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Is tumor vascularity in prostate core biopsies a predictor of PSA
recurrence after radical prostatectomy?

ALI KHATAMI', CARL-GUSTAF PIHL? KLAS NORRBY?, JONAS HUGOSSON' &
JAN-ERIK DAMBER'

' Department of Urology, Sahlgrenska University Hospital, 413 45 Gothenburg, Sweden, and >Department of Pathology,
Sahlgrenska University Hospital, 413 45 Gothenburg, Sweden

Abstract

The purposes of this study were to evaluate if tumour vascularity by Chalkley counting (TVC) in prostate core biopsies can
be a predictor of PSA recurrence after radical prostatectomy in prostate cancer and to estimate the concordance between the
TVC in core biopsies and the subsequently examined prostatectomy specimen. All patients, with Gleason score <7 in core
biopsy, clinical stage T'1 or T2 who had a radical prostatectomy during 1990 — 1997 at Sahlgrenska University Hospital,
were selected as a primary group. Patients with neoadjuvant hormonal therapy were excluded. The patients were divided
into two groups, one with PSA recurrence and one group without PSA recurrence. 25 patients had PSA recurrence during
the follow up period and 25 patients from non-recurrence group were randomly selected. TVC was assessed from the
prostate tissue by immunostaining against CD34. TVC was statistically significant predictor of PSA relapse. The PSA-free
survival rate was only 17% in patients within the highest TVC quartile compared to 67% in patients within the lowest TVC

quartile.

The recognition of prostate specific antigen (PSA)
has led to a substantial increase of prostate cancer
(PC) detection rate in early stages. The situation
which today’s urologist must handle is to evaluate
patients with very early PC and to find a way
to distinguish the tumours with high invasive poten-
tial, which require immediate treatment, from the
tumours with very low invasive ability [1,2].

The sources of information to evaluate the
tumours’ aggressiveness can be divided into three
categories, namely clinical staging, serum markers
and biopsy markers. In serum, usually PSA and free
to total PSA ratio are used, in biopsies the number
of the cores with cancer, the length of tumour tissue
and the Gleason score. The clinical stage is decided
based on digital rectal exploration (DRE) and
transrectal ultrasound (TRUS) examination of pros-
tate [3].

These prognostic tools are excellent to separate
the PC with very poor prognosis from PC with good
prognosis, but the major prognostic problem is in the
intermediary group. This group consists of patients

with T1C or T2 tumours and Gleason score of 3+3
or 3+4, which are the majority of the newly
diagnosed prostate cancer. In this group of patients
the ability to predict tumour behaviour is presently
limited.

Accurate diagnosis and staging of PC are extre-
mely important for assessment of prognosis and
consequently optimizing the therapy selection in
this group. In spite of recent advances in this area,
the preoperative staging of early PC remains sub-
optimal and there is an urgent need of new prog-
nostic markers to increase the accuracy of preopera-
tive PC staging.

Tumour growth is dependent on the formation of
new blood vessels, angiogenesis [4,5]. There are
currently no markers of the net angiogenic activity of
a tumour available to aid investigators in the design
of antiangiogenic treatment schemes. The metabolic
needs of cancer cells may vary with the tissue of
origin and change with tumour progression. TVC
may provide a useful independent prognostic indi-
cator of the risk of metastasis and mortality in most
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carcinomas, melanomas, and some hematologic
malignancies [6—8]

Counting or otherwise assessing the occurrence of
microvessels in a microscopic field of a tumour tissue
section gives an estimate of the net result of phases of
angiogenesis and of the angioregression a tumour
has went through. TVC basically reflects intercapil-
lary distance and is neither a measure of tumour
angiogenic activity, nor a measure of tumour angio-
genic dependence [6]. The role of TVC or of a
strongly correlating variable such as microvessel
density (MVD) as a prognostic marker has been
discussed in different tumour types [6—8]. An
increased density of capillaries has been demon-
strated in PC tissue in radical prostatectomy speci-
mens compared to benign prostate tissue [9,10]. If
TVC or MVD could be a clinically useful predictor
of prostate cancer recurrence is a matter of discus-
sion. Some investigators find a correlation between
MVD/TVC and PSA relapse while others demon-
strate the lack of such a correlation [11-13].

In most of the published studies the investigators
have used the prostatectomy specimen from radical
prostatectomy or TURP material for assessment of
TVC/MVD. The prognostic information that is
provided by a marker must, however, be available
prior to treatment to optimize the therapy selection
for the patients. Prior to treatment the urologist has
access to core biopsy. One of the questions is if TVC/
MVD in the core biopsy can provide similar prog-
nostic information as TVC/MVD in the prostatect-
omy specimen or TURP material. To our knowledge
there have been only few studies in which the biopsy
material has been used to assess the TVC/MVD.
The reason is probably the small amount of the
tumour present in biopsy, which makes the analysis
difficult or incomplete. Rogatsch et al. used CD31
antibodies to stain the microvessel in biopsy and
prostatectomy specimen. They found a high degree
of correlation between MVD in the core biopsies and
the prostatectomy specimens when they excluded
22% of cases because of insufficient measurable
tumour areas in core biopsy [14].

The purpose of this study was to evaluate whether
the TVC in core biopsy could be a clinically useful
prognostic marker for PSA recurrence after radical
prostatectomy and to investigate the concordance
between TVC in core biopsy and prostatectomy
specimen.

Patients and methods

Patient selection. Between 1990 — 1997, 363 patients
hade undergone radical prostatectomy in Sahl-
grenska University Hospital, Gothenburg, Sweden.

One hundred and seventy one of 363 patients
experience PSA recurrence during the mean fol-
low-up time of 93.7 months (68.6 — 148.7).
Patients who had TURP or cytology as the source
of diagnosis were excluded and the number of
patients was reduced to 325. Patients with neoadju-
vant hormonal therapy were also excluded and 139
patients remained. Ten of 139 had T3 tumor and
were excluded. Of remaining 129 patients, 77 had
Gleason score <8. In this group of 77 patients, 25
had PSA-recurrence during the follow up period.
Twenty five of remaining 52 patients without PSA-
recurrence were randomly selected for further eva-
luation. Finally 50 patients were selected (T'1 — T2,
Gleason score 6 or 7, without neoadjuvant hormonal
treatment) and divided into two groups: one with
PSA recurrence (two consecutive PSA values above
0.1 ng/ml) and the other without PSA recurrence.

Parients follow up. The patients were followed up by a
first visit 3 months after prostatectomy and after that
every 6 months during the first two years. PSA was
tested at all the follow up visits. If no PSA relapse
was observed after two years, the patients were
followed by annual PSA-measurements.

All the biopsies and the prostate specimens were
examined by one pathologist (C-G P), who had no
knowledge about the clinical outcome of the
patients. TVC in biopsies were added to the prior
database including the preoperative prognostic
markers.

Staristical evaluarion. The power of each preoperative
prognostic marker was analyzed in a univariate
analysis. A statistician from our department was
consulted for the statistical analysis.

Histopathological examination and assessment of TVC

The biopsies were fixed in 4% buffered formalin and
were paraffin embedded. Approximately 4 pm thick
sections were stained with hematoxylin-eosin or
hematoxylin-van Gieson. Estimated Gleason score
[15], percent Gleason grade 4/5 and core cancer
length were measured in the biopsies.
Prostatectomy specimens from the same patients,
prepared in the same way, were reviewed and also
Gleason score, percent Gleason grade 4/5, extra
capsular extension, positive margin and seminal
vesicle invasion were estimated.
Immunohistochemical staining was made to high-
light microvessels. Anti-CD31, anti-CD34 and anti-
Factor VIII, were initially used for staining of three
randomly selected tumours to clarify which of the
antibodies that gave the best result. All stainings
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were performed with an automatic immunostaining
machine; DAKO TechMate™ 500.

Staining with anti-Factor VIII (DAKO, Glostrup,
Denmark) revealed relatively few stained microves-
sels and rather prominent unspecific staining in the
stroma. Anti-CD31 (DAKO) also visualized rela-
tively few microvessels but a clean background. Anti-
CD34 (DAKO) stained a larger number of micro-
vessels than the other immunostainings, but also
often showed some slight unspecific stromal reac-
tion. Based on this comparison, anti-CD34 was
chosen for the investigation.

As yet, no ideal endothelial cell (EC) marker,
which specifically visualizes all microvessel ECs and
only ECs in formalin-fixed and paraffin-embedded
tissue, has been developed. In fact, none of the
antibodies used here is specific in the strict sense for
vessel structures in formalin-fixed and paraffin-
embedded tissue, as discussed elsewhere [16].
CD34 is now considered the optimal marker for
quantitative tumour vessel assessment because of its
robustness and ease of use [8]

Moreover, it is common for investigators to use
different criteria, different optical magnification
when defining microvessels and different ways to
quantify microvessels, as discussed elsewhere [7,8].
This may render comparisons between different
studies difficult. In the present study, the general
criteria set by Weidner for staining and identifying
microvessels in formalin-fixed, paraffin-embedded
tumour tissue were followed [17]. Instead of asses-
sing MVD we assessed TVC by Chalkley counting
[18]. The reason is that the Chalkley point overlap
morphometric technique has abolished one of the
highly observer-dependent steps of measuring MVD,
namely the frequent decision an observer has to
make whether two immunostained and adjacent
structures are the reflection of one single or two
separate blood vessels. TVC is the objectively
assessed relative area that the vessels cover, a
measurement that is strongly and significantly asso-
ciated with vessel number (MVD), i.e. the number
of discrete microvessels and with vessel area per unit
tissue area [8].

For the anti-CD34 staining different histotechni-
cal variations were used. These include dilutions of
the primary antibody, addition of proteolytic diges-
tion with Proteinas K, microwave antigen retrieval
with boiling in different buffers like citrate (pH 6.0)
and TRIS/EDTA (pH 9.0), and also test to block
endogenous biotin activity. The optimal result was
achieved when we used DAKO EnVision™ System,
which is based on an enzyme-conjugated polymer
backbone, which also carries secondary antibody
molecules. Antigen retrieval was performed by
exposure of the sections to microwave irradiation

in TRIS/EDTA buffer (pH 9.0) twice for 7 minutes
each time without the use of proteolytic enzyme
digestion. The primary antibody was diluted 1:100
and for development DAB was used.

At low power the tumour area was scanned and
one ‘hot-spot’ area was identified. Within this ‘hot-
spot’ measurements were performed using a Chalk-
ley Point 25 dot eye-piece graticule to quantify TVC.
A Leitz Dialux 20 microscope with a 40x objective
and 12.5x ocular (500x magnification) was used.
The graticule was oriented over the hot-spot region
so that as many as possible of the graticule points hit
the microvessels as recommended by Fox [19]. In
addition to microvessel-like structures that were
distinctly stained all single endothelial cells or cell
clusters stained in the same way as endothelial cells
in the blood vessels were judged as vessels in
accordance with Weidner’s criteria. Ten measuring
areas were examined for each tumour, which corre-
sponds to a total area of 0.75 mm?, an area that is
close to the one previously recommended for MVD
measurements [17].

In the biopsies, the cancer tissue was often limited,
which did not always allow ten view fields to be
measured within one and the same hotspot. In these
cases, remaining view field were examined within a
second, somewhat less richly vascularized hotspot.

Results
Core biopsy

The distribution of the prognostic factors such as
PSA, Gleason score, T-stage, total volume of cancer
in biopsies and TVC in biopsies in the PSA
recurrence and non-recurrence groups are demon-
strated in Table I.

All of the prognostic markers except core cancer
length were significantly related to PSA relapse after
radical prostatectomy in a univariate analysis (Table
II). The PSA and T-stage were the strongest prog-
nostic markers for PSA recurrence (p <0.0001).
Percent of Gleason score 4 in biopsy was a statisti-
cally significant prognostic marker (p =0.0075).

The overall range of TVC was 2.75 — 13.40. The
mean value of TVC in the biopsies was significantly
lower in the non-recurrence group compared to the
recurrence group (p <0.02).

The amount of core cancer length in biopsy was
not fully statistically different between the recur-
rence and non-recurrence groups (p =0.057). Pa-
tients with the lowest TVC quartile had a PSA-free
survival of 67% compared to patients with highest
TVC quartile who had a PSA-free survival of 17%.
The Kaplan-Meier diagram demonstrates the PSA-
free survival in different TVC quartiles (Figure 1).



Tumour vasculariry predicts PSA recurrence after prostatectomy 365

Table I. Comparison of preoperative prognostic markers in PSA-recurrence and no-recurrence group, Number of patients*, [Median],

(range).
Total Non-recurrence Recurrence
PSA ng/ml 9.7(8] 5.48(2-9.7) 13.4(3.6-28.7)
Gleason score 6 32% 21% 11*
Gleason score 7 18* 4% 14*
T1 25 18* 7
T2 25 7* 18*
Core cancer length, mm 10.4[8] 8.1[7] 11.9[8.9]
TVC 5.00(2.75-13.40) 4.39(2.75-6.80) 5.52(3.10-13.40)

Prostatectomy specimen

In a univariate analysis, TVC calculated from
prostatectomy specimen was a predictor of PSA-
relapse with an odds ratio of 1.33 (0.99 — 1.79), p =
0.055. The correlation coefficient between TVC in
core biopsy and radical prostatectomy specimen was
0.41 (p =0.0031, Figure 2).

Discussion

During a 10-year follow-up period after radical
prostatectomy for preoperatively organ confined
prostate cancer (PC), 23 — 53% of patients would
experience PSA recurrence [20]. The prognosis of
PC with Gleason score 8 — 10 is very poor, 33
months actuarial risk of progression is 32% [21].
The major prognostic challenge in PC is in clinically
organ-confined tumours with a Gleason score of 6 to
7, due to wide variation of prognosis and the fact
that the majority of newly diagnosed PC are in this
group. Noguchi et al. demonstrated the difficulty of
interpreting the biopsy-based prognostic information
in non-palpable tumours. No single parameter in
biopsy specimens including PSA, PSA density, and
number of positive biopsy, length of tumour in
biopsy or per cent Gleason 4/5 was a predictor of
tumour aggressiveness [22].

The aim of the patient selection in this study was
to find a group of patients with preoperatively
comparable prognostic markers but with altered
post-operative outcome. By using the data from
patients who were operated on between 1990 and
1997 we attain a long follow up time but at the same
time we had to exclude a large number of patients

Table II. The result of univariate analysis. The odds ratio for PSA
recurrence is calculated for each preoperative prognostic marker.

Prognostic marker Odds ratio p-value
PSA 1.69 [1.36-2.12] <0.0001

Gleason score biopsy 1.05 [1.02-1.10] 0.0075

T-stege 6.53 [2.72-15.66] <0.0001

TVC biopsy 1.97 [1.11-3.48] 0.02

due to common use of preoperatively hormonal
treatment at that time. There were only 25 patients
(T1-2, Gleason <8) with PSA recurrence and we
randomly selected 25 of 52 patients without PSA
recurrence for further evaluation.

Several authors have reported the value of MVD/
TVC as a prognostic marker in PC [12,14,23,24]
but the MVD or TVC in most of the studies was
evaluated from prostatectomy specimen or TURP
material and not from the core biopsies. In the
majority of the patients the prognostic evaluation is
needed for therapy selection, in another word the
prostatectomy specimen is not available and the
prognostic information is based on the core biopsy.
The present results of unvariate analysis demon-
strate the power of TVC as a prognostic marker in
core biopsy.

TVC and MVD, closely correlating variables, have
been discussed as a promising prognostic marker of
clinical recurrence or PSA recurrence after radical
prostatectomy by several authors. Silberman re-
ported that MVD was an independent significant
predictor of progression after radical prostatectomy

PSA-free survival

o 20 40 B0 80 100 120
Time (month)

Figure 1. Kaplan-meier analysis of time to PSA-relapse in relation
with different quartiles of TVC in core biopsy. Patients with
highest TVC are in first quartile. The PSA-free survival rate were
17% in First quartile B, 46% in second quartile O, 54% in Third
quartile A and 67% in Forth quartile @ (P =0.020).
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Figure 2. The relationship between MVD in preoperative core
biopsy and postoperative prostate specimen. Correlation coeffi-
cient of 0.41 was found (P =0.003).

in PC with a Gleason sum of 5 — 7 [13]. In
moderately differentiated PC, MVD assessed by
Factor VIII-related antigen, was the only statistically
significant predictor of clinical recurrence after
radical prostatectomy in a univariate analysis and
in a Cox’ analysis MVD remained as an independent
predictor of biochemical recurrence [23]. Other
investigators could not find such a relationship
[24,11,25].

Rubin et al. investigated the intraobserver relia-
bility for MVD counting and the conclusion was that
MVD counting could be reproduced by a single
observer (reliability coefficient 0.82). In the same
study MVD assessed by anti-CD31 staining in the
radical prostatectomy specimen had no predictive
value for PSA failure in men with clinically localized
PC [12].

There are few studies of MVD and TVC assess-
ments in core biopsies. In 1996 Bostwik et al.
reported that MVD measured by so called optimized
microvessel density significantly increased the ability
to predict extraprostatic extension of cancer preo-
peratively when combined with Gleason score and
serum PSA concentration [26].

An important quality of a prognostic marker is a
consistent concordance between the sample (the
biopsy) and the source (the prostatectomy speci-
men). The measurement of TVC and MVD in core
biopsy may be difficult to assess correctly because of
the limited amount of tissue present. The imperfect
accuracy in the correlation between TVC in the
biopsy and the radical prostatectomy specimen
prompts prudent interpretation of the results. In

Figure 3. a. Area of prostate cancer with clearly identifiable
microvessels (400x). b. Detail of another viewfield showing many
small microvessels (1000x). Bar denote 10 micrometer. Immu-
nostaining with anti CD34.

fact the same problem exists even with Gleason score
evaluation, especially in patients with small amount
of tumour in biopsies [27].

Despite the difficulties in the assessment of TVC
in core biopsy and intermediary correlation between
core biopsy and prostatectomy specimen, the uni-
variate analysis displayed that TVC in core biopsy is
a predictor of PSA recurrence after radical prosta-
tectomy in the present study. In the Kaplan-Meier
diagram there is a chronological order of the number
of patients with PSA recurrence according to MVD
quartiles. The patients in the highest TVC quartile
had PSA recurrence of 67% compared to 17% in the
lowest TVC quartile (Figure 1). The result of the
present explorative study confirms the previous
finding of other authors concerning the correlation
between MVD/TVC and the aggressiveness of the
prostate cancer.

To profoundly investigate the value of TVC/MVD
as an independent prognostic marker of PSA
recurrence after radical prostatectomy a multivariate
analysis including the traditional prognostic markers
(PSA, Gleason score, T-stage) is mandatory. There
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are studies in which authors could recognize
MVD as a powerful prognostic marker in an
univariate analysis but in the multivariate analysis
the MVD was not a significant predictor of recur-
rence/disease free survival [24,25]. We performed a
multivariate analysis and could not find that the
TVC was a statistically significant predictor. How-
ever due to few patients in this explorative study, the
significance of the multivariate analysis result is of
limited value.

In future, the optimizing of accuracy of MVD/
TVC assessment as well as increasing -the concor-
dance between core biopsy and radical prostatect-
omy specimen might be achievable by increasing the
number of biopsies, which could result in increasing
amount of tumor tissue for histopathological diag-
nosis and quantitative microvessel assessment. One
may also have to analyze whether the slower fixation
of the cancer tissue in operation specimens as
compared with in core biopsies differently affects
the expression of endothelial cell epitopes for anti-
CD34 or any other immunohistochemical endothe-
lial cell marker.

Conclusion

Tumour vascularity assessment by Chalkley count-
ing (TVC) in core biopsy of PC is a significant
prognostic marker of PSA recurrence after radical
prostatectomy in univariate analysis in the present
study. Future prospective studies including multi-
variate analysis of the traditional prognostic markers
are needed to fully evaluate the role of TVC in
preoperative core biopsy specimens as an indepen-
dent prognostic marker of PSA-relapse after prosta-
tectomy in patients with PC.
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