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¿Qué le pedimos a un 
biomarcador? 

! Que mejore el diagnóstico 

! Que mejore el estadiaje 

! Que mejore pronostico de enfermedad (diferencie 
CaP indolente de CaP clínicamente relevante)  

! Que seleccione pacientes para diferentes opciones 
terapéuticas 

! Que monitorice la respuesta al tratamiento 

! Que sea validado en los ensayos clínicos  



Nuevos marcadores:  
¿Son necesarios?  PSA 



¿Qué nos ha aportado el PSA? 

!  Incremento de la incidencia del Ca Próstata. 

!  Incremento en el diagnóstico de CaP más precoces y de 
mayor bajo grado en varones más jóvenes (migración de 
estadios). 

 

!  Incremento en los tratamientos con intención curativa 
(Prostatectomía radical, RDT, BQT,..) 

! Facilidad para el seguimiento terapéutico e identificación 
de recidivas y resistencia a la castración. 

! Mayor sensibilidad profesional y social hacia la enfermedad. 
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gene fusions, molecular events that have been 
widely hailed as the “holy grail” of CaP patho-
genesis and are only found in cancerous cells. 
Increased CaP speci fi city is the unifying theme. 

 The sections on PCA3 and {-2}proPSA have 
been written by the scientists most responsible 
for bringing the markers to clinical utility. First is 
{-2}proSA, because an FDA submission has been 
completed. In this section Mizrahi and Broyles 
describe how this isoform of PSA was  fi rst found, 
how it differs operationally from the parent mol-
ecule, how the Prostate Health Index (phi) came 
to be, and how the early clinical testing led to 
successful completion of a registration trial. 
Second is PCA3, the most CaP-speci fi c gene yet 
known; in this section Rittenhouse, Groskopf, 
and Day document the discovery of the gene, 
development of a practical test for it, and the clin-
ical trials leading to the current registration trial 
now ongoing. The third extended section, that on 

gene-fusion markers, is written by Schalken from 
Nijmegen, NL, who is one of the foremost molec-
ular biologists focused on CaP; his knowledge of 
CaP biomarkers is both broad and deep, making 
his perspective on this subject noteworthy. 

 The global oncology biomarker market is 
expected to grow to $9.5 billion in 2014 at a com-
pound annual growth rate of 18.1%  [  9  ] . PSA test-
ing is a large segment of that market. Thus, the 
successor to PSA—or more likely panel of suc-
cessors, perhaps in conjunction with improved 
prostate imaging—stands to generate substantial 
pro fi t for the industry. However, the real gain will 
be incurred by the millions of men with elevated 
PSA levels now undergoing biopsy to rule out 
cancer. In the future, those men may be reassured 
that the tiny cancer found in the biopsy core is or 
is not the tip of a “cancer iceberg”; hopefully, in 
many, biopsy can be spared altogether. And those 
who require treatment for potentially lethal 
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40  Fig. 4.2    Paired values of 
PSA concentrations in 
cancerous ( black squares ) 
and adjacent noncancerous 
tissues ( white squares ) for 
14 men undergoing radical 
prostatectomy. In 10 of the 
14 men, PSA concentration 
was found to be greater in 
noncancerous tissue than 
cancerous tissue, often by 
several fold. Reprinted 
with permission  [  7  ]        
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  Fig. 4.3    Diagram showing the shrinking volume of the 
index tumor ( large purple spot ) in men undergoing radical 
prostatectomy over the past several decades. In the 

Stanford University series, index tumor volume decreased 
from 5.3 to 2.4 cc between the years 1983 and 2003  [  2  ]        

 

 

PSA 



¿Qué problemas nos ha 
dejado el PSA? 

! SOBREDIAGNÓSTICO (25% (55 años) y 56% (75 años) 

       CaP alta prevalencia (30-50% en 50-70 años) 

       No siempre progresa o lo hace lentamente. 

       Se ha incrementado la esperanza de vida. 

! SOBRETRATAMIENTO (5-46%) 

!  Incremento en la incidencia de CaP indolentes 

! Punto de corte PSA ideal todavía no identificado 

! Baja especificidad (biopsias innecesarias)  

 

PSA 



El test de PSA no es blanco ni negro. 

No todo paciente 
que tiene el PSA 
elevado necesita 
una biopsia. 

Ni todo paciente con diagnóstico de 
CaP necesita un tratamiento. 

PSA 



339 estudios, 10 revisiones y 2 ensayos clínicos desde 1991 

PCLO Study 

76.685 p 182.160 p 

ERSPC 

Reducción 21% la mortalidad por CaP en grupo 
screening, pero NNT es de 48 y NNS de 1.068 



Screening 

Sólo el 
ERSPC y el 
ensayo de 
Quebec han 
arrojado 
ventajas en 
reducir 
mortalidad 
en 21% y 
62% en 
screening. 

PSA 



¿ Porqué necesitamos 
nuevos marcadores ? 

-  Para mejorar la especificad del PSA en la zona gris 
(4-10 ng/ml) y evitar biopsias innecesarias. (VPP con 
PSA (4-10 ng/ml) bajo 21%). 

-  Para mejora la sensibilidad en la detección de CaP 
significantes con PSA bajos. (PSA 2,5 -4 ng/ml hay 25% 
de CaP). 

-  Para seleccionar pacientes adecuados para las 
terapias disponibles y reducir el riesgo de 
sobretratamiento y sus secuelas(Vigilancia activa y 
terapia focal) 

PSA 



La búsqueda del santo grial 
de la especificidad… 

! PSA-DENSIDAD (Benson 1992) > 0,15 ng/ml/cc 

! PSA-VELOCIDAD (Carter 1992) > 0,75 ng/ml 

! Psa-Rango edad (Oesterling 1993) 

! PSA D/volumen ZT (Djavan 1998) > 0,25 ng/ml/cc 

! %PSA LIBRE/PSA TOTAL (Catalona 1998) < 0,20 

! PSA-Doubling time 

Catalona WJ, Partin AW, Slawin KM, et al. Use of percentage of free prostate-specific 
antigen to enhance differentiation of prostate cancer from benign prostatic disease: a 
prospective multicenter clinical trial. JAMA 1998;279:1542–7. 



Manejo PSA y Tacto Rectal 

TR y PSA normales TR patológico y 
PSA normal 

TR normal  

Control anual 

PSA 
< 4 ng/ml 4-10 ng/ml > 10 ng/ml 

PSA- densidad > 0,15 < 0,15 

PSA-velocidad < 0,75 ng > 0,75 ng 

PSA libre/total < 0,20-25 > 0,20-25 

(25%) 

> 1 ng 

Biopsia 
Prostática PCA3 >35 PCA3<20 
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   PSA is “the most meaningful and useful tumor marker in 
all of cancer biology.” 

 ---Thomas A. Stamey, 1989  [  1  ]  

 Serum PSA levels are no longer related to prostate 
cancer….There is an urgent need for a better marker. 

 ---Thomas A. Stamey, 2004  [  2  ]    

   Introduction    and Overview 

 A biomarker is a distinctive biological or biologi-
cally derived indicator of a process, event, or 
condition. This de fi nition did not exist during the 
1930s, when the Gutmans’ at Columbia University 
discovered increased acid phosphatase activity in 
the serum of 11/15 men with metastatic prostate 
cancer (CaP), but only in 1/88 men with other 
conditions  [  3  ] . The Gutmans’ acid phosphatase 
was biologically derived; it indicated a condition; 
and it was reasonably distinctive for the far-
advanced CaP of the time. Huggins showed a few 
years later that castration in men with advanced 
CaP resulted in clinical relief, which was accom-
panied by a decline in serum acid phosphatase 
 [  4  ] . Thus, acid phosphatase ful fi lled the de fi nition 
more than 70 years ago and became the  fi rst bio-
marker known. 

 When PSA became available in the early 
1980s, acid phosphatase fell into disfavor as a 
CaP biomarker because, as the name implies, 
prostate speci fi city is better with PSA than acid 
phosphatase. Now, as the ensuing pages in this 
chapter show, the speci fi city issue is the force 
driving the search for a biomarker better than 
PSA. PSA is more speci fi c for the prostate than 
acid phosphatase, but several promising new 
markers are more speci fi c for CaP than PSA. 
Even more important, the new markers offer the 
promise of identifying the potentially lethal can-
cers, i.e., the ones that need to be treated aggres-
sively and not merely observed. 

   “Nor Any Drop to Drink” 

 Skepticism is warranted when reading about a 
new biomarker. Research interest in biomarkers 
is huge, but very few of them ever make it through 
the approval process. In one major review, bio-
markers are compared to the water in Coleridge’s 
 Ancient Mariner , i.e., they’re everywhere,  but  
they are rarely validated: “nor any drop to drink” 
 [  5  ] . Articles about biomarkers appear annually 
by the thousands, but FDA approvals are rare. 
The relationship between yearly publications on 
biomarkers and FDA approvals of biomarkers is 
shown in Fig.  4.1 . The present chapter does not 
aim to be encyclopedic, but deals selectively with 
a few CaP biomarkers that appear likely to gain 
widespread clinical adoption in the near future.  

      Beyond PSA: Promising New 
Markers for Prostate Cancer       

     Leonard   Marks                

       L.   Marks   (!)
     Department of Urology ,  UCLA Ronald Reagan Hospital , 
  Westwood Medical Plaza ,  Los Angeles ,  CA   90024 ,  USA    
e-mail:  Lmarks@mednet.ucla.edu   
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Prostate-specific antigen (PSA) has been called many things
in recent years, few of them nice. Some of the words used to
describe PSA include over, discredited, and lost. The chair of
the US Preventive Services Task Force stated that PSA
‘‘cannot tell the difference between cancers that will and
will not affect aman during his natural lifetime.’’ Some have
gone further, calling PSA ‘‘an unconscionable crime against
humanity’’ (references available on request).

All this might be seen as somewhat odd, seeing as PSA is
a very strong predictor of the long-term risk of aggressive
prostate cancer. PSA in blood measured at age 60 in
unscreened men has an area under the curve (AUC) of 0.90
for predicting cancer-specific death within 25 yr [1]. This
level of predictive accuracy is pretty much unheard of in
cancer care. So why the bad press?

The first problem is that of end points. It is true that PSA
is not very good at predicting prostate cancer on biopsy [2],
but, then again, biopsy-detectable cancer may not be a
particularly important end point. It well known that a very
high incidence of cancer is found in the prostates of men
who die of causes other than cancer and that many older
men harbor indolent disease. A study finding that PSA
cannot distinguish well between what is likely to be an
indolent cancer versus no cancer at all does not imply that
PSA has no clinical utility.

The second problem is that of cohorts. Many papers
reporting that PSA has little or no correlation with biopsy
outcome included men who were subject to repeated PSA
testing and who had an extremely narrow range of PSA
levels, just above common biopsy thresholds. By way of
analogy, take a group of 12-yr-old boys and have them play
basketball; height will be a major predictor of ability. Then

select out the tallest boys and have them play again; height
will no longer discriminate, but that does not imply that
being tall is not an advantage for basketball players.

To illustrate this point, we reanalyzed data from a study
[3] ofmen undergoing repeat biopsy for persistently raised
PSA after an initial negative biopsy—by definition, a group
with rather homogenous PSA levels (50% were between 3
and 5 ng/ml). The AUC for PSA to predict positive biopsy
was 0.55, which is statistically better than a coin flip but
not by much. One could stop there and declare PSA ‘‘over,’’
‘‘lost,’’ or ‘‘discredited,’’ or one could note that PSA was
a good predictor of high-grade (Gleason !7) cancer
(AUC: 0.68) and even for predicting Gleason !8 disease
(AUC: 0.79).

There is another reason why PSA is more useful than it is
so often made out to be. When we currently say that a man
has a serum PSA of 2 ng/ml, for example, this is often taken
to mean that there are 2 ng of the PSA molecule in every
milliliter of that man’s blood. But what the conventional
PSA test measures is actually several different molecules,
with the final concentration being their sum. Urologists
generally recognize that PSA occurs in blood either bound to
protein (‘‘complexed’’ PSA) or ‘‘free.’’ Butdue to its natureas a
proteolytic enzyme, PSA can be bound to different proteins,
primarily a measurable complex with a1-antichymotrypsin
or disguised when it is bound to a2-macroglobulin. Free
(ie, unbound) PSA can also occur in multiple different forms.
Just as we now look at diets in terms of fat, protein, and
carbohydrate rather than just in terms of total calories, it
seems reasonable to suppose that examining different PSA
fractions separately, rather than lumping them together,
might be of value.
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PSA no es buen predictor de CaP en la biopsia 
PSA no diferencia entre cánceres indolentes versus ausencia de Ca 
PSA no diferencia que CaP pueden amenazar la vida del paciente 
 
 
Puede ser útil examinar distintas fracciones del PSA por separado 
Y el empleo de las isoformas del PSA parece ser más útil en la toma 
de decisiones. 
 
 
Screening poblacional no puede ser recomendado todavía, pero el 
diagnóstico precoz oportunístico individual consensuado puede ser 
útil. 
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¿ Qué nuevos marcadores 
tenemos?  

! Marcadores bioquímicos (PCA3 orina, -2ProPSA, 
4Kscore) 

! Marcadores tisulares (PSMA, AMACr, p53, p63, 
BCL-2,Ki67..)  

! Marcadores genéticos (pTEN, TMPRSS2-ERG, 
Prolaris*, Oncotype DX*, Confrim DX*, Decipher*) 

G.H.J.M. Leyten et al.56

processes, pathogenic processes, or pharmaco-
logic responses to a therapeutic intervention 
(Bio markers Defi nitions Working Group  2001  ) . 
This includes physiological measurements and 
clinical imaging, but also specifi c cells, mole-
cules, genes, gene products, enzymes, or 
hormones. 

 Biomarkers in cancer (can) have several valu-
able applications:

   Improve diagnosis  • 
  Improve staging  • 
  Indicate disease prognosis (e.g., indolent vs. • 
clinical signifi cant prostate cancer)  
  Monitor response to treatment  • 
  Select patients for different treatment options  • 
  Surrogate end point in trials  • 
  Therapeutic target    • 
 In prostate cancer, prostatic acid phosphatase 

(PAP) is considered the fi rst known biomarker. 
This enzyme was discovered to be increased in 
men with metastasized prostate cancer in 1938 
(Gutman and Gutman  1938  ) . The use of PAP was 
not useful for diagnosis and was only used to 
monitor prostate cancer patients after diagnosis. 
In the 1980s, prostate-specifi c antigen (PSA) was 
introduced into clinical practice. This is to date 
the only widely used biomarker in prostate can-
cer. The introduction of PSA has resulted in ear-
lier detection of the disease, but also has important 
limitations. Its use in screening and prognosis 
remains controversial. Novel biomarkers are 
needed to differentiate indolent from aggressive 
disease to minimize overtreatment of clinically 
insignifi cant prostate cancer. 

 The ideal characteristics of a biomarker for 
prostate cancer are:

   Only produced by tumor tissue  • 
  Noninvasive test, easy to manage  • 
  As inexpensive as possible  • 
  Ability to detect prostate cancer at an early • 
stage  
  Differentiate between indolent and clinically • 
signifi cant tumors  
  High sensitivity and specifi city    • 
 Given the heterogeneous character of prostate 

cancer, it is most likely that in the future, a panel 
of (novel) biomarkers will be used to optimize 
predictive value. Prostate cancer biomarkers can 

be detected in different diagnostic substrates, each 
aiding different clinical decisions (Table  5.1 ).  

 Novel biomarkers can be identifi ed through 
genetic epidemiological studies (evaluating 
inherited genetic predispositions in large cohorts, 
Genome-Wide Association Studies, GWAS) or 
molecular profi ling studies, evaluating the molec-
ular profi le of the tumor. The GWAS studies have 
revealed at least thirty genetic loci that are associ-
ated with an increased chance to develop prostate 
cancer. The observed relative risks are insuffi -
cient to individualize diagnosis (Ioannidis et al. 
 2010  ) , yet may be of use for preselection. This 
chapter will focus on established biomarkers and 
promising novel biomarkers identifi ed by molec-
ular profi ling studies, arranged by tissue markers, 
blood markers, and urine markers.  

    5.2   Tissue Markers 

 Once tissue is available, important decisions have 
already been made, either a biopsy has been taken 
or the gland was surgically removed. Thus, the 
main clinical need is to accurately predict the bio-
logical behavior of the malignant process. In case 
the pathologist is not sure about the diagnosis of 
invasive prostate cancer, immunohistochemistry 
using antibodies against the basal cell specifi c 
high molecular weight keratins (34 b  E12) and 
AMACR has proven to be helpful (Kumaresan 
et al.  2010  ) . It is striking that this is the only 
molecular pathological application that has been 
widely accepted and used in prostate cancer. 
Numerous studies report on the potential of bio-
markers detected by immunohistoche mistry, yet 
none is routinely used for a better assessment of 
prognosis. Whereas, for other malig nancies, bio-
markers that predict progression of the disease in 

   Table 5.1    Different diagnostic substrates for prostate 
cancer biomarkers   

 Diagnostic substrates  Invasive  Clinical decision 
 Urine  −  Biopsy 
 Blood  −  Biopsy 
 Biopsy specimen  +  Treatment 
 Prostatectomy specimen 
(Gleason score + pTNM) 

 ++  Adjuvant 
treatment 
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16% (1985–1989) to 4% in 2003  [  28  ] . Additionally, 
the age-adjusted PCa mortality rate decreased by 
32.5% between 1995 and 2003 and included a pro-
nounced stage migration  [  28  ] . These  fi ndings fur-
ther support the need for improved markers in the 
lower PSA ranges. 

 The focus of this review is on the fPSA iso-
forms, speci fi cally [-2]proPSA. Two new iso-
forms of fPSA called proPSA (pro forms of 
Prostate Speci fi c Antigen) and BPSA (Benign 
Prostate Speci fi c Antigen) were identi fi ed, in 
2000, by examination of transition and peripheral 
zone prostate tissues. The fPSA isoforms, proPSA 
and BPSA, represent distinct forms of fPSA that 
are more associated with prostate disease than 
PSA, fPSA, or cPSA alone (Fig.  4.4 )  [  19,   29,   30  ] . 
Precursor forms of PSA were identi fi ed as poten-
tially important diagnostic serum markers for 
improving prostate cancer detection, and recent 
studies have reaf fi rmed the potential for [-2]
proPSA as one of the best new markers for pros-
tate cancer detection.  

 proPSA has been found as the native proPSA 
form containing a seven amino acid pro leader pep-
tide ([-7]proPSA)  [  32  ] , as well as forms with trun-
cated pro leader peptides. Truncated proPSA forms 
of proPSA exist with a  fi ve ([-5]proPSA), four ([-4]
proPSA), and two ([-2]proPSA) amino acid pro 
leader peptides  [  33,   34  ] . The [-2]proPSA is the pri-

mary form found in tumor extracts and shows more 
intense immunostaining in prostate tumor than 
benign tissue  [  19,   35  ] . [-2] pro-PSA is also the 
most stable of the proPSA forms  [  34,   36  ] . 

 Automated immunoassays have been devel-
oped by Beckman Coulter to measure proPSA 
forms in serum. Initially these assays were devel-
oped by Hybritech Incorporated in microplate for-
mats, and were later adapted for use on the 
Beckman Coulter Immunoassay Analyzers 1   [  37  ] . 
The combination of [-2]proPSA and fPSA, used as 
the ratio of [-2]proPSA/fPSA (%[-2]proPSA), 
may improve clinical speci fi city over %fPSA. A 
further improvement in clinical speci fi city com-
pared to PSA, fPSA, %fPSA, and %[-2]proPSA is 
possible by using the combination of [-2]proPSA, 
PSA, and fPSA in a mathematical equation called 
the Beckman Coulter Prostate Health Index ( phi  2 ). 
The derivation of  phi  was based on studies  [  38,   39  ]  
exploring the ability of PSA, fPSA, [-2]proPSA, 
BPSA, and testosterone to differentiate men with 
and without prostate cancer by building a mathe-
matical model that combined these  fi ve measure-
ments. The primary performance criteria used for 

   1   For Investigational Use Only. The performance charac-
teristics of these products have not been established.  
   2   Not available in the United States.  
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  Fig. 4.4    Forms of free PSA in serum. The free PSA in 
serum is composed of three major forms: proPSA, BPSA, 
and inPSA. Only the percentage of proPSA is elevated in 

cancer, while BPSA and inPSA are associated with benign 
disease. Reprinted with permission  [  31  ]        
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¿Cómo podemos mejorar el 
rendimiento del PSA?  

! Isoformas del PSA (-1,-2,-4,-5,-7) 

!  (-)2proPSA, es la que más se eleva en CaP, la más estable 
y la más común en zona periférica. 

! Cociente -2proPSA/%PSAlibre tiene mejor S y E que 
%PSAlibre, bPSA,-2pPSA/bPSA y %bPSA. 

! Mejor capacidad diagnóstica y mejor correlación con 
tumores más agresivos.  

Hori S, Blanchet JS, McLoughlin J. From prostate-specific antigen to precursor PSA isofroms 
: a review of the emerging role ofproPSAs in the detection and management of early prostate 
cancer. BJU Int 2013;112(6):717-728 
 

-2 ProPSA 



¿Cómo podemos mejorar el 
rendimiento del PSA?  

! PHi (Prostate Health index)      FDA (junio 2014) 

! Fórmula con PSA total, %PSA libre y -2proPSA  

! Cociente -2proPSA/PSA libre x    PSA total 
! Phi    < 25 (11%) 
          25-35 (18,1%) 
          35-55 (32,7%) 
           > 55 (52,1%  
 

! Phi >40 reduce un 20-25% biopsias innecesarias(AUC 0.80) 
 
[Loeb S, Sanda MG, Broyles DL, et al. The prostate health index selectively identifies 
clinically significant prostate cancer. J Urol 2015;193:1163–9. 

-2 ProPSA 



PHindex  
! En varones con PSA entre 2-10 ng/ml ha 

demostrado la mayor AUC en S y E. 

58 L. Marks

important for effective clinical use and patient 
management. 

 Catalona et al. recently reported on the  fi ndings 
of a multi-institutional study evaluating  phi  for 
prostate cancer detection  [  46  ] . The  fi ndings show 
that  phi  has the highest AUC and a statistically 
higher speci fi city at 95% sensitivity compared to 
PSA and %fPSA. The authors also report a statis-
tically signi fi cant relationship between increas-
ing  phi  values and the probability of cancer. The 

improvement in clinical speci fi city obtained with 
 phi  relative to PSA and %fPSA may aid in distin-
guish patients with cancer and may help reduce 
the number of biopsies that are negative for 
cancer. 

 Recent studies also show that mathematical 
derivatives, like  phi , may be more highly associ-
ated with aggressive cancers or may be useful in 
the management of men in expectant manage-
ment protocols. An association between proPSA 

  Fig. 4.5    Receiver operator characteristic curves of total 
PSA, percent-free PSA, percent p2PSA, Beckman Coulter 
Prostate Health Index (phi), and the base model with 
p2PSA at ( a ) site 1 and ( b ) site 2.  tPSA  total prostate-

speci fi c antigen; % fPSA  percent-free prostate-speci fi c 
antigen;  %p2PSA  percent  p2PSA; phi  Beckman Coulter 
Prostate Health index. Reprinted with permission  [  38  ]        

 

Jansen FH, van Schaik RH, Kurstjens J, et al. Prostate-specific antigen (PSA) isoform p2PSA in 
combination with total PSA and free PSA improves diagnostic accuracy in prostate cancer detection. 
Eur Urol. 2010;57(6):921–7. 

-2 ProPSA 



¿Qué 
nuevos 
marcadores 
tenemos? 



PCA3 

! Prostate Cancer Antigen 3 DD3(ARNm no codificado) 
en 1.999, en 2003 se comercializa y en Europa en 2006. 

! Mejora indicación de rebiopsia luego de una primera 
negativa. 

! Incluido también en nomogramas para 1ª biopsia con 
VPP 80% evitando 55% de biopsias innecesarias, 
reduciendo un 25% el sobrediagnóstico. 

! Se obtiene en orina luego de masaje prostático 
centrípeto. 

Bussemakers MJ, van Bokhoven A, Verhaegh GW, Smit FP, Karthaus HF, Schalken JA, 
et al. DD3: a new prostate-specific gene, highly overexpressed in prostate cancer. 
Cancer Res. [Research Support, Non-U.S. Gov’t]. 1999;59(23):5975–9. 



PCA3 

Chapter 16 / PCA3 235

release cells into the urethra, so sediments from urine collected following a DRE were
utilized. This represents a unique specimen type, and a mechanism for detection that
is completely distinct from current blood-based immunoassays. This difference is illus-
trated in Fig. 1 and Color Plate 5, which depicts the release of prostate cells into urine
(Fig. 1a) compared to the barriers that PSA protein must cross to enter the bloodstream
(Fig. 1b, (10)). The leakage of PSA protein into the bloodstream due to damage or
disease of the prostate is analogous to the release of Troponin I into blood following

Fig. 1. Release of prostate cells into the urethra following DRE (a) vs. release of PSA protein into the
bloodstream (b). (see Color Plate 5)
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release cells into the urethra, so sediments from urine collected following a DRE were
utilized. This represents a unique specimen type, and a mechanism for detection that
is completely distinct from current blood-based immunoassays. This difference is illus-
trated in Fig. 1 and Color Plate 5, which depicts the release of prostate cells into urine
(Fig. 1a) compared to the barriers that PSA protein must cross to enter the bloodstream
(Fig. 1b, (10)). The leakage of PSA protein into the bloodstream due to damage or
disease of the prostate is analogous to the release of Troponin I into blood following

Fig. 1. Release of prostate cells into the urethra following DRE (a) vs. release of PSA protein into the
bloodstream (b). (see Color Plate 5)Truong M, Yang B, Jarrard DF. Toward the detection of prostate cancer in 

urine: a critical analysis. J Urol. 2013;189(2):422–9. 
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Hansen J, Auprich M, Ahyai SA, de la Taille A, van 
Poppel H, Marberger M, et al. Initial prostate biop- sy:development and internal validation 
of a biopsy-specific nomogram based on the prostate cancer antigen 3 assay. Eur Urol. 
2013;63:201-9. 

% biopsias positivas en función de niveles de PCA3 

238 Groskopf et al.

from this study was that the quantitative PCA3 Score correlated with the probability of
a positive biopsy.

In a more recent study including 570 North American men scheduled for prostate
biopsy (17), PCA3 Score was correlated with prostate volume, serum PSA, and biopsy
outcome. The ability of the PCA3 Score to synergize with other patient information to
predict biopsy outcome was also examined.

The correlation between PCA3 Score and the probability of a positive biopsy is shown
in Fig. 2. For this subject population (34% biopsy positive for PCa), men with a PCA3
Score less than 5 showed a positive biopsy rate of 14%, whereas 69% of men with
a PCA3 Score of greater than 100 were biopsy positive. The probability of a positive
biopsy for prostate cancer increased continuously as the PCA3 Score increased. The
performance of the PCA3 assay was equivalent in men undergoing first biopsy (AUC =
0.70, n = 277) and men with one or more previous negative biopsies (AUC = 0.68, n =
280).

In contrast to serum PSA, the PCA3 Score did not correlate with prostate size deter-
mined by trans-rectal ultrasound. This result highlights the difference between direct
detection of PCA3 RNA from cancer cells vs. use of the surrogate marker serum PSA.
PCA3 assay performance was also found to be independent of serum PSA level; subjects
with serum PSA <4, 4–10 and >10 ng/mL yielded equivalent sensitivity and specificity.

To determine if PCA3 could improve diagnostic accuracy when combined with other
clinical information, logistic regression (LR) models were developed using the follow-
ing independent variables: PCA3 Score, serum PSA, suspicious vs. normal DRE, age,
and prostate gland volume. First, the complete dataset of 553 subjects with no missing
values for the 5 independent variables was randomly divided into 4 groups of equal size
and equal prevalence using a block randomization scheme. Three of the four groups
were then used as a training set to develop the LR model; the trained model was subse-
quently applied to the remaining group, which acted as the test set. Permutations were
made four times to obtain prediction results for all four groups, and the prediction results
of the cross-validated LR model were assessed using ROC analysis. The best model
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PCA3 

Van Poppel H, Haese A, Graefen M, de la Taille A, Irani J, de Reijke T, et al. The 
relationship be- tween prostate cancer gene 3 (PCA3) and prostate cancer 
significance. BJU Int. [Meta-Analysis]. 2012;109(3):360–6  
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included PCA3 Score, serum PSA, DRE result, and prostate volume. The AUCs for
serum PSA alone, PCA3 alone, and the LR model were 0.55, 0.69, and 0.75, respec-
tively (Fig. 3 and Color Plate 6). At a sensitivity of 70%, specificities were 35% (serum
PSA), 56% (PCA3 Score), and 67% (LR). The increase in the AUC by the LR model
was strongly significant (p = 0.0002); if PCA3 Score was omitted from the model the
AUC decreased from 0.75 to 0.67. These data indicated that PCA3 has the potential to
add diagnostic accuracy when used in conjunction with other patient information.

The PCA3 Score is dependent on the fraction of PCa vs. benign cells released into
the urethra following DRE. Larger, more aggressive tumors might shed cells more eas-
ily than smaller, less invasive tumors, resulting in higher PCA3 Scores. Nakanishi et
al. tested this hypothesis in a study in which PCA3 Scores were determined for 96
men scheduled for radical prostatectomy, then correlated with tumor volume and other
pathologic features of the radical prostatectomy specimens (19). The PCA3 Score was
significantly correlated with total tumor volume in prostatectomy specimens (R = 0.269,
p = 0.008), and was also associated with prostatectomy Gleason score (6 vs. 7 or
greater, p = 0.005) but not with other clinical and pathological features or tumor loca-
tion (peripheral vs. transition zone). Furthermore, the PCA3 score was significantly
lower when comparing low-volume/low-grade cancer (dominant tumor volume <0.5
cc, Gleason score 6) and “significant” cancer (p = 0.004, Fig. 4 and Color Plate 7).
These results have been confirmed in a more recent study of 72 pre-prostatectomy sub-
jects (20). PCA3 Score correlated with tumor volume and stage (pT3 >pT2), and the
combination of PCA3 and serum PSA improved accuracy for predicting extracapsu-
lar extension. While preliminary, these data suggest that the PCA3 Score may have
prognostic value, and could therefore assist in identifying which cancers require more
aggressive treatment.
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PCA3 score 

! PCA3 Score: PCA3/PSA total x 1000 

! Se han testado Cut-of de 17 (AUC 0.63),20 (AUC 0.62), 24 
(AUC 0.62)  en diferentes nomogramas mejorando 5% 
diagnóstico de CaP (73% precisión). 

! PUNTO DE CORTE 20-35(< 20 poco probable (VPN 88%) y 
>35 alta probabilidad (S 58% y E 72%, precisión del 66%) y 
con valor pronostico cuantitativo (Gleason). 

! No depende del volumen prostático ni del nivel de PSA, no 
le afecta la biopsia, la inflamación, trauma o empleo de 
5ARI. 

Hansen J, Auprich M, Ahyai SA, de la Taille A, van Poppel H, Marberger M, et al. Initial 
prostate biop- sy:development and internal validation of a biopsy-specific nomogram 
based on the prostate cancer antigen 3 assay. Eur Urol. 2013;63:201-9. 
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Clinical Applications
Urinary  test,  to  detect PCA3,  is  performed  fol
lowing thorough digital rectal examination (with 
three  strokes  on  each  lobe).  In  the  first  voided 
urine sample, PCA3 and PSA RNAs are selected, 
amplified  by  transcriptionmediated  amplifica
tion  and  detected  by  hybridization  protection 
assay.  PCA3  score  is  calculated  as  PCA3/PSA 
ratio multiplied by 1000. The  test  is considered 
positive  when  the  PCA3/PSA  ratio  is  equal  to 
or greater than 35. Clinical studies have demon
strated  the  sensitivity  of  the  PCA3  test  (range: 
54–82 %) to be less than serum PSA, whereas the 
specificity of PCA3 (66–89 %) to be better. The 
positive  predictive  values  (48–75 %)  and  nega
tive  predictive  values  (74–90 %)  for  PCA3  are 
also better than for PSA. The accuracy of the uri
nary PCA3 test ranges from 66 to 84 % [51]. Pa
tient’s age, inflammation, trauma, 5 α-reductase 
inhibitor use, or prostate volume do not signifi
cantly influence the test [52].

PCA3 test has been FDA approved for its abili
ty to predict cancer in patients with increased PSA 
and negative biopsy (Fig. 9.5). Additionally, it has 
also shown utility in refining prostate cancer risk 
in men undergoing  initial  prostate  biopsy  (most 
commonly due to elevated serum PSA) [53].

Patients with  atypical  small  acinar  prolifera
tion and highgrade prostatic intraepithelial neo
plasm have a higher mean PCA3 score as com
pared to patients with noncancerous prostate. The 
mean score, however, is significantly lower than 
for patients with a definitive diagnosis of prostate 
cancer [51].
There have been conflicting reports regarding 

the usefulness of PCA3 in active surveillance of 
prostate cancer and is undergoing further evalu
ation. A  recent  study  incorporated PCA3  in  the 
management  of  prostate  cancer.  PCA3  score 
combined with traditional tools may aid in iden
tifying men with clinically  insignificant disease 
who would be candidates for active surveillance. 
A low PCA3 score (of 20) may have the highest 
utility for selecting men with clinically insignifi
cant prostate cancer in whom active surveillance 
may be appropriate; a higher PCA3 score (of 50) 
may be useful  to  identify men at higher  risk of 
harboring significant prostate cancer who would 
be candidates for radical prostatectomy [53].

Pitfalls
Issues arise in regard to the cutoff of PCA3 score 
used  to determine a positive  test since specific
ity  decreases with  a  lower  PCA3  score. A  low 

Men 50-70 years–DRE and Initial PSA

Elevated PSA

Prostate Biopsy

Negative Positive

PCA3≥ 35

Repeat biospy

Treatment

PositiveNegative

PCA3<35Monitor

Fig. 9.5   Flow chart demonstrating current clinical applications of urine PCA3 test. PSA prostatespecific antigen, DRE 
Digital rectal examination

 

PCA3 < 20 vigilancia activa y PCA3 > 50 tratamiento activo 



…. ¿ Alguno más ?? 



4KScore 

! PSA Total, PSA Libre, HK2, PSA intacto (panel de las 4 
calicreínas) 

! 4KScore > 20% (51,3% de biopsias innecesarias 
perdiendo sólo el 12% de CaP Gleason >7) 

! 4KScore > 9% (43% de biopsias innecesarias y sólo 
pierde 2,4%). 

! PUNTO DE CORTE 7-10% 

! No si toma 5ARI o ha recibido algún tto quirúrgico  
sobre la próstata en los 6 meses anteriores. 

Vickers A, Cronin A, Roobol M, et al. Reducing unnecessary biopsy during prostate 
cancer screening using a four-kallikrein panel: an independent replication. J Clin 
Oncol 2010;28:2493–8 
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•   En ERSPC(0.84), Göteborg (0.83) con 36-82% de biopsias 
evitadas de Cap Gleason > 7. 

•   En 26 centros en USA y 1032 pacientes AUC 0.82 con 43% 
de biopsias evitadas. 

•  4Kscore es el único marcador que predice un riesgo 
individualizado de CAP clínicamente relevante para 
cada paciente (Varones mayores 15% y jóvenes 6%). 
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Abstract

Background: The 4Kscore combines measurement of four kallikreins in blood with
clinical information as a measure of the probability of significant (Gleason !7) prostate
cancer (PCa) before prostate biopsy.
Objective: To perform the first prospective evaluation of the 4Kscore in predicting
Gleason !7 PCa in the USA.
Design, setting, and participants: Prospective enrollment of 1012 men scheduled for
prostate biopsy, regardless of prostate-specific antigen level or clinical findings, was
conducted at 26 US urology centers between October 2013 and April 2014.
Intervention: The 4Kscore.
Outcome measurements and statistical analysis: The primary outcome was Gleason !7
PCa on prostate biopsy. The area under the receiver operating characteristic curve, risk
calibration, and decision curve analysis (DCA) were determined, along with comparisons
of probability cutoffs for reducing the number of biopsies and their impact on delaying
diagnosis.
Results and limitations: Gleason !7 PCa was found in 231 (23%) of the 1012 patients.
The 4Kscore showed excellent calibration and demonstrated higher discrimination
(AUC 0.82) and net benefit compared to a modified Prostate Cancer Prevention Trial

* Corresponding author. University of Miami, 1120 NW 14th Street, Suite 1560, Miami, FL 33136,
USA. Tel. +1 305 2436591; Fax: +1 305 2436597.
E-mail address: parekhd@med.miami.edu (D.J. Parekh).

http://dx.doi.org/10.1016/j.eururo.2014.10.021
0302-2838/# 2014 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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CaP de alto riesgo 
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4Kscore Test Result & Interpretation

The 4Kscore test was developed and its performance characteristics determined by OPKO Lab. The laboratory is regulated under the Clinical Laboratory Improvement 
Amendments of 1988 (CLIA) and is accredited to perform high-complexity clinical testing. The test has not been approved by the U.S. Food and Drug Administration. This test 
is used for clinical purposes. These results are adjunctive to the ordering physician’s evaluation and clinical judgment. 

Report Date:  05/04/2014

Report Time: 12:00 PM

Clinical & Specimen Information
Prior Biopsy: Yes
Age: 76
DRE: Neg.
Received: Whole blood in K2EDTA

Test Description: 
The 4Kscore Test was developed by OPKO Lab and is performed by OPKO Lab at its CLIA-accredited laboratory. The 4Kscore 
Test is calculated from the results of four in-vitro diagnostic immunoassays: Total PSA, Free PSA, Intact PSA, and Human Kallikrein 
(hK2), plus patient age, reported DRE result, and history of prior biopsy. The 4Kscore Test result is reported as a probability of 
high-grade cancer with a range of less than 1% to greater than 95%.

Total PSA and Free PSA Results

Total PSA:  6.23  (Reference Range 0.0 – 4.0 ng/mL)
F/T PSA Ratio:  21% (Reference Range > 25%)

Additional Comments: None

a Division of OPKO Health, Inc.

Signature: 
Vinita Mathur, M.D.  

The 4Kscore Test result is a personal risk of a high-grade prostate cancer of Gleason score 7 or higher on prostate biopsy. Other 
clinical information along with the 4Kscore Test result should be considered in the discussion between the urologist and the patient 
in the process of making the most informed decision about undergoing biopsy.

The patient’s 4Kscore Test  result is 5%
At a 4Kscore Test result of 5%, about 1 in 20 men biopsied would have high-grade prostate cancer.

≤1% 5% 10% 15% 20% 25% 30%     40% 50% 60% 70% 80% 90% ≥ 95%

Number of men to biopsy to find one high-grade prostate cancer
≥100 20 10 6.7 5 4 3.3     2.5 2 < 2

4Kscore Test Result



! 4Kscore	  Test:	  recomendado	  en	  la	  guía	  NCCN	  de	  2015	  con	  
nivel	  de	  evidencia	  2A	  previo	  a	  la	  primera	  biopsia	  o	  luego	  
de	  biopsia	  nega?va	  con	  alta	  sospecha	  de	  CaP	  de	  alto	  
riesgo	  

Order 4Kscore to identify the 
patient’s individual risk of high 

grade Gleason 7 or higher cancer 
on prostate biopsy

Suspicion of malignancy based on 
clinical findings or abnormal PSA

Prior to 1st biopsy After previous negative biopsy

Low Risk:
continue to follow

High Risk:
additional evaluation or biopsy



PSA	  ≥3.0	  ng/ml	  at	  age	  60	  	  
(n=2430)	   4Kscore™	  test	  	  

>	  7.5%	  

4Kscore™	  test	  	  
≤	  7.5%	  

4Kscore™	  Test	  puede	  predecir	  	  
probabilidad	  de	  metástasis	  a	  los	  20	  años.	   



………otros marcadores 



Marcadores séricos no PSA 

! CTCs células tumorales circulantes (> 5 cels/7.5 ml sangre) 
determina peor pronostico en CPRC. 

! Determinación TMPRSS2-ERG 

 

Danila DC, Heller G, Gignac GA, et al: Circula- ting tumor cell number and prognosis in 
progre- ssive castration-resistant prostate cancer. Clin. Cancer Res. An Off. J. Am. Assoc. 
Cancer Res. 2007; 13: 7053–7058 
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also been associated with poor clinical outcome 
in AML  [  92  ] , and some of the genes located in 
the 3 Mb area of deletion between  TMPRSS2  and 
 ERG  (e.g.,  HMGN1 ) have been proposed as 
tumor suppressors  [  93  ] . 

 As population-based studies suggest that men 
with  TMPRSS2:ERG  positive cancers have more 
aggressive cancers, early detection in urine may 
reduce disease mortality. Additionally, it is not 
important if ETS fusions are independent prog-
nostic factors for an early detection test, as cases 
with aggressive features are those that are desired 
to be detected. Importantly, a urine-based test 
should be able to detect the presence of any fusion 
positive foci in a man with prostate cancer. 
Obviously, prospective trials correlating urine, 
biopsy, natural history, and outcome following 
prostatectomy will be needed to further explore 
associations between ETS fusion status and 
outcome.  

   Conclusions 
 In addition to the clinical applications reviewed 
above, ETS fusions have the potential to impact 
other aspects of prostate cancer management 
(Fig.  4.12 ); however, research in these areas is in 
its infancy or has not been reported. For example, 

it is unclear if ETS fusions may be used for moni-
toring disease recurrence. Similarly, no reports of 
association between ETS fusions and outcome 
after radiation therapy or adjuvant androgen 
deprivation therapy have been published.     

   Biomarkers in Prostate Tissue 

 Histopathologic features of CaP, e.g., Gleason 
Score, tumor extent, and margin status, would in 
prior years have been considered biomarkers. 
These features, while biomarkers in the literal 
sense, are now conventional parts of the pathol-
ogy report and are discussed elsewhere in this 
book. Aids in clarifying a tissue diagnosis, such 
as basement membrane and racemase stains, are 
also not part of the present discussion, nor are 
putative premalignant lesions such as PIN or 
ASAP. The following tissue biomarkers are 
molecular indicators of disease presence or sever-
ity, which may supply more information about 
treatment and prognosis than histopathologic fea-
tures now considered standard. All are promis-
ing, but none has yet reached “most promising” 
status, according to Sutcliffe’s comprehensive 
review  [  94  ] . 

  Fig. 4.12    Translation of ETS gene fusions to clinical 
practice. Potential applications of ETS gene fusions dur-
ing the clinical course of prostate cancer are shown. 
Detection of fusion transcripts in the urine of at risk men 
can be used for the early detection of prostate cancer. 
Determination of ETS gene fusion status may be able to 
stratify precursor lesions and diagnostically dif fi cult cases 

on biopsy. ETS fusion status and speci fi c fusion mecha-
nisms/transcripts may be used to in fl uence treatment deci-
sions, including the choice of active surveillance vs. 
de fi nitive treatment. ETS fusion status and transcript 
expression in circulating tumor cells may be used to indi-
cate ongoing androgen signaling in the castration-resistant 
metastatic stage       

 



Marcadores tisulares 

! PSMA (antígeno prostático específico de 
membrana (Prostascint*) 

! P53, BCL-2, KI 67, P63 

! AMACR (alfametilacil-coA racemasa)Se 
utiliza con otros marcadores IHQ para 
resolver dudas en lesiones en biopsia de 
pequeño tamaño o atipias 

Dabir PD, Ottosen P, Hoyer S, Hamilton-Dutoit S. Comparative analysis of three- and two-
antibody cocktails to AMACR and basal cell markers for the immunohistochemical 
diagnosis of prostate carcinoma. Diagn Pathol. 2012; 16 (7):81 



Marcadores genéticos I 

! Gen PTEN (pérdida de expresión en tinción 
se asocia con mayor riesgo de metástasis y 
progresión). 

! Fusión de genes TMPRSS2-ERG podría ayudar 
a predecir la respuesta al tratamiento 
hormonal donde ERG positivos mejor 
respuesta.  

! Test ProstaVysion* (fusión PTEN y TMPRSS2-
ERG) expresión inferiror al 5-10% pudiera ser 
útil en decidir vigilancia expectante o 
actitud activa en CaP de bajo grado. 

 
Karnes RJ, Cheville JC, Ida CM, Sebo TJ, Nair AA, Tang H, et al. The ability of biomarkers to 
predict systemic progression in men with high- risk prostate cancer treated surgically is 
dependent on ERG status. Cancer Res. 2010;70(22):8994-9000. 



Marcadores genéticos II 

! Test PROLARIS* marcador de PCC expresión ARN en 
tejido prostático de 46 genes (RCT-PCR) puede ayudar 
a determinar si actitud expectante o activa en BxP y si 
tto multimodal en piezas de PR de CaP alto riesgo. 

 

! Test Oncotype DX* teste genético con 17 genes de 
expresión ARN mediante RC-PCR que ayudaría a 
determinar agresividad del tumor (0-100). 

 



Marcadores genéticos III 

! Test Confirm MDX* perfil metilación ADN de 3 genes 
destinado a definir pacientes que no van a necesitar 
rebiopsia (reducir al 64%). Descartar CaP oculto (90%). 

 

! Test Decipher* destinado a predecir la progresión 
bioquímica y recidiva luego de Prostatectomía radical. 



Histologia:         BIOPSIA PROSTATICA 
 

ConfirmMDx® 
 
 
Determinar  
Agresividad              Re-Biopsia 
y Necesidad          
de Tratamiento: 
 

Prolaris® 
OncotypeDx® 
Decipher® 
 
             
(*)  Otros Marcadores: 

� TMPRSS-ERG 
� RACEMASA 
� Citokeratinas 
� p63 
� PSMA 
� PTEN   

NEGATIVA 
 

PSA Seriado 
PSA DT 
ConfirmMDx® 
 

INDETERMINADA 
 

ASAP     
 

HGPIN 
ATIPIA  
 

POSITIVA 
 

Prolaris® 
Oncotype Dx® 
Otros  
Marcadores (*) 

Vigilancia 
Activa 

Intervencion 
 
   ▪     Cirugia  Prolaris®, Decipher® 
   ▪     IMRT 
   ▪     Braquiterapia 
   ▪     Otras Opciones 
 

Urológico 

Repetir 
Biopsia 

Otros 
Marcadores 

Algoritmo con nuevos 
marcadores genéticos/tisulares 

Aubry W. Budget impact model: epigenetic assay can help avoid unnecessary repeated 
prostate biopsies, reduce spending. Am Health Drug Benefits. 2013;6:15-24. 

Prostavysion* 
AMACR* 
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Key considerations for the experimental training and evaluation 
of cancer odour detection dogs: lessons learnt from a double-
blind, controlled trial of prostate cancer detection.  

Nat Rev Urol. 2014 Apr;11(4):187  Elliker, Kevin R  

Olfactory detection of prostate cancer by dogs sniffing urine: a step 
forward in early diagnosis. . Eur Urol. 59(2):197-201, 2011  

¿MARCADOR “CANINO” ? 



Problemas con los marcadores 
genéticos/tisulares 

!  HETEROGENICIDAD DEL CaP  

 

! DIFICULTAD EN EL MUESTREO.  

 

! CARÁCTER INVASIVO.  

Karnes RJ, Bergstralh EJ, Davicioni E, Ghadessi M, Buerki C, Mitra AP, et al. Validation of a 
genomic classifier that predicts metastasis following radical prostatectomy in an at risk 
patient population. J Urol 2013; 190: 2047-53, 



Mensajes para llevar 
a casa… 



Conclusiones 

•  Debido a la controverisa que ha suscitado el 
screening con el PSA, nuevos marcadores para 
evitar sobrediagnóstico y sobretratamiento son 
necesarios.  

•  El problema es el alto nivel de heterogenicidad 
morfológica, clonal y molecular del CaP que hace 
complejo cualquier herramienta predictiva.  

•  La próxima generación de marcadores debe 
capturar esta heterogenicidad para permitir una 
clasificación y estratificación de riesgo basado en 
fenotipos moleculares.  



G.H.J.M. Leyten et al.64

studies should meet the STARD criteria and 
should be reported in compliance with the 
REMARK guidelines. 

 So, many new biomarkers are ready for “prime 
time,” yet it needs carefully designed studies to 
test the exact clinical positioning. In the clinical 
arena two main themes can be discriminated 
(Fig.  5.1 ). Develop methods to better predict 
biopsy outcome; once the decision to take a biopsy 
has been taken, the man is a patient, a patient with 
or without prostate cancer. This is a tough chal-
lenge since the man with indolent cancer should 
not be bothered with a biopsy, yet the ones in the 
low PSA ranges with aggressive disease should be 
identifi ed. Once the cancer is diagnosed, we 
should better predict the prognosis and therapy 
need/response. This will require signifi cant efforts 
from molecular pathology.       
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Man
Patient

Treatment

Biopsy

…A man becomes a patient when the decision 
to perform a biopsy has been taken…

sPSA + urine tests
[PCA3 + gene fusions]

Tissue
grading/staging
-Molecular markers
E-cadherin/EZH2, Ki67 LI,
Gene fusions
Blood
CTC (+), PSA kinetics

  Fig. 5.1    The two main 
themes in the clinical arena of 
prostate cancer: to predict 
biopsy outcome and to predict 
the prognosis and therapy 
need/response       

 



¿Cómo podemos mejorar el 
rendimiento del PSA?  

! No screening en gente de edad salvo beneficios. 

! No screening con tanta periodicidad. 

! No biopsias sin una razón de peso (mejorar su rendimiento 
con técnicas de fusión RNM-ECO) 

! Centrar el screening en varones con alto riesgo de CaP 
que amenacen su vida (riesgo individualizado: 
antecedentes, raza, riesgo genético, nuevos marcadores)  

! EMPLEO DE NUEVOS MARCADORES (PCA3. (-2ProPSA, Phi, 
4K score,…) validarlos, incluirlos en nomogramas y seguir 
su cinética. 



OBJETIVOS I 

! DECIDIR A QUIÉN BIOPSIAR O REBIOPSIAR 

Mejorar especificidad para evitar biopsias innecesarias 
sin perder CaP relevantes 

Mejorar la sensibilidad en PSA bajo sin perder Cap 
clínicamente relevantes 

             PHindex (-2proPSA) > 40 
             PCA3 en orina >35 
             4KScore > 7,5% 

! BIOPSIA NEGATIVA ( Confirm DX* descarta CaP 
oculto y minimiza necesidad de rebiopsia). 



OBJETIVOS II 
! BIOPSIA POSITIVA: DECIDIR A QUIÉN TRATAR  

! CAP DE BAJO RIESGO (GLEASON 6)  con  

- 4Kscore < 7,5% ,  

-  PCA3 < 20  

-  Prolaris* o Oncotype DX* negativos y  

-  Prostavysion* < 10%,  valorar VIGILANCIA ACTIVA 

! CAP DE ALTO RIESGO (Gleason >7) con 4Kscore > 20%, 
PCA3 >35 Phi >40, Prolaris* o Decipher* positivos valorar 
tratamiento multimodal. 

! CaP con Test prostavysion* Y CPC* negativo predecir 
RPTA a tto deprivación androgénica 



Conclusiones II 
traditional sextant technique could miss substantial num-
bers of PCas, and that additional sampling of the lateral
peripheral zone increases the diagnostic yield [2–4]. The will
to increase the detection rate and to improve pathologic
characterization has led to new biopsy approaches, including
TR saturation biopsy, the transperineal (TP) approach, and
image-guided targeted PBs. Importantly, during the last
decades, the role of PB has evolved from purely PCa detection
to investigating how PB results can assist clinical manage-
ment for patients. Thus, concerns about overdetection leading
to overtreatment of low-risk PCa have greatly modified our
clinical perception and the indications for PB.

This review focuses on evidence-based initial PB strate-
gies and preventive antibiotic prophylaxis.

2. Evidence acquisition

A nonsystematic review of the literature was performed up
to October 2014 using the PubMed and Embase databases.
Articles were selected with a preference for the highest level
of evidence in articles published within the past 5 yr. When
available, articles with level 1 evidence were included. The
search strategy included various algorithms and the follow-
ing MeSH terms: prostate biopsy, prostate cancer, detection,
transrectal ultrasound, diagnosis, imaging-guided, MRI,
elastography, contrast-enhanced ultrasound, histoscanning,
and transperineal. The search results were restricted to the
English language without a year limit. Abstracts were
reviewed for relevance to the defined review question, and
the corresponding full papers were then assessed.

3. Evidence synthesis

3.1. Current recommendations for initial PB strategy

3.1.1. Indications

The decision to perform PB is usually based on an abnormal
digital rectal examination (DRE) or increased prostate-
specific antigen (PSA) level. While abnormal DRE necessar-
ily indicates an initial PB irrespective of PSA level, debate
regarding the pros and cons of PSA-based screening
continues and there is no consensus on the absolute cutoff
for performing PB.

The updated European Association of Urology (EAU)
guidelines do not recommend widespread mass screening
for PCa, but do strongly recommend early detection with
PSA and biopsy in well-informed men [5]. The recent
EAU recommendations suggest that the PSA level should
be considered as a continuous parameter: the higher the
value, the more likely the existence of PCa. A baseline PSA
determination at 40–45 yr of age has been suggested, on
which the subsequent screening interval can then be based. It
has been demonstrated that baseline serum PSA !1.0 ng/ml
at 45 yr of age and baseline serum PSA !2.0 ng/ml at 60 yr
of age are associated with a significantly increased risk
of PCa-related mortality and diagnosis of advanced or
metastatic disease, even 25 yr after the initial PSA was
obtained [5]. The EAU guidelines do not use a specific

chronological age as a threshold for screening (Tables 1
and 2).

By contrast, the 2014 National Comprehensive Cancer
Network (NCCN) guidelines suggest a cutoff value of
3 ng/ml in association with percentage free PSA (fPSA)
and PSA kinetics in PB decision-making [6]. Moreover, risk
calculators can be used and predictive models such as
nomograms that include more variables have been devel-
oped to improve the ability to counsel patients on the need
for PB [7,8]. Since they have not been tested in randomized
controlled trials (RCTs), the cut-point for risk associated
with a reduction in PCa mortality remains unknown [6].

Currently, increasing age, ethnicity, and family history
are established risk factors for PCa. Individuals with a
positive family history of PCa are at twofold higher risk of
having PCa [9]. While the recently revised guidelines of the
EAU and the British National Institute for Health and Care
Excellence do not comment on the management of men
with a hereditary high risk of PCa, the Swedish 2014 guide-
lines recommend PB for men <50 yr who have two close
relatives with PCa (at least one relative should be diagnosed
at <75 yr), and for men with BRCA2 mutations and a
suspicious DRE, PSA of 3 ng/ml, or PSA of 2–2.9 ng/ml with a
doubling time of <2 yr [10].

Given the pitfalls of PSA testing, several new biomarkers
have been suggested to improve PB or treatment decision-
making and to minimize overdiagnosis and overtreatment.
The Progensa PCA3 test is an FDA-approved test that
has been commercially available since 2012. This test is
generally used in men who had previous negative PBs, and
may help in repeat PB decision-making. The exact PCA3
cutoff score that should be taken into account (25 or 35) is
debatable. Recent studies have demonstrated a significant
correlation between PCA3 and PCa significance [11–13].
The consensus in most papers is that PCA3 is often negative
in patients with indolent cancer. In a recent multi-
institutional study in a clinical setting, Scattoni et al [14]
added PCA3 to a multivariate base model consisting of total
PSA, percentage fPSA, and prostate volume, but could not
show a significant increase in predictive accuracy at initial
PB [14].

Besides PCA3, the most promising biomarker in the last
2 yr is [–2]proPSA (p2PSA), a serum isoform of PSA, and its
derivatives, namely percentage p2PSA (p2PSA as a propor-
tion of fPSA) and the Beckman Coulter (La Brea, CA, USA)
prostate health index (PHI; p2PSA/fPSA " HtPSA, where tPSA

Table 1 – European Association of Urology recommendations for
early detection of PCa

(1) Early detection of PCa reduces PCa-related mortality

(2) Early detection of PCa reduces the risk of being diagnosed and

developing advanced and metastatic PCa

(3) A baseline serum PSA level should be obtained at 40–45 yr of age

(4) Intervals for early detection of PCa should be adapted according to the

baseline PSA serum concentration

5) Early detection should be offered to men with a life expectancy !10 yr

(6) In the future, multivariate tools to predict clinical risk need to be

integrated in the decision-making process

PCa = prostate cancer; PSA = prostate-specific antigen.

E U R O P E A N U R O L O G Y F O C U S 1 ( 2 0 1 5 ) 1 0 9 – 1 1 6110



Porstate risk calculator 

(http://deb.uthscsa.edu/URORiskCalc/Pages/ 
uroriskcalc.jsp) 



¿ Ha quedado 
todo claro? 

GRACIAS POR SU PACIENCIA ¡¡¡ 


