Eur Urol. 1997;32 Suppl 3:15-23. Related Articles, Links

AL

Prostate cancer: indicators of aggressiveness.
Sakr WA, Grignon DJ.

Department of Pathology, Harper Hospital, Karmanos Cancer Institute, Detroit, MI
48201, USA.

In spite of the slow progression rates common to most prostate cancers, it is well
recognized that a subset of patients will experience a more aggressive course with
many losing their lives to this malignancy. As the number of patients diagnosed with
prostate cancer continues to increase, there is a growing pressure to refine and
supplement the three most important prognostic parameters for this disease (tumor
pathologic stage, its histologic differentiation (Gleason score) and the level of prostate
specific antigen). While this review emphasizes the value of these factors in stratifying
patients into risk groups, it also explores the prognostic significance of additional
commonly used and evolving non-traditional markers (DNA ploidy, proliferation,
tumor angiogenesis, and the status of tumor suppressor genes).
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In spite of the slow progression rates common to most prostate cancers, it is
well recognized that a subset of patients will experience a more aggressive
course with many losing their lives to this malignancy. As the number of
patients diagnosed with prostate cancer continues to increase, there is a grow-
ing pressure to refine and supplement the three most important prognostic

parameters for this disease (tumor pathologic stage, its histologic differentia-
tion (Gleason score) and the level of prostate specific antigen). While this
review emphasizes the value of these factors in stratifying patients into risk
groups, it also explores the prognostic significance of additional commonly
used and evolving non-traditional markers (DNA ploidy, proliferation, tumor
angiogenesis, and the status of tumor suppressor genes).
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Introduction

The following is an attempt to summarize our current
understanding of the value of traditional parameters and
‘biomarkers’ in assessing the biological potential (aggres-
siveness) of prostatic carcinoma. Clinical and pathologic
stage, histologic grade (Gleason score) and serum pros-
tate-specific antigen (PSA) with its ‘molecular variants’
remain the most powerful prognosticators of prostate can-
cer. While these factors individually or in different combi-
nations have a good ability to predict organ-confined and
therefore potentially curable prostate cancer, it is becom-
ing increasingly clear that thereisa growing need for addi-
tional prognostic markers that can supplement and refine

the prognostic value of the traditional parameters. This is
true not only in terms of predicting organ confinement,
but also for assessing the biologic potential of this disease
and in providing better insight into the management of
the individual patient with newly diagnosed prostate can-
cer. It is important to point out that most of the molecular
biomarkers have been investigated in tissue samples from
radical prostatectomy specimens with attempts to corre-
late the results with biochemical recurrence reflected usu-
sally by rising PSA following surgery. In recent years,
however, there has been growing literature attempting to
‘move’ these marker studies to the diagnostic biopsy sam-
ples in order to help predict pathologic stage and treat-
ment approaches. We will start with the traditional pa-
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rameters, stage and grade, and since PSA is dealt with
elsewhere in this issue, we will not include it in this sum-
mary.

Pathologic Stage

Pathologic stage remains the most powerful predictor
of tumor behavior and patient outcome [1-3]. Prostate
cancer patients’ chances of cure and survival sharply
decrease as the pathologic stage changes from organ-con-
fined disease to extension at the surgical margins, penetra-
tion into extraprostatic tissue, definitive invasion of the
seminal vesicles and finally to cancers with local and
worse, distant metastases.

Several issues with regard to the recently widely ac-
cepted TNM staging system are worth mentioning. Clin-
ical stages Tla, T1b, Tlc and T2a have no pathologic
correlate in the radical prostatectomy specimen [4]. For
T2 cancers, the value of classifying this category into a

1, T2b and T2c is not apparent. There are no data to
indicate that for pathologically organ-confined prostate
cancer these subcategories influence biochemical recur-
rence as evaluated by PSA failure. The T3 category is
perhaps the one that needs the most clarification. While
T3a and T3b characterize a unilateral and a bilateral
extraprostatic extension, respectively, we and others
have shown that more important than documenting bi-
laterality of extraprostatic extension is the quantitation
of the amount of tumor outside the gland [4]. It is also
important to clarify the ‘positive surgical margin’ phe-
nomenon in the radical prostatectomy specimen (a con-
cept that is not incorporated into the TNM staging sys-
tem). At least three different categories of positive mar-
gins can be recognized:

(a) Tumor extending to the inked margin of resection
of a seemingly intact and well-preserved anatomical
boundary of the prostate. The tumor follows the ‘curve’ of
¢ organ with a smooth rounded contour that reaches the
ink. Previous reports have indicated that patients in this
category show similar recurrence rates to those with
organ-confined tumors [3].

(b) Tumor that extends to an irregular, shattered or to a
sharp, straight inked margin indicating a surgical tech-
nique-induced positive margin. This category is often
encountered in the areas of the prostatic apex and/or in
procedures aiming at preserving the neurovascular bun-
dle.

(c) A tumor that shows definitive extraprostatic exten-
sion to the inked margin of the fat/soft tissue pad sur-
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rounding the gland. This category is clearly a stage T3
cancer.

These considerations should be borne in mind when
older series dealing with the impact of pathological stag-
ing of prostatic carcinoma on progression and survival are
evaluated. In addition, these concerns are essential when
tissue sampling techniques and reporting standards in-
cluding certain prognostic parameters for prostate cancer
samples — particularly radical prostatectomy specimens —
are recommended.

This refined pathologic staging correlates directly with
biochemical failure. Patients with tumor involving the
surgical margins but without documented extraprostatic
extension experience PSA failure rates situated between
those of patients with confined tumors and those with
extraprostatic disease. Moreover, we have also found that
‘quantitation’ of positive surgical margins and extrapros-
tatic extension correlates with the PSA failure rates fol-
lowing radical prostatectomy: patients with limited in-
volvement of the surgical margins (we defined a cutoff
point of 8 mm) suffered PSA failure rates that were signif-
icantly lower than those with a longer collective length of
surgical margin positivity. Similarly, patients with only 2
or less high power microscopic fields of extraprostatic
tumor, which we defined as focal, experienced PSA fail-
ure rates similar to those with pathologically organ-con-
fined disease, while those with more extensive tumor out-
side the gland, defined as nonfocal according to the above
criteria, experienced significantly higher failure rates
[5-71.

Segregating the T3c category is important since the
prognosis of patients with prostate cancer that invaded
the muscularis of the seminal vesicle is significantly worse
than that of T3a or T3b patients [8].

Differentiation ‘Histologic Grade’

Adenocarcinoma of the prostate is a tumor which is
characterized by a remarkable heterogeneity in terms of
its histologic differentiation, microscopic growth patterns
and biological aggressiveness. Most prostatic cancers are
multifocal with significant variations in tumor grade be-
tween anatomically separate tumor foci and perhaps more
interestingly, within the same tumor nodule. It is indeed
not unusual to identify neoplastic components with a
spectrum of histologic differentiation in close microscop-
ic proximity [9]. These properties can result in significant
sampling errors when the histologic grade of prostate can-
cer is established from limited tissue specimens (usually
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needle core biopsies). Since the Gleason grading system
has enjoyed uniform acceptance by physicians diagnosing
and treating prostate cancer in recent years [10-13], the
question has been raised as to how well the Gleason score
of the biopsy correlates with that of the radical prostatec-
tomy specimen. Several studies have investigated this
issue in recent years. In one study, Bostwick [14] evaluat-
ed over 300 biopsies with the matching radical prostatec-
tomy specimens, and found that the grades of the two
samples were highly correlated but with a tendency for the
radical specimen to harbor a higher Gleason score partic-
ularly when the biopsies were in the well to moderately
differentiated range (score 4-6). Catalona et al. [15] corre-
lated the histologic tumor grade in the needle biopsy and
the subsequent radical prostatectomy specimen in 66 con-
secutive patients and found that the biopsies showed a
lower, a correct and a higher grade in 33, 59 and 8%,
respectively. Gleason [16] attributed these discrepancies
to sampling errors and to the fact that, when evaluating
needle biopsies harboring small amounts of tumor, some
pathologists tend not to acknowledge the minor compo-
nent of the higher grade cancer, particularly grade-4 carci-
noma. Perhaps the key concept integral to the Gleason
system is the ‘quantitation’ of the neoplastic components
of prostatic carcinoma. Therefore, the ‘lumping’ of grades
into three categories of well, moderately, and poorly dif-
ferentiated carcinomas corresponding to histologic scores
2-4, 5-7 and 8-10 can be very misleading. The middle
group encompasses tumors with remarkably heteroge-
neous biological aggressiveness ranging from the low ma-
lignant potential of score 5 to the moderate course of score
6 and the higher level of malignant behavior expected for
score 7. Furthermore, we have demonstrated that even in
the single Gleason score of 7, the proportion of Gleason
grade-4 component in patients correlates significantly
with advanced pathologic stage, DNA aneuploidy, cellu-
lar proliferation and with a trend towards higher bio-
chemical recurrence rates [17].

In conclusion, while the Gleason grading system can be
somewhat handicapped by limitations of reproducibility,
sampling errors and the inherent histologic heterogeneity
of prostatic adenocarcinoma, it remains a powerful pa-
rameter in the assessment of patients with this disease.
Moreover, when the Gleason score of the biopsy is com-
bined with other pre-operative parameters such as serum
PSA levels and clinical stage, the ability to predict the
pathological stage and therefore to help determine treat-
ment options for the individual patient can be greatly
enhanced [18].

Prostate Cancer: Indicators of
Aggressiveness

Tumor Volume

There are conflicting reports with respect to the inde-
pendent value of determining tumor volume for prostate
cancer. At this point it is not clear whether this parameter
adds significant prognostic information to that furnished
by pathologic stage and tumor grade [19-21].

Nontraditional Parameters

Although an array of biologic markers have become
widely available and some have been extensively used
lately, the practical utility of most ‘nontraditional’ prog-
nostic markers in the management of prostate cancer
patients still needs to be proven. Despite the widespread
availability and application of many biologic markers,
little information is available to allow for the logical appli-
cation of these in the daily practice. This status has not
substantially changed since the 1994 conference spon-
sored by the College of American Pathologists, which
resulted in guidelines for the critical evaluation of these
markers [22]. Furthermore, the recommendations of that
conference were largely adopted at a consensus confer-
ence supported by the American Cancer Society, the
American Urological Association and the National Can-
cer Institute among others [23]. The criteria proposed by
the College of American Pathologists for the evaluation of
prognostic markers stressed the following three parame-
ters: clinical importance; independence of known prog-
nostic markers, and significance. Additionally the recom-
mendations classified prognostic markers into three cate-
gories: (I) parameters that are well supported by the litera-
ture, tested in phase-III trials, generally used in patient
management; (II) parameters that have been extensively
studied biologically or clinically (a) tested in clinical trials
and (b) biologic correlative studies done, few outcome
studies, and (III) parameters that currently do not meet
criteria for categories I or II.

When all the available traditional and nontraditional
markers were reviewed, pathologic stage and histologic
grade were the only two parameters that fulfilled the crite-
ria.

Finally, it may be relevant to emphasize a few points
from an important review by Simon and Altman [24].
This paper addressed the statistical analysis of prognostic
marker studies which the authors classified along similar
lines as clinical trials (phases I, II and III). According to
this system, the vast majority of prognostic marker stud-
ies in prostate cancer have been of the phase I and II
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types. Most are retrospective introducing significant
problems with missing data points. The assumption that
missing data are random is almost always incorrect. The
frequent incompleteness of data on other parameters of
potential significance is another major limiting factor.
Prospective studies have major advantages in addressing
these concerns. Another problem relates to the stratifica-
tion of patients according to continuous variables such as
a proliferation index. This is typically done by dividing
cases into below and above the median. However, this
assumes that exactly one half of the patients are at high
risk and one half at low risk for failure — an assumption of
limited biologic validity. Additonally, the order by which
prognostic factors are ‘entered’ using logistic regression
statistics (e.g. Cox analysis) can influence the results gen-
erated. Finally, the number of cases required is dependent
on several factors including the number of known signifi-
cant variables, the number of categories for each variable,
the number of events (failures), the prevalence of the
marker in the population and the power of the marker

slative risk). After this rather cautionary introduction
we will discuss selected, more commonly used biomark-
ers.

Tumor DNA Content (DNA Ploidy)

Perhaps more than any other technique, tumor DNA
ploidy status in prostate cancer has been the subject of
numerous studies and reports. Many studies have indi-
cated that DNA aneuploidy correlates with progression,
metastasis and poor survival. Some studies suggested that
this correlation was independent of tumor grade and stage
[25]. The value of DNA ploidy in stage T2 prostate cancer
was studied primarily in tumor samples from radical
prostatectomy specimens. Since more than 90% of patho-
logic stage T2 patients enjoy a 10-year disease-specific
survival following radical prostatectomy with relatively

:w patients dying of disease, it may be difficult for any
“marker to prove to be significant. Our experience with
this group indicates that Gleason score and possibly pre-
operative PSA levels remain the more important prognos-
tic factors for patients with organ-confined tumors [25-
27]. In patients with pathologic stage T3 disease DNA
ploidy appears to provide significant prognostic informa-
tion. It is, however, not clear at this point whether this
parameter will be independent of accurate pathologic
staging and/or preoperative PSA levels. Of particular
interest regarding ploidy in this stage, on the other hand,
are the reports indicating that DNA ploidy can predict the

18 Eur Urol 1997;32(suppl 3):15-23

response to hormonal therapy and that diploid T3 cancers
respond better to this treatment modality [28]. Finally,
the few available studies dealing with the value of ploidy
in metastatic prostate cancer have not been consistent
with at least two reports showing contradictory results
[29, 30].

In the most recent few years, there has been a tremen-
dous push to perform DNA ploidy analysis on needle
biopsies with the implication that the results could be uti-
lized to influence treatment decisions [31, 32]. Not unlike
the issue with grading, biopsies are handicapped by lim-
ited, potentially underrepresentative sampling in associa-
tion with the intratumoral heterogeneity of the DNA con-
tent in prostate cancer. Some studies have demonstrated a
relatively good correlation between DNA ploidy status on
needle biopsy specimens and the results obtained from
the subsequent radical prostatectomy specimen. Konchu-
ba et al. [33] agitated fresh needle biopsy specimens in
saline and demonstrated that cases with >22% hyperdi-
ploid cells correlated with high pre-operative PSA levels
but not with clinical stage or grade. Ross et al. [34] evalu-
ated needle biopsies by image analysis in patients un-
dergoing radical prostatectomy and found that DNA
aneuploidy correlated with higher pathologic stage, PSA
failure and metastases (in this study grade did not corre-
late with any of these!). Centano et al. [35] studied needle
biopsies from patients with clinically localized prostate
cancer treated with radiation therapy and found no corre-
lation between ploidy and survival. In contrast, Pollack et
al. [36] studied a similar patient group treated by radia-
tion therapy and found DNA ploidy to be an independent
predictor for survival. Van den Ouden et al. [37] evaluat-
ed needle biopsy specimens in patients with lymph node
metastases and found that aneuploid tumors progressed
more rapidly than diploid or tetraploid cases. Finally, Jor-
gensen et al. [38] studied DNA ploidy on needle biopsies
of patients with bone metastases and found no correlation
between ploidy and time to progression and death.

Considering these data collectively, there has been
little progress in this regard since the international DNA
Cytometry Consensus Conference which reviewed the lit-
erature in 1993, and concluded that the clinical signifi-
cance and biologic basis of DNA ploidy needed further
investigation [39]. On a technical note, while determina-
tion of DNA ploidy by flow cytometry has been standard-
ized, the methodology for the more widely used DNA
determination technique by image analysis on needle
biopsies is still in need of standardized methodologies,
quality assurance and quality control procedures.

Sakr/Grignon




e e

Our data based on flow cytometric analysis of close to
500 fresh prostate cancers from radical prostatectomy
specimens performed at Harper Hospital showed that
while overall aneuploidy predicted higher PSA failure
rates following radical prostatectomy, there was no corre-
lation between aneuploidy and PSA failure when con-
trolled for stage in any of the individual stage categories
[40].

In conclusion, DNA ploidy analysis has good potential
as a prognostic marker, but technical issues need to be
resolved and proof of an independent value added to stage
and grade is required. Currently, the most applicable use
of this technology appears to be in radical prostatectomy
specimens from patients with pathological stage T3 pros-
tate cancer.

Nuclear Morphometry

Measurement of nuclear roundness and other nuclear
morphometric features have been reported to provide
prognostic data in prostate cancer. Difficulties with meth-
odology relevant to tissue handling, user dependency,
standardization of automated and computerized equip-
ment, quality assurance controls and reproducibility of
results all remain major concerns in this area [41-45].

Tumor Proliferative Activity

The different techniques used to assess nuclear prolif-
eration (flow cytometry, immunostaining for proliferating
cell nuclear antigen and Ki-67 or bromodeoxyuridine
labeling) have repeatedly shown a low level of prolifera-
tion in most prostate cancers. With notable exceptions,
most studies that have addressed the prognostic impor-
tance of proliferation in prostate cancer have failed to
demonstrate a significant correlation between this param-
eter and outcome. Our group and others have shown that
higher proliferative indices correlate with higher grade
and more advanced stage but did not influence outcome
when stage and grade were controlled for [40]. Overall,
there have been relatively few studies done to assess the
prognostic value of proliferation markers in this tumor
system. Within specific components of tumor grading,
Schroeder et al. [46] demonstrated the presence of mitoses
to be significant. Few flow cytometric studies have pro-
vided data on the significance of S-phase fraction analyses
as a prognostic marker and, in only one was a prognostic
significance indicated. Studies using immunostaining for

Prostate Cancer: Indicators of
Aggressiveness

proliferating cell nuclear antigen and Ki-67 or bromo-
deoxyuridine labeling involved small numbers of patients
and have generally shown a correlation between higher
proliferative activity and more advanced stage and higher
tumor grade. The outcome component of these results
remains inconsistent [47-50].

Apoptosis

The apoptotic index (assessed usually by immunobhis-
tochemical staining for the bcl-2 oncogene, an inhibitor of
apoptosis) has been reported to be an important factor for
both prognosis and response to therapy of prostate can-
cer. The bcl-2 gene is located on chromosome 18 and
functions to prevent apoptosis [51]. While normal human
prostatic secretory cells do not express this protein, hor-
mone refractory prostate cancer tissue derived from hor-
mone-treated patients show strong bcl-2 expression. This
suggests that the increased expression of this protein pro-
vides prostate cancer cells with the ability to survive with-
out the hormonal milieu [52, 53]. In vitro experiments
indicate that the elevated expression of bcl-2 oncoprotein
enables the normally androgen-sensitive LNCaP prostate
cancer cell line to survive in an androgen-depleted envi-
ronment. Therefore there are in vitro and in vivo prelimi-
nary data to suggest that overexpression of bcl-2 corre-
lates with resistance to hormone therapy [54, 55]. These
results are promising and they may have future implica-
tions for the selection of therapy for prostate cancer
patients.

Tumor-Suppressor Genes

Tumor-suppressor genes are important markers of
neoplastic transformation. Considering that these genes
are responsible for the negative regulation of cellular pro-
liferation by maintaining apoptosis, their inactivation
should result, at least in theory, in uncontrolled prolifera-
tion, which is a crucial step in the complex process of car-
cinogenesis. Although several known tumor-suppressor
genes have been studied in prostate cancer, to date only
pS53 and to a lesser extent the retinoblastoma (Rb) gene
have been studied in sufficient clinical material to war-
rant further discussion.

ps53
This gene is located at 17p13 and encodes for a 53-kD
cellular protein. It is the most frequently studied suppres-

Eur Urol 1997;32(suppl 3):15-23 19



sor gene in human neoplasia. It is thought to induce cell
arrest in the G1 phase of the cycle and to be responsible
for the initiation of apoptosis.

Mutations of the naturally present wild-type p53 per-
mit cells with altered genomic composition to maintain
proliferation which in turn can result in the acquisition of
additional genetic abnormalities. Since the mutated p53
protein persists in the cytoplasm of affected cells, it is rela-
tively easily detected using immunohistochemistry [56—
58]. Several studies have shown p53 mutations to be rela-
tively infrequent in prostate cancer in general but to be
much more frequent in advanced and high-grade tumors
[59, 60]. This has suggested that p53 abnormalities indi-
cate an aggressive subset of prostate cancers. Results
reported to date have not been uniform [61, 62]. A recent
report has indicated that p53 expression may be used to
predict response to neoadjuvant total androgen blockade
prior to radiation therapy [63]. The clinical utility of these
determinations remains to be proven. In addition consid-
srable technical work remains to be performed as to the

—pest methodology to evaluate these abnormalities and as
to-how results should be interpreted.

Retinoblastoma Gene

This gene is situated on the short arm of chromosome
13. It is associated with the development of Rb in the
immature retina (mutated gene is present in all clinical
cases of this malignancy). Since this is an autosomal reces-
sive gene, it requires either somatic or germ line mutation
of both alleles. Rb mutations have been reported in osteo-
sarcoma, soft-tissue sarcomas, lung, breast and bladder
cancers. Meikle and Stanish [64] demonstrated Rb allelic
loss in 27% of prostate tumors studied. However, Sarkar
et al. [65] could neither detect a single short mRNA trans-
cript in 7 cases examined nor demonstrate Rb promoter
alterations in any of the 24 cases evaluated for this abnor-
mality. These conflicting results clearly indicate the need
‘or further studies in this area.

Detection of Circulating Tumor Cells in Serum

The first study describing the detection of circulating
PSA-producing cells in the serum using a polymerase
chain reaction (PCR) technique in prostate cancer pa-
tients [66] provoked tremendous interest. It was subse-
quently followed by several studies with similar design
but, unfortunately, with conflicting results [67, 68]. Israeli
et al. [67] used reverse transcriptase (RT)-PCR to detect
both prostate-specific membrane antigen and PSA. These

20 Eur Urol 1997;32(suppl 3):15-23

authors reported a detection rate of 72% in patients with
pathologically organ-confined disease (pT2). Considering
that this group of patients has a favorable outcome and an
estimated cancer recurrence rate of less than 10%, the
interpretation and significance of these results become
very difficult. The methodology and technical issues are
essential components of this approach. Finally, since it
has recently been reported that production of PSA mRNA
as detected by RT-PCR can be encountered in cells that
are not of prostatic origin, there are even greater difficul-
ties with applying this technique to routine use at this
time [69].

HER-2/neu (c-erbB-2) Oncogene and Growth
Factors

A limited number of studies have investigated the role
and significance of the HER-2/neu oncogene and various
growth factors in prostate cancer. Some have yielded con-
tradictory results. This is likely related to significant dif-
ferences in the sensitivity and specificity of the many
available antibodies. Although biologically these are of
considerable interest, clinical data are scant and contra-
dictory [70-74].

Tumor Angiogenesis

In the last few years, tumor angiogenesis has become a
topic of great interest in several solid tumors including
prostate cancer. Recent data have clearly suggested that
the assessment of angiogenesis in prostate cancer may
have significant prognostic relevance [75-79].

Neuroendocrine Differentiation

Prostate cancers have been shown to contain variable
proportions of neuroendocrine cells. With only rare ex-
ceptions, most studies have reported that this component
does not have an impact on prognosis [80-83].

Allelic Loss and Cytogenetic Analysis

Allelic loss is found with high frequency in prostatic
adenocarcinoma. Collective reports from multiple au-
thors indicate a more than 50% loss of heterozygosity
for chromosomal loci on 8p, 10q, and 16q and even the Y
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chromosome [84-90]. The high frequency by which ab-
normalities in the 8p region are reported indicates the
potential presence of a tumor-suppressor gene(s). Allelic
loss appears to be more common in less differentiated,
more advanced tumors [91]. While an increasing number

of cytogenetic studies in prostate cancer continue to be
published, their contribution at this stage is to gain further
understanding of the biology of this disease. Currently
there is no practical clincial use for the results of these
studies.
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