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Abstract The effect on tumour and prostate volumes of 
a 3-month course of neo-adjuvant hormone therapy 
was studied using computerised planimetry on serially 
sectioned specimens obtained by radical prostatec- 
tomy. Fifty-four specimens from patients not receiving 
pre-treatment were compared to 38 specimens from 
patients given the gonadotropin-releasing hormone 
(GnRH) analogue triptorelin for 3 months before the 
operation. Glandular volume and volume of the index 
tumour was determined. To determine the position of 
the index tumour within the gland, the centre of mass of 
the tumour was identified and the distance to the gland 
margin calculated. This value (M1) represents the sum 
of the tumour radius and the various amounts of nor- 
mal tissue. The amount of surrounding tissue could be 
approximated by correlating M 1 to the corresponding 
tumour volume. 
Results: The two groups differed significantly in total 
gland volumes, but not in tumour volumes. M1 was 
strongly correlated to the tumour volume in the treat- 
ment group (r = 0.73), whereas in the control group the 
correlation was found to be significantly weaker 
(r = 0.44), indicating that there was less tissue sur- 
rounding the tumour in the pre-treated group. In 
a multiple regression analysis of all 92 patients, index 
tumour volume was found to be associated with total 
gland volume, DNA ploidy pattern, tumour grade but 
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not whether or not pre-treatment was given. This study 
found that the volumes of the single largest tumour 
focus were not significantly affected by hormonal pre- 
treatment, and that "the prostate condenses around the 
tumour rather than that the tumour shrinks back into 
the prostate". However, the precise relationship be- 
tween tumour epithelial volume and stroma with or 
without neo-adjuvant hormonal pre-treatment remains 
to be clarified. 
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Introduction 

Despite recent improvements in preoperative staging 
[2, 13, 18, 22, 23], and earlier detection by prostate- 
specific antigen (PSA) screening/case-finding [1, 19], 
a large proportion of radical prostatectomy specimens 
from patients operated on for localised prostate cancer 
show tumour tissue in contact with the surgical margin 
[8, 31]. The PSA recurrence rate 10 years postopertive- 
ly approaches 25% even in series of strictly selected 
cases [30]. Local recurrences may be a major cause for 
the reappearance of the disease [26]. Preoperative or 
neo-adjuvant hormonal therapy has been suggested as 
a means of improving surgical outcome in patients with 
stage T2 and T3 localised cancer [3, 5, 14, 16, 27, 28]. 
The rationale behind this treatment is the reduction of 
total gland and tumour volume. Radical excision might 
thus be easier to achieve, resulting in a higher local 
control rate. Several studies using clinical and ultra- 
sonographic staging [7, 21, 25] have indicated that, 
following pre-treatment, there is a decrease in total 
prostate as well as in tumour volumes. Some studies 
have shown a more pronounced reduction in tumour 
volume compared to prostatic volume [21]. The im- 
pact of neo-adjuvant therapy seems well documented. 
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Whether the long-term local control rates are improved 
remains to be seen in follow-up studies. The aim of this 
study was, using morphmetric methods, to describe the 
effect of GnRH treatment on tumour volume and that 
of benign tissue. 

Material and methods 

Patients and surgical procedures 

Ninety-two radical prostatectomy specimens were studied. The 
specimens were obtained from two different groups of patients with 
localised prostate cancer (Table 1). Thirty-eight patients were oper- 
ated on during 1990 1993, including stage Tlb-3a, grade 1-3 tu- 
mours. Staging and grading was performed according to the TNM 
classification of 1992 [24] and the WHO grading system [-17], 
respectively. These 38 patients had received monthly depot injec- 
tions of triptorelin 3.75 mg (Decapeptyl Depot, Ferring, Sweden), for 
3 months before the operation. Cyproterone acetate 150 mg daily 
was given for 3 weeks at the start of treatment to prevent tumour 
flare. All pre-treated patients had serum testosterone levels in the 
castration range after 3 months of therapy. Fifty-four specimens 
were examined from patients who underwent surgery during 1987- 
1990. No pre-treatment was given in this group with stage Tlb-T2, 
G 1 3 tumours [8]. A uniform operating technique with nerve- 
sparing dissection according to Walsh [29] was used in all 92 cases. 
Distribution according to clinical and pathological tumour stage in 
the two series is shown in Table 2. 

Table 1 Clinical tumour stage and grade in hormone- and non- 
hormone-treated patiens on admission to the study. Figures repres- 
ent numbers of patients [hormone-treated (n = 38)/non-hormone- 
treated patients (n = 54)]. See text for abbreviations 

G1 G2 G3 Total 

T lb  1/2 0/3 1/5 
T2 16/17 3/28 4/4 23/49 
T3 4/0 8/0 2/0 14/0 

Total 21/19 11/31 6/4 38/54 

Table 2 Distribution of patients according to clinical (T-stage) and 
pathological tumour stage (pT-stage) in prostatectomy specimens 

T lb  T2 T3 Total 

Non-hormone-treated patients (n = 54) 
pT2 0 8 
pT3 - 0 15 
pT3 + 5 26 

Hormone-treated patients (n = 38) 
pT2 0 11 
pT3 - 0 3 
pT3 + 1 9 

8 
15 
31 

7 18" 
4 7 
3 13 

* Significant difference (P < 0.01) from finding in the non-hormone- 
treated group 

Morphological procedures 

All specimens were fixed in 10% formalin, embedded in paraffin and, 
serially, transversely sectioned at 5-mm intervals. The whole mount 
specimens were sectioned at 5 gm thickness and stained with van 
Gieson's stain. Tumour areas were mapped on the whole mount 
slides. Total gland and index tumour volumes were calculated from 
the prostatectomy specimens by a planimetric technique using 
a computerised workstation (Epsilon Image, Imtec, Uppsala, 
Sweden). Images of the sections were read into the computer by 
manual delineation and the volume contribution from each section 
was estimated of the tumour. Tumour area was calculated and 
multiplied by the actual thickness of the section. The volume contri- 
butions from each of the sections were added. Tissue shrinkage 
during histopathological preparation was compensated for by a fac- 
tor of 1.22 [20]. 

Mathematical assessment 

The histological slide, displaying the largest area of invasive cancer 
in each case, was digitised into the image analysis programme Imp 
(Diascan AB, Uppsala, Sweden). Three numerical values describing 
the morphometric relations were obtained in each case: 
1. The cross-sectional surface area of the index tumour (tumarea). 
2. The cross-sectional surface area of the gland (glandarea). 
3. The position and the pixel value (centrepix) of the centre of mass 
of the index tumour. 

As a measurement for the position of the tumour in relation to the 
gland, the following formula was determined (Fig. 1) 

Pixel value of the index tumour centre 
M i -  

x/gland area 

The data were stored and managed in the statistical software pro- 
gram supplied by BMDP Statistical Software, Los Angeles, USA. 

~a 

Fig. 1 Definition of M1 

DNA determinations 

Flow cytometric DNA-ploidy assessment of multiple samples was 
performed from each gland. The method is described in detail 
elsewhere [-6, 12, 15]. Briefly, 50-gm-thick tumour sections were 
taken and analysed by flow cytometry (FCM) with regard to DNA- 
ploidy pattern. The Go and G2 + M peaks in the FCM histogram 
were used to define the diploid and non-diploid cell populations, as 
previously described [-9]. A DNA-ploidy pattern was considered 
non-diploid if the G2 + M peak contained more than 10% of all 
analysed nuclei or if the ratio between the position of the G2 + M 
peak and the GO peak was outside the range of 1.90-2.10. 



Statistics 

Student's t-test was used to compare group mean values. A multi- 
variate analysis was undertaken using the multiple logistic regres- 
sion method. 

Results 

Volume assessments 

Total gland volumes differed significantly between pre- 
treated patients and controls (mean = 23.8 ml, 
S D = 1 0 . 2 m l ,  vs m e a n = 3 5 . 8 m l ,  S D = 1 1 . 8 1 m l ,  
P < 0.001). Index tumour  volumes, however, did not 
differ between the two groups (mean = 3.3ml, 
SD = 3.7 ml vs mean = 5.3 ml, SD = 5.5 ml, NS) (Fig. 
2a, b). Total  tumour  volumes were found to be only 
marginally larger (mean = 3.5 _+ 3.8 ml vs 6.1 -t- 5.6 ml) 

Mathematical  assessment of tumour  to gland margin 
relationship 

Eighty-eight cases were available for this analysis 
(36 + 52). The factor M1, quantifying the relative dis- 
tance from the index tumour  centre to the edge of the 
gland, was not  significantly different between the 
groups. M 1 was correlated to the index tumour  volume. 
In the treatment group, the correlation was stronger 
(r = 0.73) than in the control group (r = 0.44) (Fig. 3). 
The slope coefficients of the regression lines differed 
significantly (0.056 vs 0.021, P < 0.01) (Fig. 3). 
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D N A  assessments 

The occurrence of samples showing a non-diploid 
D N A  pattern seemed to be related to tumour  volume 
(P < 0.01), al though all cell lines in the largest single 
tumour  (17 ml) were diploid. Almost half of the tu- 
mours  displayed a non-diploid ploidy pattern, whether 
or not the patients had received hormone treatment. 
Six patients with a non-diploid pattern showed such 
a pattern in all samples studied. The remaining 17 
subjects showed ploidy heterogeneity, i.e. tumours  con- 
taining a mixture of areas with diploid and non-diploid 
D N A  configurations. The ratio between the number  of 
samples (which had been collected from the largest 
tumour  focus) with a non-diploid and a diploid D N A  
configuration averaged 1: 1. The lack of statistical sig- 
nificance between the two series of patients was con- 
firmed with Kolmogorov-Smirnov 's  two-sample test. 

Multivariate analysis 

The multiple regression analysis of all cases showed 
that the index tumour  volume is determined by total 

b.  0 

Fig. 2a, b Glandular and index tumour volumes estimated by the 
planimetric technique in hormone-treated (n = 38) and non-hor- 
mone-treated patients (n = 54), respectively. Glandular volumes dif- 
fered significantly between the two series (P < 0.001). The apparent 
difference in tumour volumes was not significant 

gland volume (P < 0.05), non-diploid D N A  (P < 0.01), 
pre-treatment grade (G2; P < 0.05, G3; P < 0.05), but  
not by neoadjuvant  hormones (NS) (Table 3). 

Discussion 

Following neo-adjuvant  hormonal  ablation therapy, 
a decrease in prostate gland volume as well as a marked 
regression of tumour  size has been demonstrated pre- 
viously [3, 5, 7, 11, 14, 16, 25, 27]. Mos t  of these studies 
are based on volume determination by transrectal 
ul trasound (TRUS), where tumours are detected as 
hypoechogenic lesions. Hypoechogenici ty,  however, is 
a relative concept and cannot  be used reliably as 
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Fig. 3. Scatter diagram of 
individual M1 in relation to 
index tumour volume in 
hormone-treated and non- 
hormone-treated patients. In the 
treatment group the correlation 
was stronger (r = 0.73) than in 
the control group (r = 0.44) 
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T a b l e  3 Multiple regression analysis using index tumour volume as 
the dependent variable 

Independent variable Coefficient P value 

Total gland volume 0.10 <0.05 
Non-diploid DNA 3.09 < 0.01 
Tumour grade 2 2.18 <0.05 
Tumour grade 3 4.99 <0.05 
Neoadjuvant hormones -0 .52 NS 

a parameter to determine tumour size [13, 18]. Signifi- 
cant histopathological changes in non-malignant and 
malignant prostate tissue after hormonal pre-treatment 
have been described [11]. A decrease in the rate of 
positive surgical margins, following neo-adjuvant treat- 
ment, was found in an earlier non-randomised study 
[7]. Several other studies have also demonstrated 
a lower rate of positive surgical margins following neo- 
adjuvant therapy [-3, 5, 14, 25]. The decreased inci- 
dence of positive surgical margins has been attributed 
to the observed reduction of tumour volume [21]. 

The specimens from the two groups of patients in 
this study differed significantly in the rate of positive 
surgical margins [7]. Therefore it seemed relevant to 
use these specimens for further analysis using a mor- 
phometric approach. Our working hypothesis was that 
a meticulous study of our archival material should 
reveal differences in tumour volumes if they existed. We 
found significant differences in gland volumes but not 
in index tumour volumes. The apparent difference in 
tumour volumes (Fig. 2a, b) was not significant. It 
should be emphasised that the planimetric calculations 
of volumes do not reflect the composition of cells with- 
in cancerous or benign tissue, i.e. the epithelial vs 
stromal tissue relationship. Evidence of relative in- 

creased amounts of stromal tissue after hormone abla- 
tion have been reported previously [4, 11]. Further 
analysis using epithelial-cell-specific cytokeratin stain- 
ing and colour-based image analysis has made it pos- 
sible to quantify the amount of epithelial cells vs 
stroma. These studies show an increased relative 
amount of stroma within the tumour area following 
hormonal pre-treatment [10]. 

To further analyse the spatial relationship between 
the tumour and the margin in the individual specimen, 
computerised planimetry and image analysis was used. 
Several numerical values describing the morphometric 
relations of the index tumour within the gland were 
obtained, such as the shortest and longest distance 
from the index tumour to the edge of the gland. We 
found, however, due to the variability in size and shape 
of the tumour, that single-dimensional physical par- 
ameters were less useful. 

From a technological standpoint it is important to 
find features that add to the discrimination and can be 
reliably measured. In this study the combination of the 
volume of the index tumour and the distance of the 
centre of mass of the tumour to the margin of the gland 
were found to be expedient. The numerical value 
M1 represents the amount of tissue between the tumour 
centre of gravity and the margin of the gland. Thus the 
M1 value is the sum of the tumour radius and the 
various amounts of surrounding normal tissue. The 
greater the M1 of the tumour tissue, the stronger 
the correlation of M1 to tumour volume. 

M1 was strongly correlated to the tumour volume in 
the treatment group (r = 0.734), whereas in the control 
group the correlation was significantly weaker. This 
reflects a difference in the amount of tissue surrounding 
the tumour. The significantly increased slope coefficient 
as shown in Fig. 3 further emphasises this finding, 
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indicating that there was less benign tissue surrounding 
the tumour tissue in the treatment group. 

This study demonstrates that the main volume differ- 
ence depended on a decrease in benign tissue, whereas 
the gland volume occupied by the cancer remained 
relatively unchanged. The multiple regression analysis 
of all 92 patients demonstrated that factors other than 
the neo-adjuvant hormonal treatment were determi- 
nants of index tumour volume, such as abnormal 
DNA-ploidy pattern and higher tumour grade. In a fur- 
ther study [10] we have shown, however, that the 
stroma to tumour-epithelium ratio is higher after pre- 
treatment. 
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