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Abstract: Developing molecular markers that define high-risk lesions is clinically critical for improving the prognosis
determination of the tumors and their treatment. We decided to focus on the two pathways involving FGFR3 and alle-
lic losses at 9p22 to identify a potential combined role in predicting tumor recurrence, progression and/or muscle.
Microsatellite and mutational FGFR3 status analyses was performed in tumor tissue of 58 patients in a prospective
unicentre study. The results of microsatellite and FGFR3 analyses were dichotomized as follows: loss of heterozygos-
ity (LOH) versus retention of heterozygosity (ROH) on the one hand; mutant FGFR3 (mtFGFR3) versus wild-type FGFR3
(WtFGFR3) on the other hand. The combined 9p22/FGFR3 status was strongly correlated with stage (p=0.001) and
grade (p<0.001) whereas the single FGFR3 mutational status was not able to predict recurrence, progression or mus-
cle invasion. The survival curves corresponding to each combined status (mtFGFR3/ROH, wtFGFR3/ROH, mtFGFR3/
LOH, wtFGFR3/LOH) were significantly different for recurrence (p=0.008), progression (p=0.046) and progression to
muscle invasive disease (p=0.004). In case of 9p22 LOH, the FGFR3 mutational status was strongly associated with
different clinical outcomes. In a multivariate model, the combined wtFGFR3/9p22 LOH status remained significant in
predicting oncologic outcomes. FGFR3 mutations strongly characterize tumors with low malignant potential and fa-
vourable clinical outcome in case of allelic losses at 9p22, whereas its prognostic value becomes null or slightly in-
verts in case of allelic stability. Thus, our findings may also lead to further experiments in order to study interactions
between FGFR3 and genes located at 9p22, as CDKN2A.
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Introduction

More than 70% of transitional cell carcinomas
of the bladder are low stage at initial presenta-
tion, namely non-muscle invasive bladder can-
cer (NMI-BC), and may be surgically removed
leaving no detectable disease [1]. To date, es-
tablishment of the prognosis of NMI-BC is based
on the patient history of NMI-BC and on histopa-
thological evaluation of the tumor [2]. Accord-
ingly, there is a clear need to better identify pa-
tients with low probability of recurrence and/or
progression in order to avoid aggressive follow-
up and over treatment. Investigating the early
urothelial lesions and developing molecular
markers that define high-risk lesions is clinically

critical for improving the prognosis determina-
tion of the tumors and their treatment. By pro-
viding a better understanding of tumor biology,
molecular markers may help stratifying these
heterogeneous tumors to guide the decision in
patient management. Observations of transi-
tional cell carcinomas of the bladder indicated
that these tumors develop along two separate,
although sometimes overlapping, pathways. The
first is characterised by the presence of muta-
tions of the tumor suppressor gene TP53 which
are thought to inactivate one allele, followed by
the loss of the second, wild-type allele, resulting
in a complete loss-of-function of p53 protein.
The second pathway involves somatic activating
mutations of the FGFR3 gene in papillary
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Figure 1. Protocol of DNA and RNA extraction from tumor tissue.

tumors [3-6]. FGFR3 has garnered attention as
being useful in risk stratification of high grade
transitional cell carcinoma (TCC) [7]. However,
the bladder cancer development remains a
complex multistep process that is not clearly
understood, and the study of single determi-
nants does not reflect accurately the cascade of
molecular aberrations. Loss of heterozygosity
(LOH) has also been described as a distinct and
frequent type of molecular alterations in blad-
der cancer, especially at chromosome 9 loci [8-
13]. Specific locus at 9p21-22, referred to as
CDKN2A, encodes two proteins, p16INK4A and
p14ARF, which are frequently inactivated in
bladder cancers [14-17]. However, the prognos-
tic value of pl6 was studied with conflicting
results [18-20]. Our previous findings have de-
termined the prognostic value of LOH at 9p22 in
the prediction for tumor progression in NMI-BC
[21].

We decided to focus on the two pathways in-
volving FGFR3 and allelic loss at 9p22 in order
to identify a potential combined role in predict-
ing tumor recurrence, progression and/or mus-
cle invasion in NMI-BC.

Materials and methods

Patients

We conducted a prospective monocentric study
from January 2000 to November 2006 on pa-
tients treated at our institution for a NMI-BC.

Microsatellite and mutational FGFR3 status
analyses were performed in tumor tissue of 58
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patients. The local ethical committee approved
the study. Patients received a complete endo-
scopic resection of the bladder tumor. Tumor
grading and staging were performed according
to the 1973 World Health Organization grading
system and the 1997 TNM classification respec-
tively. At the time of endoscopic resection, ve-
nous blood samples were withdrawn from indi-
vidual patients for constitutional DNA extraction.
Analyses for each patient were established from
tumor tissue. Surveillance by cystoscopy and
cytology was performed according to the Euro-
pean guidelines [1]. Recurrence was defined as
the first reappearance of a biopsy-proven
urothelial cell carcinoma. Global progression
was defined as the diagnosis of an urothelial
cell carcinoma of a higher stage and/or grade
than the previous occurrence. Progression to
muscle-invasion was defined as the diagnosis of
pT2 to pT4 urothelial cell carcinoma. Inclusion
criteria were complete endoscopic resection of
pTa, pT1 or CIS urothelial cell carcinoma of the
bladder (NMI-BC) and signature of an informed
consent. Exclusion criteria were incomplete re-
section and/or pT2 or higher urothelial cell car-
cinoma and/or non-urothelial cell carcinoma
and/or urothelial cell carcinoma of the upper
urinary tract and/or refusal to participate.

DNA extraction

At the time of endoscopic resection, a biopsy
was taken from the main tumor for immediate
DNA extraction (Figure 1). The remaining tumor
was sent separately for pathological analysis in
order to assess the inclusion criteria and the
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existence of more than 80% cancer cells in the
biopsy. DNA was extracted from the tumor bi-
opsy and from blood samples using Qiagen Tis-
sue and Blood Kits (Qiagen, Valencia, CA) ac-
cording to the manufacturer's instructions. Ali-
quots were removed to measure DNA concen-
trations using the DNA-binding fluorochrome
Hoechst 33258 (DyNA Quant 200, Hoefer Phar-
macia Biotech, San Francisco, CA) before freez-
ing at -20°C until use. Genomic control DNA of
Family 134702 was the gift of Dr. H. Cann
(Centre d'Etude de Polymorphismes Humains,
CEPH, Paris, France).

Microsatellite analysis

Microsatellite analysis was performed blind
from clinical and pathological data in 2 inde-
pendent experiments to control for reproducibil-
ity. Two microsatellite markers at 9p22 (p16
locus) listed in the UCSC database, were used:
IFNA.1, and IFNA. Microsatellite analysis was
performed as previousy described [21]. Informa-
tive cases were scored as LOH when the inten-
sity of the signal for one allele was decreased by
at least 50% relative to the allele control i.e.
when tumor to normal allelic ratio decreased by
50% or more. In the case of similar tumor and
blood allelic ratios (< 10% decrease) the locus
was scored as retention of heterozygosity (ROH)
in this tumor. A homozygous locus exhibit 2 al-
leles of identical size so that both alleles appear
as a single allele-peak upon electrophoresis of
PCR product of normal DNA. In such a case a
locus is scored non-informative because tumor
allele profiling of this locus cannot allow evalu-
ating the eventual loss of one of the 2 alleles
being of identical size despite the presence of
an allele-peak of identical size as in the corre-
sponding normal DNA.

FGFR3 mutational status

The mutational status of FGFR3 was assessed
by Allele-Specific-PCR (AS-PCR) as described
elsewhere with minor modifications [22]. Confir-
mation of individual mutations was achieved
subsequently by direct sequence analysis. The
rationale of the AS-PCR is the preferential and
specific amplification of a mutant allele
achieved by the design of a mutation-specific
primer. In TCC of the bladder four activating
FGFR3 missense mutations account for >95%
of all mutations documented. Two mutations
(R248C & S249C) occur at exon 7 and the two
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others (G372C & Y375C) occur at exon 10. The
mutations at codon 248 and 372 were simulta-
neously detected by multiplex AS-PCR contain-
ing the following final concentrations at 20pl
volume: 20ng DNA, 1X Buffer Il, 5% DMSO, 0.2
mM dNTP, 2 units of TaqGold DNA polymerase
(Applied Biosystems) and 0.2 uM of each of the
following primers (Each forward primer was end-
labelled with a specific fluorophore for subse-
quent PCR product detection; Applied Biosys-
tems): F248-9: 6FAM 5'CAGTGG
CGGTGGTGGTGAGG; R248,5’ATGGGCCGGTGCG
GGGACCA; F-372,5-HEX-5’ATGTCTTTGCAGCC
GAGGAGGAG; R372,5°AGCTGAGGATGCCGG
CATACACACTGCA; FGLO,NED-5'CCTTTGGGGATC
TGTCCACTCCTGA; RGLO,5’GTTGTCCAGGT
GAGCCAGGCCAT. The latter couple of primers
allowed the amplification of b-globin gene as an
internal control. The reaction tubes were incu-
bated in The GeneAmp PCR System 9700
(Applied Biosystems). After one cycle of denatu-
ration and TaqGold activation, 35 cycles were
done each consisted of 15 sec at 95°C, 15 sec
at 61°C and 15 sec at 72°C, then a final elon-
gation step of 7 min at 72°C. The mutations at
codon 249 and 375 were similarly detected by
multiplex AS-PCR containing the following final
concentrations at 20ul volume: 20ng DNA, 1X
Buffer Il, 10% DMSO, 0.2 mM dNTP, 2 units of
TagGold DNA polymerase (Applied Biosystems)
and 0.2 uM of each of the following primers:
F248-9: 6FAM-5-CAGTGGCGGTGGTGGTGAGG;
R249: 5-CAGGATGGGCCGGTGCGAGC; F-372:
5’-HEX-5"-ATGTCTTTGCAGCCGAGGAGGAG;
R375: 5’-ACCCCGTAGCTGAGGATGCCTTGAC;
FGLO: NED-5-CCTTTGGGGATCTGTCCACTCCTGA;
RGLO: 5-GTTGTCCAGGTGAGCCAGGCCAT. In
each experiment wild-type and mutant FGFR3
DNA (A gift of Dr. Francois Radvanyi, Institut
Curie, Paris, France) were included as control.
Each individual DNA was analyzed in 2 inde-
pendent experiments. The resulting PCR prod-
ucts were analyzed on an Applied Biosystems
3130xI genetic analyzer using the GeneMapper
software.

Statistical analysis

The results of microsatellite and FGFR3 analy-
ses were dichotomized as follows: loss of het-
erozygosity (LOH) versus retention of heterozy-
gosity (ROH) on the one hand; mutant FGFR3
(mtFGFR3) versus wild-type FGFR3 (wtFGFR3)
on the other hand. The associations between
9p22/FGFR3 statuses and clinico-pathological
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parameters were tested with two-sided Fisher’s
exact test or chi-square test for qualitative data
and Mann-Whitney and Kruskall-Wallis tests for
quantitative data. Kaplan-Meier survival curves
were computed by 9p22/FGFR3 statuses with
the date of first transurethral resection as the
starting point for analysis. End points were re-
currence, progression in stage or grade, and
progression to muscle invasive disease. Groups
were compared using the log-rank test accord-
ing to recurrence, progression and muscle-
invasion free survivals. The limit of statistical
significance was defined as p<0.05. Cox regres-
sion model was applied with a backward step-
wise procedure, in order to assess whether the
combined 9p22/FGFR3 statuses were inde-
pendent predictor of recurrence, progression or
muscle invasion. In order to perform multivari-
ate analysis, we decided to adjust the results to
the score that each tumor obtained with the
EORTC scoring system [2]. Hazard ratios (HR)
and their 95% confidence interval (Cl) were esti-
mated to obtain risks of each outcome for
cases. Tumors displaying non-informative mi-
crosatellite markers were considered as tumors
with conservation of heterozygosity. All statisti-
cal calculations were performed using SPSS
13.0 (Chicago, lllinois) software.

Results
Clinical and pathological characteristics

Characteristics of the patients are summarized
in Table 1. Fifty-five percent of patients were
smokers. The distribution of initial tumors was:
14 TaG1, 22 TaG2, 3 T1G2, 19 T1G3. CIS was
associated with papillary tumors in 7 cases
(12%). Intravesical therapy after resection was
used as follows: BCG therapy in 26 cases
(44.8%), mitomycine C in 17 cases (29.3%).
Recurrent disease was observed in 18 cases
(31.0%). Late recurrence (=12 months) oc-
curred in 8 patients, and early recurrence (<12
months) in 10 cases. Progression to higher
stage or grade was noted in the course of 6
cases (10.3%). Progression to muscle invasive
disease was diagnosed in 4 cases (6.9%).

Microsatellite and FGFR3 mutation analyses

LOH on chromosome 9p22 was detected in 14
of the 58 (24.1%) patients.

FGFR3 mutations were detected in 50% of tu-
mor specimens (n=29). Mutations in codon 249
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Table 1. Patient’s cohort characteristics

Age, years:

Mean 62.5
Median 62.0
Range 39.0-81.4
Smokers, n (%) 32 (55.2)
Multifocality of NMI-BC, n (%) 28 (48.3)

Previous history of NMI-BC, n (%) 25 (43.1)

Stage, n (%)

pTa 36 (62.1)
pT1 22 (37.9)
Grade, n (%)

G1 14 (24.1)
G2 25 (43.1)
G3 19 (32.8)
Presence of CIS, n (%) 7 (12.1%)
Follow-up, months :

Mean 28.3
Median 28.0
Range 2-98

(5249C) occurred most frequently (20 cases).
Codons 372 (G372C), 248 (R248C), and 375
(Y375C) mutations were found in 4, 3, and 2
cases, respectively.

Overall, FGFR3 mutation was detected in 50%
of tumors with LOH and in 50% of tumor with
ROH. Thus, no significant correlation between
9p22 LOH and FGFR3 mutations was reported
(p=1.00).

Clinico-pathologic parameters in relation to LOH
at 9p22, FGFR3 mutational status and com-
bined 9p22/FGFR3 status

To gain additional information, associations
between LOH at 9p22, FGFR3 mutational status
combined 9p22/FGFR3 status, and clinico-
pathological criteria were analyzed (Table 2).
There was no strong significant difference in
9p22 LOH frequency or in FGFR3 mutations
according to age, smoking habits or multifocality
of NMI-BC. FGFR3 mutations were significantly
more detected in tumors with previous history of
NMI-BC than in initial NMI-BC (68.0% versus
36.4%, p=0.017). No significant association
between CIS and analyses findings was found.

A strong correlation between FGFR3 mutations

and stage was found. Mutations occurred in
66.7% of pTa tumors, versus 22.7% of pT1 tu-
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Table 2. Correlations between clinico-pathologic features and 9p22, FGFR3 and combined FGFR3/9p22

statuses
Combined FGFR3/9p22 status FGFR3 status 9p22 status
mtFGFR3/ wWtFGFR3/  mtFGFR3/ wtFGFR3/ wt mt ROH LOH
ROH ROH LOH LOH

Age:

<65y 11 14 3 5 19 14 25 8

>65y 11 8 4 2 10 15 19 6

p value 0.573 0.185 0.983
Multifocality:

No 9 11 4 6 17 13 20 10

Yes 13 11 3 1 12 16 24 4

p value 0.223 0.293 0.090
Previous BC

No 9 16 3 5 21 12 25 8

Yes 13 6 4 2 8 17 19 6

p value 0.127 0.017 0.983
Smokers :

No 9 11 3 3 14 12 20 6

Yes 13 11 4 4 15 17 24 8

p value 0.941 0.597 0
Adjuvant treat
ment:

No 9 3 2 1 4 11 12 3

Yes 13 19 5 6 25 18 32 11

p value 0.001 0.036 0.664
Stade :

pTa 20 11 4 1 12 24 31 5

pT1 2 11 3 6 17 5 13 9

p value 0.001 0.001 0.020
Grade:

G1 10 4 0 0 4 10 14 0

G2 12 5 5 3 8 17 17 8

G3 0 13 2 4 17 2 13 6

p value <0.001 <0.001 0.053
ClIs:

No 21 18 6 6 24 27 39 12

Yes 1 4 1 1 5 2 5 2

p value 0.570 0.423 0.710

mors (p=0.001). Mutations were also signifi-
cantly more detected in G1 (71.5%) and G2
(68.0%) tumors than in G3 tumors (10.5%,
p<0.001). No 9p22 LOH was reported in pTaG1
tumors, compared with 37.5% of pT1G3 tumors
(p=0.019). LOH at 9p22 was more frequently
reported in pT1 tumors compared with pTa tu-
mors (p=0.020). Difference did not reach signifi-
cance concerning the grade (p=0.053).

The combined 9p22/FGFR3 status was signifi-
cantly correlated with stage (p=0.001) and
grade (p<0.001). Thus, a combination of ROH
and FGFR3 mutation was seen in 71.4% of
pTaGl tumors, compared with none of pT1G3
tumors.

Oncologic outcome in relation to LOH at 9p22,
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FGFR3 mutational status and combined 9p22/
FGFR3 status

The FGFR3 mutational status was not able to
predict recurrence, progression or muscle inva-
sion in univariate or in a Cox regression model
(p=0.277, 0.319, and 0.280, respectively).

The 9p22 LOH was significantly correlated with
progression to muscle invasive disease
(p=0.040), as previously described (Ploussard
et al). Nevertheless, 9p22 LOH was not a signifi-
cant predictor of recurrence (p=0.819) or over-
all progression (p=0.145).

When studying the value of combined
FGFR3/9p22 status in survival curves, the sur-
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Figure 3. Progression-free survival curves stratified on the combined FGFR3/
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vival curves corresponding
to each status (mtFGFR3/
ROH, wtFGFR3/ROH,
mtFGFR3/LOH, wtFGFR3/
LOH) were significantly dif-
ferent by using the log-rank
test, for recurrence
(p=0.008, Figure 2), pro-
gression (p=0.046, Figure
3), and progression to mus-
cle invasive disease
(p=0.004, Figure 4). The
most interesting profile was
seen in tumors expressing
9p22 LOH. In these 9p22
LOH cases, the FGFR3 muta-
tional status was strongly
associated with different
clinical outcomes. No recur-
rence was reported in case
of FGFR3 mutation, whereas
the recurrence-free survival
rates at 1 and 2 years were
47.6% and 23.8% when no
FGFR3 mutation was de-
tected (p=0.015). The pro-
gression-free survival rate at
2 years was 50% wtFGFR3
cases, compared with 100%
in mMtFGFR3 cases
(p=0.032).

By contrast, the FGFR3 mu-
tational status was not pre-
dictive for recurrence
(p=0.746), progression
(p=0.499), or progression to
muscle invasive disease
(p=0.340), in tumors with
9p22 ROH. Survival cures
did not differ significantly
when 9p22 ROH was ob-
served. The recurrence-free
survival rate at 2 years was
71.1% and 61.6% in case of
wtFGFR3 and mtFGFRS,
respectively. The progres-
sion-free survival rate at 2
years was 95.5% and 87.4%
in case of wtFGFR3 and
mtFGFR3, respectively.

In the Cox regression model
after adjustment for age and
Bladder Calculator, the com-

503 Am J Cancer Res 2011;1(4):498-507



FGFR3 status and allelic losses at 9p22 in bladder cancer

0.8+

0.6+

0.4+

Muscle invasion-free survival

0.2+

0.0+

to malignant urothelium is

Combined
FCFRBj’IgpzZ not clearly understood. Mo-
status lecular alterations in tumors
- 1mtFGFR3 /ROH .
WtFCFR3 /ROH are not _|solated an<_:i the
mtFGFR3/LOH study of single determinants
—TwtFGFR3 /LOH
—+— does not reflect accurately
B the cascade of molecular
—+ aberrations.

We previously found that
9p22 LOH was able to dis-
criminate potentially pro-
gressing tumors from non-
progressing ones, in pa-
tients presenting with pri-
mary or recurrent NMI-BC,
and that LOH at 9p22 had
an independent prognostic
value for progression to
muscle invasive disease.

T T T T
20 40 60 80

o

Time (months)

Figure 4. Muscle invasive disease free survival curves stratified on the com-

bined FGFR3/9p22 status.

bined wtFGFR3/9p22 LOH status remained
significant in predicting recurrence, global pro-
gression and progression to invasive disease
(p=0.007, 0.023 and 0.015, respectively). The
HR of the combined wtFGFR3/9p22 LOH for
recurrence was 5.5 (95%Cl: 1.6-18.9). The HR
of the combined wtFGFR3/9p22 LOH for pro-
gression was 8.0 (95%Cl: 1.3-47.3).

Discussion

The recent reports have led to the suggestion
that urothelial carcinoma develop through at
least two molecular pathways, one related to
FGFR3 and one related to TP53 [23]. The aim of
such a pathway-driven approach was to identify
strong and comprehensible gene signatures
associated with carcinogenesis of bladder can-
cer [24]. In previous findings, FGFR3 mutations
in nonmuscle invasive bladder carcinoma were
reported to be associated with low recurrence
rate [22,26]. Further studies revealed contradic-
tory findings. In a large prospective study [25],
FGFR3 mutations were associated with in-
creased recurrence rate only in TaG1l tumors.
Bladder cancer development is a complex
multistep process and the pathway from normal
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Observation of LOH at a spe-
cific chromosomal marker in
cells from the tumor sug-
gests the presence of a
closely linked tumor sup-
pressor gene, the loss of
which is involved in patho-
genesis of the tumor. Spe-
cific locus at 9p21-22, referred to as CDKN2A,
encodes two proteins, p16INK4A and p14ARF,
which are frequently inactivated in bladder can-
cers [14-17]. The protein p16 plays an impor-
tant role in cell cycle, and blocks the cell divi-
sion at G1/S checkpoint [27]. The prognostic
value of loss of p16 was studied in the literature
[18-20]. Moreover, association between 9p22
LOH and loss of p16 function have been previ-
ously demonstrated by immunohistochemical
analysis in NMI-BC [14]. These findings have led
us to address the question whether the com-
bined FGFR3/9p22 status might be predictive
for clinical outcome in NMI-BC.

As previously described, we found FGFR3 muta-
tions in 50% of all tumors [28]. We also noted in
line with published findings that the mutation
frequency of FGFR3 was significantly associated
with tumor stage and grade [25-26,28]. FGFR3
mutations characterize low grade and low stage
NMI-BC with favourable histological features.
The 9p22 LOH was more frequently detected in
high grade and high stage tumors, but differ-
ence was not so markedly detected than FGFR3
mutational status.

Am J Cancer Res 2011;1(4):498-507
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Losses at 9p22 were similarly distributed in
groups with or without FGFR3 mutations [28].
Thus, a correlation of FGFR3 mutations and
alterations at 9p22 does not exist in NMI-BC.
We could not conclude on the fact that losses
on 9p22 occur earlier than FGFR3 mutations.
However, the presence of allelic losses at 9p22
might modulate the mechanisms of FGFR3 mu-
tations on the disease recurrence and progres-
sion.

Our observations suggest that allelic losses at
9p22 locus or FGFR3 mutations are not signifi-
cantly associated with changes leading to tumor
recurrence and global progression when these
molecular alterations are taking into account
separately, except for deletion of genes at 9p22
that may be more likely to lead to muscle inva-
sion.

In spite of limitations due to the low number of
cases, we think our findings are of great value
and may participate in the understanding of the
conflicting results reported in the literature con-
cerning the prognostic value of the FGFR3 mu-
tational status. In the present series, we did not
found significant association with isolated
FGFR3 status and propensity for recurrence or
progression. Nevertheless, our findings empha-
sized that the clinical relevance of the FGFR3
mutational status depended on the allelic
status at 9p22. In tumors showing allelic losses
at 9p22 locus, the presence of FGFR3 mutation
(in 50% of these cases) characterized low malig-
nant tumors with favourable clinical outcome
that are at low risk of recurrence and progres-
sion. By contrast, combination of 9p22 LOH and
absence of FGFR3 mutation was associated
with tumors at high malignant potential with
early recurrence, progression and muscle inva-
sion. Interestingly, the risk of recurrence was
slightly higher in tumors with FGFR3 mutation
when no allelic loss was found at 9p22
(recurrence-free survival rate at 2 years: 61.6%
versus 71.1%). Nevertheless, difference did not
reach significance. As tumors without 9p22 LOH
represents 75% of the NMI-BC of our study, it is
not surprising that large prospective studies
report a higher recurrence rate in NMI-BC with
FGFR3 mutations [25].

Recently, Sylvester and co-workers retrospec-
tively analyzed 2596 EORTC bladder tumor pa-
tients and proposed a scoring system predicting
the risk of recurrence and of progression of NMI
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-BC [2]. We decided to integrate this tool in the
multivariate analysis in order to reduce the
number of integrated variables and, thus, to
keep the statistical relevance for the Cox model.
In our multivariate analysis, the combined
FGFR3/9p22 status was associated with an
increased risk of recurrence, progression and
muscle-invasion independent of other prognos-
tic parameters such as age and Bladder Calcu-
lator. The tumors displaying wtFGFR3 and 9p22
LOH had a risk of recurrence and progression
increased by 5.5 and 8-fold, respectively. In
spite of the weak rate of events, strong signifi-
cant differences were detected that bore wit-
ness of strong value of such a marker combina-
tion. Another interest of our methodology was to
evaluate any patient with NMI-BC at any time of
the follow-up, reflecting every day clinical prac-
tice.

However, the short follow-up of our cohort con-
stituted an important limitation to end in such
observations. Our follow-up data were not able
to evaluate the correlation between the com-
bined FGFR3/9p22 status and progression, in
subgroups of patients stratified on stage and
grade, due to the small number of progression
observed. Given the mid-term follow-up of our
cohort, we cannot conclude whether the com-
bined mutational status impact the patient sur-
vival. Longer follow-up and larger cohort remain
warranted.

The findings of this study support the notion
that only a combination of molecular markers
may characterize a subgroup of bladder cancer
with poor prognosis. Our prognostic evaluation
of the combined FGFR3/9p22 status seems to
be interesting to better identify patients at high
risk of poorer clinical outcome. The strengths of
our study were the prospective design, the rela-
tive high number of cases, and the homogeneity
of our cohort, consisting in NMI-BC. One con-
cern was the possible presence of concomitant
CIS in our tumor cohort. We systematically per-
formed random quadrant biopsies in all cases
and found 7 CIS cases. However, the possibility
of undetected concomitant CIS cannot be en-
tirely ruled out because resection was per-
formed under white-light cystoscopy. Such a
consideration is important as CIS plays an im-
portant role in tumor progression and may af-
fect the genetic profile. Nevertheless, no signifi-
cant association between CIS and combined
FGFR3/9p22 status was found.
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Conclusions

Correlations of the combined FGFR3/9p22
status with clinical outcome provides important
dimension to such an analysis with biological
implication in NMI-BC. This marker combination
represents a valuable prognostic marker of re-
currence and progression in NMI-BC. Our results
emphasize that the clinical relevance of the
FGFR3 mutational status depends on the pres-
ence of allelic losses at 9p22. FGFR3 mutations
strongly characterize tumors with low malignant
potential and favourable clinical outcome in
case of allelic losses at 9p22, whereas its prog-
nostic value becomes null or slightly inverts in
case of allelic stability. Thus, our findings may
also lead to further experiments in order to
study interactions between FGFR3 and genes
located at 9p22, as CDKN2A.
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