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Clinical significance of p53 alterations
in surgically treated prostate cancers
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Despite the high number of previous studies, the role of p53 alterations in prostate cancer is not clearly defined.
To address the role of p53 alterations in prostate cancer biology, a total of 2514 cancers treated by radical
prostatectomy were successfully analyzed by immunohistochemistry in a tissue microarray format. Overall a
low rate of p53-positive tumors was found (2.5%). A significant underestimation of p53-positive cases was
excluded by subsequent large section analyses and direct sequencing of the p53 gene in subsets of our
patients. Large section analysis of 23 cases considered negative on the tissue microarray yielded only one
weakly p53-positive tumor. Only 4 out of 64 (6.4%) high-grade tumors, that were considered negative for p53
by immunohistochemistry, presented exon 5-8 mutations. These data suggest a high sensitivity of our
immunohistochemistry approach and confirm the overall low frequency of p53 alterations in clinically localized
prostate cancer. A positive p53 immunostaining was strongly associated with presence of exon 5-8 mutations
(P<0.0001), advanced pT-stage (P<0.0001), high Gleason grade (P<0.0001), positive surgical margins
(P=0.03) and early biochemical tumor recurrence (P<0.0001). A higher rate of positive p53 immunostaining
was detected in late-stage diseases including metastatic prostate cancer (P=0.0152) and hormone-refractory
tumors (P=0.0003). Moreover, p53 expression was identified as an independent predictor of biochemical tumor
recurrence in the subgroup of low- and intermediate-grade cancers. In summary, the results of this study show
that p53 mutations characterize a small biologically aggressive subgroup of prostate cancers with a high risk
of progression after prostatectomy. The rate of p53 alterations increases with prostate cancer progression.
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Inactivation of the p53 tumor suppressor is one of
the most frequent genetic alterations in malignant
tumors. p53 inactivation derails cellular programs
inducing apoptosis in DNA damaged cells and
consequently enables tumor progression through
acquisition of additional genetic changes.” In most
cases, p53 inactivation is partly due to an inactivat-
ing mutation of one p53 allele. As many of these
mutations lead to a prolonged half-life of p53
protein, immunohistochemistry is commonly used
to detect p53-inactivated cancers. A high number of
immunohistochemistry studies have been con-
ducted to investigate the role of p53 inactivation in
various cancer types. Several of them suggested a
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link between nuclear p53 protein accumulation and
poor prognosis. However, these results were not
confirmed by other studies.? For this reason, p53
testing has not become a routine procedure in the
evaluation of any of these tumors.? In prostate
cancer, the clinical relevance of p53 alterations is
unclear. p53 alterations were analyzed in almost
1000 studies. Most of them suggest that immuno-
histochemical p53 positivity increases with high
grade, advanced stage and peripheral zone origin.*”
Some studies have suggested that nuclear p53
accumulation may correlate with poor prognosis
after radical prostatectomy,®® external beam radia-
tion," and watchful waiting™* but these data were
not confirmed in other studies.’>** Perhaps some of
these discordances were caused by the relatively
small number of patients included in these studies
ranging from 24-392 patients.®*®

Despite the high number of previous studies, the
role of p53 alterations in prostate cancer and other
malignancies is not clearly defined. The range of
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p53-positive prostate cancers reported in the litera-
ture ranges from 4 to 61%.%'® Some of these
discrepancies could theoretically be attributed to
differences in the examined cohorts with variable
fractions of high-risk tumors. It seems more likely,
however, that most controversial p53 immunohisto-
chemistry results are caused by technical issues such
as the selected reagents and protocols. Considering
that p53 protein is physiologically expressed in
activated cell nuclei, a too sensitive detection system
can easily identify positive p53 staining in cancers or
normal tissues without p53 mutations.

In order to clarify epidemiology and prognostic
significance of p53 alterations in prostate cancer we
conducted a large-scale study involving more than
2500 prostate cancers homogeneously treated in our
center. A tissue microarray format was utilized
allowing the simultaneous immunohistochemical
analysis of all tumors in one day with one set of
reagents thus enabling maximal experimental stan-
dardization. The utilized immunohistochemistry
protocol was validated by comparative sequencing
of the p53 gene in more than 100 cases. The results
reveal that p53 alterations are infrequent in primary
prostate cancer but have high prognostic relevance.

Materials and methods

Patients

Radical prostatectomy specimens were available
from 3261 patients, treated at the Department of
Urology, University Medical Center, Hamburg-
Eppendorf between 1992 and 2005 (Table 1).
Follow-up data were available for 2385 patients,
ranging from 1 to 144 months (mean, 34 months).
None of the patients received adjuvant therapy.
Additional (salvage) therapy was only initiated in
case of a biochemical relapse. All prostatectomy
specimens were analyzed according to a standard
procedure. All prostates were completely paraffin-
embedded, including whole-mount sections as
previously described.® All hematoxylin and eosin-
stained histological sections from all prostatectomy
specimens were reviewed for the purpose of this
study and the index tumors, as defined by the
largest tumor focus and/or the focus with the worst
Gleason pattern, were marked on the slides. One
0.6 mm tissue core was punched out from the index
tumors of each case, and transferred in a tissue
microarray format as described.’” The 3261 cores
were distributed among seven tissue microarray
blocks, each containing 129-522 tumor samples.
Each tissue microarray block also contained various
control tissues including normal prostate tissue,
other normal tissues and a set of tumor tissues
including several colon and breast cancers with
abnormal p53 status (positive controls for immuno-
histochemistry). In addition, 37 lymph node
metastases and 35 hormone-refractory cancers were
analyzed on a separate prognosis-tissue microarray.
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Table 1 Clinical and pathologic characteristics and biochemical
recurrence (BCR) of 3261 patients

Characteristics No. of patients (%)
Study cohort BCR among
on TMA categories
(n=3261) (n=2385)
Follow-up (month)
Mean 34.9 —
Median 30.5 —
Age (yvears)
<50 83 13 (15.79)
50-60 998 157 (15.7)
60-70 1807 315 (17.4)
>70 175 46 (26.3)
Pretreatment PSA (ng/ml)
<4 513 48 (9.4)
4-10 1673 200 (12.0)
10-20 641 163 (25.4)
>20 225 113 (50.2)
Pathologic stage
pT2a 298 12 (4.0)
pT2b 1077 95 (8.8)
pT2c 705 22 (3.1)
pT3a 609 171 (28.1)
pT3b 372 200 (53.8)
pT4 42 38 (90.5)
Pathologic Gleason grade
<3+3 1426 66 (4.6)
3+4 1311 263 (20.1)
4+3 313 172 (55.0)
>4+4 55 37 (67.3)
Pathologic lymph node
stage
pNoO 1544 369 (23.9)
pN>0 96 73 (76.0)
pNx 1457 94 (6.5)
Surgical margin
Negative 2475 328 (13.3)
Positive 627 209 (33.3)

Numbers do not always add up to 3261 in the different categories
because of cases with missing data.

Hormone-refractory prostate cancer was defined as
serum castration levels of testosterone, three con-
secutive rises of the prostatic specific antigene
(PSA) resulting in two 50% increases over the nadir,
anti-androgen withdrawal for at least 4 weeks, PSA
progression despite secondary hormonal mani-
pulations, or progression of osseous or soft
tissue lesions." To address the role of the potential
impact of tumor heterogeneity, 28 selected tumors
(5 positive, 23 negative) were additionally analyzed
on large sections.

Immunohistochemistry

Freshly cut tissue microarray sections were ana-
lyzed in one day in one experiment for each
antibody. Slides were immunostained for low



molecular weight cytokeratins to assure presence of
cancer cells in the tissue microarray spots. For this
purpose, the antibody 34BE12 (clone MA903; Dako;
1:12.5) was used for basal cell detection after boiling
the sections in an autoclave in citrate buffer, pH 7.8.
The antibody DO1 (Oncogene; 1:3600) was used for
p53 protein detection at identical pretreatment
conditions. The Envision system (DAKO) was used
for both antibodies to visualize the immunostain-
ings. Colon cancers with known p53 alterations
served as positive controls and normal prostate
tissue as negative controls on each tissue microarray
section. Only tissue samples with distinct loss of
basal cells (proven prostate cancers) were used for
p53 analysis. In these samples, p53 positivity was
assumed if more than 1% of tumor cells showed
unequivocal nuclear staining. For comparison be-
tween p53 mutations and p53 expression the
staining intensity was qualified in a 5-step scale
(0—4). To demonstrate the impact of immunohisto-
chemistry protocol modifications on p53 data in
prostate cancer, tissue microarray sections were also
analyzed using DO1 at a dilution of 1:20.

P53 Sequencing

All 62 cancers with detectable p53 expression and
63 p53 negative high-grade tumors (Gleason score:
>4+ 3) were sequenced for p53 exon 5-8 muta-
tions. In one p53-positive case, DNA was not
suitable for PCR amplification. DNA was extracted
from a separate tissue core taken from a tumor area
adjacent to the core used for tissue microarray
construction. The QIAamp DNA mini kit (Qiagen,
Hilden, Germany) was utilized according to the
manufacturer’s instructions. Isolated DNA (20-
300ng) were used as template for amplification of
the p53 exons 5-8 using the following primers
(given in 5 to 3’ direction}—exon 5 forward:
CACTTGTGCCCTGACTTTCAAC, exon 5 reverse:
CAACCAGCCCTGTCGTCTCTC  (product length
268 bp); exon 6 forward: TCCCCAGGCCTCTGATT
CCT, exon 6 reverse: CCTTAACCCCTCCTCCCAGA
(product length 190 bp); exon 7 forward: GCCTCAT
CTTGGGCCTGTGTTATC, exon 7 reverse: TCAGA
GGCAAGCAGAGGCTG (product length 203bp);
exon 8 forward: CTGATTTCCTTACTGCCTCTTGC,
exon 8 reverse: TCTCCTCCACCGCTTCTTGTC
q(product length 216 bp).

Amplification took place in 25 pl reactions with
50 cycles each of 10s at 95°C, 20 s at 55°C and 40s at
72°C. After ethanol precipitation of the PCR
products, the sequencing reactions in both direc-
tions were performed using the same primers
and the BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems, Weiterstadt, Germany).
Sequence analysis was carried out on an ABI PRISM
3100 genetic analyzer (Applied Biosystems). All
sequence variations were confirmed in a second
PCR-sequencing reaction.
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Statistics

Statistical calculations were performed with PRISM
2.01 software (GraphPad, San Diego, USA). Contingency
tables were calculated with the y>-test and Fisher’s exact
test. Survival curves were calculated by the Kaplan—
Meier method and compared with the Logrank test. Cox
regression was used to assess independence of pre-
operative parameters and p53 expression to predict PSA
recurrence after radical prostatectomy.

Technical Issues

Unequivocal prostate cancer was present in 2514 of
3261 arrayed tissue samples. Noninformative cases
were caused by missing spots on the tissue micro-
array (129; 4%) or absence of definite invasive
cancer tissue in the associated 34pE12 immunohisto-
chemistry (618; 19%). The latter spots contained
normal prostatic tissue, high-grade prostatic intra-
epithelial neoplasia, or stromal tissue only.

Results
p53 Immunohistochemistry

Using our standard p53 protocol (1:3600), a positive
p53 staining could be observed in 62 of 2514 cancers
(2.5%). Representative images are given in Figure 1.
p53 positivity was significantly more frequent
in non-organ-confined tumors (P<0.001) and in
tumors with higher Gleason grades (P<0.001) or
positive surgical margins (P=0.094; Table 2). On a
separate progression-tissue microarray the rate of
p53-positive cases was higher among 37 interpre-
table metastases (16.2%; P=0.0152 for metastases
vs primary tumors) and 35 hormone-refractory
cancers (25.7%, P=0.0003 for hormone-refractory
cancers vs primary tumors; Table 3). The relation-
ship with large section p53 immunostaining in 28
selected cases (5 positive on tissue microarray, 23
negative on tissue microarray) showed a concor-
dance of the data in 25 of 26 cases (96%). Only one
tissue microarray negative cancer showed a very
mild (20%/1 +) staining on the corresponding large
section. However, a clearly heterogeneous p53
immunostaining was found in two of the five
p53-positive large sections. An example is given in
Figure 1c. As expected, our modified ‘oversensitive’
p53 protocol (1:20 dilution of the antibody) yielded
completely different results. Here more than 90% of
all tissue microarray samples showed moderate to
strong p53 immunostaining (Figure 2).

P53 Sequence Analysis

Mutations were found in 29 of 63 analyzed p53-
positive tumors (46%) by immunohistochemistry.
These mutations most frequently occurred in exon 7
(11 cases) and exon 8 (9 cases). Remarkably, one
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Figure 1 Prostate cancer tissue microarray, representative spots: (a) p53 negative cancer; (b) p53-positive cancer; (c) heterogeneous p53

staining on large sections.

Table 2 Nuclear p53 accumulation (positive IHC) and tumor
phenotype

N p53 positive P-value
pT2 1521 16 (1.1%) <0.0001
pT3 827 39 (4.7%)
pT4 38 4 (10.5%)

Gleason <3+3 1006 9 (0.9%) <0.0001
Gleason 3+4 1064 23 (2.2%)

Gleason 4+3 269 23 (8.6%)

Gleason >4+4 48 5 (10.4%)

Margin negative 1876 41 (2.2%) 0.094
Margin positive 508 18 (3.5%)

tumor had mutations in both exons 7 and 8. All
mutations are described in Table 4. Most mutations
were missense mutations but there were also two
tumors with a frameshift caused by small deletions.
One of these tumors displayed a deletion of 33 base-
pairs (bp) in exon 7 and the other tumor had a 17 bp
deletion including 8bp from introns 7-8 and 9bp
from exon 8. Mutations were significantly less
frequent in the group of selected high-grade p53
negative (by immunohistochemistry) cancers. Here,
only 4 of 63 cases (6.4%) had detectable mutations
(P<0.0001 positive tumors vs negative high-grade
cancers). At least one of 4 detected mutations in the
immunohistochemistry-negative group resulted in a
stop codon and consecutively a truncated protein
(Table 4). Accordingly a ‘false’ negative immuno-
histochemistry result had to be expected in this
case. Another case in this group displayed a splice
mutation in the region at exon 6/introns 6-7. It
could be speculated that this mutation might have
led to a severely altered protein being undetectable
by immunohistochemistry, too.

Relationship with PSA Recurrence

A total of 2385 patients with follow-up data were
included into this analysis. The validity of the
clinical data attached to the arrayed tissue samples
is demonstrated in a first analysis comparing
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Table 3 Nuclear p53 accumulation (positive IHC) in lymph node
metastases and in hormone-refractory tumors compared to
primary cancers

N p53 positive P-value

Hormone-sensitive primary
cancer

pT2b 41 1 (2.4%)

pT3b 49 2 (4.1%)
Hormone-refractory primary 35 9 (25.7%) 0.0003
cancer
Lymph node metastases 37 6 (16.2%) 0.0152

standard clinicopathological parameters (Gleason
grade, pT-stage, preoperative PSA serum level,
presence of positive surgical margins) with PSA
recurrence. All expected associations were found at
a high level of statistical significance (P<0.0001
each; Figure 3). Likewise, p53 positivity was
significantly related to PSA recurrence. In the
p53-positive group, 47.5% of patients presented
a biochemical tumor recurrence, as defined by a
persisting or rising postoperative PSA (> 0.1 ng/ml).
In the p53 negative group, biochemical recurrence
was detected in only 23.3% of patients. This
difference was highly significant (P<0.0001;
Figure 4a). Most remarkably, there was no difference
in the clinical outcome between p53 immuno-
histochemistry positive tumors with and without
exon 5-8 mutations. A multivariate analysis
including preoperative PSA, pT-stage, Gleason grade
and surgical margin status demonstrated that p53
immunostaining was an independent predictor of
biochemical recurrence (Table 5). More importantly,
it could be demonstrated that p53 alteration is an
independent predictor of PSA recurrence in low- and
intermediate-grade cancer (Gleason <3+ 4; Figure 4b).

Discussion

Only 2.5% of primary prostate cancers were p53
positive by immunohistochemistry. This is lower
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Figure 2 p53 IHC results using an oversensitive immunohistochemistry protocol. (a) Strong staining. (b) Moderate staining.

Table 4 p53 mutations identified in 29 prostate cancers

Case no. Exon Codon Nucleotide substitution Mutation effect IHC result  Gleason score
4 7 and 8 245 and 276 GGC to AGC, GCC to GAC  GLY to SER, ALA to ASP 1 3+4
9 6 190 CCT to CTT PRO to LEU 1 3+2

10 7 237 ATG to ATA MET to ILE 1 343

11 8 282 CGG to TGG ARG to TRP 2 3+3

13 8 273 CGT to TGT ARG to CYS 1 4+3

14 5 175 CGC to CAC ARG to HIS 1 4+4

16 7 248 CGG to CAG ARG to GLN 1 4+3

17 7 234 TAC to CAC TYR to HIS 1 3+2

19 6 213 CGA to CTA ARG to LEU 3 5+4

21 8 277 TGT to TTT CYS to PHE 2 3+4

25 8 281 GAC to GAA ASP to GLU 3 4+3

26 7 246-256 33bp deletion 11AS deletion 3 4+4

27 5 163 TAC to TGC TYR to CYS 1 4+3

28 5 175 CGC to CAC ARG to HIS 1 3+4

29 7 246 ATG to ATT MET to ILE 2 3+4

30 8 273 CGT to TGT ARG to CYS 4 3+3

33 7 248 CGG to CAG ARG to GLN 3 3+3

38 8 Introns 7-8/261-264 17 bp deletion Splice mutation 3 4+5

50 7 248 CGG to CAG ARG to GLN 1 2+3

51 7 239 AAC to AGC ASN to SER 2 3+4

53 6 213 CGA to CAA ARG to GLN 2 3+4

54 8 275 TGT to TAT CYS to TYR 4 3+4

59 7 248 CGG to CTG ARG to LEU 4 4+3

61 7 248 CGG to CAG ARG to GLN 1 3+3

64 8 298 GAG to AAG GLU to LYS 2 3+4

69 6 Exon 6/introns 6-7 GAG gt to GAG tt Splice mutation 0 4+5

74 6 214 CAT to TAT HIS to TYR 0 4+4

75 6 213 CGA to TGA ARG to STOP 0 4+4

84 8 273 CGT to TGT ARG to CYS 0 4+4

than those in many previous immunohistochemistry
studies where the frequency of p53-positive cases
ranged up to 61%." It is noteworthy, that the low
frequency of p53 alterations detected in this study is
unlikely to be caused by a large fraction of false
negative results due to our tissue-microarray analy-
sis of only one 0.6 mm tissue sample per prostate

cancer. Our comparative large section analysis of 26
cases identified 2 cases with heterogeneous p53
positivity, however, these cases had been identified
as p53 positive on tissue microarray. There was only
1 case with mild p53 immunostaining (1+ in 20%
of cells) in 23 randomly selected negative cases from
the tissue microarray suggesting that we have not
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Figure 3 Influence of morphological features and p53 alterations on PSA recurrence. (a) Gleason grade. (b) pT category. (c) Preoperative

PSA. (d) Surgical margins.

missed a significant fraction of p53 altered cases
with our approach. Moreover, our sequencing effort
involving more than 100 cancers validated our
immunohistochemical approach. p53 mutations that
were not detected by our immunohistochemistry
procedure were only seen in 6.25% of sequenced
high-grade cancers (P<0.0001). That at least one of
them was probably not detectable by immunohis-
tochemistry due to truncated p53 proteins further
argues for the adequacy of our immunohistochem-
istry procedure. We therefore assume, that the true
number of p53-altered cancers was not markedly
underestimated for our patient cohort.

A high fraction of organ-confined tumors (pT2)
with only 1% p53 positivity in our patient cohort
may have contributed to the low overall frequency of
p53 alterations, but the increase in our pT3/pT4
group (5% p53 positivity) was not massive. The
results obtained with the same protocol on our
progression-tissue microarray including metastases
(16.2% positive) and hormone-refractory cancers
(25.7% positive) demonstrate, however, that the rate
of p53 alterations increases further in late stage
disease and higher degree of differentiation. Func-
tional studies also suggest a direct correlation of p53
mutations with the transition of prostate cancer
to metastatic and hormone-refractory disease.'®?°
Furthermore, p53 expression proved to be an
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independent predictor of PSA recurrence in the
clinically uncertain group of low- and intermediate-
grade cancers (Gleason <3+ 4; Figure 3a). These
results are in line with other large-scale studies,**
and particularly in this group of cancers a valid
biomarker is required to distinguish an aggressive
clinical course. However, the drawback of this is
that p53 alterations are very rare in low- and
intermediate-grade cancers and could therefore be
only helpful for a better stratification of a small
subset of patients. This will limit the impact of
p53 testing in the clinical routine.

Previous studies using prostate cancer tissue
microarrays had suggested the use of multiple cores
per cancer specimen.’” These recommendations
were based on a better concordance of large section
findings with tissue microarrays data, if 3—4 cores
were utilized per cancer as compared to the use of
only one sample. The results of our large-section
analysis do not support this notion. It is important to
understand, that the selected immunostaining pro-
tocol conditions are of such utmost importance for
the outcome of immunohistochemistry studies, that
the amount of analyzed tissue becomes a parameter
of secondary relevance.*® The results obtained with
a protocol that was deliberately designed to be
‘oversensitive’ clearly demonstrate that a high rate
of positive immunohistochemistry cannot therefore
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Figure 4 Influence of p53 immunohistochemistry on PSA
recurrence. (a) All prostate cancers. (b) Low- and intermediate-
grade cancer (Gleason <3+ 4).

automatically be viewed as an argument for good
representativity. A high rate of positive cases can
also reflect artificial ‘false’ positivity. It is also
possible that alterations of other proteins—such as
PTEN inactivation—can lead to a slight p53 protein
expression increase in some cases.?* Immunohisto-
chemical p53 mutation analysis is technically
challenging because overly sensitive assays can
detect physiological p53 expression and therefore
lead to false-positive results. The quality of p53
immunohistochemistry results can best be evaluated
by comparison with DNA sequencing or clinical
outcome data. In prostate cancer, there are no
previous tissue-microarray studies comparing
results obtained on 1-4 cores with DNA sequencing
or clinical outcome data. However, in a series of
>500 breast cancers, Torhorst et al*® showed strong
associations of p53 positivity with poor survival in 4
different tissue microarrays, each containing one
tissue sample of 0.6 mm per tumor. Remarkably, a
prognostic significance of p53 immunostaining
could not be observed in corresponding large
sections, despite 80% more positive cases in this
study.?® The most likely explanation of these
surprising data is that a dilution of true p53-positive
cases by artificial positivities precluded detection of
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Table 5 Multivariate analysis (Cox proportional hazards model)
of nuclear p53 accumulation and clinicopathological parameters
to predict PSA recurrence after radical prostatectomy

Parameter Variable RR 95% CI P-value
Stage pT2 vs pT3 1.04 0.89-1.22  <0.0001
pT2 vs pT4 2.56 2.0-3.3
Gleason <343 vs 3+4 0.77 0.65-0.90 <0.0001
<3+3 vs 4+3 1.9 1.59-2.27
<3+3 vs >4+4 2.27 1.68-2.99
PSA <4 vs 4-10 0.83 0.71-0.98 0.0008
<4 vs 10-20 1.14 0.97-1.34
<4 vs >20 1.34 1.11-1.61
p53 IHC status neg. vs pos. 1.24 1.02-1.48 0.0344

significant associations with survival in the large
section analysis.

In this study, although only 38% of our immuno-
histochemistry positive cancers were confirmed as
mutated by direct sequencing of the p53 gene, we do
not assume that the number of false-positive
immunostainings was unacceptably high. This is
especially supported by the similar prognosis of p53
mutated and unmutated immunohistochemistry-
positive cancers. We rather assume that some
mutations were missed because they were located
in other exons or due to an admixture of a too high
number of non-neoplastic cells in the cores selected
for sequencing. Furthermore, using microdissection
to exclude admixture of stroma cells, Griewe et al,?®
had previously found p53 mutations in only 69% of
p53-positive cases. It cannot be excluded that some
p53-positive cases without detectable mutation in
our study and in the previous work by Griewe may
have mutations in other exons than the hot-spot
exons 4-8. Other studies had also reported low
frequencies of p53 positivity by immunohistochem-
istry. Visakorpi et al,?” found 6% p53-positive cases
in a study of one large section per prostate cancer.
Zellweger et al,® detected 4% p53-positive prostate
cancers in a tissue-microarray analysis of 181
patients. The majority of studies finding frequencies
of p53 alterations between 2 and 20% describe
association with unfavorable phenotype and/or poor
prognosis as observed in our study.®?”*®

The higher likelihood of positive immunostain-
ings (false and true) in larger sized tissue samples
makes it difficult to use prognostic associations of
molecular features identified in tissue-microarray
studies for clinical routine.*® Extensive validation
experiments and, potentially also, adjustments of
protocols and criteria for ‘positivity’ may be
required before routine use affecting clinical deci-
sion-making. It is important to note that in the case
of prostate cancer there may be an exception from
this rule. In this cancer, initial diagnosis is typically
made on very small tissue samples, for which tissue
microarrays may represent an ideal model for
routine molecular-analysis simulation. The amount
of tumor available for molecular analysis on needle
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core biopsies is approximately comparable to the
situation on tissue microarrays. Therefore, it can be
speculated that prognostic biomarkers identified on
tissue microarrays may be transferable to needle
core biopsies and thus be utilized for an improved
preoperative risk assessment with potential impor-
tance on the therapeutic decision-making.

In summary, the results of this study show that
p53 mutations characterize a small biologically
aggressive subgroup with a high risk of progression
after radical prostatectomy. As it is particularly
important to find a biomarker for identifying low-
and intermediate-grade cancers with an aggressive
clinical course, it is interesting that we could demon-
strate that p53 expression is an independent predictor
of PSA recurrence in these cancers. Nevertheless, p53
alterations are very rare in this group of cancers.
Further studies are needed to determine whether
p53-positive prostate cancers should undergo adjusted
treatment strategies, potentially including neoadjuvant
and/or adjuvant therapy.
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