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Abstract

Objectives: We evaluate the role of prostate-specific antigen (PSA)
density to predict Gleason score upgrade between prostate biop-
sy material and radical prostatectomy specimen examination in
patients with low-risk prostate cancer.

Methods: Between January 2007 and November 2011, 133 low-
risk patients underwent a radical prostatectomy. Using the modi-
fied Gleason criteria, tumour grade of the surgical specimens was
examined and compared to the biopsy results.

Results: A tumour upgrade was noticed in 57 (42.9%) patients.
Organ-confined disease was found in 110 (82.7%) patients, while
extracapsular disease and seminal vesicles invasion was found in
19 (14.3%) and 4 (3.0%) patients, respectively. Positive surgical
margins were reported in 23 (17.3%) patients. A statistical signifi-
cant correlation between the preoperative PSA density value and
postoperative upgrade was found (p = 0.001) and this observation
had a predictive value (p = 0.002); this is in contrast to the other
studied parameters which failed to reach significance, including
PSA, percentage of cancer in biopsy and number of biopsy cores.
Tumour upgrade was also highly associated with extracapsular
cancer extension (p = 0.017) and the presence of positive surgical
margins (p = 0.017).

Conclusions: PSA density represents a strong predictor for Gleason
score upgrade after radical prostatectomy in patients with clinical
low-risk disease. Since tumour upgrade increases the potential for
postoperative pathological adverse findings and prognosis, PSA
density should be considered when treating and consulting patients
with low-risk prostate cancer.

Introduction

Gleason score (GS) represents a significant histopathologi-
cal parameter commonly used in nomograms to assay the
prognostic outcome of prostate cancer.' As the main surro-

gate of cancer aggressiveness, tumour grade informs patient
counselling and therapeutic decisions.? In the era of prostate-
specific antigen (PSA) screening, more and more patients are
primarily diagnosed with insignificant prostate cancer. Since
most of these cancers will not become clinically symptom-
atic, deferred treatment modalities have been introduced to
offer similar therapeutic effects while preserving sexual func-
tion and continence.? The criteria to define those patients
who are suitable to enter conservative treatment protocols
are mainly based on PSA, clinical stage, and tumour grade.
The latter is the only factor that is not influenced by other
pathological entities and consequently represents the most
powerful and reliable predictor.

In patients who are finally selected to undergo a sur-
veillance period, physicians have assumed that the tumour
grade revealed by the initial diagnostic biopsy represent a
true reflection of cancer aggressiveness and determines the
patient’s low risk for cancer progression. However, many
studies have shown that GS obtained by prostate biopsy
does not always correlate with final pathological grade of
the surgical specimen resected in patients undergoing a radi-
cal prostatectomy.** In many cases prostate cancer grade
is primarily underestimated after the examination of biopsy
cores. GS upgrade has been up to 57% in some studies.*?
The incorrect assessment of tumour grade may lead to inap-
propriate estimation of cancer aggressiveness and prognosis
and finally to the under-treatment of these patients whose
cancer potential is higher than that primarily thought.

To understand the negative value of tumour upgrade and
the impact on correct treatment selection and prognostic
evaluation, the Gleason grading system for prostatic carci-
noma underwent its first major revision at the International
Society of Urological Pathology (ISUP) consensus confer-
ence in 2005.° With this modified Grading system, authors
found a shift of the most frequent GS from 6 to 7 (3+4)
in biopsy specimens and an increased degree of agree-
ment between specimens of biopsies and radical prosta-

E722 CUAJ @ November-December 2013 @ Volume 7, Issues 11-12
© 2013 Canadian Urological Association



tectomies.'® Furthermore, the revised Gleason grading may
identify more patients with aggressive disease and who have
a significantly shorter time to biochemical progression-free
outcome after radical prostatectomy.'

However, even in the era of the modified Gleason grading
system, a significant proportion of patients are under-graded
primarily. The main therapeutic and prognostic effect of dis-
cordance between biopsy and prostatectomy grade is seen
in patients with low-risk disease (GS <6, PSA <10 ng/mL,
clinical stage T1c-T2a). The main contemporary changes
in prostate cancer treatment, in terms of active surveillance
and surgical modifications (nerve-sparing, seminal vesicle-
sparing, lymph node-sparing), have been made in response
to the increased rates of over-diagnosis in the PSA era and
are mainly applied in patients with low-risk features. In
the absence of markers differentiating true low-risk disease
from significant disease falsely stratified as low risk, it is
very challenging to exclusively select patients who will not
experience disease progression. A delay of radical treatment
may lead to unfavourable pathological outcomes and poor
prognosis.

To evaluate and identify factors low-grade patients by
minimizing the upgrade rates, we conducted a prospective
analysis of several clinical and pathological variables and
we evaluated their potential in upgrade prediction.

Methods

institution, we conducted a prospective analysis of 147
patients with prostate cancer and low-risk disease, as defined
by Partin tables.'> All patients underwent a retropubic radi-
cal prostatectomy between January 2007 and November
2011. All clinical, imaging, laboratory and pathological data
were collected and recorded prospectively and analyzed
retrospectively.

We excluded patients who had any preoperative therapy
for prostate cancer (active surveillance, hormone therapy,
radiation therapy) to avoid bias. We also excluded patients
with incomplete medical records.

We analyzed preoperative age, preoperative value of PSA,
PSA density, number of cores obtained during transrectal
ultrasound biopsy procedure, percentage of cancer in biopsy
material (PCBM) and the presence of high-grade prostatic
intraepithelial neoplasia (HGPIN). We wanted to analyze
the association of these factors with upgrading after radical
prostatectomy. Any increase in GS between biopsy results
and radical prostatectomy was considered as an upgrade.
Cases with a biopsy 3+4 Gleason summary and 4+3 at radi-
cal prostatectomy were not considered an upgrade.

Preoperative PSA was measured before digital rectal
examination, transrectal ultrasound or biopsy. Prostate can-
cer diagnosis was based on transrectal ultrasound biopsy

Role of PSA density

results. During transrectal ultrasound, prostate volume was
calculated according to the information of the maximum
transverse diameter (D1), the maximum anteroposterior
diameter (D2), and the maximum longitudinal diameter
(D3) and by using the formula D1 x D2 x D3 x w/6 based
on the prostate ellipse dimension theory. PSA density was
calculated by dividing the preoperative PSA value and pros-
tate volume.

An open retropubic or laparoscopic extraperitoneal radi-
cal prostatectomy was performed in all patients. A histologi-
cal report concerning tumour grade of the surgical speci-
men and pathological stage was obtained. The 2009 TNM
(Tumour Node Metastasis) classification for prostate cancer
was used to classify the pathological stage. We estimated
tumour grade after the contemporary criteria of 2005 ISUP
modified Gleason system.’

Statistical analysis was performed by using SPSS version
17 (SPSS Inc, Chicago, IL). Descriptive statistics are present-
ed as the mean =+ standard deviation (SD) and interquartile
range (IQR) for continuous variables and as the absolute
and percent frequency for categorical variables. Normality
condition of the numerical variables was studied by means
of the Kolmogorov-Smirnov test. PSA was the only variable
with normal distribution and, consequently, Student’s t test
was used to compare means. For analyzing the other vari-
ables, the Mann-Whitney U test was used and chi-square
2 test was used for categorical ones. Univariate and mul-
tivariate analysis was performed to identify the predictive
significance of age, preoperative PSA, PSA density, number
of biopsy cores, PCBM and the presence of HGPIN. The
optimal cutoff values, sensitivity and specificity for quan-
titative variables, which found to be significant predictors
for pathological unilaterality in multivariate analysis, were
estimated by using receiver operating curve (ROC) analy-
sis. Positive (true positive/[true positive+false positive]) and
negative predictive value (true negative/[true negative+false
negative]) were also estimated. All tests were 2-tailed with
p < 0.05 as statistically significant.

within the study period. From this cohort, 12 were excluded
due to insufficient medical records and 2 because they had
an operation after a period of active surveillance. Finally,
133 patients met our inclusion criteria and entered our
analysis.

The median patient age was 67 years (65.8 = 6.7, SD
11), median preoperative PSA was 7.2 ng/mL (7.1 + 1.6, 2)
and median PSA density was 0.17 ng/mL? (0.19 = 0.10 SD
0.13). As we previously reported, every patient underwent
a transrectal ultrasound biopsy. A 12-core biopsy protocol
was applied in 72 (54.1%) patients, while more than 12
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cores were obtained from 61 (45.9%) patients. Based on the
pathological results, 22 (16.5%) patients diagnosed with a
GS 4 prostate cancer, 24 (18.0%) had GS 5 and 87 (65.4%)
had 6. Clinical stage based on digital rectal examination
and transrectal ultrasound findings was categorized as fol-
low: 100 (75.2%) patients with T1c disease and 33 (24.8%)
patients with T2a prostate cancer, respectibely. Following
radical prostatectomy, a tumour upgrade was noticed in 57
(42.9%) patients. Organ-confined disease was revealed in
110 (82.7%) patients, while cases extracapsular disease and
seminal vesicles invasion were found in 19 (14.3%) and 4
(3.0%) patients, respectively. Positive surgical margins were
reported in 23 (17.3%) patients. Lymph node invasion was
found in 2 and both had T3b disease.

We tallied the demographic, clinical and pathologic data
regarding the presence of pathological tumour upgrade
(Table 1). A statistical significant correlation between the
preoperative PSA density value and postoperative upgrade
was present (p = 0.001). We also tallied pathological out-
comes after radical prostatectomy (Table 3). Tumour upgrade
was highly associated with extracapsular cancer extension
and the presence of positive surgical margins.

In multivariate analysis (Table 3), PSA density was the
only variable with statistically significant ability to predict
GS upgrade (p = 0.002). The estimated optimal cutoff value
of PSA density was 0.15 ng/mL?, obtained by ROC analysis
(area under the curve 0.643, p = 0.001, 95% Cl 0.568-
0.755). We tally the predictive parameters of PSA density
(Table 4).

Discussion

Gleason summary, is the most reliable and valuable param-
eter to estimate the prognosis of prostate cancer. By rep-
resenting a surrogate of tumour aggressiveness, the grade
allows us to stratify patients as either low-, intermediate- or
high-risk. It allows informs treatment protocol so that the
best oncological outcome is combined with the maximal
preservation of the functional results. So far, the calculation
of Gleason grade was based on the pathological evaluation
of the cores obtained by prostate biopsy. For patients who
enter an active surveillance period and close monitoring
until disease progression and radical therapy, biopsy results,
in combination with PSA levels and clinical stage, are the
only data which guide treatment decisions. Furthermore, for
patients who undergo a radical prostatectomy, the preser-
vation of the neurovascular bundles and lymph nodes are
based solely on the clinical findings and on tumour grade
revealed by the biopsy. Nevertheless, the upgrading of the
GS between the needle biopsy and radical prostatectomy
is not rare. In a recent meta-analysis of 14 839 patients,
the authors reported a concordance between biopsy and

Table 1. Patient characteristics

Characteristics No upgrade Upgrade p value
No. patients, n (%) 76 (57.1) 57 (42.9)
Age (years) 0.868"
Mean + SD, IQR 65.7 + 6.7, 11 66.0 + 6.7, 10

PSA (ng/mL) 0.498°
Mean = SD, IQR 7.0x+17,24 7.2+1.6, 20

PSAD (ng/mL?) 0.001*
Mean + SD, IQR 0.17 £ 0.08, 0.10 0.22 +0.12,0.14

Clinical stage, n (%) 0.933¢
T1c 58 (58.0) 42 (42.0)

T2a 18 (54.5) 15 (45.5)

Biopsy cores, n (%) 0.960%
<12 41 (56.9) 31(43.1)

>12 35 (57.4) 26 (42.6)

PCBM (%) 0.750"
Mean = SD, IQR 17.2 + 16.2, 14.3 17.8 + 16.9, 14.7

HGPIN, n (%) 0.363*
No 30 (52.6) 27 (47.4)

Yes 46 (60.5) 30 (39.5)
Pathological stage, n (%) 0.125*
T2a 12 (75.0) 4 (25.0)

T2b 4 (57.1) 3(42.9)

T2¢ 52 (59.8) 35 (40.2)

T3a 7 (36.8) 12 (63.2)

T3b 1(25.0) 3(75.0)

SD: standard deviation; IQR: interquartile range; PSA: prostate specific antigen; PSAD:
PSA density; PCBM: percentage of cancer in biopsy material; HGPIN: high-grade prostatic
intraepithelial neoplasia.

prostatectomy grade in 63%, while an upgrade was found in
30% of patients.' Other higher rates have been published.*?
This observation has important pathological and prognostic
aspects. It has been reported that upgraded tumours are
significantly larger than tumours which are not upgraded;
a significant percentage of them progress outside the pros-
tate capsule.™ More specifically, patients with low-grade
tumours, meaning that primary biopsy Gleason score <6,
who are upgraded after radical prostatectomy, are at a sig-
nificantly higher risk for adverse pathological features and
biochemical recurrence than patients who remain with
GS =6 on final pathology.” Given the fact that conserva-
tive treatment protocols and surgical alterations are mainly
applied in low-risk patients, these findings are very salient.
An underestimation of prostate cancer aggressiveness may
lead to under-treatment and, consequently, inappropriate
monitoring of biological aggressive tumours. Furthermore,
incorrect estimation of GS may lead to the selection of treat-
ments with inferior cure rates, which ultimately adversely
affects patient outcome and survival.

To better define the criteria of tumour patterns and mini-
mize the deviation between biopsy and pathological results,
more strict criteria were defined.® A modification is that the
GS of needle biopsy specimens is rarely <4 and that the
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Table 2. Implication of tumour upgrade to the
postoperative pathological outcomes

Table 3. Multivariate analysis of clinical and pathological
variables for predicting Gleason score upgrade

Upgrade No upgrade p value pvalue Oddsratio 95% confidence interval
Clinical stage, n (%) 0.017* Age 0.833 1.006 0.955-1.059
<T2c 42 (38.2%) 68 (61.8%) PSA 0.498 1.077 0.869-1.334
=T3a 15 (65.2%) 8 (34.8%) PSAD 0.002* 898.429 0.119-0.679
Surgical margins, n (%) 0.017" Clinical stage 0.728 1.151 0.521-2.541
Positive 15 (65.2%) 8 (34.8%) Biopsy cores 0.960 1.018 0.511-2.028
Negative 42 (38.2%) 68 (61.8%) PCBM 0.832 1.002 0.982-1.023
Seminal vesicles, n (%) 0.187t HGPIN 0.363 0.725 0.362-1.451
Invasion 1 (25.0%) 3 (75.0%) *Statistical significance; PSA: prostate-specific antigen; PSAD: PSA density; PCBM:
percentage of cancer in biopsy material; HGPIN: high-grade prostatic intraepithelial
Tumour-free 75 (58.1%) 54 (41.9%) neoplasia; Cl: confidence interval.

tChi-square test; *statistically significant.

most cribriform patterns would be diagnosed as Gleason
pattern 4, while only specimens with rare cribriform lesions
would be cribriform pattern 3. The main impact of these
alterations is observed in low-grade disease, in which the
stratification data are more precise. Consequently, the rates
of Gleason upgrade should be decreased. Overall agree-
ment between biopsy and prostatectomy grade improved
from 58% to 72% by using the ISUP criteria compared to
conventional Gleason score.'® Furthermore, there is a higher
percentage of biopsy specimens with Gleason =7 after the
ISUP consensus (32% before ISUP vs. 46% after ISUP) with
subsequent decrease in the low-grade tumours (68% before
ISUP vs. 55% after ISUP)."

The concordance between preoperative and postopera-
tive Gleason scores was recently examined.’® The inves-
tigators examined the concordance between biopsy and
prostatectomy Gleason grade by evaluating the pathologic
material either by the standard grading system or either by
the modified one. The concordance rates between needle
biopsy and radical prostatectomy specimens were 64.1%
when the material was evaluated by conventional grading
system and 69.9% by the modified one. Notably, there was
a significant decrease in the upgrading rate when the speci-
mens were evaluated by the modified Gleason grading sys-
tem (p = 0.026), while this significance was obtained when
they evaluated the biochemical progression-free survival.
Exporting the above results, the authors concluded that the
ISUP grading system offers a more reliable way to estimate
cancer biological behaviour and to better identify the best
candidates for conservative treatments.

There is limited data on the impact of ISUP changes in
low-risk patients. In a comparative analysis, 39.6% of low-
grade patients with needle biopsy GS =6 upgraded before
ISUP versus 38.1% to upgrade after ISUP criteria implemen-
tation.'® Based on our results, there was a higher rate of GS
disagreement. Actually, 42.9% of patients upgraded post-
operatively. However, in our analysis we evaluated patients
with low-risk disease, not only low-grade tumours, meaning

that some GS <6 prostate cancer patients were excluded due
to concurrent high-risk features.

It is clear that even in the contemporary era after the
modifications in GS estimation, there are many patients with
clinically localized disease and low-risk features with highly
malignant cancer and with an increased risk of clinical and
biochemical progression. The addition of new diagnostic
tools would potentially increase the predictive accuracy of
clinical stratification and would maximize the therapeutic
management of prostate cancer patients.'®!

Few studies have evaluated the role of PSA density in
upgrade prediction. Corcoran and colleagues have exam-
ined the predictive characteristics of PSA density in patients
with low- and intermediate-risk disease on biopsy subse-
quently treated with radical prostatectomy.?? They found
that 58.3% of patients with low-grade disease after pros-
tate biopsy upgraded to higher scores and PSA density was
a significant predictor (p < 0.001) of upgrade in patients
with GS <6. Similar results were observed by Kojima and
colleagues?® and Magheli and colleagues,* with p = 0.019
and p = 0.037, respectively. Interestingly, PSA density was
more accurate than PSA alone to predict Gleason upgrad-
ing. When PSA density was added to the predictive model,
including PSA and other upgrading predictors, PSA lost its
predictive value (OR 1.02, p = 0.423), while PSA density
remained an independent predictor (OR 4.89, p = 0.037).
Our results add in the above data revealing a beneficial role
of PSA density in upgrade prediction (p = 0.002), in contrast
to the others studied parameters (Table 3). A significant asso-
ciation of PSA density to the pathological outcomes follow-

Table 4. Sensitivity, specificity, positive and negative
predictive value of PSA density values of =0.15 ng/mL? for
pathological GS upgrade prediction

Sensitivity 75.4%
Specificity 42.1%
Positive predictive value 55.8%
Negative predictive value 69.6%

PSA: prostate-specific antigen; GS: Gleason score.
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ing radical prostatectomy was observed. Gleason upgrade
was correlated with increased rates of extracapsular disease
and positive surgical margins (Table 2). To be clinically use-
ful, we tried to produce a threshold level of PSA density,
over which the possibility of Gleason upgrade increases
significantly, triggering either a repeat biopsy or definitive
therapy. By using the ROC curve, a cutoff value of 0.15 ng/
mL?2 was produced. Even though the specificity and positive
predictive value were very low, an increased sensitivity and
negative predictive value were found (Table 4). Given the
complexity of prostate cancer, it seems more effective to
use PSA density in preoperative nomograms combined with
other predictive factors rather than using it alone.

Our study differs from the other reported studies on 2
levels. Firstly, the evaluation of PSA density predictive abil-
ity was adjusted solely for patients with low-risk disease.
Secondly, pathological evaluation of the biopsy material
and radical prostatectomy specimen were made based on
the ISUP modified Gleason criteria. This fact increases the
value of the present results since PSA density adds further
value to the estimation of tumour grade and aggressiveness.

There are several limitations to our study. The data col-
lection was made prospectively; however, the analysis was
made retrospectively. The sample size was relatively small
and decreased the strength of the results. On the other hand,
these results may be a catalyst for larger, prospective stud-
ies. Another limitation is that the PSA density calculation
was based on the estimation of prostate volume during the
transrectal ultrasound made by 2 different operators. Even
though a standard calculation protocol was followed, the
inter-observer differences in volume measurement may
negatively affect the validity of the results.

Conclusion

whether a prostate cancer tumour will upgrade between
biopsy and radical prostatectomy. Our results may be valu-
able and can have significant implications in selecting the
best treatment protocol for patients for masked aggressive
tumours.
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