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MULTIFOCAL PROSTATE CANCER. BIOLOGICAL 

AND CLINICAL IMPLICATIONS
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S U M M A R Y

In order to understand the clinical and biological implications of prostate cancer multifocality and heterogeneity, we investigated their 

occurrence in relation to variables such as tumour volume, local invasion, and biopsy findings. In a series of 61 completely sectioned 

whole-mount radical prostatectomy specimens with clinical stage T2 prostate cancer, we mapped histological grade heterogeneity and 

tumour multifocality. We also evaluated 55 prostate biopsy cases to assess the accuracy of pre-operative grading. Among all of the 

prostates, only 28 per cent had a single tumour and in 16 per cent one histological grade of cancer was evident. Extracapsular invasion 

was not restricted to the largest tumour in each case, but also occurred in tumours of relatively small volume and low histological grade. 

Variability of histological grade was directly proportional to tumour volume. Both grade heterogeneity and tumour multifocality of the 

prostatectomy specimen showed no significant relationship to the grade accuracy of biopsies. Biopsy grading error proved greatest 

among small, well-differentiated tumours. Whole-mount sectioning of prostatectomy specimens in patients with clinically localized 

adenocarcinoma demonstrates that grade heterogeneity is most closely related to tumour volume; that the largest (index) tumour lesion 

may not be representative of the pathological stage; and that grading error in prostate needle biopsies can be only partly explained by 

grade heterogeneity or tumour multifocality.

k e y  w o r d s — prostate carcinoma; prostatectomy; prostate biopsy; multiple cancers; cancer volume; grade

I N T R O D U C T I O N

C a r c in o m a  o f  th e  p r o s t a t e  c o n t in u e s  to  in c re a s e  in  

in c id e n c e  a n d  p re v a le n c e ,  a n  in c re a s e  p a r a l l e le d  b y  

s ta g in g  a n d  m a n a g e m e n t  c o n tro v e r s ie s .  T h is  h a s  e n c o u r ­

a g e d  b a s ic  t u m o u r  r e s e a rc h  to  id e n t i fy  p o s s ib le  a e t io -  

lo g ica l f a c to r s  a n d  p o te n t i a l  p r o g n o s t i c  m a r k e r s ,  s in c e  

th e s e  c o u ld  h a v e  d i r e c t  c lin ica l im p l ic a t io n s .  C o n s i d e r ­

a b ly  less a t t e n t io n  h a s  b e e n  p a id  t o  t h e  m o r p h o lo g ic a l  

d iv e rs i ty  o f  p r o s t a t e  c a n c e r .

M o rp h o lo g ic a l ly ,  p r o s t a t e  c a r c in o m a s  a r e  p a r t i c u l a r ly  

in t r ig u in g  r e g a r d in g  th e i r  p r o p e n s i ty  to  d i s p la y  m u l t ip le  

h is to lo g ic a l  p a t t e r n s  w i th in  a  s in g le  t u m o u r .  A l t h o u g h  

m a n y  s tu d ie s  h a v e  c o m m e n te d  o n  th e  p re s e n c e  o f  g r a d e  

h e te ro g e n e i ty ,  th e  n a t u r e  a n d  m a g n i tu d e  o f  th is  p h e ­

n o m e n o n  h a v e  n o t  b e e n  p rec ise ly  d o c u m e n t e d .1,2 M o s t  

s tu d ie s  a n a ly s in g  h e te ro g e n e i ty  o f  h is to lo g ic a l  g r a d e  

su ffe r  f r o m  e x a m in in g  o n ly  th e  la r g e s t  le s io n  o r  ‘in d e x  

t u m o u r ’ in  e a c h  c a s e .3’4 T o  in v e s t ig a te  th e  f r e q u e n c y  a n d  

e x te n t  o f  g ra d e  h e te r o g e n e i ty  a t  th e  in c e p t io n  o f  p r o s t a t e  

c a n c e r ,  all t u m o u r s  in  a  g iv en  case  s h o u l d  b e  in c lu d e d  in  

th e  an a ly s is .  T h e  p re s e n c e  o f  m u l t ip le ,  i n d e p e n d e n t  fo c i 

o f  p r o s ta t ic  a d e n o c a r c in o m a  w ith in  th e  s a m e  g la n d  is a  

c o m m o n  f in d in g .4-6 S tu d ie s  c o n c e n t r a t i n g  o n  t u m o u r  

m u l t i fo c a l i ty ,  h o w e v e r ,  h a v e  n o t  d is c u s s e d  g r a d e  h e t e r o ­

g e n e ity  in  d e ta i l .5 E x a c t ly  h o w  t u m o u r  m u l t i f o c a l i ty  a n d  

h e te ro g e n e i ty  o f  h is to lo g ic a l  g r a d e  a r e  in t e r r e l a t e d  is 

a l s o  u n c le a r .  D e ta i l e d  in f o r m a t io n  a b o u t  th e i r  e x is te n c e  

a n d  e x te n t  c o u ld  p r o b a b ly  in f lu e n c e  o u r  t h i n k i n g  a b o u t

A d d re sse e  fo r  c o r r e s p o n d e n c e :  J a c k  A . S c h a lk e n ,  D e p a r t m e n t  o f  

U ro lo g y ,  U n iv e r s i ty  H o s p i ta l  N ijm e g e n , P .O .  B o x  9 1 0 1 , 650 0  H B ,  

N i jm e g e n ,  T h e  N e th e r l a n d s .

th e  n a t u r a l  h i s to r y  o f  p r o s t a t i c  c a n c e r  a n d  c o u ld  s h o w  

th e i r  p o t e n t i a l  c o n t r i b u t i o n s  to  d i a g n o s t i c  a n d  p r o g n o s ­

t ic  a c c u r a c y .6 H e t e r o g e n e i t y  o f  h i s t o l o g i c a l  g r a d e ,  f o r  

e x a m p le ,  c o u ld  be  i m p o r t a n t  f o r  a n  i n d i v i d u a r s  p r o g ­

n o s is ,  s in c e  t u m o u r s  t h a t  a r e  h e t e r o g e n e o u s l y  c o m p o s e d  

o f  v a r io u s  g r a d e s  t h e o r e t i c a l l y  h a v e  a  le s s  p r e d ic t a b le  

c l in ic a l  b e h a v i o u r  t h a n  t u m o u r s  t h a t  a r e  h o m o g e n e o u s  

in  t h a t  r e s p e c t .  M o r e o v e r ,  th e  in i t i a l  b io p s y  g r a d e  

m a y  n o t  r e f le c t  t h a t  o f  th e  r e s u l t a n t  p r o s t a t e  s p e c im e n ,  

d u e  to  s a m p l in g  e r r o r  t h a t  c o u ld  r e s u l t  f r o m  b o t h  g r a d e  

h e te r o g e n e i ty  a n d  m u l t i f o c a l i t y .

I n  o r d e r  to  g a in  m o r e  in s ig h t  i n to  th e  t u m o u r  b i o l o g i ­

c a l  a n d  c l in ic a l  im p l i c a t io n s  o f  g r a d e  h e t e r o g e n e i ty  a n d  

m u l t i f o c a l i ty ,  a  se r ie s  o f  61 r a d i c a l  p r o s t a t e c t o m y  s p e c i ­

m e n s  a n d  m o s t  o f  t h e i r  r e s p e c t iv e  p r e - o p e r a t i v e  b io p s ie s  

w e re  a n a ly s e d .  W e  e x a m i n e d  th e  n u m b e r  o f  t u m o u r  

le s io n s  a n d  h i s to lo g ic a l  g r a d e s .  T h e s e  d a t a  w e re  c o r r e ­

l a t e d  w i th  t u m o u r  v o lu m e ,  G l e a s o n  s c o r e ,  a n d  c a p s u le  

p e n e t r a t i o n .

P A T I E N T S  A N D  M E T H O D S

S ix ty - o n e  p r o s t a t e c t o m y  s p e c im e n s  w e r e  s e le c te d  f r o m  

77 p a t i e n t s  w i th  c l in ic a l ly  lo c a l iz e d  p r o s t a t e  c a n c e r  w h o  

h a d  b e e n  s e e n  d u r i n g  th e  p e r i o d  o f  J u n e  1 9 9 2 - D e c e m b e r  

1994. P a t i e n t s  w h o  h a d  r e c e iv e d  p r e - o p e r a t i v e  h o r m o n e  

t r e a t m e n t  w e r e  e x c lu d e d  f r o m  th i s  s t u d y  (n=\6).  A l l  

p r o s t a t e c t o m i e s  w e re  p e r f o r m e d  o n  p a t i e n t s  in  w h o m  

ly m p h  n o d e  m e t a s t a s e s  h a d  n o t  b e e n  id e n t i f ie d  b y  f r o z e n  

s e c t io n  d ia g n o s i s  d u r i n g  th e  o p e r a t i o n .  T h e  m e a n  

p a t i e n t  a g e  w a s  64 y e a r s  ( r a n g e  4 9 - 7 3  y e a r s ) .

I m m e d ia t e ly  a f te r  s u r g ic a l  r e s e c t io n ,  p r o s t a t e  s p e c i ­

m e n s  w e r e  f ix e d  o v e r n i g h t  in  a  s o l u t i o n  o f  10 p e r  c e n t

C C C  0 0 2 2 -3 4 1 7 /9 6 /1 1 0 2 9 5 -0 5  
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T a b le  I— R e s u l t s  o f  t u m o u r  m u l t i f o c a l i ty

T u m o u r s  p e r  

p a t i e n t

N o .  o f  p a t i e n t s  

(% )

M e a n  t u m o u r  

v o lu m e  ( c m 3)

N o .  o f  t u m o u r s  

w i th  p e n e t r a t i o n  (% )

M e a n  G le a s o n  

s c o re  p e r  t u m o u r

1 17 (2 8 % ) 2*70 8 (47%,) 6*9

2 18 (3 0 % ) 1 *20 12 (33% ) 6-0

3 13 (2 1 % ) 0-68 6 (15% ) 5-4

4 7 (11%)) 0-43 6 (21% ) 5-6

5 2  (3 % ) 0*18 0 (0% ) 4*7

6 3 (5% ) 0-16 2 (11% ) 6* I

7 1 (2 % ) 0-09 0 (0% ) 5-1

T o ta l s 61 0*85 34  (22% ) 5*7

n e u t r a l - b u f f e r e d  f o r m a l in  a t  r o o m  te m p e r a tu r e .  A f te r  

s u r fa c e  m a r k i n g  w i th  d y e , th e  e n t i r e  p r o s t a t e  sp e c im e n  

w as  c u t  in to  s e r ia l  t r a n s v e r s e  4  m m  th ic k  slices. F o l lo w ­

in g  h is to lo g ic a l  p ro c e s s in g ,  4-jum p a r a f f in  t is su e  se c t io n s  

w e re  s ta in e d  w i th  h a e m a to x y l in  a n d  e o s in .

B y c a re fu l  h is to lo g ic a l  e x a m in a t io n ,  a ll a r e a s  r e p r e ­

s e n t in g  a d e n o c a r c i n o m a  w e re  o u t l in e d  o n  th e  s lides  o f  

e a c h  s p e c im e n  a n d  r e t r a c e d  o n to  a  d ia g r a m m a t ic  

m a c r o s c o p ic a l  r e p r e s e n ta t i o n  o f  a l l  s lices in  a  se r ia l 

o rd e r .  F r o m  th e s e  t u m o u r  m a p s ,  t o p o g r a p h i c  r e la t io n ­

sh ip s  b e tw e e n  m u l t i f o c a l  t u m o u r s  w e re  e v a lu a te d .  

M u l t i f o c a l i ty  o f  c a r c in o m a  w a s  d e f in e d  as  a  m in im u m  

s e p a r a t io n  o f  4  m m  b e tw e e n  tw o  m a l ig n a n t  foci. T h e  

v o lu m e s  o f  all i n d e p e n d e n t  c a r c in o m a s  w e re  c a lc u la te d  

as  th e  s u m  o f  s u r f a c e  a r e a s  f o r  a  g iv e n  c a r c in o m a  

m u l t ip l ie d  b y  th e  s lice  th ic k n e s s  in  w h ic h  th e y  w e re  

f o u n d .  A  t i s s u e  s h r in k a g e  c o r r e c t io n  f a c to r  o f  10 p e r  

c e n t  w a s  u se d .  V o lu m e s  w e re  e x p re s s e d  in  c u b ic  c e n t i ­

m e tre s  ( c m 3). T h e  in d e x  t u m o u r  f o r  e a c h  case  w as  

d e f in e d  a s  th e  s in g le  t u m o u r  o f  g r e a te s t  v o lu m e .  S a te ll i te  

le s io n s  w e re  d e f in e d  a s  t u m o u r s  w i th  a  s m a l le r  v o lu m e  

th a n  th e  in d e x  t u m o u r  in  a  g iv e n  c a se  w i th  m u l t i ­

fo c a l  le s io n s .  A ll  t u m o u r s  w e re  h is to lo g ic a l ly  g ra d e d  

a c c o r d in g  to  t h e  G le a s o n  s y s te m ,7 C a p s u le  p e n e t r a t io n  

w as  d e f in e d  a s  th e  p r e s e n c e  o f  m a l ig n a n t  ce lls  in  th e  

p e r ip r o s t a t i c  f a t ty  t is su e .

T o  e v a lu a te  t h e  p r e d ic t iv e  v a lu e  o f  p r e - o p e r a t iv e  

t u m o u r  g r a d e  a n d  v o lu m e  in  b io p s y  m a te r i a l ,  th e  b io p s y  

a n d  p r o s t a t e c t o m y  s p e c im e n s  w e re  re v ie w e d  b y  th e  sa m e  

o b s e rv e r s  ( E T R ,  C A K ) .  B io p s y  m a te r i a l  f r o m  55 o f  

th e  61 c a se s  h a d  b e e n  o b t a in e d  less t h a n  3 m o n th s  p r io r  

to  p r o s t a t e c t o m y  b y  a  t r a n s r e c t a l  ( u l t r a s o u n d - g u id e d )  

p r o s ta te  n e e d le  c o re  b io p s y  (18  g a u g e ) .  F o u r  cases  w e re  

e x c lu d e d  b e c a u s e  th e  d ia g n o s i s  h a d  b e e n  m a d e  b y  a 

t r a n s u r e t h r a l  r e s e c t io n  a n d  tw o  o th e r s  c o u ld  n o t  b e  

r e t r a c e d  f r o m  r e f e r r in g  in s t i tu t io n s .  In  th e  b io p s ie s  o f  

e a c h  c a se ,  th e  G le a s o n  g r a d e s  a n d  s c o r e  w e re  re c o rd e d .  

T u m o u r  v o lu m e  w a s  e s t im a te d  as  th e  p e r c e n ta g e  o f  th e  

to ta l  b io p s y  v o lu m e  in  25 p e r  c e n t  in c r e m e n ts .

S ta t i s t ic a l  a n a ly s is  in c lu d e d  th e  c h i - s q u a r e  te s t  fo r  th e  

c o m p a r i s o n  b e tw e e n  tw o  s a m p le  p e r c e n ta g e s  a n d  th e  

c o m p a r i s o n  o f  a  tw o - s a m p le  d i s t r i b u t i o n  b y  m e a n s  o f  

th e  W ilc o x o n  te s t  f o r  u n p a i r e d  o b s e r v a t io n s .  A  p r o b ­

a b i l i ty  (P) v a lu e s  less  t h a n  5 p e r  c e n t  w a s  c o n s id e re d  as 

s ta t i s t ic a l ly  s ig n if ic a n t .

R E S U L T S

Tumour multifocality in prostatectomy specimens

T a b le  I  re v e a ls  t h a t  p r o s t a t i c  c a r c in o m a  is m o s t  o f ten  

a m u l t i fo c a l  d ise a se .  I n  61 p r o s t a t e s ,  w e id e n tif ie d  155 

s e p a r a te  le s io n s  o f  a d e n o c a r c i n o m a  (m e a n  2*5 p e r 

p a t ie n t) .  O n ly  17 o f  th e  61 p r o s ta te s  (28 p e r  cen t) 

c o n ta in e d  a  s in g le  t u m o u r .  T h e r e  w as  a  c le a r  a s s o c ia t io n  

b e tw e e n  in c re a s in g  n u m b e r s  o f  tu m o u r s  p e r  case  a n d  

s m a lle r  t u m o u r  v o lu m e s .  T h e  m e a n  t u m o u r  v o lu m e  w as 

2*7 c m 3 in  c a se s  w i th  a  s in g le  t u m o u r ,  b u t  th is  d ec reased  

to  less t h a n  0*25 c m 3 in  c a se s  w ith  m o r e  th a n  fo u r  

tu m o u r s .

S e p a r a te  t u m o u r s  o b s e r v e d  in  m u l t i fo c a l  d isease  h a d  a 

lo w e r  G le a s o n  s c o re  ( m e a n  s c o re  5-7), h a d  less g ra d e  

h e te ro g e n e i ty  (m e a n  1*5 d if f e re n t  g r a d e s  p e r  tu m o u r ) ,  

a n d  w e re  s m a lle r  (m e a n  0-6 c m 3) c o m p a r e d  w ith  p ro s ­

ta te s  c o n ta in in g  a  s in g le  t u m o u r  (m e a n  sc o re  6*9, 2-1 

d if fe re n t  g ra d e s  p e r  t u m o u r ,  v o lu m e  2-1 c m 3). F o r  

t u m o u r  v o lu m e  a n d  g r a d e  v a r ie ty ,  th e se  d iffe ren ces  w ere 

s ta t is t ic a l ly  s ig n if ic a n t  (P < 0 * 0 1 ) .  F o r  th e  e n t i r e  spec i ­

m e n ,  h o w e v e r ,  th e  G le a s o n  s c o re ,  g r a d e  h e te ro g e n e i ty ,  

a n d  tu m o u r  v o lu m e  in  p r o s t a t e s  w ith  a  s in g le  tu m o u r  o r  

m u l t i f o c a l  t u m o u r s  w e re  e s s e n t ia l ly  s im i la r  ( P = N S ) ,

In  82 p e r  c e n t  o f  th e  p r o s t a t e s ,  th e  in d e x  tu m o u r  h ad  

a s im i la r  o r  h ig h e r  G le a s o n  su m  c o m p a r e d  w ith  the 

sa te l l i te  t u m o u r s  in  th e  s a m e  sp e c im e n .  In  th e  re m a in in g  

11 p r o s ta te s ,  h o w e v e r ,  t h e  s a te l l i te  tu m o u r s  h a d  a  h ig h e r  

G le a s o n  su m , f o u r  o f  w h ic h  h a d  a  d if fe re n c e  o f  m o re  

t h a n  2  in  th e  s u m .

Grade heterogeneity in prostatectomy specimens

T h e  d e g re e  o f  g r a d e  h e te r o g e n e i ty  in  in d iv id u a l 

tu m o u r s  is s h o w n  in  T a b l e  I I .  In  o n ly  te n  p r o s ta te s  (16 

p e r  c e n t)  d id  c a n c e r s  c o n s i s t  o f  a  s in g le  G le a s o n  g rad e . 

C o n s id e r in g  s e p a r a te  t u m o u r s ,  90  h a d  a  s in g le  g ra d e  (58 

p e r  c e n t) .  A lm o s t  in v a r ia b ly ,  th ese  tu m o u r s  w ere  sm all 

(m e a n  v o lu m e  0 T 5 c m 3), lo w -  to  in te rm e d ia te -g ra d e  

le s io n s . O n ly  six  h ig h - g r a d e  tu m o u r s  ex c lu s iv e ly  c o m ­

p o s e d  o f  o n e  h i s to lo g ic a l  g r o w th  p a t t e r n  w ere  fo u n d  

(m e a n  v o lu m e  0*16 c m 3).

F ig u r e  1 s h o w s  th e  r e l a t i o n s h ip  b e tw e e n  g ra d e  h e te ro ­

g e n e ity  a n d  t u m o u r  v o lu m e  o f  s e p a r a te  le s io n s . F r o m  

th is  f ig u re , it is c le a r  t h a t  t h e  f r e q u e n c y  a n d  e x te n t  o f
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D if fe re n t

h is to lo g ic a l

g ra d e s

N o .  o f  

tu m o u r s

M e a n  t u m o u r  

v o l u m e  ( c m 3)

N o .  o f  t u m o u r s  

w i th  p e n e t r a t i o n  (% ) M e a n  G l e a s o n  s c o r e  p e r  t u m o u r

1 90 0-15 9 (10% ) 5*5

2 43 1 -24 9 (2 1 % ) 5-9

3 17 2-64 11 (6 5 % ) 6-9

4 5 4-36 5 (1 0 0 % ) 7*8

T o ta l s 155 0*85 3 4  (2 2 % ) 5-7

Percentage

Grade variety

1 grade 
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4 grades

80

60

40

20

o I

< 0 . 2 5  

N = 9 0

0 .2 5 - <0 .5  

N =  1 4

I

0 .5 *<  1.0  

N — 1 5

I \
\
\

7

n
/
/

L
¡A
/
/
/
A
I
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/
/
/
/

/
/

/

4 .0 - < 8 .0  

N  — S

:
> 8,0

N = 2

Tumour volume (cm3)

F ig . I— H is to lo g ic a )  g r a d e  v a r ie ty  o f  tu m o u r s ,  g r o u p e d  b y  t u m o u r  v o lu m e

g r a d e  h e te ro g e n e i ty  in c re a s e  as  t u m o u r s  a t t a i n  l a r g e r  

v o lu m e s .  T u m o u r s  la rg e r  t h a n  2*0 c m 3 in  v o lu m e ,  f o r  

e x a m p le ,  w e re  a lw a y s  c o m p o s e d  o f  d i f f e r e n t  h is to lo g ic a l  

g ra d e s .  O f  p a r t i c u l a r  in te re s t ,  h o w e v e r ,  is t h e  g r o u p  o f  

t u m o u r s  w i th  v o lu m e s  less th a n  1-0 c m 3. I t  is a p p a r e n t  

t h a t  c o n s id e ra b le  h e te r o g e n e i ty  w a s  p r e s e n t  a m o n g  th e s e  

tu m o u r s .

Extvacapsulav growth

T h e  to ta l  n u m b e r  o f  34 p e n e t r a t in g  t u m o u r s  h a d  

a  la rg e r  v o lu m e  ( P < 0 ‘01), a  h ig h e r  G l e a s o n  s c o re  

(P < 0 * 0 1 ) , a n d  m o r e  h e te ro g e n e i ty  o f  g r a d e  (P < 0 * 0 1 )  

c o m p a r e d  w ith  121 n o n - p e n e t r a t in g  t u m o u r s .

I n  g e n e ra l,  w e  c o u ld  d e m o n s t r a te  a  c le a r  c o r r e l a t i o n  

b e tw e e n  t u m o u r  v o lu m e  o r  g ra d e  a n d  f r e q u e n c y  o f  

c a p s u la r  p e n e t r a t io n .  N e a r ly  all lo w -  to  in t e r m e d ia te -  

g r a d e  tu m o u r s  a n d  tu m o u r s  w i th  sm a l l  v o lu m e s  w e re  

c o n f in e d  w ith in  th e  p r o s t a t e  c a p su le  ( T a b le  I I I ) .

A m o n g  th e  119 t u m o u r s  o f  le s s  t h a n  1-0 c m 3 in  

v o lu m e ,  h o w e v e r ,  13 d i s p l a y e d  p e n e t r a t i o n  (11 p e r  c e n t) .  

I n  a d d i t i o n ,  14 o f  t h e  120 lo w -  t o  i n t e r m e d i a t e - g r a d e  

t u m o u r s  (1 2  p e r  c e n t)  p e n e t r a t e d  t h e  c a p s u le .  N o t a b l y ,  

t h e  c o m b i n a t i o n  o f  a  r e la t iv e ly  lo w  t u m o u r  v o lu m e  

(< 1 * 0  c m 3), l o w  h i s to lo g ic a l  g r a d e  ( s c o r e  < 7 ) ,  a n d  

c a p s u le  p e n e t r a t i o n  w a s  p r e s e n t  in  s e v e n  t u m o u r s .

I n  m u l t i f o c a l  d is e a s e ,  19 o f  t h e  2 6  p e n e t r a t i n g  

t u m o u r s  w e re  t h e  in d e x  t u m o u r  o f  t h e  s p e c im e n .  I n  th e  

r e m a in in g  s e v e n  s a te l l i te  t u m o u r s ,  tw o  s h o w e d  e x t r a -  

c a p s u l a r  g r o w t h ,  w h ile  th e  in d e x  t u m o u r  d id  n o t .  F o r  

th e s e  tw o  c a s e s ,  th e  f e a t u r e s  o f  t h e  s a te l l i t e  t u m o u r s  

d e t e r m in e d  th e  p a t h o l o g i c a l  s ta g e  o f  th e  p r o s t a t e c t o m y  

s p e c im e n .

Prostate biopsies

I n  71 p e r  c e n t  o f  t h e  c a s e s ,  o n ly  a  s m a l l  p o r t i o n  o f  th e  

b io p s y  w a s  in v o lv e d  ( le ss  t h a n  25 p e r  c e n t  o f  th e  b io p s y
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G le a s o n  s c o re  T u m o u r  v o lu m e  (c m 3)

2 - 4  5 - 6  7 -1 0  < 0 -2 5  0 -2 5 -1 -0  I 0 - 2  0 > 2 -0

P e n e t r a t i o n  0 /3 7  14/83 20 /35  5 /90  8 /29  7 /15  13/21

N o , / t o t a l  (0 % ) (17% ) (57%,) (6% ) (2 8 % ) (4 7 % ) (62% )

(%)

v o lu m e ) . F o r  2 6 - 5 0  p e r  c e n t  a n d  5 1 - 1 0 0  p e r  c e n t  

t u m o u r  in v o lv e m e n t ,  t h e  f ig u re s  w e re  18 a n d  11 p e r  c e n t ,  

re sp e c tiv e ly . T h e  e x te n t  o f  t u m o u r  in  b io p s ie s  a n d  in  

p r o s ta te c to m y  s p e c im e n s  o f  th e  s a m e  p a t i e n t s  se e m e d  to  

c o r r e s p o n d .  L ess  t h a n  50 p e r  c e n t  b io p s y  in v o lv e m e n t  

c o r r e s p o n d e d  to  s m a l le r  t u m o u r  v o lu m e s  ( < 2 c m 3) in  

the  p r o s t a t e c to m y  s p e c im e n s  (71 p e r  cen t) .  S im ila r ly , 

b io p s ie s  t h a t  c o n ta in e d  m o r e  t h a n  50 p e r  c e n t  o f  c a n c e r  

c o r r e s p o n d e d  to  la r g e r  t u m o u r  v o lu m e s  ( > 2  c m 3) in  

th e  p r o s t a t e c to m y  s p e c im e n  (83  p e r  c e n t) .  D u e  to  th e  

sm a ll  s a m p le  size , h o w e v e r ,  th e s e  r e s u l ts  c o u ld  n o t  be  

s ta t i s t ic a l ly  a n a ly s e d .

F o r  th e  G le a s o n  s c o re ,  th e re  w a s  c o n c o r d a n c e  

b e tw e e n  th e  b io p s y  a n d  th e  p r o s t a t e c t o m y  in  50 p e r  c e n t 

o f  th e  cases . T h e  b io p s y  g r a d e  u n d e r e s t im a te d  th e  

p r o s t a t e c to m y  g r a d e  in  40  p e r  c e n t  o f  th e  cases  a n d  

o v e r e s t im a te d  it in  10 p e r  c e n t  o f  th e  c a se s .  A  c o r r e la t io n  

w ith in  ± 1 u n i t  w a s  p r e s e n t  in  80 p e r  c e n t ,  a n d  a  

c o r r e la t io n  w ith in  ± 2  u n i t s  in  91 p e r  c e n t  o f  th e  cases . 

B io p sy  s p e c im e n s  w ith  a  w e l l -d i f f e r e n t ia te d  c a n c e r  

(G le a s o n  s c o re  2 - 4 )  a p p e a r e d  to  h a v e  a  h ig h e r  level 

o f  g r a d in g  e r r o r  t h a n  th o s e  w i th  m o d e r a te ly  a n d  

p o o r ly  d i f f e r e n t ia te d  c a n c e r s .  F o r  e x a m p le ,  t h e r e  w a s  a 

g r a d in g  e r r o r  in  75 p e r  c e n t  o f  th e  b io p s ie s  w ith  w ell- 

d i f f e re n t ia te d  c a n c e r ,  b u t  in  o n ly  50 p e r  c e n t  in  m o d e r ­

a te ly  a n d  p o o r ly  d i f f e r e n t ia te d  c a n c e rs .  B e s id e s  th e  ro le  

o f  th e  t u m o u r  g r a d e ,  t u m o u r  in v o lv e m e n t  in  b io p s ie s  

w a s  a lso  r e la te d  t o  g r a d e  a c c u r a c y .  L e s s e r  in v o lv e m e n t  

o f  b io p s ie s  ( < 2 5  p e r  c e n t ) - c o r r e s p o n d e d  to  th e  lo w e s t 

level o f  c o n c o r d a n c e  b e tw e e n  p r o s t a t e c t o m y  a n d  b io p s y  

G le a s o n  s c o re  (4 4  p e r  c e n t) .  F o r  b io p s ie s  w i th  m o r e  

th a n  25 p e r  c e n t  t u m o u r  in v o lv e m e n t ,  th i s  f ig u re  w as  63 

p e r  cen t.

N o  d if fe re n c e  w a s  o b s e r v e d  in  b io p s y  g r a d e  a c c u ra c y  

b e tw e e n  p r o s t a t e s  w i th  a  s in g le  fo c u s  o r  w i th  m u tl i fo c a l  

d ise a se  (50 a n d  51 p e r  c e n t  a c c u r a c y  leve l, re sp e c tiv e ly ;  

P > 0 -0 5 ) .  In  a d d i t io n ,  p r o s t a t e s  c o n ta in in g  a  s in g le  

h is to lo g ic a l  g r a d e  o r  g r a d e  h e te r o g e n e i ty  s h o w e d  a lm o s t  

s im ila r  f ig u re s  f o r  th e  g r a d e  a c c u r a c y  o f  b io p s y  ca ses  

(44 a n d  50 p è r  c e n t ,  re s p e c t iv e ly ;  P > 0 - 0 5 ) .  A ls o ,  as th e  

n u m b e r  o f  t u m o u r s  o r  g r a d e s  p e r  p r o s t a t e  in c re a s e d ,  

th e  g r a d e  a c c u r a c y  o f  p r o s t a t e  b io p s ie s  re f le c te d  n o  

s ig n if ic a n t  c h a n g e .

D I S C U S S I O N

T h is  d e ta i le d  m o r p h o lo g i c a l  a n a ly s is  r e v e a ls  sev e ra l 

in te r e s t in g  f in d in g s  c o n c e r n in g  th e  b io lo g ic a l  p r o g r e s ­

s io n  o f  p r o s t a t i c  a d e n o c a r c i n o m a .  B a s e d  o n  th e  w o r k  o f  

M c N e a l  et a / . ,2 t u m o u r  v o lu m e ,  g r a d e ,  a n d  a g g re s s iv e

p h e n o ty p e  a re  c o n s id e r e d  to  b e  c lo se ly  r e la te d .  I f  can ce rs  

o n ly  a c q u i r e  th e  c a p a c i ty  to  p e n e t r a t e  th r o u g h  the  

p r o s ta t e  c a p s u le  o r  m e ta s ta s iz e  as a  f u n c t io n  o f  in c re a s ­

in g  v o lu m e ,  e a r ly  sm a ll  t u m o u r s  m ig h t  n o t  be  ex p ec ted  

to  b e h a v e  a g g re s s iv e ly .  F o r  th is  r e a s o n ,  in  m o s t  re p o r ts  

t h a t  h a v e  d e s c r ib e d  th e  m o r p h o lo g ic a l  a p p e a r a n c e s  o f  

p r o s ta t e  c a n c e r ,  th e  la r g e s t  t u m o u r  in  th e  sp e c im e n  has 

b e e n  se le c te d  as  th e  in d e x  tu m o u r ,  w h ile  th e  p o ss ib le  role 

o f  a d d i t i o n a l  s m a l le r  t u m o u r s  h a d  n o t  b een  c o n s id e re d .2 

C le a r ly ,  o u r  re s u l ts  r a is e  s o m e  d o u b t  a b o u t  th e  v a lid ity  

o f  th is  a p p r o a c h .  A  q u a r t e r  o f  th e  p e n e t r a t in g  tu m o u rs  

in m u l t i f o c a l  d is e a se , f o r  e x a m p le ,  w e re  n o t  index  

tu m o u r s ,  M o r e  im p o r t a n t ly ,  tw o  o f  th e se  tu m o u rs  

e x te n d e d  b e y o n d  th e  p r o s t a t e  c a p su le ,  in f lu e n c in g  the 

p a th o lo g ic a l  s ta g e ,  w h ile  th e  la rg e s t  t u m o u r  in  th e  san ie  

sp e c im e n  r e m a in e d  c o n f in e d  to  th e  o rg a n .  F u r th e r m o r e ,  

18 p e r  c e n t  o f  th e  s m a l le r  sa te l l i te  t u m o u r s  w ere  m o r ­

p h o lo g ic a l ly  m o r e  m a l ig n a n t ,  a c c o rd in g  to  th e  G le a so n  

sco re , t h a n  th e  in d e x  t u m o u r s  in  th e  s a m e  spec im ens . 

F in a l ly ,  e x t r a e a p s u la r  in v a s io n  a lso  o c c u r re d  in tu m o u rs  

o f  re la t iv e ly  lo w  h is to lo g ic a l  g ra d e ,  o r  lo w  tu m o u r  

v o lu m e . I t  is l ik e ly , th e r e f o r e ,  t h a t  th e  a b il i ty  o f  a 

t u m o u r  to  b e c o m e  lo c a l ly  in v a s iv e  is d e f in e d  n o t  o n ly  by 

its  a g g re s s iv e  p o te n t i a l ,  b u t  a lso  b y  th e  to p o g ra p h ic a l  

r e la t io n s h ip  b e tw e e n  t h e  t u m o u r  a n d  th e  cap su le . 

T u m o u r s  t h a t  o r ig in a te  n e a r  th e  p r o s t a t e  c a p su le  m ay  

h a v e  a  to p o g r a p h ic a l  a d v a n ta g e  in b e c o m in g  locally  

in v a s iv e . F r o m  th e s e  d a t a  w e  c o n c lu d e  t h a t  it is e r ro n e ­

o u s  to  a s s ig n  a ll sm a ll  c a r c in o m a s  a n d  all lo w  G le a so n  

sc o re  t u m o u r s  to  a  b io lo g ic a l ly  ' l a t e n t 1 g ro u p ;  the 

r e le v a n t  c l in ic a l  a n d  tu m o u r - b io lo g ic a l  in f o r m a t io n  can  

be  o b ta in e d  o n ly  b y  e v a lu a t in g  all o f  th e  tu m o u r s  in a 

g iv en  case . T h is  is f a c i l i ta te d  b y  th e  w h o le -m o u n t  

a p p r o a c h ,  b u t  a t  le a s t  r e q u i r e s  s u b m is s io n  o f  th e  e n tire  

p r o s t a t e c to m y  sp e c im e n .

T h e  b io lo g ic a l  b a s is  f o r  th e  m u l t i fo c a l i ty  a n d  h e te ro ­

g e n e i ty  o f  p r o s t a t i c  c a n c e r  r e m a in s  c o n tro v e r s ia l .  I t  is 

p la u s ib le  t h a t  m o r p h o lo g ic a l  h e te ro g e n e i ty  is th e  resu lt 

o f  t u m o u r  m u l t i f o c a l i ty .  W i th  th e  p a s s a g e  o f  tim e , 

t u m o u r  v o lu m e  w ill in c re a se .  T h is  in e v i ta b ly  b r in g s  

m u l t i f o c a l  p ro c e s s e s  o f  v a r y in g  g ra d e s  c lo se r  to g e th e r ,  

f in a lly  c u lm in a t in g  in  t h e  fu s io n  o f  le s io n s . A s  a  c o n se ­

q u e n c e ,  th e  n u m b e r  o f  in d e p e n d e n t  t u m o u r  foci w o u ld  

b e  r e d u c e d  a n d  g r a d e  h e te ro g e n e i ty  a n d  t u m o u r  v o lu m e  

in c re a s e d .  W e  f o u n d  in d i r e c t  e v id e n c e  fo r  th is  h y p o th ­

esis. I n  o u r  s tu d y ,  in d iv id u a l  tu m o u r s  f r o m  m u lt i fo c a l  

d is e a se  d is p la y e d  o n ly  m in im a l  g r a d e  h e te ro g e n e i ty ,  

b u t  th e  o v e ra l l  g r a d e  h e te r o g e n e i ty  o f  all tu m o u rs  

t o g e th e r  w a s  c o m p a r a b l e  to  th a t  f o u n d  in  p ro s ta te s  

w ith  s in g le  tu m o u r s .  D i r e c t  e v id e n c e  t h a t  g r o w th  a n d  

fu s io n  a r e  i m p o r t a n t  e v e n ts  f o r  th e  e v o lu t io n  o f  g ra d e
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h e te ro g e n e ity  m a y  b e  o b ta in e d  b y  e x a m in in g  th e  t o p o ­

g ra p h ic a l  d i s t r ib u t io n  o f  g r a d e s  w i th in  t u m o u r s .3’6 

A lte rn a tiv e ly , c a se s  'w ith  h e te r o g e n e i ty  o f  g r a d e  m a y  

reflect th e  e v o lu t io n  o f  p o o r ly  d i f f e r e n t ia te d  f r o m  m o r e  

w e ll-d if fe ren tia te d  a re a s .

S ince  tu m o u r s  c o n s is t in g  o f  b o t h  lo w -  a n d  h ig h - g r a d e  

a re a s  w ere a lso  f o u n d  a m o n g  th e  s m a l le s t  t u m o u r  v o l ­

u m es , we a s s u m e  t h a t  th e  e m e rg e n c e  o f  p o o r l y  d if fe re n ­

t ia te d  s u b p o p u la t io n s  c a n  o c c u r  e a r ly  in  th e  p r o g r e s s io n  

o f  p r o s ta te  c a n c e r .  T h e  e n d  r e s u l t  o f  t u m o u r  p r o g r e s s io n  

a n d /o r  fu s io n  o f  m u l t ip le  t u m o u r s  o f  v a r y in g  g r a d e s  is 

g ra d e  h e te ro g e n e i ty .  O n c e  o v e r g r o w th  o f  o n e  c o m p o ­

n e n t  a r is in g  o v e r  a n o t h e r  h a s  o c c u r r e d ,  th e  in d iv id u a l  

c o n t r ib u t io n s  o f  p r o g r e s s io n  v e rsu s  m u l t i f o c a l i ty  a re  

a lm o s t  im p o s s ib le  to  d e te r m in e .3’6 O n e  a p p r o a c h  to  

c irc u m v e n t  th is  p r o b l e m  is a  lo n g i tu d in a l  a n a ly s i s  o f  th e  

p ro g re s s io n  o f  p r o s t a t e  c a n c e r  b y  th e  u se  o f  s e q u e n t ia l  

b io p s ie s , b u t  th e s e  c a n n o t  t a k e  m u i l t i c e n t r ic i ty  in to  

a c c o u n t .6 In  a d d i t io n ,  th is  s tu d y  s h o w e d  t h a t  b io p s ie s  

m a y  n o t  a lw a y s  s a m p le  th e  c r i t ic a l  a r e a  o f  a  g iv e n  

p r o s ta t ic  c a r c in o m a .

F in a l ly ,  th e  a v a i la b i l i ty  o f  b o th  p r o s t a t e c t o m y  sp e c i ­

m e n s  a n d  p r o s t a t e  b io p s ie s  m a d e  i t  p o s s ib le  to  s tu d y  th e  

p re d ic t io n  o f  h is to lo g ic a l  g r a d e  u s in g  p r e - o p e r a t io v e  

b io p s ie s . I t  is i m p o r t a n t  f o r  th e  in i t ia l  b io p s y  g r a d e  to  b e  

re p re s e n ta t iv e  o f  th e  p r o s ta t i c  m a l ig n a n c y  w h e n  a p p r o ­

p r ia te  c lin ica l d e c is io n s  a re  to  b e  m a d e .  O f  th e  55 

p r o s ta te s  in  o u r  se rie s , 4 0  p e r  c e n t  o f  c a s e s  s h o w e d  a  

h ig h e r  g r a d e  in  th e  w h o le - m o u n t  s p e c im e n .  T h is  is in  

a g re e m e n t  w ith  p r e v io u s ly  r e p o r te d  r e s u l t s .8 F o r  o v e r ­

e s t im a t io n  o f  b io p s y  g ra d e ,  p re v io u s ly  r e p o r t e d  f ig u re s  

d if fe r  f ro m  4  to  32  p e r  c e n t;  10 p e r  c e n t  in  th is  s tu d y .8 

G r a d in g  d if fe re n c e s  b e tw e e n  p r o s ta t i c  b io p s ie s  a n d  p r o s ­

t a te c to m y  s p e c im e n s  h a v e  b e e n  s u g g e s te d  to  b e  th e  

r e s u l t  o f  g ra d e  h e te r o g e n e i ty 9’10 a n d  t u m o u r  m u l t i f o c a l ­

i ty .6> 10 N e i th e r  c o n c e p t ,  h o w e v e r ,  h a s  e v e r  b e e n  s u b ­

je c te d  to  d e ta i le d  s tu d y .  F r o m  th e  r e s u l ts  p r e s e n te d  h e re ,  

n e i th e r  g ra d e  h e te r o g e n e i ty  n o r  t u m o u r  m u l t i f o c a l i ty  in  

p r o s ta te c to m y  s p e c im e n s  s ig n if ic a n tly  in f lu e n c e d  th e  

g r a d e  a c c u ra c y  o f  b io p s y  cases . W e  h a v e  d e d u c e d  t h a t  

d is c re p a n c ie s  b e tw e e n  b io p s y  g r a d e  a n d  g r a d e  o b ta in e d  

f ro m  th e  ra d ic a l  p r o s t a t e c to m y  s p e c im e n  c a n  p r o b a b ly  

b e  e x p la in e d  n o t  o n ly  b y  s a m p l in g  e r r o r ,  b u t  a lso  b y  

d ifficu lties  in  a p p r e c ia t in g  e i th e r  th e  t u m o u r  g r a d e  o r  its  

in f i l tra t iv e  n a tu r e  in  th e  b io p s y .  T h e  l a t t e r  w a s  e sp e c ia l ly  

d ifficu lt w ith  sm a ll  t u m o u r s  a n d  w ith  th e  lo w e r  G le a s o n  

sc o re s , in w h ic h  g r e a te r  g r a d e  e r r o r  w a s  f o u n d .  F o r  th is  

r e a s o n ,  u n d e r e s t im a t io n  o f  b io p s y  g r a d e  w a s  f o u n d  

m o r e  f re q u e n t ly  t h a n  o v e re s t im a t io n .

I n  c o n c lu s io n ,  s u b m is s io n  o f  e n t i r e  r a d i c a l  p r o s t a t e c ­

t o m y  s p e c im e n s  in  p a t i e n t s  w i th  c l in ic a l ly  lo c a l iz e d  

a d e n o c a r c in o m a  d e m o n s t r a t e s  t h a t  g r a d e  h e t e r o g e n e i ty  

is m o s t  c lo se ly  r e l a t e d  to  t u m o u r  v o lu m e ;  t h a t  t h e  l a r g e s t  

( in d e x )  t u m o u r  le s io n  m a y  n o t  b e  r e p r e s e n t a t i v e  o f  th e  

p a th o lo g ic a l  s ta g e ;  a n d  t h a t  g r a d i n g  e r r o r  in  p r o s t a t e  

n e e d le  b io p s ie s  is o n ly  p a r t l y  e x p l a in e d  b y  g r a d e  h e t e r o ­

g e n e i ty  o r  t u m o u r  m u l t i f o c a l i ty .  T h is  d e ta i l e d  a n a ly s i s  

o f  m u l t i f o c a l i ty  a n d  h e t e r o g e n e i ty  s h o w s  t h a t  p r o s t a t e  

c a r c in o m a  is a  c o m p le x  d is e a s e .  I t  is u n c le a r ,  th e r e f o r e ,  

w h e th e r  i m p o r t a n t  q u e s t io n s  s u c h  a s  t h e  n a t u r a l  h i s to r y  

o f  p r o s t a t e  c a n c e r  a r e  s o lv e d  w i th in  th e  l im i t a t io n s  o f  a 

m o r p h o lo g ic a l  a n a ly s is .  A  m o r e  s o p h i s t i c a t e d  a p p r o a c h  

to  th e  a n a ly s is  o f  h o w  d i f f e r e n t  t u m o u r  g r a d e s  o r  

lo c a t io n s  o f  t u m o u r s  in  th e  s a m e  p r o s t a t e  a r e  i n t e r ­

r e l a te d  m a y  b e  m a d e  p o s s ib le  b y  d e t e r m i n a t i o n  o f  

th e  m o le c u la r  a n d  g e n e t ic  c h a r a c t e r i s t i c s  o f  s e p a r a t e  

t u m o u r s .

W i th  c u r r e n t  t e c h n o lo g ic a l  i m p r o v e m e n t s ,  it  is o u r  

h o p e  t h a t  s u c h  d a t a  c a n  b e  r e l i a b ly  o b t a i n e d  in  th e  n e a r  

f u tu r e .
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