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Karyometry in recurrent superficial transitional cell tumors of the bladder
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Summary. Transitional cell carcinoma of the bladder hasa
high recurrence rate after local treatment. Progressionto a
higher stage occurs in 10-30% of the recurrent tumors,
and early detection of potentially progressive tumors is
important. In the current study morphometric, densito-
metric, and chromatin textural features of nuclei of
superficial bladder tumors (pTa-T1) were studied to
determine the value of karyometric features in the predic-
tion of tumor progression. Seventy-two histological sam-
ples from 36 patients, consisting of both the primary and
the first recurrent superficial tumor, were analyzed.
Patients were divided into two groups: those with tumor
progression, defined as an increase in tumor stage or
occurrence of metastatic disease, and those without.
Discriminant analysis on four karyometric features re-
sulted in correct prediction of prognosis of 78% and
97% in the primary and recurrent tumors, respectively
(P <0.001). Tumor grade and stage did not offer addition-
al information concerning prognosis. Karyometric analy-
sis of recurrent superficial transitional cell tumors can be
useful in selecting patients who need a more aggressive
therapy. However, tumor characteristics of recurrent
tumors varied and continuous evaluation of the kary-
ometric features is necessary for early detection of an
increase in the malignant potential of the tumor.
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Superficial transitional cell carcinoma (TCC) of the
bladder accounts for approximately 80% of all newly
diagnosed tumors of this organ [24]. The tumor is treated
by transurethral resection with or without intravesical
instillation with chemo- and/or immunotherapeutic
agents. However, 30%-90% of the tumors recur depend-
ing on grade, multifocality [24], and the treatment mo-
dality. Thio-TEPA resulted in a 49% recurrence rate
[21]. Intravesical Epodyl therapy resulted in recurrence
rates of 21-50% [18], Adriamycin showed recurrences

in 40-70% [2, 15], and mitomycin C in 10-20% of cases
[12]. BCG instillations after TUR reduced the recurrence
rate to 22% in one study [23], but scemed of no value of
reducing the number of recurrences in stage T, tumors.
The multifocal occurrence of bladder tumors suggests a
general disease of the urothelium rather than a localized
process. This can explain the high recurrence rate.
Although superficial at the time of diagnosis, 10-30% of
these tumors become invasive or metastasize in the course
of the disease [9]. In case of frequent recurrences and
multiple tumors, progression rate can be as high as 83%
[1].

Early identification of patients with progressive
superficial bladder tumors has implications for the treat-
ment, since a more aggressive treatment is indicated for
more malignant, progressive tumors. Nuclear features of
tumor cells in transitional cell tumors showed predictive
value for recurrence and prognosis [4]. Several nuclear
features seemed to be of importance in predicting the
prognosis with bladder tumors. Nuclear profile area, its
standard deviation and DNA content (2¢DI and 5¢cER)
correlated best with visual assessed tumor grade [4, 7, 10,
20, 28, 29]. Ooms et al. [20] introduced a useful quantita-
tive grading system with measurements of superficial,
large, and deep cell nuclei separately in histological
samples. De Prez’s group [7] described the use of an
image analysis system (Samba 200) measuring morpho-
metric, densitometric, and chromatin pattern features.
These quantitative findings correlated well with visual
grade. Karyometric analysis enabled subdivision of the
grade-II tumors based on the 5¢ER [19]. Earlier flow
cytometric (FCM) studies [ 10, 26] indicated a subdivision
of grade-II tumors based on ploidy and proliferation
rate, illustrating the diversity of tumors visually graded
as grade II. In the current study we analyzed whether
nuclear features quantitized by image analysis might play
a role in predicting the prognosis in recurrent superficial
bladder tumors. To test image analysis as a tool for
patient follow up, the technique was applied in consecu-
tive samples, in order to compare primary and recurrent
tumor of the same patient.
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Table 1. Karyometric features. For each feature, mean, standard
deviation (SD) and 90th percentile (NIN) is calculated

Morphometric

Nuclear profile area (NPA)
Nuclear perimeter (PERT)
Maximal diameter (MAXD)
Form PE (FormPE) — nimal diameter
maximal diameter

4n NPA

Form ELL (FormEIl) = — %02
(perimeter)?

Descriptors of smoothed Freeman difference chain (SFDC) code
(3, 6].

I N
a. MAC (mean absolute curvature) = —— K
( -y 2 K

(C=number of contour pixels, N=width of smoothing oper-
ator, K(n) = SFD value in )

b. MBEN (max. bending energy) (=difference between highest
and lowest value in SFDC code)

¢. PASS (=number of passes through threshold in SFDC code)

Densitometric

Optical density (OD)

Integrated optical density (IOD)

Variance of OD of pixels within nucleus (ODVAR)
Coefficient of variation of OD of pixels per nucleus (ODCV)
2¢ Deviation index (2¢DI)

Sc¢ Exceeding rate (5cER)

Textural

Measurement of nuclear border staining (NBORDER) by calculat-
ing the weighted mean staining of the nucleus for which the
weighing factor decreases when the pixel is more distant from the
nuclear border

Markovian texture features, based on co-occurrence matrix of the
pixel values after using histogram equalization (H) and linear
requantization (L) for recoding pixel values in 8 value groups:
H,+L;: entropy

H, + L;: difference moment

Hj + Ly inverse difference moment

H,+ L,: rotation moment

Hj + Ls: inverse rotation moment

Materials and methods

Patients

Thirty-six patients with superficial bladder tumors (stage Ta-T1)
underwent complete transurethral resection (TUR) of the tumor and
were treated with 15 intravesical instillations of Adriamycin.
Primary and recurrent tumors were resected, and graded and staged
by the pathologist. A mean follow up of 4.8 years (3~10 years) was
available. The patients were divided into two groups: patients with
progressive and those with non-progressive tumors during follow
up. Tumor progression was defined as an increase in tumor stage to
T2 or more or the appearance of metastases.

Materials

Paraffin-embedded, formalin-fixed TUR material was available for
all patients from the primary and recurrent tumor. Four pm sections
were cut, deparaffinized in xylene, rehydrated, and stained accord-
ing Feulgen-Schiff (hydrolysis in 5 N HCI for 60 min and 30 min in
Schiff reagent (Merck, Darmstadt, FRG) at room temperature)

Quantitative microscopy

Image analysis was performed with a VS100-AT framegrabber
board (Imaging Technology, Woburn, USA)in a personal computer
(Compaq 386s). A videocamera (HCS-CCD, MXR, Vision Tech-
nology, Eindhoven, The Netherlands) connected to an Axioskop
light microscope (Zeiss, Oberkochen, FRG) was used to record the
images. Hematoxylin-stained slides were used by the pathologist to
mark the tumor areas of interest. Ten randomly selected images per
slide were measured in these areas with a 40 times objective (pixel
size 0.024um?). Analysis of one image took 3 min, measuring 8
morphometric, 4 densitometric, and 11 chromatin texture features.
The 5c exceeding rate (ScER) and 2c¢ deviaton index (2¢DI) were
calculated, with 30-50 lymphocytes as internal reference. The S5cER
represents the percentage of definitely aneuploid cells, the 2¢DI the
(mean square) deviation from the diploid value [5]. Software used
was written in TIM (TEA, Dordrecht), an image analysis language
offering several basic modules for image recording, handling, and
analysis. Additional software was written in TURBO Pascal for
chromatin texture analysis, Freeman chain code analysis for shape
description, and data handling.

Prior to image segmentation, the image was corrected for shading
and a median filter was applied. Selection of nuclei was primary
based on size and values for maximal bending energy (MBEN), in
order to eliminate overlapping nuclei and artefacts [3, 6]. Visual
inspection of the images overlayed by contours and numbers of the
selected nuclei enabled screening for out-of-focus cells or artefacts.

The nuclear features measured are described in Tablel. 27
karyometric features were statistically analyzed. Of each feature the
mean, standard deviation (SD) and 90th percentile was calculated.
The measurements were divided into three groups: (1) values of
primary tumor; (2) values of recurrent tumor; and (3) differences in
values between primary and recurrent tumor.

The SPSS/PC+ package (SPSS, Chicago, Ill.) was used for
statistical analysis. Mann-Whitney U-test and discriminant analysis
were applied. To reduce the number of features in the discriminant
analysis a selection of features was made based on results from the
Mann-Whitney U-test, results from earlier studies [19], and corre-
lation with tumor grade. The features selected this way were: the
90th percentile of the nuclear profile area, the SD of MAC
[descriptor of nuclear shape (Tablel); the standard deviation
represents the degree of nuclear polymorphism], 2¢DI, and the mean
of Markovian feature H3, a descriptor of chromatin pattern, based
on the co-occurrence matrix. These features describe the presence of
very large nuclei (NIN of NPA), the presence of nuclear polymor-
phism (SD of MAC, standard deviation of MAC, a descriptor of
nuclear shape), the variance in DNA content (2¢DI), and uneven
distributions in chromatin pattern.

Results
Progression and grade and stage

Twenty-three patients did not show tumor progression
after the recurrent superficial tumor. Progression was
found in 13 patients during follow up (33%). Histological
tumor grade in the primary-tumor group was not signifi-
cantly different from the recurrent-tumor group
(P>0.05). Whereas the tumor grade of the recurrent
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Fig.1a,b. Mean nuclear profile area (NPA) in non-progressive and
progressive tumors (a primary umor, b recurrent tumor)

tumor was significantly higher in progressive tumors
(P <<0.01, Chi-square test), tumor grade was not correlat-
ed with progression in the primary tumor. Like Kaubisch
et al. [14], we did not find progressive tumors in patients
with only grade-1 lesions as recurrent tumor, whereas only
one patient with a grade-1 primary tumor showed pro-
gression. Twenty-two percent of the tumors showed an
increase in tumor grade in the recurrent tumors, which is
in agreement with other studies [8]. All tumors with a
decrease in tumor grade between the primary and the
recurrent lesion did not progress, in contrast to 4 of 8 cases
which showed an increase in tumor grade (P =0.03, Chi-
square test).

Stage of the primary and recurrent tumors (T, or T))
was not significantly different. In the recurrent cases
tumor stage was higher (T;) in the tumors that subsequent-
ly progressed (P <0.05, Chi-square test). Tumor stage of
the primary tumor did not differ between progressive and
non-progressive tumors. There was a tendency to higher
tumor grade in stage-T; tumors as against stage-T,,
though this was significant neither in the primary, nor in
the recurrent tumor.

Karyometry and grade and stage

Several karyometric features showed a correlation with
histological tumor grade in the primary as well as in the
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Table2. Karyometric features that were significantly different
(P <0.001) between progressive and non-progressive tumors in
primary and recurrent tumors expressed as P-values from Mann-
Whitney U-test. When both primary and recurrent tumor features
were not significant, the feature is not shown

Significance  Significance  Significance
of difference  of difference  of difference
between N between N between N
and NP in and NP in and NP in
primary recurrent difference
tumor tumor values?®
Mean NPA n.s. P <0.0001 P <<0.001
- SD NPA P <0.001 P <0.0001 n.s.
- NIN NPA n.s. P <0.0001 n.s.
- CV NPA P <0.001 P <0.0001 n.s.
Mean PERI I.s. P <0.0001 n.s.
- SD PERI P<0.001 P <0.0001 n.s.
- NIN PERI n.s. P <0.0001 n.s.
Mean MAXD n.s. P <0.0001 n.s.

- SD MAXD n.s.
- NIN MAXD n.s.
Mean FPE .s.
Mean MBEN n.s.
- SD MBEN n.s. P <0.0001 n.s.
- NIN MBEN n.s. P <0.001 n.s.
P <0.001 n.s. s.

P <0.0001 n.s.
P <<0.0001 n.s.

P <0.001 P <0.001
P <0.001 n.s.

- SD MAC

- NIN MAC n.s. P<0.001 n.s.

- CVMAC P <0.001 P <0.0001 n.s.
mtDNA P <0.001 P <0.001 n.s.
mtVOLUME fn.s. P<0.001 n.s.
Mean 10D n.s. P<0.001 n.s.

- SDIOD n.s. P<0.001 n.s.

- NIN IOD n.s. P<<0.0001 n.s.

? Difference values are the differences of the karyometric feature
values between primary and recurrent tumor, or, in other words, the
changes in the karyometric features of the recurrent tumor com-
pared with the primary lesion. SD, standard deviation; NIN, 90th
percentile; CV, coefficient of variation (ratio of SD and mean)

recurrent tumors. Of the morphometric features, the
mean nuclear profile area increased with tumor grade as
did its coefficient of variation, indicating a higher aniso-
karyosis in the higher tumor grades. Grade-3 tumors had
significantly higher values for 2¢DI and 5¢ER, however,
several cases of the high-grade tumors had values within
normal range. Features in both primary and recurrent
tumors showed similar correlations with tumor grade
(Fig. 1). The results of the discriminant analysis resulted in
83% correct classifications. Karyometric features could
not discriminate between stage-T, and stage-T,; tumors.

Karyometry and progression

The results of the Mann-Whitney U-test showed a signifi-
cant difference (P <{0.005) between progressive and non-
progressive tumors in four of the tested karyometric
features in the primary tumors and 19 features in the
recurrent tumors (Table 2, Fig. 1).
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Table 3. Classification result with discriminant analysis of karyomet-
ric features for prediction of tumor prognosis of samples of the
recurrent tumor. (Method: Wilk’s; F-to-enter = 3)

Standardized canonical discriminant function (P <<0.0001)
Discriminant score = (0.88226 * SDMAC) + (1.11261 * 90th NPA)

Follow-up Predicted prognosis

NP P
NP (n=23) 23 (100%) 0 (0%)
P(n=13) 1(7.7%) 12 (92.3%)

Correctly predicted: 97.4% (35/36)

Table 4. Classification result with discriminant analysis of karyomet-
ric features for prediction of tumor prognosis of samples of the
primary tumors. (Method: Wilk’s; F~to-enter = 3)

Standardized canonical discriminant function (P <0.001)
Discriminant score = (1.20846 * SDMAC) + (1.00225 * H3)

Follow-up Predicted prognosis

NP P
NP (n=23) 18 (78.3%) 5(21.7%)
P(n=13) 3(23.1%) 10 (76.9%)

Correctly predicted: 77.78 % (28/36)

The Wilks method was used in a leave-one-out step-
wise discriminant analysis (F-to-enter 3) to calculate a
canonical linear discriminant function using the four
selected feature values to discriminate between progres-
sive and non-progressive tumors. The correct classifi-
cation based on the selected nuclear features was highest
in the recurrent-tumor group (97%). All non-progressive
tumors (n=23) and 12 of 13 (92%) progressive tumors
were classified correctly (Table 3, Fig. 2a). Based on the
primary tumors, a correct prediction of prognosis was
obtained in 18 of 23 cases (78%) with no tumor pro-
gression (Table 4, Fig. 2b). Of 13 tumors, 10 (77%) with
tumor progression were classified correctly (Table 4). This
means correct classification of 78% and 97% for the
primary and recurrent tumors, respectively (Fig.2a,b).
When the discriminant function found in the recurrent
tumors was applied on the primary tumor group the
percentage of correctly classified cases did not change
(Fig. 3).

Tumor grade and stage were entered in the discrimi-
nant analysis in addition to the karyometric features.
However, due to low F-values, tumor stage, grade, and
changes in tumor grade were not selected in the stepwise
analysis: i.e. there is no additional value of the classical
features to the karyometric features for the prediction of
tumor progression.
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Fig. 2.a,b. Features selected in discriminant analysis on base of F-
value for the primary and recurrent tumors. The line represents the
zero-scores of the canomical discriminant function (a recurrent
tumor, b primary tumor). Note the different karyometric features
selected in the discriminant analysis for the primary and recurrent
tumor group: SD of MAC was a useful feature in both groups: best
classification was obtained of SD MAC in combination with NPA
(nuclear profile area) in the recurrent tumors (a) and in combination
with mean H3 (nuclear chromatin pattern) in the primary tumors (b)
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Fig.3. Canonical discriminant function of the recurrent tumor
plotted in the primary tumor group (1). Line 2 represents the zero
discriminant function scores when the analysis was done on the
primary tumor group, using the two features (NIN NPA and SD
MAC). In both cases (linel and line2) suboptimal division of
progressive and non-progressive cases is obtained

All recurrent tumors and six of seven primary tumors
with a 5¢cER higher than 10%, suggesting non-diploid
tumor cells, showed progression during follow-up (Fig. 4).
A less clear cut-off value was found for the 2¢DI. A 2¢DI
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Fig. 4. 5c Exceeding rate (5cER) in non-progressive and progressive
tumors (a primary tumor, b recurrent tumor). Only one of seven
cases (a primary tumor) showed a 5¢ER value over 10% but did not
progress

value over 6¢ was always accompanied with tumor
progression in the recurrent tumor. However, 21% of
tumors with a 2¢DI lower than 6¢ also progressed.

Discussion

Superficial transitional cell tumors of the urinary bladder
are characterized by a tendency to recur after resection.
Gilbert et al. [8] reported a recurrence rate of 70% and
found an increase in tumor grade in 25% of the recurrent
tumors. Other studies reported up to 90 % recurrence rate
[24] depending on grade, stage, and treatment modality
used [2, 11, 15, 18, 21, 23].

From a prognostic point of view the risk of invasion of
a treated primary superficial tumor is more important
than recurrence rate. In patients with a recurrent tumor,
10-30% progression to invasion is detected [9]. Moreover,
Althausen et al. [1] reported progression rates as high as
83% in patients with frequent tumor recurrences and
multiple tumors. For superficial bladder tumors, pro-
gression and recurrence rate are highest in pT1G3 tumors
[11]. However, progression rates for pTaG3 and pT1G2
tumors are similar, indicating that tumor stage alone
cannot predict tumor progression accurately. We found
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similar progression rates for these tumors. The pathologi-
cal staging results from the present study, however,
showed no difference in progression rate between all pTa
and pT1 primary tumors. Although tumor staging in
small superficial bladder tumors is often difficult [13] and
might have caused the discrepancy between these findings
and earlier studies, we did find different progression rates
for pTa and pT1 tumors when tumor material from the
recurrent tumors was staged.

In the case of superficial bladder tumor, apart from
tumor stage several tumor characteristics have been
investigated for prediction of tumor behavior. Tumor
grade is generally used as a stage-independent indicator of
tumor behavior. The subjectivity of tumor grading has led
to quantitative methods to describe tumor cells and nuclei
in microscopic images.

In the present study quantitative light microscopy is
used to characterize cell nuclei in bladder tumors. Since
only a limited number of nuclei can be analyzed, selection
criteria will influence results. Contrary to other studies [4,
20] on selected nuclei, in the present study only the tumor
area was selected to reduce the subjectivity. Subsequent
analysis was performed in randomly chosen images within
this area. This procedure was also used in an earlier study
[28] and resuited in good correlation between grading and
karyometric features.

Several nuclear features were significantly different
between the progressive and non-progressive tumors in
the primary tumor group, e.g. primary tumors containing
non-diploid cells, presumably reflected by high values for
2¢DT and 5¢ER often progressed. Although Blomjous et
al. [20] found a correlation between the karyometric
features of the primary tumor and progression rates, the
present data showed best prediction of progression by
karyometric features of the recurrent tumors. The pres-
ence of large nuclei in recurrent tumors, measured by the
90th percentile of the nuclear profile area was correlated
with tumor progression. This is in agreement with earlier
studies [4, 20]. Blomjous et al. [4] found increased
recurrence rate and progression in patients with tumor
cells with large nuclei (mean profile area > 95 um?). The
presence of large nuclei correlated with tumor grade in a
study by Ooms et al. [20]. Unlike the present study, these
histological studies [4, 20] applied criteria for selection of
nuclei based on nuclear size which may given rise to
reproducibility errors [19]. Reconsidering the data of
these studies, it is clear that atypic cells can be character-
ized by karyometric analysis measuring nuclear size.

Nuclear polymorphism and atypic shape are character-
istics of high-grade tumors. Montironi et al. [17] could
discriminate the different tumor grades using the nuclear
roundness factor (NRF). For reasons discussed elsewhere
[30] the NRF is theoretically less useful in grading bladder
tumors. Therefore we choose, besides the NRF a shape
descriptor derived from the Freeman chain code of the
nuclear profile contour. This method enables detailed
analysis of convexities and concavities in the nuclear
structure [6]. Although the mean NRF was significantly
lower in progressive tumors, indicating more abnormal
nuclear shapes in these tumors, the standard deviation of
the MAC, a Freeman chain code derived feature, had
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additional value to nuclear size for predicting pro-
gression and is thus preferable over the NRF.

The finding that features of the primary tumor were
of less predictive value, using either the classic or the
karyometric features is somewhat disappointing and
illustrates the importance of regular follow up of patients
with superficial bladder tumors. In seven cases the
classification of the primary tumor was different from
that of the recurrent tumor (in two cases this meant
‘down-grading’: i.e. whereas the primary tumor predicted
progression, the recurrent tumor did not). In none of the
seven cases was prediction based on the primary tumors
correct, and only in four was the change in karyometric
prediction accompanied by a change in grade or stage,
which illustrates the grade-independent prognostic value
of karyometric analysis.

Although the discriminant function in primary and
recurrent tumors is not equal, Fig. 3 illustrates that the
classification results do not improve when the function
derived for the recurrent tumor is used to classify the
primary tumors (see line 1 in Fig. 3).

Soloway [25] divided recurrent tumors into ‘true
recurrences’ and ‘new occurrences’. Another possible
cause of recurrence is tumor implantation [25]. It is
difficult to determine what cause of tumor recurrence
underlies the recurrent tumors in the present study on the
basis of karyometric features alone. To test the similarity
of the two tumors, the differences of the karyometric
feature values between primary and recurrent tumor
were taken into analysis. Differences in karyometric
features did not correlate with progression. Whereas
these differences, in addition to the primary tumor data,
were valuable in predicting progression, no more predic-
tive value additional to the data from the recurrent
tumors was shown. We therefore conclude that a change
in tumor as measured with karyometric analysis cannot
predict progression and that it is the data from the
recurrent tumor rather than from changes in the primary
tumor that determine prognosis.

In conclusion, karyometric analysis of recurrent
superficial bladder tumors has a strong predictive value
for tumor progression. Multivariate analysis techniques
indicate additional predictive value of the features that
describe the presence of extremely large (NINAR) and
polymorph (SD MAC) nuclei. Visual grading of the
histological slides then has no additional value. All
karyometric features could be measured on routine for-
malin-fixed, paraffin-embedded material, and can easily
be incorporated in routine diagnostic procedures. The
low predictive value of the primary tumor however,
indicate the need for careful karyometric follow-up for
recurrent bladder tumors.

Acknowledgements. The authors thank Dr.H.V.P.J. Potters and
Dr.J.F.Keuning of the Department of Pathology of Bleuland
Hospital for kindly providing the histological material and patho-
logical diagnosis for this study, and Dr. E. A. van der Meulen of the
Mathematics Institute, University of Groningen, for his advice
during the statistical analyses.

References

1. Althausen AF, Prout GP, Dall JJ (1976) Non-papillary carcino-
ma of the bladder associated with carcinoma in situ. J Urol
116:575

2. Ausfeld R, Beer M, Muhlethaler JP (1987) Adjuvant intravesi-

cal chemotherapy of superficial bladder cancer with monthly
doxorubicin or intensive mitomycin. Eur Urol 13:10
. Bengtsson E, Eriksson O, Holmquist J, Torsten J, Nordin B,
Stenkvist B (1981) Segmentation of cervical cells: detection of
overlapping cell nuclei. Comp Graph Image Proc 16:382
4. Blomjous ECM, Schipper NW, Baak JPA, Vos W, de Voogt HJ,
Meijer CJLM (1989) The value of morphometry and DNA flow
cytometry in addition to classic prognosticators in superficial
urinary bladder carcinoma. Am J Clin Pathol 91:243
5. Bocking A, Aufferman W, Vogel H, Schlondorff G, Goebbels R
(1985) Diagnosis and grading of malignancy in squamous
epithelial lesions of the larynx with DNA cytophotometry.
Cancer 56:1600
6. Bowie JE, Young IT (1977) An analysis technique for biological
shape: II. Acta Cytol 21:455
7.De Prez C, de Launoit Y, Kiss R, Petein M, Pasteels J-L,
Verhest A, van Velthoven R (1990) Computerized morphonu-
clear cell image analysis of malignant disease in bladder tissues.
J Urol 143:694
8. Gilbert HA, Logan JL, Kagan AR, Friedman HA, Cove JK,
Fox M, Muldoon TM, Lonni YW, Rowe JH, Cooper JF,
Nussbaum H, Chan P, Rao A, Starr A (1978) The natural
history of papillary transitional cell carcinoma of the bladder
and its treatment in an unselected population on the basis of
histologic grading. J Urol 119:448
9. Green LF, Mulcahy JJ, Warren MM (1973) Benign papilloma
or papillary carcinoma of the bladder? J Urol 110:205
10. Helander K, Kirkhus B, Iversen OH, Johansson SL, Nilsson S,
Vaage S, Fjordvang H (1985) Studies on urinary bladder
carcinoma by morphometry, flow cytometry, and light micro-
scopic malignancy grading with special reference to gradell
tumours. Virchows Arch [A]408:117
11. Heney NM, Ahmed S, Flanagan MJ, Frable W, Corder MP,
Haferman MD, Hawkins IR (1983) Superficial bladder cancer:
progression and recurrence. J Urol 130:1083
12. Huland H, Kloéppel G, Otto U, Feddersen I, Brachmann W,
Hubmann H, Kaufmann J, Knipper W, Lantzius-Beninga F
(1988) Cytostatic intravesical instillation in patients with super-
ficial bladder carcinoma for the prevention of recurrent tumors.
Eur Urol 14:202
13. Jakse G, Loidl W, Seeber G, Hofstadter F (1987) Stage T1,
grade 3 transitional cell carcinoma of the bladder: an unfavora-
ble tumor? J Urol 137:39
14. Kaubisch S, Lum BL, Reese J, Freiha F, Torti FM (1991) Stage
T1 bladder cancer: grade is the primary determinant for risk of
muscle invasion. J Urol 146:28
15. Kurth KH, Schréder FH, Tunn U, Ay R, Pavone-Macaluso M,
Debruyne F, de Pauw M, Dalesio O, ten Kate F and members of
the Buropean Organization for Research on Treatment of
Cancer, Genito-Urinary Tract Cancer Cooperative Group
(1984) Adjuvant chemotherapy of superficial transitional cell
bladder carcinoma: preliminary results of a european organiza-
tion for research on treatment of cancer randomized trial
comparing doxorubicin hydrochloride, ethoglucid and tran-
surethral resection alone. J Urol 132:257
16. Lutzeyer W, Riibben H, Dahm H (1982) Prognostic features in
superficial bladder cancer: an analysis of 315 cases. J Urol
127:250
17. Montironi R, Scarpelli M, Pisani E, Ansuini G, Marinelli F,
Mariuzzi G (1985) Noninvasive papillary transitional-cell
tumors. Karyometric and DNA-content analysis. Anal Quant
Cytol Histol 7:337
18. Mufti GR, Virdi JS, Hall MH (1990) Long-term follow-up of
intravesical Epodyl therapy for superficial bladder cancer. Brit
J Urol 65:32

W



19.

20.

21

22.

23.

24.

25.

26.

Ooms ECM, Blok APR, Veldhuizen RW (1985) The reproduci-
bility of a quantitative grading system of bladder tumors.
Histopathology 9:501

Ooms ECM, Kurver PHJ, Veldhuizen RW, Alons CL, Boon ME
(1983) Morphometric grading of bladder tumors in comparison
with histologic grading by pathologists. Hum Pathol 14:144
Prout GR, Koontz WW, Coombs LJ, Hawkins IR, Friedell GH
(1983) Long term fate of 90 patients with superficial bladder
cancer randomly assigned to receive or not to receive Thiotepa. J
Urol 130:677

Riibben H, Deutz FJ, Hofstddter F, Meyers W (1990) Treatment
of low and high risk superficial bladder tumors (SBT). Prog Clin
Biol Res 350:61

Shinka T, Hirano A, Uekado Y, Ohkawa T (1990) Clinical study
of prognostic factors of superficial bladder cancer treated with
intravesical Bacillus Calmette-Guérin. Br J Urol 66:35
Soloway MS (1988) Intravesical therapy for bladder cancer. Urol
Clin N Am 15:661

Soloway MS, Jordan AM, Murphy WM (1989) Rationale for
intravesical chemotherapy in the treatment and prophylaxis of
superficial transitional cell carcinoma. EORTC Genitourinary
Group Monogr 6 [BCG in superficial bladder cancer]:215
Tribukait B, Gustafson H, Esposti PL (1982) The significance of
ploidy and proliferation in the clinical and biological evaluation
of bladder tumours: a study of 100 untreated cases. Br J Urol
54:130

27.

28.

29.

30.

381

van der Poel HG, Boon ME, Kok LP, Tolboom J, van der
Meulen B, Ooms ECM (1988) Can cytomorphometry replace
histomorphometry for grading of bladder tumours? Virchows
Arch [A]413:249

van der Poel HG, Boon ME, Kok LP, van der Meulen EA, van
Caubergh RD, de Bruijn WC, Debruyne FMJ (1991) Mor-
phometry, densitometry, and chromatin pattern analysis of
plastic-embedded histologic material from transitional cell carci-
noma of the bladder. Anal Quant Cytol Histol 13:307

van der Poel HG, Boon ME, Kok LP, van der Meulen B, Ooms
ECM (1988) Can cytomorphometry replace histomorphometry
for the grading of bladder carcinoma? Virchows Arch [A]
413:249

van der Poel HG, Schaafsma HE, Vooijs GP, Debruyne FMJ,
Schalken JA (1992) Quantitative light microscopy in urologic
oncology. J Urol 148:1

H. G. van der Poel, MD
Department of Urology
University Hospital
P.O. Box 9101

6500 HB Nijmegen

The Netherlands



