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Lower Tract Urothelial Cancer

omparative Genomic
ybridization Analysis Reveals New Different
ubgroups in Early-stage Bladder Tumors

sther Prat, Javier del Rey, Immaculada Ponsa, Marga Nadal, Jordi Camps,
lberto Plaja, Mercedes Campillo, Ferran Algaba, Antoni Gelabert, and Rosa Miró

BJECTIVES To classify bladder tumors according to their genomic imbalances and evaluate their association
with patient’s outcome.

ETHODS Sixty-three superficially and minimally invasive bladder tumors were analyzed by conventional
comparative genomic hybridization. Subtelomeric screening in 15 of these tumors was performed
by multiplex ligation-dependent probe amplification.

ESULTS Losses of 9q and 9p (32% and 25% of all cases, respectively) as well as gains of chromosomes Xq
and Xp (28% and 25%, respectively) were the most frequent chromosome imbalances. Losses of
8p and gains in 1q and 8q were detected in �20% of cases. Tumors were classified into 3 groups
according to their individualized pattern of gains and losses. The largest group was characterized
by few chromosome imbalances, presenting 77% and 49% of the Ta and T1 tumors, respectively.
Another group characterized by chromosomal gains, was composed of equal number of Ta and
T1 tumors, with �1q and �17q gains being the most common imbalances. A minority group was
characterized by chromosomal losses on 11q, 5q, and 6q. The multiplex ligation-dependent probe
amplification study showed good correlation with comparative genomic hybridization results.
With regard to the biological significance of this classification, a remarkable fact is that this
minority group composed mainly of T1 tumors, showed a significant decrease in patient overall
survival.

ONCLUSIONS Our data suggest that superficial carcinomas of the bladder can be subdivided into a larger number of
subclasses than had previously been expected. Our results also demonstrate a decreased survival
among patients whose tumors show more genomic losses than gains. UROLOGY 75: 347–356,

2010. Crown Copyright © 2010 Published by Elsevier Inc.
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ladder cancer is the fifth most frequent neoplasm
in developed countries. The most common form
corresponds to urothelial cell carcinomas (BUC,

ladder urothelial cell carcinomas), accounting for ap-
roximately 90% of all cases. BUC can be classified into
categories based on their histopathology and clinical
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ehavior. Approximately 70%-80% of BUC are superfi-
ial, noninvasive papillary carcinomas (stage Ta), or mi-
roinvasive tumors (stage T1) at initial diagnosis and
hey are associated with a high risk of recurrence (70%)
fter treatment. The remaining 20%-30% of bladder can-
ers showing muscle invasion at the time of diagnosis (�
2) have no association with superficial papillary tumors
nd are thought to arise from carcinomas in situ. Approx-
mately 50% of patients with muscle-infiltrating tumors
lready harbor or will develop metastasis.1

Several models of bladder cancer progression have
een suggested. According to Spruck et al,2 2 distinct
olecular pathways seem to exist for the formation of
oninvasive bladder cancers: TP53 inactivation appears
o occur early in carcinomas in situ and dysplasia tumor-
genesis. Conversely, losses involving chromosome 9 may
e sufficient for superficial papillary growth in tumors.
an Rhijin et al3 proposed a modified molecular pathway

n which FGFR3 mutations are involved in low-grade or
ow-stage tumors. By using computer simulations, Hö-

lund et al4 indicated the presence of at least 2 cytoge-
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etic pathways in bladder cancer. The first is character-
zed by the loss of chromosome 9, and the second by the
ain of chromosome 7. More recently, Mhawech-Fauceg-
ia et al5 proposed 3 different progression pathways inte-
rating well-characterized oncogenes and tumor suppres-
or genes involved in bladder carcinogenesis.

A comprehensive picture of chromosome imbalances,
ncluding a number of previously unknown genomic al-
erations such as high-level amplifications, has been re-
orted in urothelial carcinomas using metaphase compar-
tive genomic hybridization (CGH).6-10 Although some
iscrepancies exist, these studies show that losses of 9p
nd 9q are frequent in tumors of all grades and stages.
ains in 1q, 3p, 6p, 8q, 10p, 17q, and 20q and losses in

q, 5q, 8p, 10q, 1q, 13q, 14q, and 17p are more frequently
bserved in T1 and T2 tumors. Several alterations such
s loss of 6q and gains in 7p and Xq are more frequently
een in T2-T4 tumors.

Chromosome regions previously reported using con-
entional CGH and loss of heterozygosity11 have also
een confirmed using array-based CGH.12-15 In addition,
igh-resolution mapping of copy number changes in dif-

erent stages of bladder carcinogenesis allowed for the
dentification of alterations in many small genomic re-
ions, some of them with high-level amplifications or
omozygous deletions.13 Candidate target genes have
een identified in many of these amplified and deleted
egions.5,16,17

The molecular discrimination between early-stage and
nvasive bladder cancer has already been described in
revious analyses of pools of bladder tumors of different
tages and grades using expression profiling analysis.18,19

Although both Ta and T1 tumors are considered su-
erficial, they also represent a heterogeneous group of
umors that may differ in their molecular pathogenesis
nd pathways of progression. By array expression analy-
is,20 these tumors were separated into 2 groups. One
luster contained only Ta tumors (mainly low grade),
hereas the other contained all the T1 tumors (all high
rade) and a subset of Ta tumors (both high and low
rade).

Significant differences in the fraction of genome al-
ered (FGA) have been identified among tumors of dif-
erent stages, grades, and patient outcome. Stage Ta
umors had the lowest levels of alteration, and stage T1
howed a much higher overall FGA.14 A subclassification
f Ta tumors has also been described on the basis of their
ene expression patterns.19

In the present study, 63 early-stage carcinomas of
he bladder have been analyzed by conventional CGH.
ubtelomeric screening in 15 of these tumors was
erformed by multiplex ligation-dependent probe am-
lification (MLPA). Analysis of chromosome imbal-
nces in superficially and minimally invasive bladder
umors could add more insight to ascertain events asso-

iated with evolutive patterns in these tumors. a

48
ATERIAL AND METHODS

atients and Methods
total of 39 tumor samples from 37 men and 2 women were

btained by transurethral resection and were embedded in par-
ffin blocks. The CGH findings of additional 24 cases (U-1 to
-24) have previously been published.10 All patient samples
ere obtained consecutively. Clinical and pathologic data of

he patients are presented in Table 1. A total of 26 cases were
lassified as Ta (11 G1 and 15 G2) and 37 as T1 (16 G2 and 21
3). All tumors showed a papillary growth pattern. Specimens
ere graded according to the World Health Organization clas-

ification and staged according to the tumor-node-metastasis
lassification system.21,22 The median follow-up time of the
atients was 60.82 months.

omparative Genomic Hybridization
or each tumor sample, DNA was extracted from four to five
0-�m paraffin sections using a Qiagen Kit (QIAamp DNA Mini
it, Basel, Switzerland). Before extraction, the proportion of tumor
ells was found to be � 80% as determined by a pathologist. The
rst and last sections were stained with hematoxylin/eosin to
nsure the presence of the tumor in the sections series. CGH
nalysis was performed according to the method described by Prat
t al.10

ultiplex Ligation-Dependent Probe Amplification
he MLPA kit P070 (MRC-Holland Amsterdam, The Neth-
rlands) was used according to the manufacturer’s protocol. A
inimum of 4 normal control samples were included for each
LPA assay. The samples were analyzed using a capillary elec-

rophoresis system (ABI 3100 genetic Analyzer, Applied Bio-
ystems) with Rox 500 size standard. GeneMapper Software
4.0 (Applied Biosystems) was used to quantify the generated
eaks. Data from GeneMapper were exported to an Excel file
nd normalization was achieved by dividing the signal value of
ach probe by the sum of the signal values of all probes for each
ample. A normal copy number should generate a normalized
ignal value of approximately 1. A reduction of �30% in the
elative signal strength was considered a deletion of the locus
nd gains of �30% in the signal strength were considered a
uplication of the locus. Reduction or gains of 20%-30% in the
ignal strength were only considered if confirmed by CGH
esults. Variations of �20% were considered normal. The
robes for acrocentric chromosomes are indeed located only in
he long arms close to the ends, centromere, and telomere.

tatistical Analysis
verall survival was estimated with the Kaplan-Meier method.
he survival curves were statistically compared by a log-rank

est. All statistical analyses were performed with SPSS version
5.0, with P �.05 considered as statistically significant.

ESULTS
total of the 63 tumors were analyzed by CGH. The

umber of imbalances per tumor was 0-17. On average,
.7 alterations were found per tumor: 3.0 gains (range
-11) and 2.6 losses (range 0-13).
Losses of 9q and 9p (32% and 25% of all cases, respec-

ively) as well as gains of chromosomes Xq and Xp (28%

nd 25%, respectively) were the most frequent chromo-
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Table 1. Patient data and tumor characteristics

Case Age/Sex Stage/Grade
No.

Gains
No.

Losses Group
Single/
Multiple Primary Recurrence Survival

U-1 70/* TaG1 4 0 1 S � NO ?
U-2 87/† TaG2 1 1 3 S � NO ?
U-3 61/* TaG2 0 0 3 S � NO �84
U-4 88/* TaG2 0 1 3 S � NO �120
U-5 66/* TaG2 2 1 3 M � NO �60
U-6 93/† TaG2 2 2 3 S — NO �24
U-7 70/* TaG2 0 0 3 M � (4) CIS �72
U-8‡ 76/† TaG2 0 0 3 S � (8) �42
U-9 81/* TaG2 3 4 2 M � (28) T1G2; (8)

T2G3; (17)
T2G3

?

U-10 72/† T1G2 1 0 3 M � NO �60
U-11 61/* T1G2 1 2 3 S � NO �72
U-12 59/* T1G2 5 5 1 S � NO �72
U-13 76/† T1G2 0 2 3 M � (7); (30) TaG1;

(2) TaG1; (12)
TaG1; (10)
TaG1; (12)
TaG1

�108

U-14 74/* T1G2 7 5 1 S � (55) TaG2 �84
U-15 71/* T1G2 8 5 1 S � (6) �108
U-16 80/† T1G2 1 0 3 S � (8); (28); (22);

(30); (23)
�120

U-17 68/* T1G2 2 3 2 M � (8); (15); (34)
TaG1; (43)
TaG1; (3)
TaG1; (17)
TaG1

�120

U-18 70/* T1G2 3 3 1 ? — (19); (20) �108
U-19‡ 60/* T1G2 3 4 2 ? — NO 22§

U-20 33/† T1G2 2 1 3 ? — (20) TaG2 �96
U-21 77/* T1G3 4 3 1 M � NO 24§

U-22 74/† T1G3 8 8 2 M ? NO 16§

U-23 62/* T1G3 6 6 2 S � (17); (13) �60
U-24 77/* T1G3 5 2 1 ? � (12); (1) CIS;

(15) TaG3
�60

U-25 46/* TaG1 1 0 3 S � NO �84
U-26 48/* TaG1 0 0 3 S � NO �72
U-27 57/* TaG1 8 4 1 M � (19) TaG2; (15) �72
U-28 68/* TaG1 1 1 3 S � (15) TaG2; (10)

T1G1; (13); (8)
TaG2; (14)

�84

U-29 63/† TaG1 5 1 1 S � (19) TaG2 �72
U-30 68/* TaG1 0 0 3 S � (28) �72
U-31 66/* TaG1 1 1 3 S � NO �60
U-32 45/* TaG1 11 3 1 S � NO �72
U-33 67/* TaG1 4 6 2 S � (9) TaG3; (11)

TaG2
�72

U-34 58/* TaG1 2 2 3 S � (67) T? G2 �60
U-35 60/* TaG2 1 1 3 S � (8); (10); (52) �84
U-36 66/* TaG2 12 1 1 S � (4) T? G2; (60);

(8)
�84

U-37 52/† TaG2 4 1 1 M � (37) TaG1 �84
U-38 67/* TaG2 0 1 3 S � (12) TxG3; (10)

T?G3; (30)
�72

U-39 45/* TaG2 1 2 3 S — (8); (13) T1G3 �36
U-40 55/* TaG2 1 3 3 S � NO ?
U-41 73/* TaG2 4 0 1 S � (7) CIS �60
U-42 73/* T1G2 0 2 3 S � NO �41
U-43 68/* T1G2 6 2 1 S � NO �72
U-44 60/* T1G2 3 0 3 S � (10) TxG2; (17);

(9) TxG2; (6);
(7)

54§
Continued
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ome imbalances. Losses of 8p, and gains in 1q and 8q
ere detected in � 20% of the cases. Gains on 17q and
9p as well as losses on 5q and 11q appeared in � 15%
f tumors.
Amplifications were detected at 11q13 (4 tumors),

q32qter, 12q14q15, 12q24.2q24.3, 19p13.2pter, and
0p13pter (1 tumor in each).
A significant increase in the number of detectable

berrations in relation to stage-grade of the tumors was
ot observed: TaG1 tumors had, on average, 3.4 gains
nd 1.6 losses, resulting in a total of 5.0 aberrations per
umor. This average was 3.0 (1.9 gains, 1.1 losses) in
aG2 tumors; 5.9 (2.9 gains and 3.0 losses) in T1G2 and
.8 (3.8 gains and 3.9 losses) in T1G3 tumors. As previ-
usly described by Prat et al,10 losses on 5q and 6q were
ignificantly more frequent in T1G3 than in T1G2 tu-
ors (P � .01 and P � .004, respectively).
Although gains predominated over losses in Ta tu-
ors, the relationship between gains and losses was sim-

lar in T1 carcinomas (Fig. 1A). However, when tumors
ere classified according to their individualized pattern of
ains and losses (Fig. 1B), it was observed that the dis-
ribution of both types of imbalances was not homoge-
eous showing 2 well-separated groups, one characterized
y gains (group 1) and the other by losses (group 2). An
ntermediate third group with few imbalances (�4) was
lso observed (group 3). Chromosomal imbalances de-
ected in each group are shown in Table 2.

Group (1) included 20 tumors: 7 Ta/G1G2 (7/20,

Table 1. Continued

Case Age/Sex Stage/Grade
No.

Gains
No.

Losses

U-45 55/* T1G2 5 3

U-46 60/* T1G2 3 12
U-47 49/* T1G3 3 3
U-48 54/* T1G3 0 0
U-49 71/* T1G3 10 1
U-50 40/* T1G3 4 0
U-51 62/* T1G3 7 4
U-52 62/* T1G3 1 0
U-53‡ 77/* T1G3 6 1
U-54 63/* T1G3 0 0
U-55 67/* T1G3 6 9

U-56 72/* T1G3 3 13
U-57‡ 67/* T1G3 2 1
U-58 63/* T1G3 2 0
U-59 51/* T1G3 2 0
U-60 44/* T1G3 1 2
U-61 73/* T1G3 5 12
U-62 54/* T1G3 2 13
U-63 71/* T1G3 5 5

CIS � carcinomas in situ.
Cases are ordered according to stage and grade.

*, Male; †, female.
Recurrence and survival are indicated in month. ‡ indicates case
§ Cancer-related death.
According to the predominance of chromosome gains and losses
Group 3 includes tumors with � 4 chromosome imbalances.
5%), 6 T1G2 (6/20, 30%), and 7 T1G3 (7/20, 35%). D

50
his group seems to be characterized by gains on 1q and
7q (55% and 50% of tumors, respectively); both imbal-
nces were detected in 45% of these tumors. Group 2,
hich was characterized by the predominance of losses,

ncluded 12 tumors: 2 Ta/G1G2 (2/12, 16%), 3 T1G2
3/12, 25%), and 7 T1G3 (7/12, 58%). Losses on 6q
here only detected in this group (5/12, 42%), other
haracteristic losses were on 11q and 5q (66% and 58%
f the tumors, respectively). Gains of chromosome X
ere detected in 58% of the tumors from this group.
ases with equal number of gains and losses were in-

luded in the first or second group according to the
resence of �1q (U-12, U-18, and U-47) or �5q/�11q,
espectively (U-22, U-23, and U-63). Group 3 was char-
cterized by a low number (� 4) of genomic imbalances;
n this group, 55% (17/31) of the tumors were Ta/G1G2,
2.5% (7/31) T1G2, and 22.5% (7/31) were T1G3. Cases
ith no imbalances (U-3, U-7, U-8, U-26, U-30, U-48,
nd U-54) were included in this group. Cases with 4
ains and no losses (U-1, U-41, and U-50) were included
n group 1. The average number of alterations per tumor
as 8.1, 12, and 1.7 in groups 1, 2, and 3, respectively.
To add more insights, subtelomere screening was car-

ied out in 15 tumors (5 from each group defined by
GH). Most of the results obtained by MLPA confirmed

hose of CGH (Table 2). Deletions of 9p and/or 9q were
etected in 6 of 15 tumors. Gains of 1q and 8q were
etected in 2 of 15 and 3 of 15 tumors, respectively. Few
r no imbalances were detected in tumors of group 3.

up
Single/
Multiple Primary Recurrence

Survival

S � (10) T?G2; (3)
TaG1

�72

M � NO �60
M � NO �60
S � NO �72
S � NO 56§

M � NO ?
M � NO �30
M � NO �72
S � (3) �39
M � NO �84
M � (9) TxG3; (4);

(10) TxG3
31§

S � NO �72
S � (11) T2 ?
M � (31) TaG1 �84
M � NO �72
S � NO �84
S � NO 3§

S � NO �42
M � (8) CIS �60

h cystectomy after the last recurrence.

ors were included in groups 1 and 2, respectively.
Gro

1

2
1
3
1
1
1
3
1
3
2

2
3
3
3
3
2
2
2

s wit

, tum
espite the low number of tumors analyzed, the distribu-
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ion of duplications does not seem to be random: dupli-
ation of 15q was only observed in tumors of group 2,
hereas duplication of 1q and 3p or 3q was only observed

n tumors of group 1. In addition, MLPA study also
howed new dosage imbalances not detected by CGH.
ancer-related death was found in 7 patients; 4 of them
elonging to group 2. Significant differences were ob-
erved when comparing overall survival between groups
P � .005), confirming that group 2 had the worst out-
ome (Fig. 2). The life-table analysis showed a survival
ate after 48 months of 60% for group 2, 94% for group 1,
nd 100% for group 3. A decreased overall survival was
lso observed in patients in whom tumors have imbal-
nces � 7 (P � .007).

OMMENT
ladder cancer consists of a heterogeneous group of tu-
ors that differ in grade and stage according to clinical

haracteristics. In the present study, the chromosome
mbalances shown in 63 early-stage carcinomas of the
ladder were analyzed. Conventional CGH was used to
issect the spectrum and frequency of alterations in blad-

igure 1. (A) Chromosomal imbalances by tumor stage and
attern of gains and losses, showing 3 separate groups as
lack indicate losses).
er cancer and to classify them in different subsets of s

ROLOGY 75 (2), 2010
umors according to their genomic imbalances (Fig. 1B,
able 2).
Most of the chromosome imbalances detected in the

resent study have already been reported by other au-
hors.6-10 Deletions of 9p and 9q are the most frequently
eleted regions in papillary bladder tumors. The loss of
he whole chromosome 9 or specific cytobands is thought
o be one of the initial events in bladder carcinogenesis.4

ecent CGH array data have suggested that clones at
p21 might be the pinpoint of a candidate gene to act as
umor suppressor gene in bladder cancer.14,15 Our results
gree with the initiation of bladder cancer by the loss of
hromosome 9, showing imbalances affecting this chro-
osome Ta and T1 bladder tumors. Whole chromosome

r partial gains affecting chromosome X were found in
pproximately 25% of the tumors that were analyzed.
hromosome bands Xp11p13 and Xq21q22.2 had already
een described as probable locations of oncogenes with
elevance for bladder cancer.8,23 Unfortunately, recent
tudies of bladder cancer using CGH array discard the
exual chromosomes due to misinterpretations.12

According to the present study, 3 groups of noninva-

e. (B) Tumor classification according to their individualized
lained in the text (Bars in gray indicate gains and those in
grad
exp
ive bladder urothelial cell carcinomas may be described

351
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Table 2. Summary of results obtained by CGH and MLPA*

Case Stage/Grade Group Gains Losses

U-36* TaG2 1 1q21qter, 5q34qter, 12q22qter,
12q24.2q24.3, 15q22q24, 16pterq13,
16q23qter, 17p12q12, 19p13.3, 20q,
21q22, 22q12

MLPA: dup 1q, 4q

2q36q37
MLPA: del 2q, 19p, Xp(PAR1)

U-32 TaG1 1 2p25, 2q37, 11q13, 16, 17, 19, 20q, 21,
22, Xq21, Xq26qter

3p12, 5q14q23, 13q32

U-49 T1G3 1 1q43, 2p24pter, 2q36qter, 11q12q13,
16p13.1pter, 17p13, 19, 19p13.2pter,
22, Y

5p15.2q23

U-15* T1G2 1 1p32p34, 1q, 8q, 11q13, 13q13qter, 19,
20, 20p13pter

MLPA: dup 1q,8q,19q

5q, 8p, 11, 15q15q25, Y
MLPA: del 8p, 11p

U-27 TaG1 1 1p34.2pter, 4p16, 4p11q24, 7q11,
17pterq12, 19, Xpterq25, Y

5p15, 6p22, 11q23, 12p12

U-14 T1G2 1 1, 4q27qter, 5, 8q, 17q24qter, X,
Yq11.2pter

2q33qter, 8p, 9q22qter, 13q11q14,
18

U-51* T1G3 1 1q43qter, 4p15.2q21, 5q11.2q12,
7p21pter, 7q11.2, 10p11.2p10, 19

MLPA: dup 11p, 13q

7q33q35, 9q21q31, 10q24q25,
16q22q23

MLPA: del 16p
U-43 T1G2 1 2q37, 5q27, 9q34, 17p, 19p,

20q13.2q13.3
4q26q27, 12q15

U-53 T1G3 1 1q21q24, 1q31q32, 2p14p15, 7p15,
8q21.3q23, 17q21

9p13p23

U-12* T1G2 1 1q21qter, 3p22pter, 3q, 8q22qter,
17q11q21

MLPA: dup 3p, 3q, 8q

2q32qter, 3p13p14, 9, 17p13, Y
MLPA: del 9p, 9q, 17p, Xp (PAR1),

Xq (PAR2)
U-45 T1G2 1 5p14pter, 10p11p12, 19p, 20, Y 5q34, 9, 11
U-24 T1G3 1 1q, 3, 8p21q13, 17q, Y 8p22pter, 9q31qter
U-29 TaG1 1 1q25q42, 3p26, 14q24qter, 17q,

Xp22.1pter
Y

U-21 T1G3 1 1q32qter, 8q, 15q, Y 2q21q24, 8p, 9q
U-37 TaG2 1 3p26, 3q28, 9p21pter, Xq21q22 Y
U-50 T1G3 1 1p32pter, 17q11.2q12, 19, Xp22.2pter
U-41 TaG2 1 1p36.2pter, 16p13.2pter, X, Y
U-1 TaG1 1 4p22pter, 4q32qter, 7, 16
U-47* T1G3 1 1q31, 4q10q31.3, X

MLPA: dup 3q
1p36.1pter, 16, Y
MLPA: del 9q

U-18 T1G2 1 1q21qter, 13q21qter, Y 8p, 9p11p22, 19
U-6 TaG2 3 1q23qter, 8q 4q31qter, 8p
U-44 T1G2 3 3p24p26, 6p25, 11q13
U-57 T1G3 3 3p25pter, 4q21 5q32qter
U-20 T1G2 3 7q32qter, 20 13q22q32
U-5* TaG2 3 19, Y

MLPA: no dup
9q21qter
MLPA: del 9q

U-59 T1G3 3 1p36.2, 9q34
U-58 T1G3 3 3p26, Xq21
U-35 TaG2 3 1q42 Xq10q13
U-31 TaG1 3 X 14q31
U-28 TaG1 3 8q24.1qter Y
U-25 TaG1 3 Xp11.3q25
U-52 T1G3 3 X
U-16* T1G2 3 19p

MLPA: no dup
MLPA: no del

U-10* T1G2 3 19
MLPA: no dup

MLPA: no del

U-4 TaG2 3 Y
U-38* TaG2 3

MLPA: no dup
Y
MLPA: del Xp (PAR1), Xq (PAR2)

U-2 TaG2 3 19 9
U-42 T1G2 3 9p23p24, Y
U-13 T1G2 3 9q21q31, 14q23qter
U-11 T1G2 3 8q 8p, Y
U-60 T1G3 3 X 2q12q22, Y
Continued
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n relation to the quantity and quality of the chromosome
lterations: 1 group of tumors is mainly represented by
hromosomal gains, another group by chromosome losses,
nd the third group shows minor changes. The last group
ncludes 70% of the total Ta low-grade (G1, G2) tumors
hat were analyzed in the present study. This result co-
ncides with the predominance of low chromosome im-
alances in Ta bladder tumors as it has been previously
escribed in the recent World Health Organization clas-
ification.24 Interestingly, a relationship between FGFR3
utations and chromosome stable tumors has also been

uggested.25 The few subtelomere dosage imbalances de-
ected in tumors of this group also confirms their chro-
osome stability.
The presence of a high number of gains in a group of

umors, predominantly T1 but also Ta (group 1), suggest

Table 2. Continued

Case Stage/Grade Group Gai

U-39 TaG2 3 15
U-40 TaG2 3 6p21
U-34 TaG1 3 3p21, Xq
U-17* T1G2 2 11q13, 15q13qter

MLPA: dup 15p, 15q
U-9 TaG2 2 8q, 17q, Y
U-19 T1G2 2 1q, 8q, 20
U-63* T1G3 2 4q12q13, 8q24.3, 19

MLPA: no dup

U-33* TaG1 2 4p11q13, 19p, X, Y
MLPA: dup 15q

U-23 T1G3 2 11q13, 12, 14q21qte

U-22 T1G3 2 6p22p23, 8q21q22, 1
19, 20p11.2qter

U-55* T1G3 2 7q11q22, 8q13qter, 1
17p12pter, Xpterq2

MLPA: dup 8q, 9p

U-46 T1G2 2 14q13, X, Y

U-61 T1G3 2 7q11, 8q10q21.3, 19

U-56* T1G3 2 5p13q11.2, 10p12, X
MLPA: dup 4q, 5p, 10

U-62 T1G3 2 4q10q21, X

Cases are ordered according to Figure 1B. Amplifications are in b
Cases U-3, U-7, U-8*, U-26, U-30, U-48, and U-54 (not included

* Cases studied by MLPA. Subtelomere duplications and deletion
centromere proximal, PAR � pseudoautosomal region. Case U-8*
hat the pattern of chromosome gains considered as char- a
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cteristic of advanced stages could even appear in early
tages of bladder carcinogenesis.

In fact, thorough statistical analysis of karyotypic patterns
ave demonstrated that BUC, as well as most solid tumors,
how at least 2 distinct evolutionary routes, 1 characterized
y genomic losses, and the other by genomic gains.4 In
oth pathways, the driving forces behind the karyotypic
rofiles are likely to be associated with some type of
hromosome instability.26

It has been demonstrated that early aberrations, to a
arge extent, determine the spectrum of subsequent, late
berrations. This indicates that different modes of chro-
osomal evolution may be initiated at an early stage of

umorigenesis, leading to an accumulation of chromo-
omal abnormalities along distinct pathways.4,27,28 Our
esults suggest that gains of chromosome 1q could define

Losses

9, Y
12q15, 18q22, 21q21
9, 13q22q31
9q13q22, 11p, 11q14qter
MLPA: del 9p, 9q, 11p, 11q
8p, 9, 11p, 17p
9, 11p14pter, 13q31q32, 17p

Y 2p23p24, 2q22, 9p, 9q31q32,
11q22q23

MLPA: del 9p
2p21p24, 8p23, 11q23, 12p12,

13q31, 14q24q31
MLPA: del 9q

, 19, 20 5q12q31, 9, 11p, 11q14qter,
18q12qter, Y

11q, 12p, 17, 4q, 5q13q23, 6q13q22, 7q21, 9q,
11p14pter, 18q21qter, X

3, 12q14q15, 4p15.3p15.1, 4q22qter, 5q33q34,
6p12, 6q21qter, 8p21p22, 9p13,
9q31, 13q21q31

MLPA: del Xp(PAR1)
4p15.3, 5q31qter, 7q34q35,

8p22p23, 10p13p14, 10q25,
11p15, 11q23q24, 13q31, 14q31,
17p12, 18q12.3qter

Y 2p14p24, 2q21, 4p15.1p15.2,
5q12q13, 6q25, 7q31q35,
8p21p22, 9p12q23, 10q25,
11q23, 14q24, 15q24

25
p, 13q, 21q

2p24p23, 3p13p14, 3q32q33,
5q34, 6q24.1q24.2, 8p12p22,
9p12p22, 9q31q33, 10q24q26,
11q23q24, 15q23q24, 17p12,
18q21q22

MLPA: del 16p, 17p, 18q, Xp(PAR1)
1q31q41, 2q12q14.3, 5q23qter,

6q25, 7p12p14, 7q32q35, 9p12,
10q25, 11q23, 12p12,
12q24.1q24.2, 15q24q25, Y

he table) showed no imbalances.
indicated in italic. Dup � duplication, del � deletion, 15p � 15q
showed no subtelomere imbalances.
ns

p, X,

r, 15

0p,

1q1
3

, X,

p21q
p, 11

old.
in t

s are
pathway of gains in which �17q would be frequently
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ssociated. The implication of 1q gain in early stages of
rothelial carcinogenesis has been confirmed by CGH
rray.15 In contrast, chromosome 11 loss, with -5q and
6q also being associated, could drive another pathway
ith a predominance of losses. These 2 pathways are not
utually exclusive and they could converge at more

dvanced phases of tumor development.
Hoglünd et al4 identified a subgroup of urothelial car-

inomas initiated by -9 and followed by -11p and �1q.
ur results support this pathway and also suggest that

umors with �1q will accumulate gains, whereas tumors
ith -11p accumulate losses, defining 2 new subgroups in

he -9 pathway.
Three tumors with few chromosomal changes (group

), showed chromosome imbalances commonly found in
he group of gains (�1q, U-6 and U-35) or in the group
f losses (-5q, U-57), suggesting that these tumors may
volve to accumulate more gains or loses during carcino-
enesis.

Results of the present study also indicate the presence
f recurrent aberrations in subtelomere regions, some of
hem not detected by conventional CGH analysis. The
on-random distribution of these abnormalities suggests
hat they could be relevant in tumorigenesis.

A relationship between chromosomal imbalances and
urvival rates was observed in the present study, confirm-
ng that superficial BUC with few chromosome changes
ave a good prognosis. Tumors with predominant losses
ver gains could represent a minority group with poor
linical outcome among superficial urothelial tumors.

ONCLUSIONS
n summary, our results suggest that superficial (Ta and

igure 2. Kaplan-Meier curves of the 3 different groups of
atients.
1) BUC can be subdivided into a larger number of

54
ubclasses than had previously been expected. Our results
lso demonstrate a decreased survival among patients
hose tumors show more genomic losses than gains.
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DITORIAL COMMENT
ladder tumors show widely differing histopathology and clin-

cal behavior. This is reflected in the molecular genetic alter-
tions they contain. Much information has accumulated on
omatic genomic alterations in bladder tumors of all grades and
tages. Heterogeneity and unpredictable behavior of this type of
umors make necessary the use of combinations of markers that
ay provide information predictive of prognosis or response to

pecific forms of therapy.
Deletion of chromosome 9 was one of the first alterations

dentified cytogenetically in bladder tumors. This suggested that
hromosome 9 genes might participate early in the process of
umor development, but subsequently a great deal of informa-
ion has come from comparative genomic hybridization (CGH)
nd array-CGH studies of large tumor panels, although till date,
unctional validation for most of these studies is absent.

The purpose of this study was to evaluate associations be-
ween measures of genomic instability and bladder cancer clin-
cal phenotype by array-based CGH in 63 early-stage carcino-
as of the bladder (Ta and T1). Subtelomeric screening in 15

f these tumors was performed by multiplex ligation-dependent
robe amplification. This expects to find out the evolution
atterns of superficially and minimally invasive tumors. Al-
hough authors’ findings do not differ from previous studies,
hey have made a classification that gives us a new tool that
ould be useful for clinical classification.

In this study, a significant increase in the number of detect-
ble aberrations in relation to stage-grade of the tumors was not
bserved. Although gains predominated over losses in Ta tu-
ors, the relation between gains and losses was similar in T1

arcinomas. The relation between gains and losses allowed the
uthors to create a tumoral subclassification and identify a
ubgroup that was characterized by the predominance of losses.

The authors have observed that the subgroup including 2

a/G1G2 (16%), 3 T1G2 (25%), and 7 T1G3 (58%) they had p

ROLOGY 75 (2), 2010
he worst outcome. Moreover, losses on 6q were only detected
n this group (42%). Other characteristic losses were on 11q
nd 5q (66% and 58% of the tumors, respectively). Gains of
hromosome X were detected in 58% of the tumors from this
roup. In addition, multiplex ligation-dependent probe ampli-
cation study showed new dosage imbalances not detected by
GH.
It could be interesting to conduct a study of multifocal

umors in a single patient or analyze chromosome imbalances in
amples from the same patient at different times during their
isease course and see whether it is possible to predict a high
isk of progression, although this would extend the study to a
arge number of patients and a longer study period. Analysis of
hromosomal alterations of various synchronous lesions in a
ingle patient could shed light on possible monoclonal origin of
ndividual lesions, the timing of chromosomal alterations, and
he growth benefits that it could provide. In the same way,
lbeit with few cases, analysis of chromosomal alterations in
enign or preneoplasic lesions in bladder is being carried out, as
ell as on morphologically normal urothelium from bladder
ancer patients who required cystectomy.

The findings of the authors open a door for possible use in
very day clinical practice because it could allow us to predict
worse evolution in a group of tumors that, with the current
istopathological grading methods that are used routinely, may
eem homogeneous but which have significant genetic differ-
nces.

Although the number of cases is reduced to make decisions
egarding the management of patients with bladder cancer, later
he sum of findings about the genetic changes detected by other
uthors and its correlation with the clinical course of patients
ould be a useful tool for its implementation in daily practice
ecause it would allow us to adopt different therapeutic and
ollow-up guidelines, depending on the chromosomal abnor-
alities found.

ioleta Menendez, M.D., Ph.D., Department of Urology,
ospital Els Camils, Sant Pere de Ribes, Barcelona,
pain

oi:10.1016/j.urology.2009.05.048
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EPLY
e are grateful for the positive editorial comment regarding the

linical potential of classifying bladder tumors according to the
redominance of gains or losses. Understanding the genetic
vents leading to bladder cancer progression is important in
ecreasing the overall morbidity and mortality associated with
he disease.

The existence of 2 pathways, one with predominance of
osses and the other with predominance of gains, has previously
een proposed in other solid tumors; our results suggest that
hese pathways also operate in bladder cancer. These 2 path-
ays are not mutually exclusive and they could converge at
ore advanced phases of tumor development. Considering that

osses on 5q and 6q are frequent in muscle-invasive bladder
umors, we suggest that these chromosome imbalances could be
esponsible for the poorer evolution of tumors that show a

redominance of loss.
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