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ABSTRACT
Approximately 2 300 new cases of urinary bladder carcinoma (UBC) are diagnosed every
year in Sweden. This type of cancer is characterized as a long-standing disease with a high
risk of recurrence and progression from an indolent to a more aggressive course. UBC occurs
in a non-muscle-invasive form (stages Ta and T1), which is treated mainly with local
resection and BCG instillation, and a muscle-invasive form (stage ≥ T2), for which the
treatment of choice is irradiation or cystectomy.
The aim of the research underlying this thesis was to explore the factors involved in
tumor development and progression, and to find prognostic markers for recurrence and
progression in patients with primary stage T1 urothelial carcinoma of the bladder (UCB).
Tumor tissue in archived paraffin blocks from patients diagnosed with that type of
malignancy was used in the four studies that were conducted. This was a population-based
project, because all of the patients had been reported to the cancer center in the Southeast
Healthcare Region in Sweden from 1992 to 2001. The follow-up time was comparable long in
the cases included and was intended to be at least 10 years.
The hospital records were reviewed to gather information on clinical characteristics of the
tumors, such as size and multiplicity, as well as treatment modalities, recurrence and/or
progression, and eventual death from UBC. The original tumor slides were re-evaluated.
These two initial activities yielded a study population comprising 211 well-characterized
patients with primary T1 UCB. Some of the originally selected patients were excluded due to
missing paraffin blocks or poor quality of the tumor material, the latter being particularly
important in the genetic analyses conducted in the fourth study.
Ordinary light microscopy was performed to evaluate specific tumor characteristics, such
as lymphovascular tumor infiltration, and for T1 sub-staging. Immunohistochemistry was
carried out to, among other things, analyze cell cycle regulators. Furthermore,
pyrosequencing, single-strand conformation analysis (SSCA), and Sanger sequencing were
conducted in the fourth study to assess mutations in the p53 gene and murine double minute
2 SNP309 promoter polymorphism. Statistical analyses to estimate the risk of tumor
recurrence and progression were carried out in all four investigations.
Conclusions: This population-based cohort of patients with well-characterized T1
tumors of the urinary bladder showed high rates of recurrence (80%) and progression (39%),
and the aggressiveness is underlined by the fact that 32% died from the disease.
Lymphovascular tumor infiltration and abnormal immunohistochemical staining for p16
were found to be associated with tumor progression, and in the future analysis of these
parameters might be used in treatment decisions regarding T1 bladder tumors. No other
clinical or pathological variable or cell cycle regulator was associated with progression, and
none of the genetic analyses conducted in the current studies were helpful in predicting
outcome or explaining the mechanisms of tumor development.

SAMMANFATTNING PÅ SVENSKA
Cirka 2 300 nya fall av urinblåsecancer diagnostiseras varje år i Sverige. Urinblåsecancer
är en kronisk icke aggressiv sjukdom med risk för recidiv och progress till mer avancerad
cancersjukdom. Urinblåsecancer finns i en icke muskel-invasiv form, kategori Ta och T1, som
behandlas med lokal resektion och BCG. Det finns också muskelinvasiv urinblåsecancer, T2,
som behandlas med strålning eller bortopererande av urinblåsan.
Syftet med avhandlingen var att undersöka de faktorer som har betydelse för
tumörutveckling och att hitta prognostiska markörer som kan vara till hjälp vid bedömning
av risk för recidiv och progress hos patienter med primär urinblåsecancer kategori T1.
Arkiverad tumörvävnad från patienter som diagnostiserats med primär urinblåsecancer
kategori T1, användes för alla 4 projekten i avhandlingen. Alla patienter som ingick i
projekten rapporterades, mellan 1992 och 2001, till Onkologiskt Center i sydöstra
sjukvårdsregionen, vilket innebär att hela projektet är populationsbaserat. Avsikten var att
följa upp patienterna i minst 10 år.
Patienternas sjukhusjournaler har granskats för att hitta kliniska tumöregenskaper,
information om behandling, eventuellt tumörrecidiv och/eller progress samt möjlig död i
urinblåsecancer. De ursprungliga tumörsnitten eftergranskades. Efter dessa två inledande
moment återstod en stor och väl karakteriserad grupp av totalt 211 patienter med primärt
kategori T1 urinblåsecancer av urothelial typ. Vissa patienter exkluderades bl.a. på grund av
att paraffinblocken inte återfanns eller att tumör-materialet höll låg kvalitet.
Metoderna vi använde var sedvanlig ljusmikroskopi för att värdera tumöregenskaper
såsom lymfovaskulär tumörinfiltration och indelning i undergrupper av T1 samt
immunohistokemi för undersökning av bland annat cellcykelregulatorer. Vidare har vi
använt pyrosekvensering, singel strand konformation analys och Sanger-sekvensering i
delarbete IV för att granska mutationer i p53 och murine double minute 2 SNP309 promotor
polymorfism. I alla projekten har vi gjort statistiska analyser avseende risk för tumörrecidiv
och progress kopplat till undersökta parametrar.
Sammanfattning: I denna populationsbaserade kohort av patienter med välkarakteriserad urinblåsecancer kategori T1, förelåg det en hög frekvens återfall (80 %) och
även en hög frekvens progress (39 %). Sjukdomens aggressivitet understryks av att 32 %, av
de undersökta patienterna, dog i urinblåsecancer. Lymfovaskulär tumörinfiltration och
abnorm immunohistokemisk färgning för p16 var associerade med tumörprogress och kan i
framtiden eventuellt komma att beaktas vid behandlingsbeslut för kategori T1 tumörer i
urinblåsan. Inga andra kliniska eller morfologiska parametrar, inte heller cellcykelregulatorer, var associerade med progress och ingen av de genetiska analyserna var till hjälp
för att förutsäga prognos eller förklara mekanismerna för tumörutveckling.
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ABBREVIATIONS

ABBREVIATIONS
BCG

bacillus Calmette-Guérin

CDK

cyclin-dependent kinase

CKI

CDK- inhibitors

CIS/Tis

carcinoma in situ/tumor in situ

FGFR3

fibroblast growth factor receptor 3

GC

gemcitabine and cisplatin

HER2

human epidermal growth factor receptor 2

IHC

immunohistochemistry

ISH

in situ hybridization

LVI

lymphovascular invasion

MDM2

murine double minute 2

MM

muscularis mucosae

MMP

matrix metalloproteinase

MVAC

methotrexate, vinblastine, doxorubicin, and cisplatin

NMIBC

non-muscle-invasive bladder cancer

SSCA

single-strand conformation analysis

TIMP

tissue inhibitors of metalloproteinase

TMA

tissue microarray

TNM

tumor node metastasis

TURB

transurethral resection of the bladder

UBC

urinary bladder carcinoma/cancer

UCB

urothelial carcinoma of the bladder

UNLMP

urothelial neoplasia of low-malignant potential

WHO/ISUP World Health Organization/International Society of Urological
Pathology
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An introduction to urinary bladder carcinoma
In Sweden, 55 000 new cases of cancer were reported in 2010, and
malignant diseases constitute approximately 20% of all causes of death in
this country. The sixth most common malignant disease in Sweden is
urinary bladder carcinoma (UBC), and approximately 2 300 new cases of
UBC are diagnosed each year, representing an annual incidence of about
25 new cases per 100 000 individuals. There is a male predominance,
with about three times more cases in men than in women. The median
age for debut of the disease is over 70 years, and UBC is seldom seen in
individuals who are younger than 40 [1].
The main symptom of UBC is painless blood in the urine (hematuria),
both macroscopically and microscopically, occurring in about 80% of the
patients [2]. Other symptoms are urinary frequency and urgency [2].
With the exception of hematuria, the symptoms are not obvious, and
hence the disease can remain “silent” for a long time.
The gold standard for diagnosis of UBC is cystoscopy. This examination
is performed under local anesthesia, and an optical instrument (usually
flexible) is inserted in the urethra to enable inspection of the inner
surface (mucosa) of the urinary bladder. A tumor is visualized, and the
diagnosis can already be made at this stage. Supplementary diagnostic
options

are

morphological

in

nature

and

involve

microscopic

investigation of tissue samples, preferably biopsy or resection material.
Cytological analysis of urine or bladder wash material can also be
performed, but the sensitivity of that approach is comparatively low,
especially

for

well-differentiated

UBC

[3-5].

Various

tests

are

commercially available for assay of voided urine [6-9].
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Some of these have good sensitivity but low specificity, or vice versa, and
thus at present it is not possible to replace cystoscopy with a noninvasive test when investigating patients with suspected UBC.

Normal histology and anatomy of the urinary tract
The urinary tract is the organ system that produces, stores, and removes
urine. This system includes the two kidneys, each with a pelvis and a
ureter leading to the bladder, which in turn ends in the urethra
(Figure 1).

Figure 1. The urinary tract.
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The mucosal histology of the urinary tract is essentially identical from the
renal pelvis to the proximal part of urethra, or, in other words, the entire
inner surface of this tract is covered by the same type of epithelium.
Consequently, carcinomas that develop from the mucosa in the renal
pelvis, ureters, urinary bladder, and proximal urethra have the same
morphology. The epithelium specific to the urinary tract is called
urothelium, and it is characterized by 3–5 cell layers covered with
a special type of cells called umbrella cells, which branch over the surface
and are in closest contact with the bladder lumen (Figure 2). The
absolute majority of all UBCs develop from the urothelium.

Figure 2. Normal urothelium.
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Histological classification and staging
Basically, UBC is classified according to the type of cells in the tumor, the
growth pattern and cellular atypia (grade), and the infiltration depth
(stage).
The first level of classification is based on identification of the cells that
make up the tumor. The vast majority of all UBCs (> 90%) are urothelial
cell carcinomas (UCBs), which is another name for transitional cell
carcinomas. Other examples of UBCs are squamous cell carcinomas,
which probably arise from metaplastic epithelium, and adenocarcinomas,
which develop from embryonic remnants. The present studies included
only patients with UCB, the most common form of UBC.
The next level of classification concerns cellular atypia and growth
pattern. The systems for categorizing tumors have changed over time,
and the latest of these is the low–high grade system that was launched in
2004 by the World Health Organization (WHO) [10, 11]. Most of the
classification systems used in the past assigned tumor grades to three
main

categories

(Figures

3–5):

well,

moderately,

and

poorly

differentiated (grades 1, 2, and 3). An example of this is WHO 1999 [12],
which is still the most widely used system in Sweden, with its three
grades being applied in almost every cancer care program currently in
use in this country. The differences between the low–high-grade system
and the three-grade systems are not readily apparent, although most
grade 2 and all grade 3 tumors are high grade, and grade 1 lesions are low
grade [13, 14]. Initially, a majority of the tumors exhibit a papillary
growth pattern. These classification systems also include a semi- or
premalignant group designated urothelial neoplasia of low malignant
potential (UNLMP). Flat lesions can also occur, and, if they show strong
cellular atypia, they are classified as carcinoma in situ (CIS/Tis) [15].
8
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From a clinical standpoint, it is hard to handle CIS, because diagnostic
difficulties and a rather poor prognosis in a long-term perspective [16].
Compared to papillary tumors, CIS is difficult to visualize at cystoscopy,
and for these lesions, a cytological investigation can improve the
diagnostic accuracy [17].

Figure 3. WHO grade 1 tumor.

Figure 4. WHO grade 2 tumor.

Figure 5. WHO grade 3 tumor.

Infiltration depth constitutes the last, albeit most important, level of
classification used in treatment decisions. The T stage of a lesion is
determined according to the TNM system, the latest update of which
(TNM 7th edition 2009) was used in the present studies (Figure 6 and
Table I) [18].
9
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This classification stipulates the following: stages Tis, Ta, and T1 are nonmuscle invasive; stage T2 is muscle invasive; stage T3 extends beyond
muscle; stage T4 entails overgrowth to the pelvic wall or to other organs.

Figure 6. The T stages in UBC according to TNM 7th edition 2009.
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Table I: T stages in UBC (TNM 7th edition 2009)

Ta

Non-invasive papillary tumor

Tis

Flat lesion with high grade atypia

T1

Infiltration in sub-urothelial connective tissue

T2

Muscle invasion
T2a

Inner half

T2b

Outer half

T3

Invasion beyond muscle
T3a

Microscopically

T3b

Macroscopically (extravesical mass)

T4

Tumor invades other organs or structures
T4a

Prostate, uterus, or vagina

T4b

Pelvic wall or abdominal wall
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Risk factors and carcinogenesis
As in many other forms of cancer, the genesis of UBC is unknown,
although there are associations with certain exposures, inheritance, and
behaviors (smoking). Considering some of these aspects, it is assumed
that exposure to chemicals is a risk factor for UBC, in particular
regarding various dyes that contain azo compounds. Indeed, studies have
shown that work involving close contact with these chemicals increases
the risk of UBC [19-21].
Notably, UBC of the squamous cell type has been found to be associated
with chronic inflammation. Also, it has been described most extensively
in individuals infected with the parasite Schistosoma haematobicum,
which is endemic in Egypt, where this form of cancer is more common
than in the rest of the world [22].
Furthermore, studies have indicated that cigarette smokers are at two,
four-, and tenfold increased risk of UBC (varying rates reported by
different investigators) [20, 21]. There are indications that the risk of
developing this disease is increased in individuals with a family history of
UBC, especially in combination with cigarette smoking [20].
Carcinogenesis is a complicated biological process that probably involves
many different steps that are influenced by both environmental and
genetic factors. Multistep development of malignant tumors with a
number of genetic alterations over a long period of time is a recognized
model of carcinogenesis [23-25].
Numerous reports have described associations between gene mutations
and development of UBC [26-31], although no clear explanation was
established in regard to those findings.
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Molecular alterations in the genome of UBC cells include activation of a
number of proto-oncogenes, for example FGFR3 and H-ras [32].
Mutations also occur in tumor suppressor genes, typically p53 and PTEN
[33-39]. It is possible that carcinogenesis is triggered by a mutation in
the p53 gene, although such a mechanism alone cannot explain the onset
of malignancies [33]. Moreover, many UBC cells exhibit chromosomal
changes, most frequently on chromosome 9 but also on other
chromosomes [40].
There is some molecular genetic evidence that UBC can be divided into
two groups: one characterized by indolent and usually superficial
papillary tumors with frequent recurrences and low risk of progression,
and the other comprising more aggressive and invasive tumors. Studies
have shown that these two tumor types are linked with various genetic
changes, such as activation of the FGFR3 gene, which is seen more often
in the non-invasive UBC, and mutations in p53, which are associated
with invasive UBC [41, 42].
It is plausible that regulation of the cell cycle plays an important role in
pathogenesis of UBC (Figure 7) [43]. If the proteins at the various
checkpoints in this cycle are abnormal or inactive, it might result in
dysregulation and possibly also uncontrolled cell proliferation. The
studies reported in papers III and IV focused on abnormalities in
different cell cycle regulators that seems to be involved in development
and progression of UBC [44-48]. Matrix metalloproteinases (MMPs) also
have an essential function in this context, and it is assumed that these
enzymes promote tumor infiltration. Accordingly, an additional aim of
the investigation presented in paper III was to analyze the expression of
two MMPs [49, 50].
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Figure 7. A simplified version of the cell cycle illustrating the proteins
tested in our studies (papers III and IV). The tumor suppressors p53 and
pRb are involved in regulation of the cell cycle and are closely linked to
the cyclin/cyclin-dependent kinase (CDK) pathway. PRb is required for
the control of normal progression, and p53 is called into action in the
case of genetic instability. MDM2 regulates the activity of the p53
protein. G1 is presumably associated with carcinogenesis; at this point,
the cell cycle is guided into the next phase by genes that encode cyclins
and CDKs. Entry into the S phase is characterized by phosphorylation of
Rb (pRB) by cyclin/CDK complexes, which allows progression of the cell
cycle. Inhibition of this machinery is effected by a class of small proteins
called CDK inhibitors (CKIs), and it has been shown that alterations in
the two CKIs designated p16 and p21 are associated with carcinogenesis.
In addition, p53 and other proteins are involved in regulating the CKIs.
Abbreviations: M = mitosis; G1 = Gap1; G2 = Gap2; S = synthesis.
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Circulating proteins can also induce, or at least help initiate, cell growth.
One example of this is the protein that binds to human epidermal growth
factor receptor 2 (HER2) (Figure 8). HER2 is known to be a crucial factor
in many malignancies, and it was first described in breast cancer
and later also in stomach cancer [51, 52]. Furthermore, other researchers
have demonstrated that HER2 can play a role in UBC [53-55], and
therefore we performed immunohistochemistry (IHC) to test such
tumors for expression of HER2 (paper I).

Figure 8. HER2-Pathway.
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Treatment
The main treatment of choice for non-muscle-invasive bladder cancer
(NMIBC) is transurethral resection of bladder (TURB) [56]. In TURB,
the urologist uses a cystoscope in combination with a resection
instrument to remove the tumor through the urethra. This is done under
some form of anesthesia, and the patient can usually leave the hospital
the same day or the day after the operation.
In most cases of T1 UBC, a second TURB is performed a few weeks after
the first, mainly as a staging procedure to ensure that no muscle invasion
is present [56]. If such invasion is observed, other treatment modalities
must be considered [57]. The second TURB is now essentially
compulsory in Sweden and was introduced in the late 1990s at many
centers, although somewhat later in the Southeast Healthcare Region.
Accordingly, only a few of the patients included at a late point in our
studies had had a second TURB.
Adjuvant treatment is usually given after a TURB in patients with T1
UBC, and this can consist of intravesical chemotherapy with mitomycin
or immunotherapy with bacillus Calmette-Guérin (BCG). Intravesical
means that the treatment is administered inside the bladder, usually
through a catheter, which allows a high concentration of the drug to be
applied directly to the areas where tumor cells might remain. The patient
holds the solution in the bladder for 1–2 hours and then urinates. BCG
was introduced in the 1980s, and, in combination with TURB, it is still
the main treatment for T1 UBC. It is assumed that BCG induces the
immune system to activate T cells and NK cells to eradicate any tumor
cells that might remain after resection [58-60].
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During the first decades after introduction of BCG, it was used primarily
to treat multiple recurrent tumors, which might explain why relatively
few patients in the present cohort received this treatment [61]. It has
been shown that BCG is effective in some patients and can diminish the
risk of recurrence, although there are doubts as to whether this therapy
can decrease the risk of progression and improve overall survival [6264]. The side effects of BCG include urinary frequency, painful urination,
fever, hematuria, and general symptoms, mostly fever but sometimes
also muscular pain and arthralgia, these adverse effects usually resolve
within 48 hours [65].
Cystectomy is the treatment of choice for stage T2 UBC and in some
cases also for an extensive or recurrent T1 disease [66, 67]. Obviously, the
side effects of this surgical procedure are substantial when the original
bladder is replaced with a urinary diversion. In men, impotence is more a
rule than an exception.
The treatment options for UBC with distant metastasis or local aggressive
behavior are used only with palliative intention. The method of choice in
such cases is chemotherapy with MVAC (methotrexate, vinblastine,
doxorubicin, and cisplatin) or GC (gemcitabine and cisplatin) [68, 69].
Compared to many other forms of malignancies, there have been no
recent changes in treatment strategies for UCB. However, individualized
therapy is now a reality in many types of cancer, and there is also a need
for such an approach in UCB [70-72].
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Prognosis
In Sweden, 600 patients die from UBC every year. At diagnosis,
approximately 70% of all UBCs are of non-muscle-invasive type (stages
Ta and T1). There is a high risk of recurrence, which arises in 50–70% of
patients within 12 months [62, 63]. About 30% of all stage T1 UBCs
progress

to

muscle-invasive

disease

or

more

(≥

T2)

despite

comprehensive treatment including TURB, intravesical instillation
therapy, and regular follow-up [73]. The outcome of muscle-invasive
UBC is poor. In short, even after cystectomy, about 50% of all patients
with progression to that stage or further develop widespread disease with
distant metastases in the lymph nodes and in other organ systems such
as the lungs and liver. The five-year survival rate is 50% for primary stage
T2 UBC and even lower for secondary muscle-invasive disease (i.e.,
progression from T1 to muscle invasive) [74-79].
UBC is a long-standing disease that often involves both early and late
recurrence and progression. Therefore, it is necessary to maintain a wellplanned follow-up scheme implemented over a long period of time (> 10
years). The basic follow-up tool is cystoscopy, which in some cases is
used in combination with cytological investigation of bladder-wash
material or urine, even though the latter technique has poor sensitivity
for well-differentiated tumors. As mentioned above, cytology can be
useful as a follow-up tool for CIS, a tumor form with pronounced cellular
atypia that can be detected by microscopic examination. The prognosis of
CIS as an entity is poor, and more than 50% of cases progress to muscleinvasive disease [80].
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Over the past decades, many investigators have tried to explain the
pathogenesis of UBC, and an extensive search for diagnostic parameters
has been in progress for more than 40 years [31, 81]. Many of the
references cited in this thesis describe various prognostic factors in UBC
[81-104], which have been investigated in many different ways, including
at clinical, microscopic, and genetic levels.
Thus far, no obvious or outstanding parameter has been established that
can predict the outcome of UBC. Numerous earlier studies have
examined a mixture of stages, and many have focused on cystectomy
specimens, whereas other investigations have analyzed TURB material
including stages Ta, T1, and T2. Furthermore, most of the material
studied has originated from patients participating in cancer care
programs, and thus it has been difficult to evaluate the natural course of
the disease due to confounding effects of treatment with BCG.
So far, tumor size and multiplicity (i.e., more than one lesion at
diagnosis) constitute the most useful parameter for prognosis of UBC.
Moreover, lymphovascular tumor invasion has been shown to be
important in establishing a prognosis. Visualization of various cell cycle
regulators by IHC has proven to be beneficial in some but not all studies.
Like many other malignancies, UBC is affected by mutations in the p53
gene, although the results in this regard are not consistent.
Polymorphism in the H-ras gene has also been reported to be associated
with a higher risk of progression in UBC patients.
Clearly, much work has been done in this field, but the findings obtained
thus far have been neither proven nor uniform in nature. The research
underlying this thesis focused on patients with primary stage T1 UCB.
19
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These subjects had a long follow-up time, and, after the initial TURB,
most of them had received little or no further treatment before the first
recurrence. This circumstance represents an advantage compared to
other more recent series of patients treated with supplementary BCG
after TURB.
The present studies were based on a well-characterized population of
patients who had primary stage T1 UCB that followed an essentially
natural course, because the treatment strategy did not include instillation
therapy before the first recurrence.
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AIM OF THE PRESENT RESEARCH
The aim of this project was to characterize and investigate a
population-based cohort of patients with primary stage T1 UCB
with respect to the following:
• clinical and pathological characteristics associated with
tumor recurrence and progression;
• proteins involved in cell cycle regulation, considering both
tumor suppressors (p53, pRb, p21, p16 and cyclin D1) and
a tumor stimulator (HER2);
• proteins involved in tumor infiltration (MMP2 and 9);
• changes in DNA in relation to the control of p53 gene
function, measured as p53 mutations and MDM2
polymorphism.
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PATIENTS AND TUMOR MATERIAL
The same patients and tumor material were used in all four of the present
studies. The initial patient population comprised 285 cases of primary
stage T1 urothelial carcinoma of the bladder reported in 1992–2001 to
the regional Bladder Cancer Registry of the Southeast Healthcare Region
in Sweden. Re-evaluation of the cohort with respect to clinical and
pathological parameters was done according to the Local Ethics
Committee (D-nr 03-463). Unfortunately, as in most research of this
kind, it was unavoidable that some patients and their tumors had to be
excluded (Figure 9). In all, 211 patients remained after re-evaluation and
screening of the hospital records, and these individuals comprised the
study population. The main reason for exclusion was that the reevaluation led to a change in tumor stage, mainly to Ta, which suggested
an over-diagnosis of invasion in those tumor specimens. Other reasons
for exclusion were missing original slides and blocks, missing hospital
records and patients who had no follow-up mainly due to old age or other
complicated diseases. Furthermore, in the study reported in paper IV,
many tumor specimens were excluded because they were of insufficient
quality to allow verifiable analysis.
The 211 patients in the cohort had a median age of 73 years at diagnosis,
and 17% were female. In all, 169 patients (80%) had recurrence, and the
mean time to recurrence was 11 months (range 1–95 months). Eighty-two
patients (39%) showed progression, and the mean time to progression
was 25 months (range 1–140 months). Sixty-eight (32%) of the subjects
had UCB as the cause of death, and the mean time to death from UCB
was 39 months (range 4–137 months).

23

PATIENTS AND TUMOR MATERIAL

In three of the studies (papers II–IV), it was our intention to follow the
patients for at least 10 years, although the actual follow-up time ranged
from 4 to 192 months (median 60 months). The reason why the period
was shorter than 10 years in some cases was that follow-up was not
possible, because the patients in question had died due to UCB or other
diseases, or they were very old and had other complicated conditions.
The follow-up time was shorter in the study described in paper I, ranging
from 4 to 185 months (median 44 months).
In the microscopic, IHC, and genetic analyses, we used archived tumor
material both on original slides and in paraffin blocks. The specimens
were collected from four histopathological laboratories in the region. The
initial re-evaluations were performed on the original sections stained
with hematoxylin and eosin. The number of slides per case varied from
one to eight. After the re-evaluation, one tissue block from each patient
was carefully chosen for further analysis, paying special attention to the
amount and quality of the tumor material.
The demands for tumor quality were greater in the fourth study (paper
IV), which led to a higher exclusion rate in that investigation.
Furthermore, an exclusion analysis in that study revealed no major
differences in relation to gender, WHO grade, or frequency of recurrence
or progression, although some were noted regarding age and expression
of the cell cycle regulator p21 measured by IHC (Table II).
The characteristics of the patients in the study population and their
tumors are summarized in Table III.

24

PATIENTS AND TUMOR MATERIAL

Figure 9. The patients in the four studies.
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Table II: Comparison of the 60 patients that were excluded from the study with the 141 that
remained in paper IV (percentages calculated for the two groups)
60 excluded

141 remained

Chi-square,

significance
Age (years)

4.08, p=0.04

≤ 73

38 %

54 %

> 73

62 %

46 %

Male

85 %

82 %

Female

15 %

18 %

≤ 3 cm

50 %

48 %

> 3 cm

50 %

52 %

Gender

n.s.

Tumor size

n.s.

Tumor grade

n.s.

2

20 %

14 %

3

80 %

86 %

No

77 %

68 %

Suspected

20 %

23 %

Yes

3%

9%

LVI*

n.2.

p21

26.6, p<0.001
Abnormal

48 %

14 %

Normal

52 %

86 %

Abnormal

82 %

74 %

Normal

18 %

26 %

Abnormal

88 %

84 %

Normal

12 %

16 %

p53

n.s.

pRb

n.s.

P16

n.s.
Abnormal

58 %

58 %

Normal

42 %

42 %

No

78 %

82 %

Yes

22 %

18 %

No

40 %

38 %

Yes

60 %

62 %

Recurrence

n.s.

Progression

n.s.

*LVI = lymphovascular invasion.
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Table III. Characteristics of the study population of 211 patients with

primary T1 UCB
Progression

Recurrence

No

No

Yes

Yes

129 (61%) 82 (39%) 42 (20%)

169 (80%)

Female

20 (58)

16 (42)

6 (17)

30 (83)

Male

109 (63)

66 (37)

36 (21)

139 (79)

≤ 73 years

64 (62)

39 (38)

17 (16)

86 (84)

> 73 years

65 (60)

43 (40)

25 (23)

83 (77)

1

0

0

0

0

2

23 (67)

13 (33)

6 (17)

30 (83)

3

106 (61)

69 (39)

36 (21)

139 (79)

Gender

Age (years)

WHO grade 99
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METHODS
Hospital records
The data collected from the hospital records of the individual patients
served as a basis for the entire project, and they were sent to us from
the archives of the treating hospitals. The records were carefully
screened,

and

information on aspects

such

as

clinical

tumor

characteristics (size and multiplicity), details of treatment given and any
histologically confirmed recurrence and/or progression, and eventual
death from UCB were documented.
Recurrence was defined as a tumor that appeared in the bladder and
could be verified histologically. A tumor detected at early re-resection
was also considered to be a recurrence. Progression was defined as
recurrence with infiltration to T2 or further, regional lymph node
involvement, distant metastasis, or death from bladder cancer.

Microscopy
Light microscopy constituted the primary method of analysis in the
present research, particularly in the second study (paper II). In the initial
re-evaluation, the patients’ original hematoxylin-eosin-stained slides
were examined in a light microscope, paying special attention to T stage
[18], and this led to the first exclusion. T1 sub-stage, WHO grade [11],
lymphovascular

invasion

(LVI),

concomitant

carcinoma

in

situ,

estimated tumor volume, and total resection volume were used as
possible prognostic parameters in the second study (paper II), and these
aspects were evaluated by light microscopy.
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The T1 sub-stage was defined according to the level of infiltration, as
follows: the deepest infiltration (T1c) beyond muscularis mucosae (MM);
the intermediate level (T1b) close to MM or into MM; and the most
superficial infiltration (T1a) immediately beneath the basal membrane.
The criteria for measuring tumor volume were based on the knowledge
that the cassette used for embedding histological material had a capacity
of 5 ml. To calculate tumor volume, we estimated the total resection
volume and also the proportion of tumor tissue in the total area of the
stained sections. This method indicated that the 211 patients in the study
population had a median tumor volume of 3 ml (paper II). We divided
the study population, into two equal-sized groups with tumor volume ≤ 3
and > 3 ml, respectively. In this investigation (paper II), we also
calculated the proportion of tumor tissue in relation to normal tissue
(i.e., the proportion representing tumor volume), which gave values
between 0 and 1, with a median of 0.65.
LVI was assessed on the original hematoxylin-eosin-stained histological
slides (paper II), and three different groups were discerned: LVI present,
LVI suspected, and LVI not present. LVI was defined as tumor cells
within or attached to the wall of a vascular space [88, 102] (Figure 10).
The outcome of a light microscopic investigation depends largely on the
knowledge and experience of the examiner. As an internal quality
control in our project, 20 of the 285 initially identified cases were rescreened a second time (> 12 months after the first re-evaluation) by the
same assessor, who was blinded to the initial results. This control
assessment showed 100% agreement regarding T stage, WHO grade, T1
sub-stage, and possible presence of LVI.
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Figure 10. Hematoxylin-eosin-stained tumor section showing
lymphovascular invasion (LVI).

Immunohistochemistry
IHC was the main method of analysis in two of the studies (papers I and
III), and it was performed on 4-μm-thick whole sections obtained from
each of the patient’s original archived paraffin blocks. The blocks were
carefully selected, giving particular consideration to tumor volume and
the quality of the embedded material. The tissue sections were
deparaffinized in xylene and then rehydrated, pretreated with Tris-EDTA
buffer (pH 9) or citrate, and stained in an automated immunostainer
(DAKO

TechMate-TM

Horizon,

DAKO

Denmark

A/S).

Mouse

monoclonal antibodies were used to detect all the antigens investigated,
and appropriate positive and negative controls were employed
throughout. All antibodies were initially individually optimized with
respect to the best pretreatment method and dilution.
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For all the antibodies, except HER2 in the first study (paper I), the levels
of expression were determined semi-quantitatively based on the fraction
of tumor cells showing positive staining (0%, 1–10%, 11–25%, 26–50%,
51–75%, 76–100%). Only nuclear staining was used for pRb, cyclin D1,
and P21; both nuclear and cytoplasmic staining were taken into account
for p16 and p53; only cytoplasmic staining was considered for MMP2 and
MMP9. The cut-off values were chosen from studies in the literature [4447, 49, 105-107]. For HER2, the immunostained slides were scored
according to the 2007 ASCO/CAP guidelines for breast carcinomas [108]
(Figure 11). In the statistical analyses of the IHC results, only two options
were considered: normal or abnormal expression (Table IV).
As a quality control, one additional pathologist examined the IHC slides
independently. The whole material was investigated twice in the HER2
study (paper I), and one quarter of the material was investigated twice
in the third study (paper III). The results of the quality control showed
good agreement between the two pathologists.

Figure 11. HER2 3+ positive UCB according to the 2007 ASCO/CAP
guidelines for breast carcinomas.
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Table IV: Cut-off values for the antibodies used in the third

study (paper III)
Antibody

Abnormal

Positive

Cyclin D1

> 10%

Nuclei

p53

> 10%

Nuclei and cytoplasm

p21

< 10%

Nuclei

p16

0% or > 50%

Nuclei and cytoplasm

pRb

0% or > 50%

Nuclei

MMP 2

> 10%

Cytoplasm

MMP 9

> 10%

Cytoplasm

Pyrosequencing
Pyrosequencing was performed to genotype MDM2 (paper IV). Initially,
two 10-μm-thick sections from the original paraffin blocks were
transferred to an Eppendorf tube, and DNA was purified according to the
protocol for the Maxwell TM 16 FFPE DNA Purification Kit (Promega,
Madison, WI, USA). To detect the MDM2 SNP309 (rs2279244), a
fragment of the MDM2 gene was amplified by a PCR reaction carried out
in a 30-μl reaction volume with final concentrations as follows: 20 mM
(NH4)2SO4, 75 mM Tris-Hcl (pH 9.0), 0.01% Tween 20, each dNTP at
200 μM, 2.0 mM MgCl2, each primer at 1.0 μM (Invitrogen, Paisley, UK),
0.5 U Taq DNA polymerase (Thermowhite, Saveen Werner AB,
Limhamn, Sweden), and 50 ng of DNA. The amplification was performed
at an annealing temperature of 60 °C for 35 cycles, and the reverse
primer was biotinylated.
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Single-stranded DNA was isolated from the PCR reaction using a
Pyrosequencing Vacuum Prep Workstation (Biotage AB, Uppsala,
Sweden) and was subsequently transferred to a 96-well plate. The
sequencing primer was annealed to the single-stranded DNA by heating
the sample to 80 °C for 2 min and then allowing it to cool to room
temperature. Thereafter, the plate was placed in the Pyrosequencing
PSQ96 MA system (Biotage AB, Uppsala, Sweden) for real-time
sequencing and SNP detection.

Single-strand conformation analysis and Sanger sequencing
Mutations in the p53 gene were detected by performing single-strand
conformation analysis (SSCA) and Sanger sequencing (paper IV). Tumor
DNA was analyzed regarding mutations in exons 5–8. PCR primers
(specifications available on request) covering exons 5–8 and including
exon/intron borders of the p53 gene were used to generate PCR
products. After checking to ensure success of the PCR, 1 μl of PCR

product was labeled with

32P-dATP

in a 5–10-cycle secondary PCR

conducted using the same primers as in the primary PCR and SSCA.
Single-strand conformation analysis. Labeled PCR products were
diluted 20-fold with 50% formamide/10 mM EDTA/0.1% SDS
(containing xylene cyanol and bromophenol blue tracing dyes). After
denaturation at 95 °C for 5 min, the samples were immediately put on ice
and loaded onto a native 6% polyacrylamide gel containing 10% glycerol.
Electrophoretic separation of single-stranded DNA was performed at 10–
12 W for 16–20 hours. Thereafter, the gels were attached to filter paper,
dried, and exposed to x-ray film for 16–24 hours.
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Shifted bands (indicating a different secondary structure) were excised,
and the DNA was eluted and used in a re-amplification PCR reaction for
direct DNA sequencing.
DNA sequencing. Using a standard protocol for fluorescently labeled
dideoxynucleotides (BigDye, Applied Biosystems, Life Technologies), 3–5
μl of PCR product (obtained directly or from re-amplification of excised
SSCA bands) was injected into a capillary electrophoresis instrument
(ABI 3500, Life Technologies) to achieve separation and detection. The
sequences that were obtained were compared with the reference
sequence NC 000017 (www.ncbi.nlm.nih.gov), and deviations were
recorded as mutations or polymorphisms. Identified mutations were
confirmed by repeating the PCR amplification of the tumor DNA and
analyzing the products in the same manner as in the initial runs.

Statistical analysis
Statistical analyses were performed throughout the project. Univariate
and multivariate Cox regression models served as the main statistical
methods. Calculations were conducted concerning the risks of
recurrence, progression, and death from bladder cancer in relation to the
various parameters that were tested. Kaplan-Meier analysis was carried
out in two of the studies (papers II and IV) to estimate time to
progression and recurrence. Groups were compared by the chi square
test. All the analyses were performed using IBM/SPSS version 19.0, and
P-values ≤ 0.05 were assumed to be statistically significant. All tests were
two-sided, and the endpoint in the studies was progression or death from
UCB.
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Paper I
In the first investigation (paper I), HER2 expression in the study
population was measured by performing IHC on tumors from 201 of the
patients. These subjects had a median age of 73 years at the time of
diagnosis, and 34 (17%) were female. In all, 159 (79%) had recurrences,
and 73 (36%) had tumor progression; these numbers differ from those
noted for the same 201 patients in the third study (paper III), because a
shorter follow-up time of 4 to 185 months (mean 58 months) was used in
the initial investigation. Time to progression and recurrence in relation
to HER2 status is shown in Table V. HER2 overexpression was observed
in 25 patients (12.4%), and the tumors were scored 3+ in six of those
individuals and 2+ in 19. Table VI presents the distribution of HER2
scores of 0/1+, 2+, and 3+ in relation to recurrence and progression,
which shows no significant differences between the HER2-positive and
HER2-negative groups. To summarize, we did not find any significant
association between HER2 status and prognosis in the study population.
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Table V. Time (month) to progression and recurrence in

relation to HER2 status in the first study (paper I)
HER2 negative

HER2 positive

(0/1+)

(2+/3+)

N=176 patients

N=25 patients

mean

12

5

median

4

4

1–95

2–25

17

14

6

7

1–90

3–60

Recurrence

range
Progression
mean
median
range
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Table VI: Distribution of HER2 in the 201 patients

investigated in the first study (paper I)
HER2 0/1+

HER2 2+

HER2 3+

176 (%)

19 (%)

6 (%)

145 (82)

17 (89)

5 (83)

31 (18)

2 (11)

1 (17)

28 (16)

2 (11)

1 (17)

148 (84)

17 (89)

5 (83)

37 (21)

4 (21)

1 (17)

139 (79)

15 (79)

5 (83)

115 (65)

10 (53)

3 (50)

61 (35)

9 (47)

3 (50)

Gender

Male
Female

Tumor grade
2
3

Recurrence

No
Yes

Progression

No
Yes
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Paper II
Parameters detectable by light microscopy were investigated in the
second study (paper II), which included the entire study population of
211 patients. These subjects had a median age of 73 years at the time of
diagnosis, and 17% were female. In all, 169 patients (80%) had a
recurrence, and the mean time to recurrence was 11 months (range 1–95
months). Eighty-two (39%) showed progression, and the mean time to
progression was 25 months (range 1–140 months). Sixty-eight (32%) had
UCB as the cause of death, and the mean time to death from UCB was 39
months (range 4–137 months). Twenty-five patients had concomitant
Tis. Early re-resection (1–3 months) after the initial TUR was performed
in 31 patients (15%). Patient characteristics are presented in Table VII.
Intravesical

treatment

for

non-muscle-invasive

recurrence

was

administered to 51 (24 %) patients: 39 received only a short (6-week)
course of induction BCG, and 12 were given the same in combination
with maintenance intravesical BCG therapy.

After the diagnosis of

primary T1 disease, six patients had undergone a cystectomy, and six had
been given radiotherapy as primary treatment.
It was our intention to follow the patients for at least 10 years, although
the actual follow-up time ranged from 4 to 192 months (median 60
months). Periods shorter than 10 years were due mainly to advanced age,
other serious diseases, or death from UCB or some other cause.
LVI and T1 sub-staging could not be analyzed in the same Cox model
because of high correlation between these variables. The significant
prognostic factors for recurrence were tumor size, multiplicity, and LVI.
LVI was the only variable associated with tumor progression. Neither
tumor volume nor proportion of tumor volume proved to be a significant
prognostic factor in this study.
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Moreover, sub-staging of T1 was not associated with recurrence or tumor
progression in the entire cohort. A combination of different T1 sub-stages
(T1a/T1b and T1b/T1c) was also used in the assessments, but no
significant results were found concerning progression and recurrence. In
patients older than 73 years, Kaplan-Meier analysis showed a
significantly higher rate of progression in those with sub-stage T1b or T1c
lesions as compared to those with T1a tumors. No such difference was
observed in the younger patients (aged ≤ 73 years) (Figure 12).
BCG treatment was a significant prognostic factor for risk of death from
UCB. Nevertheless, the statistical results regarding BCG treatment must
be interpreted with caution considering the obvious risk of selection bias
because some of the patients with early progression did not receive any
BCG treatment.
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Table VII. Characteristics of the 211 patients in paper II
Progression

Recurrence

No

Yes

No

129 (61%)

82 (39%)

42 (20%)

Yes

169 (80%)

Gender
Female

20 (56)

16 (44)

6 (17)

30 (83)

Male

109 (62)

66 (38)

36 (21)

139 (79)

≤ 73 years

64 (62)

39 (38)

17 (17)

86 (83)

> 73 years

65 (60)

43 (40)

25 (23)

83 (77)

0

0

0

0

Age (years)

WHO grade 99
1
2

23 (64)

13 (36)

6 (17)

30 (83)

3

106 (61)

69 (39)

36 (21)

139 (79)

No

95 (63)

55 (37)

33 (22)

117 (78)

Suspected

29 (64)

16 (36)

7 (16)

38 (84)

5 (31)

11 (69)

2 (12)

14 (88)

≤ 30 mm

66 (65)

36 (35)

25 (25)

77 (75)

> 30 mm

63 (58)

46 (42)

17 (16)

92 (84)

No

89 (61)

57 (39)

34 (23)

112 (77)

Yes

40 (62)

25 (38)

8 (12)

57 (88)

≤ median

65 (58)

48 (42)

22 (19)

91 (81)

> median

64 (65)

34 (35)

20 (20)

78 (80)

≤ 0.65 (median)

66 (62)

40 (38)

20 (19)

86 (81)

> 0.65 (median)

63 (60)

42 (40)

22 (21)

83 (79)

T1a

52 (69)

23 (31)

18 (24)

57 (76)

T1b

45 (56)

36 (44)

10 (12)

71 (88)

T1c

32 (58)

23 (42)

14 (25)

41 (75)

LVI*

Yes
Tumour size

Multiplicity

Tumour volume

Tumour volume proportion

Sub-stage pT1

*LVI = Lymphovascular invasion
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Figure 12: Kaplan-Meier curves for progression of T1a, T1b, and T1c
tumors in patients ≤ 73 (upper) and > 73 (lower) years of age.
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Paper III
In the third study (paper III), the number of patients evaluated (n = 201)
was the same as in the first investigation (paper I), and IHC was
performed to analyze cell cycle regulators and MMPs. The patients had a
median age of 73 years (range 42–93 years) at the time of diagnosis, and
34 (17%) were female. In all, 161 (80%) suffered recurrences, and 77
(38%) had tumor progression. It was our intention to follow the patients
for at least 10 years, but the actual follow-up time ranged from 4 to 192
months (median 60 months). Periods shorter than 10 years were due
mainly to advanced age, other serious diseases, or death from UCB or
some other cause. All the tumor material from the 201 patients could be
evaluated by IHC, and we noted generally good staining results and no
doubtful cases (Figure 13). Most of the MMPs tested were clearly
abnormal or clearly normal. MMP2 and MMP9 were abnormal in 18
(9%) and 38 (19%) of the tumors, respectively. Expression of p53 was
abnormal in as many as 152 (76%) of the tumors; for this protein, we
considered both nuclear and cytoplasmic staining, which showed that
none of the cases were positive only in the cytoplasm, and, on the whole,
very few were positive in the cytoplasm. PRb was abnormal in 168 (86%),
p16 in 98 (49%), p21 in 151 (75%), and cyclin D1 in 143 (71%) of the
tumors. Table VIII summarizes the results of the IHC analysis and also
describes outcome in relation to progression and recurrence. Normal
expression of p53 was significantly associated with a higher risk of tumor
recurrence, and normal p16 expression was related to a lower risk of
tumor progression (Table IX). Considering the MMPs, abnormal
expression of MMP9 was significantly associated with a higher risk of
recurrence. The statistical analyses of combinations of factors (pRb, p16,
p53, and p21) revealed no significant relationships with tumor recurrence
and progression.
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Figure 13. Examples of immunohistochemistry in paper III, from
above; cyclin D1, p53 and p16.
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Table VIII: Outcome of immunohistochemistry in relation to
progression and recurrence in the third study (paper III)

Recurrence

Progression

No

Yes

No

Yes

40 (20%)

161 (80%)

124 (62%)

77 (38%)

4(8%)

45(92%)

26(53%)

23(47%)

Abnormal

36(24%)

116(76%)

98(64%)

54(36%)

Normal

24(23%)

79(77%)

70(68%)

33(72%)

Abnormal

16(16%)

82(84%)

54(55%)

44(45%)

6(18%)

27(82%)

14(42%)

19(58%)

Abnormal

34(20%)

134(80%)

110(65%)

58(35%)

Normal

11(19%)

47(81%)

28(48%)

30(52%)

Abnormal

29(20%)

114(80%)

96(67%)

47(33%)

8(16%)

42(84%)

32(64%)

18(36%)

Abnormal

32(21%)

119(79%)

92(61%)

59(39%)

Normal

36(20%)

147(80%)

112(63%)

71(37%)

Abnormal

4(22%)

14(78%)

12(67%)

6(33%)

Normal

35(21%)

128(79%)

104(64%)

59(36%)

5(13%)

33(87%)

20(53%)

18(47%)

p53
Normal

p16

pRb
Normal

Cyclin D1

p21
Normal

MMP2

MMP9
Abnormal
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Table IX: Univariate and multivariate Cox proportional hazards analysis of progression
after primary transurethral resection for T1 bladder carcinoma in the Southeast
Healthcare Region in Sweden 1992–2001

Tumor size
≤ 30 mm
> 30 mm
LVI*
no
suspected
yes
p16
abnormal
normal
Cyclin D1
abnormal
normal
p21
abnormal
normal
p53
abnormal
normal
MMP2
abnormal
normal
MMP9
abnormal
normal
pRb
abnormal
normal

Univariate

Multivariate

hazard ratio (95% CI)

hazard ratio (95% CI)

1.0
1.28 (0.82–2.01)

1.0
1.32 (0.83–2.09)

0.24

1.0
0.99 (0.57–1.73)
2.75 (1.40–5.41)

1.0
0.91 (0.51–1.64)
3.41 (1.61–7.24)

0.75
0.001

1.0
0.51 (0.31–0.83)

1.0
0.46 (0.27–0.76)

0.003

1.0
0.65 (0.41–1.04)

1.0
0.82 (0.49–1.35)

0.43

1.0
1.52 (0.88–2.64)

1.0
1.43 (0.80–2.53)

0.23

1.0
1.29 (0.78–2.13)

1.0
1.41 (0.83-2.39)

0.20

1.0
0.90 (0.52-1.54)

1.0
0.82 (0.47–1.45)

0.50

1.0
0.79(0.45–1.39)

1.0
0.89(0.49–1.59)

0.69

1.0
1.20 (0.66–2.18)

1.0
1.29 (0.70–2.38)

0.42

*LVI = Lymphovascular invasion
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Paper IV
In the last study (paper IV), mutations in the p53 gene and
polymorphism of the MDM2 gene (i.e., single nucleotide polymorphism
SNP309, rs2279744) were investigated in 141 tumors. The patients had a
median age of 73 years (42–93 years), and 25 (18%) were women. As
mentioned in the patients and tumor material section, 60 patients and
their tumors were excluded because the tumor material was of
insufficient quality to allow genetic analyses. An exclusion analysis (Table
II) revealed some differences between the group that was investigated (n
= 141) and the group that was not (n = 60), and, in particular, the
dissimilarity with regard to expression of p21 is hard to explain, but
might be due to variations in the small group of p21 positive tumors. Of
the patients that were evaluated, 115 (82%) suffered a recurrence, and 53
(38%) had progression. However, those proportions are equivalent to the
corresponding proportions noted in our earlier investigations, thus
implying that there were probably no marked disparities compared to the
initial study population, even though the exclusion analysis did indicate
some differences.
Also in the fourth investigation, it was our intention to assess all patients
for a period of at least 10 years, but that was not possible because some of
the subjects had been excluded from the follow-up regimen due to high
age or death from UCB or other complicated diseases. The mean followup time was 72 months (4–192 months). The characteristics of the study
population are presented in Table X.
In all, 53 (38%) of the 141 tumors that were investigated had a mutation
in the p53 gene, but apparently not in any particular exon.
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Examining the frequency of the MDM2 SNP309 genotype among the 141
patients, we found that 59 (42%) were T⁄T, 64 (45%) were T⁄G, and 18
(13%) were G⁄G. The corresponding proportions in our database
comprising 725 healthy individuals tested for MDM2 polymorphism are
41%, 45%, and 14%, respectively. The G/G value for the healthy
individuals is very close to the G/G proportion we found in our tested
study population, and the genotypes are in Hardy-Weinberg equilibrium
[109, 110]. This indicates that MDM2 polymorphism entails nothing
unfavorable that can lead to development of UCB stage T1.
No association was found between MDM2 polymorphism, p53
mutations, and prognosis. However, there was an association between
abnormal p16 and p53 mutations (p = 0.029), and in the group with p53
mutation Kaplan-Meier analysis showed higher rate of progression and
shorter time to progression in patients with abnormal p16 compared to
normal p16 tumors (p = 0.038) (Figure 14). A relationship was also
discerned between WHO tumor grade 2 (as opposed to grade 3) and p53
mutations (p=0.013), but it should be noted that there were only 21 grade
2 tumors in the material that was analyzed.
We detected a significant association between p53 mutations and IHC
analysis of p53 at a cut-off value of 50% for p53 staining (p = 0.003).
This was not seen at values below 50% (i.e., 10%, 25%, or < 50%).
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Figure 14. Kaplan-Meier curves for patients with a p53 mutation,
showing significantly shorter time to progression in those with abnormal
p16 (blue curve) as compared to those with normal p16 (green curve)
according to IHC staining. (Log rank chi square 4.32, p=0.038.)
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Table X: Characteristics of the 141 patients in the fourth study
(paper IV)

P53 mutation

MDM2 TT

No

No

Yes

Yes

88 (62%)

53 (38%)

82 (58%)

59 (42%)

Age (years)
≤73
>73

49 (64%)
39 (60%)

27 (36%)
26 (40%)

44 (58%)
38 (58%)

32 (42%)
27 (42%)

Gender
Male
Female

72 (62%)
16 (64%)

44 (38%)
9 (36%)

66 (57%)
16 (64%)

50 (43%)
9 (36%)

MDM2
TT
GG
TG

38 (64%)
11 (61%)
39 (61%)

21 (36%)
7 (39%)
25 (39%)

-

-

p53 mutation
Yes
No

-

-

32 (60%)
50 (57%)

21 (40%)
38 (43%)

Recurrence
Yes
No

75 (65%)
13 (50%)

40 (35%)
13 (50%)

66 (57%)
16 (62%)

49 (43%)
10 (38%)

Progression
Yes
No

30 (57%)
58 (66%)

23 (43%)
30 (34%)

27 (51%)
55 (62%)

26 (49%)
33 (38%)
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This thesis describes the present studies of a population-based cohort of
patients with primary stage T1 UCB. In short, with only minor variations
regarding numbers of patients, we investigated the same population
throughout the entire project with the aim of evaluating several variables
that have an impact on tumor development, recurrence, and progression
in UCB.
The strength of this project is that we used a population-based cohort
with primary T1 UCB. There are many publications that concern this
topic, but very few of them have described a cohort of such patients that
is both large in size and well characterized. Our project had a long followup time, and that aspect is particularly important in assessments of UBC,
because it is a long-lasting disease that in some cases involves late
recurrence and progression.
The study population was initially re-evaluated on the original pathology
slides, and hence the T stage considered here was not based on the
patients’ records, which are known to be incorrect in many cases as the
result of both diagnostic errors and faulty registration. This latter
observation was indeed confirmed in our project, since many diagnoses
were changed predominantly from T1 to Ta, and less often to T2. Other
researchers have also reported similar results, with diagnoses being
changed in up to 30% of cases upon re-evaluation performed by subspecialized uropathologists [111].
Further advantages of our project are that we examined the subject of
interest in a very broad perspective and evaluated many different
parameters.
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Also, we used a variety of methods in the evaluations conducted in the
four studies, and in one of the investigations we assessed the same
parameter on two different levels, namely, considering both expression of
the p53 protein and mutations in the p53 gene.
The study population primarily comprised cases treated in the 1990s, at
which time BCG therapy was not given before the first recurrence, at
least not in the healthcare region responsible for the patients we
investigated. This means that tumor development in this cohort had
essentially followed a natural course without the influence of instillation
therapy (BCG). It is no longer possible to study this type of cohort,
because the treatment regimens for T1 UCB include supplementary
instillation of BCG.
Nevertheless, the material investigated also had a disadvantage related to
the treatment protocols that were in use in the 1990s. A secondary
resection was not performed routinely on the investigated tumors, which
implies suggests that some of the T1 lesions were actually stage T2
tumors. Today, secondary resection is performed routinely in every case
of NMIBC, and reports in the literature indicate that rates of upgrading
to higher stage vary from a few percent to as much as 30% [57, 112].
Throughout the project, the follow-up time was long, although it differed
and in some cases was shorter than initially intended, mainly due to
advanced age of the patients. Besides UCB, many of them had other
complicating diseases, which made it difficult to conduct the follow-up
programs that are essential in UCB. Furthermore, some of the subjects
died early in the study period, from UCB or other diseases.
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Another drawback is that it was necessary to exclude patients whose
tumor specimens were missing or were of insufficient quality for
examination, the latter being most marked in the fourth study (paper IV).
In the initial investigation (paper I), we analyzed the HER2 receptor by
IHC, which did not reveal any association between outcome of UCB
and HER2 status. IHC indicated that 12.4% of the tumors were HER2
positive (scores of 3+ and 2+), which is comparable to proportions noted
in some other studies, although there is marked variation in the results
reported in the literature. Lae et al. [72] observed an HER2-positive rate
of 9.2%, whereas much higher frequencies close to 60%, were found by
Simonetti et al. and Caner et al. [53, 113]. It is assumed that
overexpression of HER2 favors mitotic activity and tumor invasion.
According to the cited studies, the frequency of HER2 overexpression
varies considerably, and a pattern including more HER2 positivity is not
seen in high grade and advanced stage UCB; this is in contrast to breast
carcinomas, in which more advanced tumors are more often HER2
positive [114].
In this context, the methods employed to analyze HER2 status are also
important. In situ hybridization (ISH) techniques are often used,
together with IHC, and the results provided by ISH are better associated
with prognosis, at least in breast carcinomas [115]. Notwithstanding, it is
also known that IHC has certain pitfalls, for example difficulties in
interpreting the findings, although in our project this was addressed by
allowing two pathologists perform the evaluation independently. HER2
testing can be rendered more reproducible and stable by using ISH
techniques [116], and hence a weakness in our project is that we did not
perform ISH.
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In the second study (paper II), we were able to include all 211 patients
and focused on tumor characteristics revealed by light microscopy. The
advantage of that method is that any useful prognostic marker that can
be detected in a microscope is fairly easy to apply as a routine test in a
histopathological laboratory, because it will not require sophisticated
technical instruments or expensive reagents. On the other hand, the
findings obtained by light microscopy can be somewhat subjective and
difficult to reproduce. In this study, we found a significantly higher risk
of recurrence and tumor progression in cases involving LVI. However,
such invasion was observed in only a small number of patients (16, 7.5%),
with the majority being negative for LVI (150, 71%) and a fairly large
group representing suspected cases (45, 21%). Cho et al. [88] found that
28% of UBC patients in their study had LVI, and analysis of those
subjects indicated that T1 tumors with LVI were associated with a higher
risk of progression and metastasis. It is difficult to evaluate LVI on
routinely stained sections, as reflected by the large number of suspected
cases in our study. In a review article, Algaba [102] has presented a very
thorough description of the criteria for LVI and the difficulties associated
with identifying such invasion. Algaba suggests that, regardless of
whether there is doubt concerning LVI, pathologists should consult with
other pathologists and perform immunohistochemical staining for
endothelium in order to reduce the number of uncertain cases.
We found that BCG therapy was associated with a lower risk of death in
UCB patients, and Shahin et al. and Andius et al. [62, 63] have also
reported that BCG instillation offers advantages concerning time to
progression and recurrence. However, there was a positive selection bias
for the BCG-treated patients in our research, because many of the
subjects with early progression did not receive any BCG treatment.
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We did not discern any association between T1 sub-staging and
recurrence or progression when considering the entire cohort. However,
when the cohort was divided into younger and older patients, we found
that the rate of progression in the latter group was higher in subjects with
T1b and T1c tumors as compared to those with T1a lesions. This
observation might be explained by more active monitoring and treatment
of younger than older patients. Some investigators [96, 103] have shown
that sub-staging of T1 can be used as a prognostic factor for progression
and recurrence, whereas other researchers have observed the opposite
[64]. In our studies and in an evaluation conducted by van Rhijn and
coworkers [103], T1 sub-staging was feasible in all cases, even though a
single strict definition of the sub-staging is lacking. Thus it is possible to
sub-stage T1 UCB, but the need for proper criteria is obvious.
Many investigations [101, 117, 118] have indicated that tumor size is an
important factor affecting both progression and recurrence, and we
found that this applied to recurrence. In light of the potential differences
in tumor growth patterns (Figure 14) [119], it is plausible that tumor
volume may be a more precise measurement than tumor size. The entire
amount of resected tissue and the proportion that consists of tumor
material might give an indication of whether a resection is complete (i.e.,
a high proportion of tumor volume might reflect insufficient resection).
In our studies, neither the total tumor volume nor the proportion of
tumor tissue in relation to normal tissue was found to be associated with
progression or recurrence. We also found that patients presenting with
more than one tumor (multiplicity) had a significantly higher risk of
recurrence, and tumor multiplicity is an established prognostic factor in
that context [101, 117, 118].
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Figure 14. Hypothetical drawing of two possible growth patterns for
stage T1 UCB, stressing the importance of tumor volume as opposed to
tumor size.
In the third study (paper III), we used IHC as the main method for
investigating the cell cycle regulators p53, p16, pRb, cyclin D1 and p21
as, well as two MMPs that are assumed to be associated with tumor
invasion. We performed IHC on whole sections instead of tissue
microarrays (TMAs), because the latter had been shown to be
unpredictable in an investigation of UBC published in the literature [92].
Furthermore, a report had described unexpected variation in protein
expression in closely related mucosa [120], indicating that the type of
sampling from a tumor specimen that is done in TMAs might not reflect
the state of the tumor. With few exceptions, the multivariate analysis
revealed no associations between the tested proteins and prognosis.
Expression of p53 was abnormal in majority of the cases (152, 76%).
Normal expression of this protein was related to a higher risk of
recurrence, which is in contrast to other reports indicating that abnormal
p53 expression is associated with a higher risk of recurrence and
progression in UCB [90]. It is possible that our results were influenced by
the paucity of tumors with normal p53 levels. Moreover, it is a matter of
controversy whether IHC analysis alone can estimate
dysfunction of p53 [121, 122].
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The p16 gene is frequently mutated in cancer, in many cases just as often
as the p53 gene [123]. The main function of p16 is to serve as a negative
regulator of the cell cycle by inhibiting cyclin-dependent kinase 4 (Figure
7), and hence a non-functioning p16 protein disturbs this regulatory
effect and thereby favors uncontrolled cell proliferation [124]. In our
cohort, normal p16 expression was related to a lower risk of tumor
progression. According to a number of investigators [47, 94, 125],
abnormal p16 alone or in combination with other abnormal cell cycle
regulators, such as pRb, is associated with a higher rate of progression
and recurrence. Cyclin D1, p21, and pRb, considered separately or
together with p53, pRb, or p21, did not show any significant association
with recurrence or progression. However, other studies have shown that
combinations of various cell cycle regulators, such as p53, pRb, p16 and
cyclin D1, can serve as prognostic markers in UCB [44, 47]. Our analysis
of MMP2 and MMP9 demonstrated that abnormal expression of MMP9
was associated (albeit only weakly) with a higher risk of recurrence,
whereas no such relationship was found for MMP2. Other authors have
reported that MMPs are involved in tumor invasion and are linked to a
risk of progression in UCB [126, 127]. Furthermore, tissue inhibitors of
MMPs (TIMPs), which were not considered in our investigations, have
been observed to be closely associated with the MMPs that play an
important role in controlling the breakdown of extracellular matrix and
to some extent also in regulating the MMPs [128], and thus they are of
interest in this context.
In our fourth study (paper IV), we evaluated polymorphism of the gene
MDM2 and p53 mutations. This was also partly done to discern possible
associations with IHC staining for p53 and other potential cell cycle
regulators.
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Variations in MDM2, more specifically SNP309 polymorphism in the
regulatory region in intron 1, and mutations in p53 have been reported in
many malignancies, including UCB, and in combination they might have
an unfavorable impact on prognosis [34, 129-136]. Onat and colleagues
[135] investigated MDM2 polymorphism in UBC and found an
association between development of bladder cancer and MDM2
polymorphism in patients with the G/G genotype. However, we did not
find any prognostic usage for the combination MDM2 polymorphism and
p53 mutations in our study population. Although we did observe that in
the group with p53 mutation, Kaplan-Meier analysis showed higher rate
of progression and shorter time to progression in patients with abnormal
p16 compared to normal p16 tumors (p = 0.038). It is likely that,
together, these alterations in p53 and p16 have an additive effect that
leads to the absence of tumor suppression and probably expresses the
linkage between p53, p16, and pRb reported by other researchers [137,
138]. The frequency of MDM2 polymorphism found in the present study
cohort is essentially the same as that observed in a reference population,
and both those frequencies are in Hardy-Weinberg equilibrium.
Theoretically, it seems that no association exists between MDM2
polymorphism and the risk of developing stage T1 UCB. Other
investigators [139] have reported MDM2 polymorphism frequency
equivalent to that noted in our project. Considering the frequency of
MDM2 polymorphism in our cohort, it is reasonable to conclude that any
polymorphism in that gene is stable during tumor development, and
there is no evidence that MDM2 SNP309 undergoes changes during
tumor development.
It is debatable whether p53 mutations can be compared with p53
expression measured by IHC [140].
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As reported in paper IV, we were able to compare the results of IHC
analysis of p53 expression with the p53 gene mutations that were
identified in the study population. We found that a cut-off value 50% was
associated with p53 gene mutation, and that level is higher than what is
usually reported as abnormal for p53 expression. A cut-off of 10%
positive cells is commonly used, although 20% has also been proposed
[48, 141]. Our results suggest that higher cut-off levels for p53 expression
measured by IHC might be explored as well, also proposed by
Yemelyanova et.al [140].
In this project, we studied a population-based series of patients with T1
tumors of the urinary bladder and tried to explore the material from
many different aspects. Furthermore, we investigated a large number of
potential prognostic factors for primary stage T1 UCB. Our results
indicate that a few of these factors are significantly associated with
recurrence or progression and thus might be useful for identifying
patients that can be assigned an alternative treatment regimen or a
specific follow-up protocol. The most promising marker is LVI, although
the rate of LVI suspected cases were comparable high in our series, and
as suggested above, the accuracy might be improved with IHC for
endothelium [102]. It also appears that p16 can be a practical marker,
because abnormal expression of this protein seems to promote tumor
progression. Indeed, we found that abnormal p16 expression was
associated with progression and this was particularly the case in tumors
with p53 mutation. Our results also indicate that it might be beneficial to
use a higher cut-off for IHC measurements of p53, perhaps at a level of
50%. In short, our investigations clearly show that a great deal remains
to be explained and investigated regarding tumor development and
factors of importance for prognosis of stage T1 tumors of the urinary
bladder.
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CONCLUSIONS

• HER2 is overexpressed in 12.4% of patients with
primary stage T1 UCB, although HER2 status is not
associated with prognosis in such disease.
• LVI is associated with recurrence and progression in
primary T1 UCB, and therefore the presence of such
invasion should be evaluated in all new cases of this
disease.
• Abnormal p16 IHC expression is associated with
progression, particularly in tumors with p53 mutation.
• IHC analysis of expression of p53 > 50% is associated
with p53 gene mutations in primary stage T1 UCB.
• As of yet, the course of primary stage T1 UCB is largely
unexplained, and thus further research is needed to
elucidate the mechanisms underlying tumor progression
and recurrence, and to find safe and useful markers that
can facilitate treatment decisions.
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