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ABSTRACT

Objective: W e analyzed PSA density in patients who 
had u n d e rgone  rad ica l re tro p u b ic  p ro s ta te c to m y 
(RRP) w ith PSA levels betw een 4.0 to  10.0 ng/m l and 
com pared  th e se  va lu e s  to h is to p a th o lo g ica l 
exam ination.

Methods: B etw een Ju ly  1992 and D ecem ber 1997, 
w e perform ed 117 radical re tropub ic prosta tectom ies 
fo r c lin ica lly  loca lized  p ros ta tic  ca rc inom a. T h irty  
patients w hose serum  PSA levels w ere  betw een 4.0 to
10.0 ng/m l, w ere  se lected as the study group am ong 
all. No pa tie n ts  rece ived  n e o a d ju va n t the rapy , 
including androgen depriva tion  or rad iation therapy. 
The age, preopera tive  PSA level (H ybritech Tandem  
assay), PSA d ens ity , tra n s re c ta l u ltrasound  and 
G leason pattern score of transrecta l u ltrasound guided 
biopsy and p rosta tectom y specim ens w ere  exam ined.

Results: The age of the patients ranged from 56 to 76 
years and the m ean age was 63.83 ± 5.01 years. 
P reoperative PSA levels ranged between 4.0 to 10.0 
ng/m l. The m ean va lue w as 7.0 ± 1.60 ng/m l. The 
fo llow  up period of the patients was betw een 21 and 78 
m onths. The m ean fo llow  up w as 49 .8  ± 14.79 
(m edian: 51) m onths. P rostate vo lum e ranged from  18 
to 110 cc and m ean p rosta te  vo lum e was 44.81 ±
23.02 cc (m edian: 42.50 cc). PSA density ranged from
0.08 to 0.55 ng/m l/cc, m ean PSA density w as 0.19 ±
0.11 ng/m l/cc (m edian: 0.15 ng/m l/cc). Using 0.15 PSA 
density as the cut point, 12 (40% ) patien ts had PSA 
dens ity  < 0 .15  ng /m l/cc . O f these , rad ica l 
prosta tectom y specim en patho log ica l stage was pT2 
in 4 (33% ) cases, pT3a in 5 (42% ), pT3c in 3 (25% ). 
No patient had lym phatic invasion. PSA density  w as >
0.15 ng/m l/cc in 18 (60% ) patients. O f these, radical 
prosta tectom y specim en patho log ica l s tage was pT2 
in 7 (39%) cases, pT3a in 8 (44% ), pT3c in 3 (17%) 
and 1 patient (6%) had lymph node positive. The fo llow

up of PSA levels revea led recurrence  in 6 (20%) 
patients. The period of these  recurrences: m ean tim e 
to recurrence w as 17.3 ± 19.54 (m edian: 24.5 m onths) 
m onths w ith  a range of 3 and 53 m onths. Five of 6 
patients (83% ) had PSA dens ity  > 0 .1 5  ng/m l/cc.

Conclusion: There is still som e con troversy regarding 
the  trea tm ent a lgorithm  in cases w ith  p rosta te  cancer 
and PSA leve ls betw een 4.0 to 10.0 ng/m l. Recent 
s tud ies, have underlined tha t free to  to ta l serum  PSA 
ratio has a h igher specific ity  than  PSA dens ity  for 
cases w ith a PSA leve ls betw een 4.0 to 10.0 ng/m l in 
de tecting  and screen ing p rosta te  cancer. But, PSA 
density  has show n to  be > 0.15 ng/m l/cc in 60%  cases 
who had undergone rad ica l re tropub ic  prosta tectom y 
for loca lized p rosta te  cance r and PSA levels betw een
4.0 to 10.0 ng/m l. Furtherm ore, 39%  of them  had 
o rgan  con fined  d isease  w h ile  6%  had lym phatic  
invasion.

Key Words: P rostate carc inom a, P rostate specific 
antigen, P rostate specific  an tigen density , P athological 
stage

INTRODUCTION

Serum  prosta te  specific  an tigen  (PSA) is an im portant 
tum or m arker fo r adenoca rc inom a of the prosta te  and 
serum  PSA m easurem ents are be ing w ide ly  used to 
sc reen  fo r p ro s ta te  ca n c e r (1 ,2 ). H ow eve r, the  
sensitiv ity  and specific ity  of PSA are not ye t suffic ient 
to m ake it the  perfect screen ing  test fo r prosta te  
cance r, p a rtic u la r ly  a t m o d e ra te ly  e le va te d  
concen tra tions (4.0 to 10.0 ng/m l) (3). E levated PSA 
m ay be o b se rve d  in b e n ign  d ise a se s , such as 
prostatitis , benign p rosta tic  hyperp las ia  (BPH), acute 
urinary retetion, and p rosta tic  ischaem ia, as w ell (4). 
P rostate cancer has been reported in about 37%

(R e ce ived  8 Ju ly , 1999) 
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patien ts  w ith  P SA leve ls  be tw een 4.0 to 10.0 ng/m l (3,
5-7). T here fo re , the  d isc rim ina tion  be tw een prosta tic  
cance r and ben ign  d iseases  is m ore p rob lem atic  
am ong pa tien ts  w ith  in te rm ed ia te  PSA va lue betw een
4.0 to  10.0 ng/m l. V arious a ttem pts  have been m ade to 
im prove  the  sp e c ific ity  o f PSA fo r de tecting  p rosta tic  
m a lignanc ies, inc lud ing  the  use of PSA density, PSA 
ve loc ity , age  sp ec ific  P SA ranges and PSA dens ity  of 
trans ition  zone  (8-12).

P rosta te  vo lum e and age, w h ich  is co rre la ted w ith 
vo lum e, have been reported  as im portan t factors tha t 
c o n tr ib u te  to  P S A  in c re a s e  in the  a b sence  of 
a denoca rc inom a  of the  p rosta te  (12). PSA dens ity  was 
m a in ly  s tud ied  to  d iffe ren tia te  BPH from prosta te  
cance r in the  4 .0  to  10.0 ng/m l. PSA range, w here  the 
g re a te s t o v e rla p  b e tw e e n  th e  tw o  p a th o lo g ica l 
cond itions  exis ts . W e ana lyzed  PSA dens ity  in patien ts 
w ho had unde rgone  rad ica l re tropub ic p rosta tectom y 
(R RP) w ith  P SA leve ls  be tw een 4.0 to 10.0 ng/m l and 
co m p a re d  th e s e  v a lu e s  to  h is to p a th o lo g ica l 
exam ina tion .

METHODS

B e tw e e n  J u ly  1992  and  D e ce m b e r 1997, w e  
perfo rm ed  117 rad ica l re tropub ic  prosta tectom ies for 
c lin ica lly  loca lized  p ros ta tic  ca rc inom a. Th irty  patients, 
w hose  serum  P SA leve ls  w ere  betw een 4.0 to 10.0 
ng/m l, w e re  se lec ted  as the  study g roup  am ong all. No 
p a tie n ts  re c e iv e d  n e o a d ju v a n t th e ra p y , in c lu d in g  
androgen  dep riva tion  o r rad ia tion  therapy. The age, 
p reopera tive  P SA level (H ybritech Tandem  assay), 
P SA de n s ity , tra n s re c ta l u ltrasound  and G leason 
pattern  score  of both transrec ta l u ltrasound guided 
b iopsy and p ros ta tec tom y spec im ens w ere  exam ined. 
G leason  sco res  de te rm in ed  both from  transrec ta l 
u ltra s o u n d  g u id e d  b io p sy  and  p ro s ta te c to m y  
s p e c im e n s  w e re  c a lc u la te d  as d e sc rib e d  in the  
lite ra tu re  (13). C lin ica l and pa tho log ica l stag ing w ere  
done  acco rd ing  to  TN M  stag ing system . Patients w ith 
b iochem ica l recu rrence  (P S A  0.4 ng/m l or greater, 
H ybritech  T andem  assay) a t fo llow  up w ere  identified.

T ransrec ta l u ltrasound  o f the  prosta te  w as perform ed 
using a scanne r w ith  a 7.5 M Hz transducer. The 
p ros ta te  w as scanned  in the  transve rse  and sagitta l 
p lanes w ith  the  sub ject in the  left la teral decub itus 
pos ition . P rosta te  vo lum e w as de te rm ined  w ith the 
fo rm u la  fo r a p ro la te  e llipso id  (w idth x length x he ight x
0.52). P SA dens ity  w as ca lcu la ted  by d iv id ing  total 
serum  P SA by p rosta te  vo lum e m easured w ith the  
p ro la te  e llipso id  fo rm u la  during  transrec ta l u ltrasound.

T he  surg ica l spec im en  w e ighed , its en tire  externa l 
su rface  w as Inked and it w as fixed in 10% fo rm a lin  for

24 hours. A fte r fixa tion  the  ap ica l, basal, and urethral 
m a rg in s  w e re  re m o ve d  fo r h is to p a th o lo g ica l 
exam ina tion . The prosta te  g land and sem inal vesic les 
w ere  s tep-sectioned  at 3 m m . in terva ls  perpend icu lar 
to the long axis (ap ica l-basa l) o f the g land and each 
section, w h ich  w as sta ined w ith hem atoxylin  and 
eosine, w as exam ined  h is topa tho log ica lly .

RESULTS

Betw een Ju ly  1992 and D ecem ber 1997, 30 patients, 
w hose  serum  PSA leve ls  w ere  be tw een 4.0 to 10.0 
ng/m l, underw ent rad ica l re tropub ic  p rosta tectom ies 
fo r c lin ica lly  loca lized  p ros ta tic  carc inom a. The age of 
the  pa tien ts  ranged from  56 to  76 years and the mean 
age w as 63.83 ±  5.01 years. P reopera tive  PSA levels 
ranged be tw een 4.0 to  10.0 ng/m l. The m ean value 
w as 7.0 ±  1.60 ng/m l. The fo llow  up period of the 
pa tien ts w as be tw een 21 and 78 m onths. The mean 
fo llow  up w as 49 .8  ± 14.79 (m edian: 51) m onths.

P rosta te  vo lum e ranged from  18 to  110 cc and mean 
p rosta te  vo lum e w as 44.81 ± 23.02 cc (m edian: 42.50 
cc.). PSA dens ity  ranged from  0.08 to 0.55 ng/m l/cc, 
m ean P SA dens ity  w as 0.19±0.11 ng/m l/cc. (m edian:
0 .15 ng/m l/cc).

U sing 0 .15 P SA dens ity  as the  cu t po int, 12 (40% ) 
pa tien ts  had PSA dens ity  < 0 .1 5  ng/m l/cc. O f these, 
radical p ros ta tec tom y specim en patho log ica l stage 
w as pT2 in 4 (33% ) cases, pT3a in 5 (42% ), pT3c in 3 
(25% ). No pa tien t had lym phatic  invasion (Table I). 
PSA dens ity  w as > 0 .1 5  ng /m l/cc in 18 (60% ) patients. 
O f these, rad ica l p rosta tectom y specim en patho log ica l 
s tage  w as pT2 in 7 (39% ) cases, pT3a in 8 (44% ), 
pT3c in 3 (17% ) and 1 pa tien t (6% ) had lym ph node 
pos itive  (Tab le  II).

Table I. Histopathological evaluation: PSA density <0.15 ng/ml/cc

n (%) Lymph 
Nodes (+)

pT2 5(42) -
pT3a 4(33) -
pT3c 3(25) -

Total 12

Table II. Histopathological evaluation: PSA density > 0.15 ng/ml/cc

n (%) Lymph 
Nodes (+)

pT2 8 (44) -
pT3a 7(39) -
pT3c 3(17) 1

Total 18
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C lin ical and pa tho log ica l stag ing w ere  done  accord ing 
to TNM  stag ing system . C lin ica l stag ing revealed 
p redom inan tly  T2b and T2c lesions. T here  w ere  1 
(3.3% ) pa tien ts  w ith T1a, 3 (10% ) w ith  T1b, 1 (3.3% ) 
w ith T1c, 6 (20% ) w ith T2a, 9 (30% ) w ith T2b, and 10 
(33 .3% ) w ith  T2c. P a th o lo g ica l s tag ing  revea led  
p re d o m in a n tly  pT 2  and pT 3a  le s io n s . R ad ica l 
p rosta tectom y specim en patho log ica l stage w as pT2 
in 11 (37% ) cases, pT3a in 13 (43% ), and pT3 in 6 
(20% ). O ne pa tien t (3% ) had lym phatic  invasion (Table
III).

The fo llow  up o f PSA leve ls  revea led recurrence  in 6 
(20% ) patients. The period  of these  recurrence  m ean 
tim e to recurrence  w as 17.3 ± 19.54 (m edian: 24.5 
m onths) m onths w ith  a range of 3 and 53 m onths. Five 
of 6 patien ts (83% ) had PSA dens ity  > 0 .1 5  ng/m l/cc 
(Table IV).

DISCUSSION

Prostatic cancer is the  m ost com m on ly  d iagnosed  
cancer in m en and death ra tes are second only to 
those  fo r lung neop lasm  (14). A th ird  o f m en o lder than 
50 years have inc identa l ca rc inom a found at autopsy, 
yet c lin ica l p rosta te  cance r deve lops in on ly 10%  of 
m en du ring  th e ir  life tim e  (15). The tre a tm e n t o f 
loca lized prosta te  cance r is still a con trove rs ia l top ic. 
M any variab les are invo lved in the  long-term  prognosis 
o f p rosta te  ca n ce r (s tage, g rade , age, b io log ica l 
activity, and so on) and the  spectrum  of therapeu tic  
options is cons iderab ly  broad (w atchfu l w a iting , rad ica l

Table III. Histopathological evaluation in 30 patients who had 
undergone RRP with PSA levels between 4.0 to 10.0 ng/ml

n (%) Lymph 
Nodes(+)

pT2 11 (37) -
pT3a 13 (43) -
pT3c 6 (20) 1

Total 30

surgery, horm onal the rapy, rad io the rapy) (16). Radical 
p ro s ta te c to m y  is c o n s id e re d  th e  g o ld  s ta n d a rd  
tre a tm e n t fo r loca lized  p ro s ta te  ca n ce r and it is 
genera lly  cons idered  m ost e ffec tive  w hen the  d isease  
is o rgan  co n fin e d  a t s u rg e ry  (17). T h e re fo re , 
p reopera tive  eva lua tion  shou ld  a im  at the  m ost prec ise  
stag ing, ru ling  ou t ex tracapsu la r d isease  or nodal 
m etastases. S erum  PSA e leva tion  co rre la tes  w ith 
tum or vo lum e, g rade , and pa tho log ica l stage  (18). 
A ccord ing  to p rev ious s tud ies P SA w as e leva ted  3.5 
ng per ml fo r every cc  o f cance r, a level at least 10 
tim e s  th a t w a s  o b s e rv e d  fo r b e n ign  p ro s ta tic  
hyperp las ia  (19). There fo re , serum  PSA level less than
4.0 ng/m l ind ica tes low er cance r risk, w h ils t leve ls  4 .0-
10.0 ng/m l ind ica te  m edium  cance r risk and level m ore 
than  10.0 ng/m l ind ica te  high cance r risk (20). It has 
been reported  tha t o f pa tien ts  w ith  p rosta te  cancer, 
abou t 23%  pa tien ts  w ith  BPH and no c lin ica l ev idence  
of p rosta te  cance r have PSA va lues  of 4 .0 -10 .0  ng/m l, 
and 5%  are g rea te r than  10.0 ng/m l (1).

In our series, w e  found  tha t rad ica l p rosta tectom y 
spec im en pa tho log ica l stage  w as pT2 in 11 (37% ) 
cases, pT3a in 13 (43% ), and pT3c in 6 (20% ). O ne 
pa tien t (3% ) had lym pha tic  invas ion  (Tab le  III). Several 
in v e s tig a to rs  re p o rte d  th a t o rg a n  co n fin e d  w as 
be tw een 9%  to 82% , w h ich  w as a w ide  range, w h ils t 
sem ina l ves ic le  invas ion  w as be tw een 0%  to 4% , and 
lym phatic  invas ion  w as be tw een 0%  to 31%  in pa tien ts 
w ho had undergone  rad ica l re tropub ic  p rosta tectom y 
(RRP) w ith PSA leve ls  be tw een  4 .0  to 10.0 ng/m l (16, 
21-26). Th is show s tha t the  b io log ica l behav io r of 
p rosta te  cance r is eve r chang ing  and tissue  invasion 
ou ts ide  the  p ros ta te  g land  is a lso  poss ib le  w ith serum  
PSA leve ls o f 4 .0 -10 .0  ng/m l.

PSA dens ity  w as firs t in troduced  by B enson et al to 
increase  the  p red ic tive  va lue  o f PSA (8). H owever, 
c o n tra d ic to ry  re su lts  ha ve  lim ite d  its use fu ln e ss . 
Factors lim iting  the  accu racy  of P SA dens ity  include 
the  d if f ic u lty  o f a c c u ra te  p ro s ta te  vo lu m e  
m easurem en t by transrec ta l u ltrasound , dem onstra ted  
va riab ility  o f PSA de n s ity  w ith  ag ing and variab le  
d is tribu tion  of g landu la r and strom a l com ponen ts  in 
BPH (27-29). The ro le of th is  te s t in the  stag ing  of

Table IV. Patients with biochemical recurrence (PSA 0.4 ng/ml or greater, Hybritech Tandem assay) at follow up

Patients
no

Age
(years)

PSA PSA
density

Clinical
stage

Biopsy
Gleason
score

Specimen
Gleason
score

Pathological
stage

Lymph
invasion

Recurrence
time

(months)

1 63 5.5 0.21 T2c 6 6 pT3a - 30
2 74 7.4 0.16 T2a 5 6 pT3c + 3
3 59 9 0.25 T2c 6 6 pT3c - 19
4 59 10 0.28 T2b 5 5 pT3a - 53
5 64 5.4 0.27 T2a 6 7 pT3c 46
6 60 4 0.13 T2a 6 5 pT3a - 12
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prosta te  ca rc inom a  has not been clarified . B azinet et al 
e v a lu a te d  565  c o n s e c u tiv e  p a tie n ts  re fe rre d  fo r 
p rosta tism , susp ic ious  d ig ita l recta l exam ination  or 
e leva ted  P SA and conc luded  that use of PSA density 
a t the  best o f cu to ff va lue  (0 .15 ng./m l./cc.) could 
sa fe ly  decrease  the  num ber o f patien ts undergoing 
system atic  b iops ies w ithou t s ign ifican tly  com prom is ing  
cance r de tec tion  (30). W hen using 0.15 PSA density  
as the  cu t po in t, w e  found tha t 18 (60% ) patien ts had 
P S A  d e n s ity  > 0 .15  ng /m l/cc . O f these , rad ica l 
p ros ta tec tom y spec im en  patho log ica l s tage w as pT2 
in 7 (39% ) cases, pT3a in 8 (44% ), pT3c in 3 (17% ) 
and 1 pa tien t (6% ) had pos itive  lym ph node (Table II). 
Akda§ et al, re trospec tive ly  ana lyzed  32 patien ts who 
underw en t rad ica l re tropub ic  p rosta tectom y as the 
prim ary  trea tm en t fo r c lin ica lly  loca lized d isease and 
ex tracapsu la r ex tens ion  w as found in 21 patients. 
They found tha t an accu racy rate of 62 .5%  for a 
p rosta te  spec ific  an tigen  dens ity  o f 0.15 ng/m l/cc (26). 
Z lo tta  e t al re trospec tive ly  ana lyzed  198 patien ts who 
u n d e rw e n t ra d ica l re tro p u b ic  p ro s ta te c to m y  w ith  
c lin ica lly  loca lized  p rosta te  cancer and serum  PSA 
less than  10.0 ng/m l. T hey  found that p rosta te  specific  
an tigen  dens ity  leve ls  w ere  s ign ifican tly  h igher in 
extracapsu la r d isease  than  organ confined cancer 
(0 .17 versus 0 .26  ng/m l/cc, p < 0.0001) (31).

T here  is still som e con trove rsy  regard ing the trea tm ent 
a lgorithm  in cases  w ith  prosta te  cancer and PSA levels 
be tw een 4.0 to  10.0 ng/m l. R ecent studies, have 
underlined  tha t free  to  to ta l serum  PSA ratio has a 
h igher spec ific ity  than  PSA dens ity  fo r cases w ith PSA 
leve ls  be tw een 4 .0  to  10.0 ng/m l in de tecting  and 
screen ing  p ros ta te  cance r (32-36). Free to to ta l PSA 
ratio has becom e  a be tte r m arker (11). On the  o ther 
hand, PSA d ens ity  has show n to be > 0.15 ng/m l/cc in 
60%  cases  w ho had undergone radical re tropub ic 
p ros ta tec tom y fo r loca lized  prosta te  cancer and had 
P SA leve ls  be tw een 4 .0  to  10.0 ng./m l. Furtherm ore, 
39%  o f them  had o rgan con fined  d isease  w h ile  6% 
had lym pha tic  invasion.
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