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Abstract

The key events leading to a better understanding of the natural history of urothelial tumors of the bladder are

summarized. These were: the recognition of flat carcinoma in situ and related lesions (intraurothelial neoplasia) as principal
sources of invasive cancer; identification of the unique structure of the urothelium; analysis of DNA content and the
recognition of two pathways of urothelial tumors. A brief comment on the current status of immunologic and molecular genetic

markers is appended.  © 1992 Wiley-Liss, inc.
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Within the last 40 years significant strides
have been made in understanding neoplastic
processes in the urinary bladder and, by impli-
cation, in the entire lower urinary tract.

In 1952, when this writer became interested
in tumors of the urinary bladder, the principal
tools used in the assessment and prognostica-
tion of this group of diseases were the gross
appearance of the tumor on cystoscopic exami-
nation; histologic tumor grading, introduced by
Broders in 1922 [1]; and anatomic and clinical
staging, introduced by Jewett and Strong [2].
Bladder tumors were divided into "papillary”
and "solid" and further subdivided into transi-
tional cell carcinoma, squamous carcinoma, and
adenocarcinoma [3]. The natural history of
these tumors was poorly understood and their
origin was obscure. In large series of reported
cases terms such as "recurrence" and "progres-
sion" were often confused; the data from various
centers could not be compared because of lack
of acceptable uniform clinical and histologic
criteria. The key events that led to progress in
this field are briefly discussed below.

EMERGING CONCEPTS OF CARCINOMA
IN SITU

My own interest in bladder cancer was trig-
gered in 1952 by a case history of a 54 year old
male patient seen at Memorial Hospital for
Cancer and Allied Diseases. At that time the
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microscopic examination of cells in the urinary
sediment was in its infancy. A paper on this
subject published by Papanicolaou and Marshall
in 1945 [4] gave equivocal results. Nonetheless
the procedure was applied to patients seen in
the Urology Service at Memorial by Dr. Willet
Whitmore and his associates. The urinary sedi-
ment in the patient under discussion revealed
unequivocal cancer cells in the absence of any
cystoscopic evidence of disease, except for patch-
es of redness. Multiple biopsies of bladder epi-
thelium obtained after a delay of nearly 3 years
disclosed an epithelial abnormality that was
finally classified as a carcinoma in situ with
features of Paget’s disease. After much hesita-
tion, a cystectomy was finally performed by
Dr. Whitmore, perhaps the first such procedure
for an invisible lesion. Histologic examination
showed extensive carcinoma in sifu and a single
focus of invasive cancer in the dome of the
bladder. In spite of this apparently favorable
situation, the patient developed a metastasis to
the liver that broke down and caused the death
of the patient from hemoperitoneum, 2 years
after cystectomy. It goes without saying that
this sequence of events, i.e., the death of a
young patient from an invisible disease of the
bladder, was a most impressive event.

At that time, around 1955, very little was
known about carcinoma in situ of the urinary
bladder. The disease was described by Melicow
and Hollowell in 1952 as an incidental finding
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TABLE I. Characteristics of Non-papillary
Carcinoma in Situ of Bladder

. The lesion cannot be recognized cystoscopically as a tumor.

. Cystoscopic abnormalities may mimic inflammation; "velvety redness,"
"cobblestone epithelium" or "interstitial eystitis” were recorded. In other cases
there have been no cystoscopic abnormalities whatever.

. The lesion may extend into the ureters.

. In males, the lesion often extends into the prostatic ducts and the penile
urethra.

. Because the lesion produces only nonspecific symptoms or may be

asymptomatie, diagnosis is based either on eytology of voided urine or on
incidental biopsies of bladder epithelium.

. If untreated, carcinoma in sifu will progress to invasive carcinoma in at least

60% of all patients within 5 years.

. Carcinoma in situ may be successfully treated by immunotherapy in
approximately 60% of the cases. An extension into the prostatic ducts

precludes immunotherapy.

in cystectomy specimens of patients with other-
wise advanced cancers [5]. The prognostic sig-
nificance of carcinoma in situ was a complete
mystery. In 1957, a large group of industrial
workers heavily exposed to the potent bladder
carcinogen para-aminodiphenyl was studied in
my laboratory by cytologic examination of their
urinary sediment. By 1960, there were 22 of
these workers whose sediment contained cancer
cells in the absence of clinical disease.
Four years later, 11 of these workers developed
invasive cancer of the bladder [6]. A few addi-
tional workers also developed invasive cancer,
sometimes after a delay of several years [7].

Thus the concept of a flat, clinically invisible
lesion, carcinoma in situ, as a potentially life-
threatening disease emerged from these studies.
The summary of the principal features of this
disease is shown in Table I.

STRUCTURE OF THE UROTHELIUM

During the ensuing years further insight was
also gained from histological and ultrastructur-
al studies of the epithelium of origin of bladder
tumors. Studies by Hicks [8] and Koss [9] dis-
closed that the epithelium lining the bladder,
the ureters and the renal pelvis of rats and mice

had a unique structure, particularly in reference
to the superficial cells. These unique cells,
called umbrella cells because of their large, flat
configuration, have surface plaques composed of
a specialized membrane known as the asymmet-
ric unit membrane (AUM). The presence of a
virtually identical structure in human epitheli-
um was documented shortly thereafter [10].
Normal human urothelium was shown to be
composed of approximately 7 layers of cells
overlaid by umbrella cells. The latter often
contained multiple nuclei of different sizes.
These studies also brought into focus the
unique characteristics of bladder epithelium,
Jjustifying the term "urothelium" and "urothelial
tumors” as a replacement of the previous term
"transitional epithelium" and "transitional cell
tumors" [11].

CLASSIFICATION AND GRADING OF
UROTHELIAL TUMORS

Once the normal structure of the urothelium
became known, it was possible to classify tu-
mors derived from this epithelium against a
normal reference point [11]. Using the number
of cell layers, the presence of umbrella cells as
a guide to epithelial differentiation, and the
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nuclear abnormalities as evidence of malignant
transformation, papillary tumors could be clas-
sified into 3 groups:

1. Tumors lined by normal or nearly nor-
mal urothelium were classified as papil-
lomas or papillary tumors grade I;

2. Tumors without similarity to normal
urothelium, characterized by highly
abnormal nuclei, were classified as
grade I11%;

3. Tumors intermediate to the two groups
in reference to epithelial structure and
level of nuclear abnormalities were
classified as grade 11.

The classification of non-papillary, solid tu-
mors had to be approached in a different way;
these tumors were usually recognized when
located within the wall of the bladder, and
hence were invasive. Such tumors retained little
of the original structure of the urothelium and
contained no umbrella cells. Their classification
was based mainly on patterns of growth, size
and configuration of component cells and nucle-
ar abnormalities [11]. Well-differentiated tu-
mors of this type, resembling grade I papillary
tumors, were distinctly rare. Most solid non-
papillary tumors were grade II and III. Accord-
ing to Jewett [2], the outcome of surgical treat-
ment of such tumors depended on their level of
penetration into the bladder wall. The bladder
wall is composed of several layers: the epitheli-
um (discussed above), a layer of connective
tissue known as the lamina propria, and two
thick layers of muscle surrounded on the out-
side by an outer layer of connective tissue, the
serosa. Solid tumors invading muscle (or be-
yond) were shown to have a much less satisfac-
tory treatment outcome than more superficial
tumors.

Carcinoma in situ was also recognized as a
part of the spectrum of solid tumors; such le-
sions lined the surface of the bladder without
evidence of invasion and were, by definition,

Footnote:

* In some institutions and laboratories grade III tumors
are subdivided by cell size and configuration into
grade III (larger cells) and grade IV (smaller and spindly
cells).

composed of cancer cells, hence cells with
marked nuciear abnormalities.

THE RELATIONSHIP OF CARCINOMA
IN SITU TO INVASIVE CARCINOMA

Several observers [12,13] noted that about
80% of patients with invasive solid carcinoma
had no prior history of papillary tumors, and
concluded that most solid, invasive tumors were
derived from the clinically invisible and often
asymptomatic carcinomas in situ. In the
remaining 20% of the patients in whom papil-
lary tumors and solid invasive cancers were
observed, mapping studies [14-16] disclosed
that foci of carcinoma in situ in various areas of
the bladder, often remote from the papillary
tumors, were the source of the invasive cancer.
Thus, as suspected in the early 1950s, carcino-
ma in situ assumed a pivotal role in our under-
standing of the sequence of events in invasive
bladder cancer. Similar observations were made
by mapping the renal pelvis {17].

ANALYSIS OF DNA CONTENT
OF BLADDER TUMORS

The search for prognostic parameters in blad-
der tumors led to studies of their DNA content,
first by cytophotometry [18], then by flow cyto-
metry [19] and subsequently by image analysis
[20]. A summary of data based on Tribukait’s
DNA flow cytometry work [19} is shown in
Table II.

It may be noted that grade I papillary tumors
are virtually always diploid. Tumors grade III
and above, whether papillary or solid, are virtu-
ally always aneuploid. The intermediate
grade I1 tumors are almost equally divided
between diploid and aneuploid tumors. When
studied by stage of disease, nearly all deeply
invasive tumors (T2, T3, T4) are aneuploid, as
are all carcinomas in situ. Thus ploidy studies
confirmed the relationship between carcinoma
in situ and invasive cancer. These studies also
offer a very strong support for the value of
aneuploidy as a factor in poor prognosis of uro-
thelial tumors [21].

TWO PATHWAYS OF BLADDER TUMORS

Studies of the behavior of papillary and non-
papillary tumors and their DNA ploidy led to
the formulation of the concept of two separate,
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TABLE II. Distribution of DNA Values
in 277 Untireated Bladder Tumorst

Distribution by Grade

Grade No. in Group Diploid Aneuploid*
0 2 2 0
I 30 (100%) 24 (80%) 6 (20%)
I 107 (100%) 56 (52%) 51 (48%)
1 130 (100%) 6 (56%) 124 (95%)
Adenocarcinoma 8 1 7
Total 277 89 188
Distribution by Stage
Stage No. in Group Diploid Aneuploid
TO 42 (100%) 32 (76%) 10 (24%)
T1 118 (100%) 50 (42%) 68 (58%)
T2, T3, T4 93 (100%) 7 (71.5%) 86 (92.5%)
TIS 24 (100%) 0 24 (100%)
Total 277 89 188

T Modified from Tribukait [19].
* Includes tetraploid-aneuploid tumors.

albeit overlapping, pathways of bladder tumors
[22], as summarized in Table III.

Several other factors besides morphology and
ploidy are also listed in this table; however,
they cannot be discussed in detail in this sum-
mary. The interested reader is referred to the
original sources, listed in the references [23-25].

THE CONCEPT OF INTRAUROTHELIAL
NEOPLASIA

Although the concept of flat carcinoma in situ
is well-established, patterns of epithelial abnor-
mality do not always fulfill the criteria of a fully
developed lesion. Such abnormalities have been
variously named "atypical hyperplasia” {11} or
"dysplasia” [26]. The morphologic separation of
these entities as well as their grading as "mild,"
"moderate," and "severe" are not reproducible.
Although the natural history of these lesions is
still poorly understood because of lack of follow-

up data, there is evidence that the presence of
such atypical lesions in the bladder epithelium
is an important risk factor in the development
of invasive cancer [27,28]. The term intrauro-
thelial neoplasia, suggested some years ago [29]
may help to avoid the controversy created by
the grading of "dysplasia."

MONITORING PATIENTS WITH
BLADDER TUMORS

Cytology

Cytologic diagnosis of grade III cancers and
carcinoma in situ is secure in competent hands
{29,30). However, the cytologic diagnosis of
grade [ tumors is nearly impossible because of
the similarities of tumor cells to normal uro-
thelial cells. For grade II tumors, the results
vary and are related to the DNA ploidy of these
tumors: diploid tumors cannot be recognized
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TABLE III. Characteristics of 2 Groups of Urothelial Tumors

High-Grade Papillary

Low-Grade Tumors and Invasive
Feature Papillary Tumors Carcinomas
Epithelial abnormality Hyperplasia Flat grade carcinoma in situ
or origin and related abnormalities
(intraurothelial neoplasia,
high grade)
Invasive potential Low High
Urine cytology Negative or atypical Positive
DNA ploidy pattern Predominantly diploid Predominantly aneuploid
(see Table II)

Density of nuclear Normal

pores [22]

Expression of Ca
antigen (Epitectin) [23]

Blood group isoantigen
expression [24]

As in normal urothelium

Usually present

Increased

Increased

Usually absent

and aneuploid grade II tumors shed "atypical”
cells that are often referred to as "suspicious"
[30].

Cytologic diagnosis of bladder tumors has
several important pitfalls, listed in Table IV.
The reader is referred to another source [30] for
a detailed analysis. The presence of cancer cells
in treated patients is of major prognostic signifi-
cance even in the absence of clinical disease.
Such patients are prone to the development of
invasive cancer, often from foci hidden within
the prostatic ducts.

DNA Analysis of Bladder Washings
or Barbotage

It has been suggested [31] that a DNA analy-
sis of cells in bladder washings or barbotage is
a reliable means of monitoring patients with
bladder tumors. Although impressive data have
provided support for this thesis [32-34] the
reality is less persuasive. Inflammatory events,
regenerative events, and prostatic hyperplasia
may cause aneuploid histograms despite the
absence of bladder tumors [35,36]. In some
instances, no obvious reasons for aneuploidy can
be found. Further, the interpretation of DNA
histograms is difficult if the histogram is not
“clean," as is often the case.

TABLE IV. Principal Sources of Error
in Urinary Cytology

e Effects of instrumentation
¢  Human polyomavirus infection

e Effect of certain drugs (cyclophosphamide,
myeleran)

* Effect of radiotherapy

Supplementing flow cytometry with DNA
image analysis of Feulgen-stained cell sediment,
particularly in situations where flow cytometric
histograms are difficult to interpret, may clarify
obscure findings [20].

Bladder Tumor Markers

Recently a number of immunologic markers
and markers based on molecular biology has
been introduced. The earliest such group of
markers is blood group antigens, as first pro-
posed by Kovarik et al. [37]. Variants of the
original procedure, particularly Lewis blood
group antigens, will be discussed elsewhere in
this volume (see Sheinfeld, these proceedings).
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Monoclonal antibodies to various components of
the urothelium will also be discussed (see Frad-
et, these proceedings).

Markers based on tumor inhibitory genes,
such as Rb and p53, will also be presented (see
Reuter, von Eschenbach, and Benedict, these
proceedings). Our own group has been studying
the modifications of the Ha-ras gene in retro-
spective and prospective studies. A change in
codon 12 of the exon of the ras gene has not
proven to be a good prognostic marker, al-
though it occurs more often in aneuploid and
invasive tumors {38]. A synchronous modifica-
tion of codon 12 and the intron of the ras gene,
however, appears to have considerable prognos-
tic value as it has been observed in carcinoma
in situ several years before the occurrence of
invasive cancer with the same genetic character-
istics [39].

Still, the issue of molecular biological markers
in human tumors is still in its infancy. With a
few notable exceptions such as the deficiency of
the Rb gene in retinoblastoma or an increase in
the myc gene expression in neuroblastoma, no
markers of a major significance have so far
emerged. In fact, most genetic abnormalities
thus far described are limited to subgroups of
malignant tumors and fail to fulfill diagnostic or
prognostic expectations. It may be that genetic
changes in human cancers do not follow a logi-
cal sequence of events. It is also quite likely
that several different pathways may lead to the
development and progression of human cancer.
So far the sequence of events has eluded our
understanding.
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