
et al. Urine samples were stored at either 4 °C or 
30 °C. The PCA3-to- PSA   ratio at 4 °C remained 
within a 20 % range of the initial values after 2 
weeks, but at 30 °C a signifi cant degradation of 
PCA3 refl ected its instability at room tempera-
ture. Comparing 52 healthy, 52 BX-negative and 
16 BX-positive men, again, median PCA3 mRNA 
to PSA mRNA ratio values showed signifi cant 
differences (4.5 vs. 27.0 vs. 81.8;  p  < 0.01) [ 9 ]. 
The analytic value oft the new assay was further 
tested in a multicenter study ( n  = 179) conducted 
by Sokoll et al. Once again, they confi rmed the 
need of an attentive DRE, performed with three 
or eight strokes ( p  = 0.85), to provide high infor-
mative test rates up to 95.5 % with total (>18 %), 
intra-assay (>15 %) and inter-assay (<10 %) vari-
ations, respectively. PCA3 scores of BX-positive 
men showed high correlation when two different 
research sites were compared (97 %;  p  < 0.0001) 
[ 29 ]. Overall, the informative rate of 94–100 % 
[ 9 ,  12 ,  29 – 33 ] of the third-generation PCA3 
assay (Progensa ® , Hologic Gen-Probe Inc., 
Bedford, MA, USA) was signifi cantly improved 
compared to the previously reported ones [ 27 ]. 

 The CE approved the  PCA3   test in 2006 and 
fi nally, the U.S. Food and Drug Administration 
(FDA) followed in February 2012, to “help clini-
cians in counselling and determine initial and 
repeat biopsy indications”.   

17.3     Clinical Applicability 
of  Prostate    Cancer   Antigen 3 

17.3.1     Early Detection of Prostate 
Cancer: Initial and Repeat 
Prostate Biopsy 

 A main limitation of early PCa detection due to 
elevated  PSA   levels remains the high proportion 
of men detected with non-malignant fi ndings at 
fi rst or subsequent BX [ 5 ,  34 ]. One of the most 
important clinical rationales of  PCA3   application 
therefore is the reduction of potentially unneces-
sary BXs. 

 Marks et al. evaluated the diagnostic ability of 
 PCA3   in 226 men subjected to repeat BX. They 
demonstrated PCA3’s superiority over  PSA   in 
predicting positive BX outcome (AUC: 0.68 vs. 
0.52;  p  = 0.008). Using 35 as PCA3 score cut-off, 
a sensitivity, specifi city and odds ratio of 58 %, 
72 % and 3.6, respectively, was obtained. But, 
compared to earlier studies [ 25 ,  26 ] median 
PCA3 scores in aggressive PCa ( Gleason score   
(GS) < 7 vs. GS > 7) were not signifi cantly differ-
ent [ 11 ]. In contrast, de la Taille et al. have shown 
in the initial BX setting that the PCA3 score was 
signifi cantly higher in men with GS 7 or greater 
vs. GS less than 7 [ 35 ]. 

 Consequently, prospective U.S. and European 
multicentre trials were conducted in patients 
undergoing initial or repeat BX [ 10 ,  13 ] 
(Fig.  17.3 ). As a result comparable diagnostic 
accuracies of U.S. and European men at fi rst and 
repeat BX were reported (AUC: 0.68 vs. 0.65). 
Despite some confl icting results, both studies 
demonstrated that a combination of  PCA3   with 
established BX risk factors such as age,  PSA  , 
DRE, prostate volume and  Percent free PSA   
(%fPSA) improved the predictive accuracy in 
multivariable regression models. Ploussard et al. 
performed a subgroup analyses of the European 
multicenter study and confi rmed the superiority 
of PCA3 over %fPSA in univariable analysis as a 
predictor of repeat BX outcome (AUC: 0.69 vs. 
0.57) [ 36 ].

17 Urinary Prostate Cancer Antigen 3 as a Tumour Marker: Biochemical and Clinical Aspects



282

   The incorporation of  PCA3   in the  Prostate   
 Cancer   Prevention Trial risk calculator (PCPT-RC) 
improved the diagnostic accuracy compared with 
the established BX risk factors (AUC: 0.65 vs. 
0.70) [ 37 ]. In a large mixed BX patient cohort 
from Europe and Northern America ( n  = 809), 
Chun et al. following Kattan criteria [ 38 ,  39 ] dem-
onstrated that PCA3 independently predicted 
PCa, and its addition to established risk factors 
(age,  PSA  , DRE, prostate volume, BX history) 
signifi cantly improved predictive AUC of the 
base model between 2 % and 5 % [ 14 ] (Fig.  17.4 ). 
The PCA3 based BX nomogram was further 
externally validated, showing a comparable gain 
in predictive accuracy [ 40 ]. In the specifi c initial 
BX setting, an initial BX-specifi c nomogram has 
been developed, showing similar fi ndings (AUC 
78.1–80.7 %). However, unlike the mixed BX 
nomogram, the latter initial-BX specifi c nomo-
gram has also been tested in terms of its ability to 
avoid unnecessary biopsies without missing high 
grade PCa. At an exemplary nomogram–derived 
probability cut-off of 20 %, only 2 % of men with 
high-grade PCa would be missed, while avoiding 
up to 55 % of unnecessary prostate BXs [ 41 ]. A 
similar predictive accuracy gain in multivariable 
analysis has been previously reported by de la 
Taille et al. where inclusion of PCA3 in multivari-
able models increased the predictive accuracy by 
up to 5.5 % [ 35 ].

   Perdona et al. compared the updated 
PCPT-RC, including  PCA3   and Chun’s PCA3- 
based nomogram. A signifi cantly better dis-
criminative power (AUC: 0.80 vs. 0.72; 
 p  = 0.04) and superior calibration was demon-
strated. Decision curve analysis revealed a 
higher net benefi t for Chun’s nomogram, result-
ing in up to 21 % of avoided unnecessary repeat 
BXs at the expense of missing up to 6.8 % of 
cancers [ 42 ]. 

 Regarding health care expenses and different 
reimbursement systems in different European 
countries, at the moment urinary  PCA3   mea-
surement is more expensive than  PSA   measure-
ment. Up-to-date costs for urinary PCA3 testing 
may be up to 15-fold higher. But, due to PCA3’s 
use to avoid up to 67 % of repeat BXs compared 
with PSA [ 10 ] the avoided BX expenses and 
further follow-up diagnostic interventions 
should be considered. Moreover, BX-related 
anxiety, discomfort and complications may be 
spared [ 43 ]. 

 In conclusion,  PCA3   performs as a reliable 
predictor of PCa at BX, demonstrating superior-
ity over  PSA   and %fPSA. In combination with 
established risk factors, PCA3 showed improved 
accuracy and applicability of new diagnostic 
tools to assist clinicians in BX decision-making 
in men who already met established criteria for 
BX (e.g. elevated PSA, abnormal DRE).  

  Fig. 17.3    The correlation of prostate cancer antigen 3 
( PCA3  ) to repeat biopsy outcome.  Bars  represent the 
probability of a positive repeat biopsy expressed in per-

centages according to different PCA3 score ranges 
(Reprinted with permission from Elsevier: Haese et al. 
European Urology, copyright 2008 [ 10 ])       
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17.3.2      Screening   and Active 
Surveillance 

  PCA3   was assessed as a fi rst-line screening test 
within the European Randomised Study of 
 Screening   for  Prostate    Cancer   (ERSPC) trial. A 
PCA3 score ≥10 demonstrated a positive predic-
tive value of 17.1 compared with 18.8 for a  PSA   
value ≥3.0 ng/ml. Interestingly, PCA3 versus 
PSA missed substantially fewer cancers (32 % 
vs. 65 %) and serious cancers (26 % vs. 58 %). 
Because this unique study evaluated a PSA-pre-
screened cohort (third round or more; 33 % had a 
negative fi rst BX), a consecutive study in 
unscreened patients, avoiding attribution bias, 
should be conducted to further assess PCA3 as a 
potential screening marker [ 19 ]. 

 Recently, Tosoian et al. assessed  PCA3  ’s abil-
ity to rule out clinically signifi cant PCa in men 

undergoing AS according to the criteria for clini-
cally signifi cant PCa defi ned by Epstein et al. 
[ 44 ]. A trend towards higher median PCA3 scores 
in patients with GS upgrading at follow-up BX 
(72 vs. 50.8;  p  = 0.08) was recorded. However, at 
adjusted multivariable Cox regression analysis, 
PCA3 did not represent an independent risk 
factor of BX progression ( p  = 0.15) [ 12 ]. 
Considering the limitations that the number of 
events was small ( n  = 38) and that PCA3 was 
assessed only once at the time of fi rst diagnosis 
but not repeated during the follow-up biopsies, so 
far no evidence for the usefulness of PCA3 in AS 
programs has been presented. Since PCA3 does 
not appear to represent a useful marker to moni-
tor PCa aggressiveness at biopsies [ 11 ,  13 ] its 
role in risk assessment during AS needs to be 
tested in larger studies with repeated PCA3 score 
measures.  

  Fig. 17.4    The prostate cancer antigen 3 ( PCA3  ) biopsy 
nomogram. This recently externally validated nomogram 
combines established biopsy risk factors such as age, digi-
tal rectal examination (DRE), total serum prostate- specifi c 
antigen ( PSA  ), prostate volume, and history of previous 
biopsy together with PCA3 score to predict cancer on pros-
tate initial and repeat biopsy. Instructions for physicians: To 
obtain nomogram-predicted probability of prostate cancer, 

locate patient values at each axis. Draw a  vertical line  to the 
“Point” axis to determine how many points are attributed 
for each variable value. Sum the points for all variables. 
Locate the sum on the “Total Points” line to be able to 
assess the individual probability of cancer on  prostate 
biopsy   on the “Probability of prostate cancer at biopsy” line 
(Reprinted with permission from Elsevier: Chun et al. 
European Urology, copyright 2009 [ 14 ])       
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17.3.3     Prediction of Pathological 
Tumour Volume, Stage 
and Grade 

 Du to the fact that  PCA3   is highly overexpressed 
in PCa tissue and improves the prediction of BX 
outcome, several studies have focused on its 
potential ability to predict pathological PCa stage 
and aggressiveness: Bostwick et al. at fi rst 
reported on 24 patients undergoing radical pros-
tatectomy (RP) for PCa based on a suspicious 
uPM3 ™  test. The assessed RP specimens demon-
strated no difference in cancer volume, location, 
stage, and GS compared with RP specimens of 
men diagnosed with PCa based on  PSA   or suspi-
cious DRE fi ndings [ 45 ]. 

 Using the Progensa ®   PCA3   assay, Nakanishi 
et al. analysing 83 RP samples, reported that the 
urinary PCA3 score signifi cantly correlated with 
tumour volume (TV), GS, and independently 
predicted small-volume diseases (TV < 0.5 ml) 
(AUC: 0.76). Using 25 as a PCA3 score cut-off to 
predict small-volume tumours in combination 
with low grade (GS < 7) resulted in a sensitivity 
and specifi city of 70 % and 73 %, respectively. 

However, it is important to note that the number 
of events was limited ( n  = 10) [ 15 ]. Similarly, 
Whitman et al. confi rmed PCA3’s correlation to 
TV and identifi ed it as an independent predictor 
( p  < 0.01) of extracapsular extension (ECE) 
resulting in a multivariable AUC of 0.90 when 
combined with  PSA   and BX GS [ 16 ]. In contrast 
to Nakanishi, Whitman et al. could not fi nd a sig-
nifi cant association of PCA3 with pathologic GS 
[ 16 ]. Hessels et al. and van Gils et al. demon-
strated neither a signifi cant correlation of PCA3 
to pathologic grading nor to TV and pathologic 
stage in a cohort combining 132 patients [ 17 ,  46 ]. 

 At present, the largest ( n  = 305) published 
series on urinary  PCA3  ’s correlation to clinico-
pathologic features demonstrated that the multi-
variable AUC of low-volume disease (+2.4 % to 
+5.5 %) and insignifi cant PCa models (+3 % to 
+3.9 %) improved when PCA3 was added to 
standard clinical risk factors (Fig.  17.5 ). On the 
other side, there was no signifi cant correlation 
between PCA3 and adverse features such as ECE 
and seminal vesicle invasion, and its signifi cance 
on aggressive PCa (RP GS ≥ 7) was reported to 
be limited [ 18 ]. Similar results were reported on 

  Fig. 17.5    Prediction of small-volume and insignifi cant 
prostate cancer with preoperative prostate cancer anti-
gen 3 ( PCA3  ). Receiver operating characteristic curve 
analyses and area under the curve (AUC) for predicting 
( a ) tumour volume <0.5 ml and ( b ) pathologically con-

fi rmed insignifi cant prostate cancer. B × GS = biopsy 
 Gleason score  ; PPC = percentage of positive cores; 
 PSA   = prostate- specifi c antigen (Reprinted by permis-
sion from Elsevier: Auprich et al. European Urology, 
copyright 2011 [ 18 ])       
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106 consecutive men undergoing RP due to clini-
cally low-risk disease ( PSA   < 10 ng/ml, T1c–T2a, 
and biopsy GS < 7). Low urinary PCA3 scores 
and favourable BX criteria (<33 % or 3-mm 
tumour; <3 positive cores) independently pre-
dicted small TV (<0.5 ml) and insignifi cant PCa. 
Again, the urinary PCA3 score, combined with 
established risk factors in multivariable logistic 
regression models, was not signifi cantly 
 associated with high-grade and locally advanced 
disease [ 47 ].

   Higher  PCA3   scores are supposed to be asso-
ciated with more aggressive cancer, which is 
based on the hypothesis that with increasing 
dedifferentiation, PCa cells become more inva-
sive and could therefore more easily be shed into 
the ductal system of the prostatic gland after 
DRE or that larger tumours simply have more 
surface area left to shed PCA3 [ 46 ,  47 ]. Most 
studies, especially in RP cohorts, failed to con-
fi rm this hypothesis [ 16 – 18 ,  46 ,  47 ]. But, follow-
ing GS system [ 48 ], some authors suggest that 
tumours with pattern 4 and 5 increasingly lose 
their glandular differentiation and lumina, dis-
abling cells to be shed into urine after DRE in 
correlation with their TV. Therefore, potentially 
higher PCA3 mRNA tissue levels, resulting from 
larger tumour masses, might not be adequately 
measured by the urinary test [ 18 ]. 

 In conclusion ,  evaluations on the potential 
prognostic role of  PCA3  , which are currently 
based on a relatively small number of patients, 
revealed that it independently predicts small- 
volume and insignifi cant PCa. However, PCA3 is 
not signifi cantly associated with locally advanced 
disease and has limited value in the prediction of 
aggressive tumours.  

17.3.4      Prostate    Cancer   Antigen 3 
 Score   Alterations Over Time 
and Consequence for Bioptic 
or Medical Intervention 

 Within the placebo arm of the Reduction by 
Dutasteride of  Prostate    Cancer   Events (REDUCE) 
trial, urinary  PCA3  ,  PSA   and %fPSA were avail-
able at the year 2 and year 4 follow-up BX in 

1072 men (age: 50–75 years; PSA: 2.5–10 ng/ml; 
one previous negative 6- to 12-core BX). On uni-
variable analyses for the prediction of year 4 BX 
outcome based on year 2 biomarker values, 
PCA3 score was exclusively found as a signifi -
cant predictor for a positive follow-up BX at year 
4. Interestingly, PCA3 scores in BX-positive men 
only slightly increased (+15.7 %) within the 
study period [ 33 ]. 

 Urinary  PCA3   scores before and 2 h after BX, 
showed no signifi cant difference of measured 
PCA3 scores, neither in all men (18 %;  p  > 0.05) 
nor in PCa-positive men (1.5 %;  p  > 0.05) [ 49 ]. 
Sokoll et al. [ 29 ] suggest a certain robustness of 
PCA3 towards interventional effects on the pros-
tatic tissue. In this context, the infl uence of 
Dutasteride ( 5a-reductase inhibitor   [5-ARI]) on 
prostatic markers was assessed by van Gils et al.: 
In 16 men with BPH and 9 men with clinically 
localised PCa (all treated with 5-ARI),  PSA  , tes-
tosterone, dihydrotestosterone (DHT), and uri-
nary PCA3 were measured at baseline and after 
1, 2 and 3 months. As expected, Dutasteride 
reduced DHT (>90 %), halved PSA levels, 
decreased prostate volume (10–16 %), and 
increased testosterone (20–30 %). In contrast, 
5-ARI treatment had a widely variable effect on 
PCA3 scores, which increased (75–284 %) and 
decreased (14–77 %) over time, irrespective of 
whether patients with or without PCa were 
observed [ 50 ]. This needs to be taken into account 
when counselling patients on Dutasteride who 
are designated for a PCA3 test.   

17.4     New Perspectives 

17.4.1     Combination of  Prostate   
 Cancer   Antigen 3 with New 
Biomarkers 

 Since  PCA3   is highly PCa specifi c and a clini-
cally useful marker to predict BX outcome, its 
combined use with other new tumour markers 
may further improve its diagnostic accuracy. 
Therefore, transcripts of a fusion between the 
 transmembrane-serine protease   gene (TMPRSS2) 
and the v-ets erythroblastosis virus E26  oncogene 
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(ERG) were evaluated in combination with 
PCA3 in the post-DRE urine of 108 patients 
undergoing BX. In this study TMPRSS2-ERG 
fusion transcripts were only found in 59 % of the 
primary PCa tissue specimens and the included 
patients did not represent a typical BX cohort 
because PCa detection rate was quite high with 
72 % due to  PSA   levels ranging from 1.1 to 
1619 ng/ml. Urine sediments of men diagnosed 
with PCa were positive for TMPRSS2-ERG 
fusion transcripts and PCA3 (cut-off: 48) in 37 % 
and 62 %, respectively. Combining both markers 
improved the sensitivity to 73 %, yet a consider-
able decreased specifi city of 63 %, compared 
with 93 % of TMPRSS2-ERG fusion alone [ 51 ]. 

 Laxman et al. further evaluated Golgi mem-
brane protein 1 ( GOLM1  ), serine peptidase 
inhibitor Kazal type 1 ( SPINK1  ),  PCA3   and 
TMPRSS2-ERG fusion in sedimented urine of 
men before BX ( n  = 216) or RP ( n  = 60). A multi-
variable regression model for the detection of 
PCa including these four biomarkers improved 
the diagnostic AUC from 0.66 (for PCA3 alone) 
to 0.76, respectively [ 52 ]. When a-methylacyl- 
coenzyme racemase ( AMACR  ) and PCA3 from 
post-DRE urine was assessed in patients under-
going BX due to suspicion of PCa, both markers 
demonstrated an improved AUC over  PSA   (0.65 
vs. 0.67 vs. 0.59). Using AMACR (cut-off: 10.7) 
and PCA3 (cut-off: 19.9) within a combined 
model resulted in a high sensitivity and specifi c-
ity of 81 % and 84 % vs. 70 % and 71 % vs. 72 % 
and 59 % for AMACR vs. PCA3 alone, respec-
tively [ 53 ]. Rigau et al. using PCA3 together 
with prostate-specifi c demonstrated comparable 
fi ndings G-protein coupled  receptor   in urine sed-
iments after prostatic massage from 215 patients 
presented for BX. An increased specifi city of 
44 % at an assumed sensitivity of 90 % was 
reported for the combined test compared with 
each biomarker used as a stand-alone test (25 % 
vs. 24 %) [ 54 ]. Despite the fact that the reported 
studies used PCA3 cut-off values (19.9, 48) dif-
ferent from the more established cut-off value of 
35 reported in previous studies [ 10 ,  11 ,  13 ,  14 , 
 36 ,  40 ], a substantial improvement in the predic-
tion of BX outcome was demonstrated by com-
bining PCA3 and new biomarkers in a limited 

number of patients. If these promising results 
could be confi rmed by further studies, combina-
tions of new biomarkers including PCA3 may 
potentially offer an interesting new perspective 
on the early detection and staging of PCa. 
However, because to date most of the markers 
combined with PCA3 are still in their experi-
mental phase, it remains to be assessed which 
marker panel has the greatest potential to 
improve predictive ability compared to estab-
lished markers.  

17.4.2     Detection of  Prostate    Cancer   
Antigen 3 in Circulating 
Tumour Cells 

 In PCa patients, the presence of circulating 
tumour cells ( CTCs  ) appears to be correlated 
with a poor prognosis [ 55 ]. For this reason detec-
tion of specifi c biomarkers found in prostatic 
CTCs could potentially indicate an advanced and 
aggressive stage of disease. In 2008, Väänänen 
et al. described a quantitative RT-PCR assay for 
the detection of  PCA3   mRNA in peripheral blood 
and evaluated 67 patients with locally advanced 
( n  = 23) and metastatic disease ( n  = 9), respec-
tively. Interestingly, only two patients were found 
positive for PCA3 mRNA in peripheral blood 
samples [ 56 ]. In contrast, Marangoni et al. 
detected PCA3 mRNA expression in 25 (62.5 %) 
of 40 patients with PCa compared with 15 
(37.5 %) of 40 BPH patients by evaluating preop-
erative peripheral blood samples [ 57 ]. Patients 
presenting with progressive castrate-resistant 
PCa demonstrated signifi cantly overexpressed 
levels of PCA3 in CTCs from peripheral blood 
[ 58 ]. Similar fi ndings have been reported by Jost 
et al. using an immuno-magnetic CTC enrich-
ment method to assess peripheral blood from 67 
PCa patients. Although none of the androgen- 
dependent patients has been tested positive for 
PCA3, 5 (31 %) of 16 androgen-independent 
patients were found positive for CTC-PCA3 [ 59 ]. 
In summary, detection of PCA3 mRNA expres-
sion in CTCs from peripheral blood samples has 
been proved to be feasible, although its value in 
identifying patients with poor prognosis is still 
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unclear due to limited data. Therefore, further 
studies are needed.  

17.4.3      Prostate    Cancer   Antigen 3 
as a Novel Gene Therapy 
Target 

 Van der Poel et al. have demonstrated the high 
PCa specifi city of  PCA3   and highlighted its 
potential use as a precursor to suicide  gene ther-
apy   by using a specifi c diphtheria toxin model 
[ 60 ]. A combination of PCA3’s promoter region 
driving the expression of a suicide gene could be 
used to process novel PCa therapies. In theory, 
this combined therapeutic construct would bind, 
interact and fi nally induce cell death in PCa tis-
sue, and non-malignant and non-prostatic cells 
would not be affected by this highly specifi c ther-
apeutic cascade. Based on this concept, Fan et al. 
developed an oncolytic adenovirus (Ad.DD3-
E1A- IL-24), in which replication is driven by the 
PCA3 DD3  promoter, carrying the therapeutic gene 
interleukin (IL)-24. Its in vitro and in vivo effects 
have been investigated in DU-145 cell lines and 
in DU-145 xenograft tumours in nude mice. In 
fi ve of six treated mice, tumours have been com-
pletely eliminated within 50 days. Most remark-
ably, all mice have survived until the end of 
observation [ 61 ]. Despite non- negligible dis-
crepancies regarding the therapeutic effect of 
Ad.DD3-E1A-IL-24 in vitro and in vivo, this 
study has demonstrated “Gene-ViroTherapy’s” 
excellent antitumoural effi cacy in an initial small 
single tumour model study in mice. Therefore 
further investigations on PCA3’s potential role in 
PCa gene therapy should be intensively promoted 
in the future.   

17.5     Conclusions 

  PCA3   has shown its potential to assist clinicians 
in patient counselling and BX indication confi r-
mation in men at risk for PCa based on elevated 
serum tPSA levels and/or suspicious 
DRE. Ideally, PCA3 would be used in combina-
tion with other established PCa risk factors to 

combine each marker’s strengths to focus on 
detection of signifi cant disease that is more likely 
to be cured if detected early. The value of PCA3 
for prediction of PCa signifi cance remains con-
troversial. It does not appear to be associated 
with advanced disease and PCa aggressiveness in 
men undergoing RP, and its use as a follow-up 
marker for AS patients does not seem to be given. 
The main current indication of the PCA3 urine 
test may be to determine whether a man needs a 
(repeat) BX after an initially negative BX out-
come, albeit its cost-effectiveness remains to be 
shown. Finally, the implementation of the PCA3 
promoter in developing new highly PCa-specifi c 
gene therapies represents a promising perspec-
tive in the near future.     
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