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Abstract

Background and Objectives: To evaluate the long-term prognostic value of the combination of the EORTC risk
calculator and proapoptotic, antiapoptotic, proliferation, and invasiveness molecular markers in predicting the
outcome of intermediate- and high-risk non-muscle-invasive bladder cancer (NMIBC) treated with intravesical
Bacille Calmette-Guérin (BCG) therapy.

Materials and Methods: This study included 42 patients accrued prospectively presenting with intermediate- to
high-risk NMIBC (high-grade T1 tumors or multiple rapidly recurrent tumors refractory to intravesical chemotherapy)
treated with transurethral resection (TUR) and BCG. TUR samples were analyzed for the molecular markers p53,
p21 wafl/cip, Bl-2, CyclinD1, and metallothionein 9 (MMP9) using immunohistochemistry. Frequency of positivity,
measured as a percentage, was assessed alone or in combination with EORTC risk calculator, for interaction with
outcome in terms of recurrence and progression using univariate analysis and Kaplan-Meier survival curves.
Results: Median follow-up was 88 months (mean, 99; range, 14-212 months). The overall recurrence rate was
61.9% and progression rate was 21.4%. In univariate analysis, CyclinD1 and EORTC risk groups were significantly
associated with recurrence (P value 0.03 and 0.02, respectively), although none of the markers showed a
correlation to progression. In combining EORTC risk groups to markers expression status, high-risk group
associated with positive MMP9, Bcl-2, CyclinD1, or p21 was significantly correlated to tumor recurrence (log
rank Pvalues <0.001, 0.03, 0.02, and 0.006, respectively) and when associated with positive MMP9 or p21, it
was significantly correlated to progression (log rank Pvalues 0.01 and 0.04, respectively).

Conclusion: Molecular markers have a long-term prognostic value when combined with EORTC scoring system
and they may be used to improve the predictive accuracy of currently existing scoring system. Larger series are
needed to confirm these findings.
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Quick Response Code:
Website: Intravesical immunotherapy with Bacille Calmette-Guérin
www.urologyannals.com (BCG) plays a major role in the treatment and prophylaxis
of non-muscle-invasive bladder cancer (NMIBC). However,
DOI: predicting which patients are destined to fail BCG is a difficult
10.4103/0974-7796.84954 task. Some patients managed conservatively may not be salvaged

with additional treatment when progression is identified, so
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that early identification of patients at risk of progression is
crucial"*/ A growing body of evidence suggests that BCG
works as an immunotherapy. A strong pattern of immune
response has been suggested to be associated with an effective
clinical response after BCG therapy.” ") In addition to BCG
effects on the immune system, the inherent characteristics of the
tumor are also likely to have an influence on the effectiveness of
BCG therapy. The clinical usefulness of biomarkers in bladder
cancer in addition to clinical parameters has been controversial
given the discrepancy between various studies.Very few studies
have analyzed the ability of biomarkers to predict long—terrn
clinical outcome after BCG./* One of the reasons for the limited
usefulness of biomarkers in bladder cancer prognostication is
that failure to detect mutations or aberrant expression at one
point of a biological pathway does not necessarily rule out
defects further downstream as this was demonstrated for pS3,
for instance."!) Multiple biomarkers determination rather than
single markers are possibly more useful because they investigate
various rather than one biological pathway.[m Fundamentaﬂy,
tumorigenicity develops from a combined loss of tumor
suppressor genes and the disproportionate expression of
oncogenes.m] In urothelial cell carcinoma (UCC), deficiencies
in the production or function of the tumor suppressor genes
pS3 and p21 are associated with a loss of apoptosis and are
more frequently found in higher stage and grade lesions!'*!*!
Alternatively, upregulation of the expression of various
oncogene protein products such as Bcl-2, metallothionein 9
(MMP9), and cyclin DI may also impair apoptotic pathways
providing a cell survival advantage which may in turn relate

16:20] The balance of interactions

to disease—specific survival.l
between pro- and antiapoptotic factors rnight be expected to
determine the final biologic behavior of tumor cells. Indeed,
the combination, among others, of Bcl-2 and pS3 status has
been used to predict disease progression.”*!’ Most of the studies
using biomarkers in this setting have analyzed short or mid-

term clinical response.

Another promising area is the use of molecular markers for
improving the predictive accuracy of currently existing scoring

systems such as that developed by the EORTC.[?2

In the present study, we sought to analyze the prognostic
value of combining pro- and antiapoptotic factors as well as
markers of proliferation and invasiveness in the prediction of
the long-term response (mean follow-uP >8 years) to BCG for
the treatment of NMIBC and whether they added prognostic
significance to the EORTC scoring system.*

MATERIALS AND METHODS

Subjects
Patients with pathologicaﬂy confirmed intermediate- or high-

120

risk NMIBC were considered eligible for this trial. Patients were
prospectively accrued, part of a study looking at the influence
of immunological parameters on the clinical response to BCG
therapy.”®) The study was performed after approval by the local
Research Ethics Board Committee.

Intermediate- or high—risk NMIBC patients were defined
according to the EORTC** as: Ta with two or more recurrences
within the last year or T1 tumors; tumors larger than 3 cm
with at least one recurrence within the last year; multiple
synchronousTa or'T1, grade 3 tumors or presence of carcinoma
in situ (CIS). A total of 42 consecutively accrued patients met

these inclusion criteria.

Patients follow-up

Transurethral resection of the identified bladder tumors
(TURBT) was followed by SIX weekly intravesical instillations
of BCG (120 mg of Pasteur strain BCG in 50 ml sterile
saline). Standard follow-up included cystoscopy and urinary
cytology at 3 monthiy intervals for 2 years, then 6 monthly
intervals for 2 years, and yearly intervals thereafter and upper
tract imaging was performed on an annual basis. Upper tract
lesions were excluded with urography and/or washing cytology
or ureteroscopy prior to TURBT at entry of the study.
Evidence of recurrence in the form of noninvasive tumors,
CIS, or positive cytology led to re-resection as indicated and a
turther 6-week course of BCG. Progression to muscle invasive
disease or refractory CIS led to the recommendation of radical
cystectomy for definitive treatment.

Immunohistochemical evaluation

TURBT specimens were embedded in paraffin and sectioned at
4 pm intervals. The tissue was then deparaffinized, hydrated, and
washed for five minutes in phosphate-buffered saline. The sections
were placed in 0.01% citrate buffer and heated for Sminutes on
three occasions in a SO0W microwave oven. Specimens were then
rinsed in Tris-buffered saline and cooled for 20 minutes. Incubation
in 3% hydrogen peroxide in methanol was undertaken to prevent
the actions of endogenous peroxidase. There was a further
overnight incubation at 4°C with primary multiclonal antibodies.
These included p53-DO7 diluted 1:100 in phosphate-buffered
solution (Dakopatts, High Wycombe, UK), pZI:WAFI—(Ab—I)/
EAIO diluted I: 25 in phosphate-buffered solution (Oncogene
Science, Inc, Cambridge, Massachusetts), Bcl-2:124 (Dako,
Glosstrup, Denmark), cyclin DI: P2DIIFII, and MMP9: E9
(Abcam, Cambridge Science Park).

After washing with phosphate-buffered saline, the specimens
were incubated for 20 minutes with biotinylated anti-mouse
antibodies diluted I: 100 (Van Ramm, MO, USA), then
horseradish peroxidase—labeled streptavidin diluted I: 100

for 20 minutes (Supersensitive concentrated multilink - HRP,
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Biogenex, San Ramon, CA, USA), Diaminobenzidine substrate
solution was added as a chromogen. Sections were stained with

Mayer’s hematoxylin, dehydrated, and mounted.

Positive controls for the biomarkers analyzed were taken from
known colonic and sebaceous skin gland adenocarcinomata
respectively. Negative controls were generated by adding
distilled water as a substitute for the primary antibodies.

One pathologist reviewed all cases for grade and stage (SR).

Immunohistochemistry slides were reviewed by two blinded,
independent pathologists. At least I 000 nuclei were viewed in
10 representative fields viewed at 400X magnification to give
an indication of the degree of staining, The exact percentage
of tumor cells with positive staining defined as nuclear
immunoreactivity was determined. Membranous staining in
a manner similar to urothelial cells was considered normal.
Cutoffs for positivity were set at 10% for both pS3 and p21

and for the other markers.

Data analysis

Correlation between the tumors’ pathological features (stage,
grade, multifocality, and size) and mean percentage of
markers’ expression was performed using analysis of variance

(ANOVA).

Patients were stratified according to the EORTC scoring
systemm into either intermediate or high risk.

The outcome in terms of progression and recurrence was
analyzed in correlation with the molecular marker expression
and the EORTC risk group using univariate analysis and
Kaplan—Meier survival curves. Log Rank test was used to
compare factors; all P values of <0.05 were considered to be
statistically significant.

Furthermore, patients were stratified into two groups according
to their EORTC risk status and molecular markers (i.e., one
group with high risk and positive marker vs another group
with intermediate risk and any marker status). The outcome
in terms of progression-free survival (PFS) and recurrence-free
survival (RFS) was then compared between these two groups
using Kaplan—Meier survival curves.

Due to the small sample size, we did not perform multivariate
analysis. Statistical analyses were performed using SPSS

software, version 16 (Chicago, 1L, USA),
RESULTS

Patient and tumor characteristics
There were 42 patients (38 men and 4 WOIDEI’I). Mean age was
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68.3 years (rnedian, 70.5; range, 50—78). Patients were followed
for a mean of 99 months (median, 88; range, 14-212). The
patient’s clinical and pathological features are summarized in
Table I. In this intermediate- and high—risk group of patients,
16 (38%) patients achieved complete response following BCG.
The overall recurrence rate was 61.9% with a median time
to recurrence of 26 months (mean, 61 months; range, 3 to
181) and the overall progression rate was 21.4% (9 patients)
of which eight patients (19%) had disease that progressed to

muscle-invasion and required cystectomy.

Relationship of markers to tumor characteristics

In univariate analysis of the relationship between tumor
stage, grade, multifocality, and size with the mean percentage
of expression of each molecular marker [Table 2], the only
statisticaﬂy signiﬁcant relationship was found between tumor

grade and pS3 expression (P=0.002).

Relationship to recurrence

In univariate analysis [Table 3], CydinDI was the only molecular
marker that showed a statistically significant correlation to
recurrence rates (45.0% vs 77.3% for negative expression vs
positive expression, respectively, P value 0.03). The EORTC
risk stratification was strongly associated with recurrence

rates (54.3% for intermediate-risk vs 100% for high-risk,

Table 1: General demographics

Number of patients 42
Mean age, years (+SD) 68.33 (7.11)
Gender, n (%)

Male 38 (90.5)

Female 4 (9.5)
Stage, n (%)

pTa 17 (40.5)

pT1 25 (59.5)
Grade, n (%)

1 6 (14.3)

2 23 (54.8)

3 13 (31.0)
Size, n (%)

<8cm 32(76.2)

>3cm 10 (23.8)
Number of tumors, n (%)

1 22 (52.4)

2-7 17 (40.5)

>8 3(7.1)
Prior recurrence rate, n (%)

Primary 15 (35.7)

< 1 recurrence/year 20 (47.6)

> 1 recurrence/year 7 (16.7)
Concomitant CIS, n (%)

No 34 (81)

Yes 8 (19)
EORTC recurrence-risk, n (%)

Intermediate 35 (83.3)

High 7 (16.7)
EORTC progression-risk, n (%)

Intermediate 20 (47.6)

High 22 (52.4)

SD: Standard deviation; pT: Pathological T-stage
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P value 0.02) [Table 3] and RES (log rank P value 0.004)
[Figure Ia].

‘When RES rates were compared between patients with EORTC
high risk and positive marker vs those with intermediate risk,
there was a statistically significant differences between the two
groups with a worse RES for those with high risk and positive
expression of MMP9, Bcl2, CyclinDL and p2l (log rank
P values <0.001, 0.03, 0.02, and 0.000, respectively).

Relationship to progression

In univariate analysis, none of the markers showed a statistically
significant correlation with progression rates [ Table 3]. On the
contrary, the EORTC risk stratification was strongly associated
with progression rates (5.0% for intermediate-risk vs 36.4%
for high-risk, Pvalue 0.01) [ Table 3] and PES (log rank P value
0.014) [Figure 1b].

‘When PES rates were compared between patients with EORTC
high-risk and positive marker vs those with intermediate-risk,
there was a statistically significant differences between the two
groups with a worse PES for those with high-risk and positive
expression of MMP9 and p21 (log rank P values 0.01 and
0.04, respectively) [Figure 2].

Combination of different markers and outcome

Combining the different markers did not add any prognostic
signiﬁcance to RFS or to PES, with the exception that when the
expression of all five markers were positive, RES was significantly
worse than if with positive expression of four or less markers

in combination (Log Rank P value <0.0001, data not shown).

DISCUSSION

Extensive scientific endeavor notwithstanding, the accumulation

of knowledge regarding genetic makeup of bladder cancer

Table 2: Markers’ mean percentage/standard deviation in relation to tumor pathological features: stage, grade, multifocality, and size

p53 p21 Bcl2 MMP9 CyclinD1

Stage

pTa 14.65/18.48 11.59/14.53 20.59/32.61 23.22/40.56 21.41/28.50

pT1 17.62/21.78 20.58/17.16 31.39/34.94 41.08/46.20 24.96/29.64

Pvalue 0.90 0.21 0.60 0.26 0.68
Grade

1 2.90/5.54 10.40/13.16 27.78/35.00 19.10/40.00 18.70/33.09

2 14.52/16.33 18.90/17.87 20.90/32.73 41.10/47.02 23.43/21.93

3 32.27/24.87 18.36/15.81 37.73/34.29 36.98/43.26 25.82/37.57

Pvalue 0.002 0.38 0.41 0.43 0.85
Multifocality

Yes 40/21.06 16.20/16.34 24.55/31.10 37.54/47.10 27.65/32.74

No 11.86/18.36 17.23/16.75 29.19/36.36 32.27/42.68 18.64/24.53

Pvalue 0.12 0.84 0.66 0.70 0.31
Size

<3cm 13.00/16.27 16.00/15.82 24.27/31.69 25.18/41.81 20.33/25.494

>3 cm 23.00/27.09 22.50/19.48 36.90/40.17 52.10/46.18 32.40/38.32

Pvalue 0.17 0.30 0.32 0.10 0.27

Table 3: Overall recurrence and progression rates in relation to EORTC risk-stratification and different molecular markers

Recurrence rate (%)

P value (Univariate)

Progression rate (%) P value (Univariate)

EORTC recurrence-risk

Intermediate 54.3 0.02 - -
High 100

EORTC progression risk
Intermediate - 5.0 0.01
High 36.4

P53
Negative 59.1 0.69 27.3 0.33
Positive 65.0 15.0

P21
Negative 47.4 0.07 15.8 0.42
Positive 73.9 26.1

Bcl2
Negative 58.3 0.58 20.8 0.91
Positive 66.7 22.2

CyclinD1
Negative 45.0 0.03 15.0 0.33
Positive 77.3 27.3

MMP9
Negative 56.7 0.34 12.0 0.07
Positive 70.6 35.3
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Figure 1: Kaplan-Meier survival curves for (a) recurrence- and (b) progression-free survivals in relation to EORTC risk-stratification

has largely failed to impinge on the consciousness of the
clinician/**! Given the redundancy n biological pathways, there
is an obvious need to investigate multiple steps of a pathway
before determining if the pathway may or may not be involved
in cancer progression. In order to prophesy tumor behavior
effectively, the most plausible approach might involve relating
the combination of multiple genetic markers to eventual
outcome. Although the current “holy grail” of management
of NMIBC is the ability to accurately forecast when a tumor
acquires the ability to invade muscle and metastasize beyond

the bladder, this is difficult to define.

In this study, we attempted to concentrate on the Gl1/S
checkpoint and specifically on the role of known pro-
, antiapoptotic, and proliferative gene products to see
whether they predicted disease response to BCG. We also
investigated markers of cancer invasiveness to address the
issue of progression to muscle-invasive disease. Our study
of a cohort of patients with intermediate- to high-risk
NMIBC treated with BCG revealed a 61.9% recurrence and
a 19% progression to cystectomy rate over a long-term mean
follow-up of 99 months. The well-established EORTC risk
stratification was a strong predictor for both recurrence and
progression in our series. Moreover, an interesting ﬁnding of
the current study is that the positive expression of MMP9,
Bcl2, CyclinD1I, and p21 showed a strong prediction of RES
in the EORTC high-risk group. And, positive expression of
MMP9 and p21 strongly correlated with PES in the EORTC
high-risk group as well. The use of molecular markers
in improving the predictive accuracy of a scoring system
such as EORTC risk calculator is a promising area.l’?? Our
findings support this concept, although they require further

confirmation in larger cohorts.

pS3 was the sole biomarker related to grade. This is not an
unexpected finding since high proliferation index and pS3

Urology Annals | Sep - Dec 2011 | Vol 3 | Issue 3

accumulation occurs frequently in high-grade NMIBC."*%%!
pS3 expression did not predict outcome in our cohort. This
only adds to the conﬂicting discrepancy in the literature
regarding its prognostic value in bladder cancer.”*”!

We did not find a correlation between the expression of p21
and outcome; p21 is a cyclin kinase inhibitor that promotes
cell cycle arrest in response to many stimuli. Control of p2l
expression is complex and can be mediated by pS3-independent

1126/ There is controversy in the literature regarding

[14-16.18] Reports

pathways.!
the predictive ability of p21 in bladder cancer.
have outlined the central role for p2lin mediating the response
of the tumor to BCG therapy as p21 was found to be necessary
for BCG cytotoxic effects.””! There is a growing body of
evidence suggesting that functional loss of p2I can mediate a
drug-resistance phenotype.**’

Our study also tested the expression of Cyclin DI as a marker
of outcome in NMIBC. Cyclin D family form complexes
with cyclin-dependent kinase 4 and 6, which promote
phosphorylation and inactivation of the retinoblastoma protein,
thus mediating the progression of cells from GI- to S-phase
transition.”*") We found that Cyclin DI was a predictor of
recurrence, which supports the role of Cyclin D family members
in bladder cancer.?%*!]

The metallothionein family has been associated with poor
prognosis and shown to predict disease-free survival for patients
undergoing radical cystectomy."”) However, no significant
association between MMP9 and outcome was found in the
current study, possibly because of the small sample size.

Bcl-2 is an antiapoptotic GI /S modulator, the action of which
is restrained by pS3 and BAX proteins; overexpression provides
protection from apoptosis.USl This may occut, at least in part,

by excluding the p53 protein from the cell nucleus.®/ The role
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Figure 2: Kaplan-Meier curves for progression-free survivals in relation to a combination of EORTC risk-stratification and molecular marker status

(Low-Risk and -/+ Marker vs High-Risk and + Marker)

of Bcl-2 in UCC outcome is controversial.**' In our study, Bel 2

expression did not predict recurrence or progression.

The combination of multiple markers failed to show predictive

value, except in the presence of positive expression of five

124

markers together which was associated with a worse outcome
in terms of recurrence. This is in contrast with the ﬁndings of
other groups who found that combining more than two markers
together improved their predictive ability in terms of recurrence

and progression.w’m PS3, p27, and Ki-67 were found to
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improve the prediction of recurrence-free and bladder-specific
survival in patients with pT1 disease at radical cystectomy!**
A possible explanation is that, especiaﬂy in a small sarnple
population, one strong biomarker may decrease the usefulness
of the others. We do not rule out that by analyzing larger
patients populations, combination of markers might prove

more useful than isolated parameters.

It is evident from the controversies in this area that there is
now an urgent need for much larger, multicenter studies to
clarify the role of promising molecular markers in bladder
cancer generally and in biomarkers for predicting response to
treatments specifically. %!

QOur study has several limitations. First, the reliability of
biomarker ascertainment from transurethral resection and
immunochemical analysis is imperfect. Dependence on
variables in specimen acquisition, handling, fixation, antibody
choice, and concentration as well as the subjectivity of
interpretative criteria all contribute to this inaccuracy.[%] Gene
chip technology offers the prospect of improving on some of
these factors and is Iikely to assume increasingly importance;
however, immunochemistry retains some appeal due to its
low cost, relative ease of administration, and the fact that it is

readily available.

Second, the study is limited by its sample size and heterogeneity
of patients. Given the previous discussion of the polygenetic
nature of bladder cancer, it follows that large sample sizes
are required to discriminate the predictive power of different
biomarkers. This in combination with the need for lengthy
foHow—up to address disease outcomes has limited progress
to date. Multivariate analysis was not preformed since it may
lead to inconsistent results in low number of patients, as it is

the case in our study.

Despite the sample size of the study, we believe that current study
have two major strengths. First is the long foHow-up. Second is the
demonstration that molecular markers are able to predict response
to BCG therapy when combined to an established prognostic score
on the long run even in a limited patient population. And, that
having established the value of combinations of molecular markers
with EORTC risk groups as a proof of principle, further more

effectively resourced study is now warranted.

CONCLUSION

Molecular markers provide additional long-term prognostic
value when combined with EORTC scoring system in NMIBC.
They may be used to improve the predictive accuracy of
currently existing scoring system. Larger series are needed to
confirm these findings including other pathways that represent

interesting targets for biomarker development.
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These markers could then be used to predict outcomes of
conservative treatment and to select the most appropriate

candidates for conservative or radical intervention.
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