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Abstract Although conventional cytology represents the most widely performed cytometric analysis of bladder
cancer cells, DNA flow cytometry has, over the past decade, been increasingly used to evaluate cell proliferation and
DNA ploidy in cells from bladder washings. We have investigated whether DNA flow cytometry and conventional
cytology of epithelial cells obtained from bladder washings provide reliable surrogate endpoint biomarkers in clinical
chemoprevention trials. We used cytometric and clinical data from a chemoprevention trial of the synthetic retinoid
Fenretinide on 99 patients with superficial bladder cancer. A total of 642 bladder washing specimens obtained from the
patients at 4 month intervals was analyzed. Intra-individual agreement and correlation of flow cytometric DNA ploidy
(diploid vs. aneuploid), DNA Index, Hyper-Diploid-Fraction (proportion of cells with DNA content higher than 2C), and
conventional cytologic examination, as assessed by kappa statistics and Spearman’s correlation test, were poor from
baseline through 24 months. Moreover, no correlation was found between DNA ploidy and cytology at each time point.
The same results were obtained when the analyses were stratified by treatment group. In addition, the association
between the results of bladder washing (by either DNA flow cytometry or cytology) and concomitant tumor recurrence
was significant only for abnormal cytology, while neither biomarker was predictive of tumor recurrence at the
subsequent visit. During the time of this study only four patients progressed to muscle-invasive bladder cancer,
indicating the ‘‘low-risk’’ features of the patient population. We conclude that DNA flow cytometry and conventional
cytology on epithelial cells obtained from bladder washings do not appear to provide suitable surrogate endpoint
biomarkers during the early stages of bladder carcinogenesis. J. Cell. Biochem. 76:311–321, 1999. r 1999 Wiley-Liss, Inc.
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Bladder cancer is the sixth most common
cancer in the United States, with approxi-
mately 54,000 new cases estimated in 1998
[Landis et al., 1998]. Among newly diagnosed
cases, the vast majority initially present with
papillary superficial bladder cancer (SBC), ei-
ther in situ (Ta) or invading the lamina propria
(T1). After transurethral resection (TUR) of the
tumor(s), and despite the efficacy of prophylac-
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tic BCG immunotherapy in prolonging recur-
rence and progression-free survival, approxi-
mately 40–80% of the cases will recur as a
superficial tumor, while progression to muscle-
invasive cancer within 5 years ranges from 10%
to 20% [Landis et al., 1998]. Importantly, tu-
mors may recur anywhere in the urothelial
lining, possibly as a result of field cancerization
effect, thus providing the rationale for chemo-
preventive interventions which may counteract
the carcinogenic transformation of the entirely
exposed urothelial tract.

As chemoprevention trials using the inci-
dence of invasive cancer as endpoint require
large numbers of subjects and long periods of
follow-up, the use of surrogate biomarkers
greatly increases the feasibility of these trials
to select active agents. Moreover, these trials
could aid in learning more about the carcinogen-
esis process [Hong and Sporn, 1997]. Since two
important components in the process of carcino-
genesis are genetic instability coupled with in-
creased cell proliferation, DNA ploidy and pro-
liferation assessed by flow cytometry (FCM)
may qualify as suitable intermediate biomark-
ers for chemopreventive trials.

Numerous studies have investigated in the
last two decades the role of DNA flow cytometry
(DNA-FCM) as a clinical tool in bladder cancer
[e.g., Collste et al., 1980; Wijkström et al., 1984;
deVere White et al., 1988]. While some of these
studies have suggested a good association be-
tween DNA content and disease course, others
have reached different conclusions. The results
of a DNA Cytometry Consensus Conference
[Wheeless et al., 1993], together with more
recent studies [Shackney et al., 1995; Sole et
al., 1995; Vindeløv et al., 1995; Bittard et al.,
1996], seem to support the prognostic and diag-
nostic usefulness of DNA-FCM analysis in su-
perficial bladder cancer only under limited cir-
cumstances.

These controversial findings, along with en-
couraging results of a previous feasibility study
that we conducted on superficial bladder cancer
patients [Bruno et al., unpublished results],
prompted us to assess the validity of DNA-FCM
in providing surrogate endpoint biomarkers of
bladder cancer in ‘‘low-risk’’ patients. For this
we utilized the serial bladder washings of pa-
tients with superficial bladder cancer participat-
ing in a randomized clinical trial of the syn-
thetic retinoid Fenretinide (N-4-hydroxy-
phenyl-retinamide, 4-HPR). The DNA ploidy

(diploid vs. aneuploid), the DNA Index (ratio of
aneuploid DNA content to diploid DNA con-
tent), and the Hyper–Diploid-Fraction (HDF,
which is proportional to the proliferation of
diploid and aneuploid cells, as well as to the
relative amount of the latter) have been found
to be the most reliable and sensitive among
DNA-FCM parameters [Wheeless et al., 1991a,
1993]. In clinical chemoprevention studies these
parameters should fulfill the necessary, albeit
not sufficient, requirement for reliable surro-
gate endpoint biomarkers, namely the ability to
show the tendency of each individual to have
similar values over time, thus providing an
overall consistency of measurements. To this
end, we investigated the intra-individual agree-
ment and correlation over time of DNA-FCM
and conventional cytology, as well as the asso-
ciation between the two. Moreover, we analyzed
the diagnostic sensitivity and specificity of DNA-
FCM and cytology, as well as their ability to
predict tumor recurrence.

MATERIALS AND METHODS
Study Design and Patients

Ninty-nine patients with primary or recur-
rent superficial bladder cancer (stage Ta or T1,
any Grade) within the previous three years,
were randomized to oral 4-HPR 200 mg/d, or no
treatment, for 2 years. A third year of follow-up
was planned in both arms. Randomization was
performed by phoning to a Central Coordinat-
ing Center. The study had received Institu-
tional Review Board approval and all subjects
signed an informed consent before randomiza-
tion. Patients were aged , 80, and had perfor-
mance status 5 0 (WHO score), normal liver,
renal, cardiac and metabolic functions and no
controindications to retinoid use. Moreover, they
had to have no cystoscopic evidence of disease
at the time of randomization and had to have
terminated intravesical treatment within at
least 2 months before randomization. Patient
and tumor characteristics were evenly distrib-
uted between the two arms (data not shown).
All subjects underwent physical examination
and cystoscopy with bladder washings for con-
ventional cytology and DNA-FCM at baseline
and every 4 months. Bladder washing was per-
formed using the technique previously de-
scribed [Decensi et al., 1992]. Briefly, a double
irrigation with five to six vigorous pulses of 100
ml normal saline was performed through a ure-
thral catheter or a resectoscope sheath.
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During the trial, tumor recurrence, defined
as the presence of a papillary tumor or an
infiltrating cancer at cystoscopy, was treated
either with diathermy (if the tumor maximum
diameter was , 5 mm) or TUR in all remaining
cases. All patients undergoing TUR subse-
quently received weekly intravesical BCG instil-
lations (Pasteur strain) 75 mg for 6 weeks or
mitomycin C 40 mg for 8 weeks. Five patients
proved to be ineligible after randomization for
different reasons; however, these 5 patients were
nonetheless included in the present analysis. A
total of 82 subjects completed the three year
study period. The reasons for the 17 dropouts
were the following: progression to muscle-
invasive disease (n 5 4), other neoplasms
(n 5 3), cardiovascular disease (n 5 3), other
diseases (n 5 2), and loss to follow-up (n 5 5).

Cytology

The collected fluid specimen was immedi-
ately mixed and divided for cytology and flow
cytometry, which were performed in two differ-
ent laboratories. In order to preserve study
blinding, each collected fluid specimen was la-
beled only by a progressive identification num-
ber, so that neither the subject’s identification
nor the treatment allocation could be disclosed
during cytologic and DNA-FCM examinations.
Specimens for cytologic examination were
stained with the Papanicolaou technique and
classified in four categories, according to the
slightly modified criteria of Murphy [1990]: nor-
mal cells; benign changes related to reactive
cells (e.g., after intravesical treatment or due to
mild dysplasia); low-grade neoplasia (atypical
cells of uncertain significance, dysplastic cells,
or suspicious abnormal cells); high-grade malig-
nant cells.

Flow Cytometry

Staining for flow cytometry and DNA mea-
surements were performed as previously de-
scribed [Decensi et al., 1994, 1996]. Briefly,
cells contained in 100 ml of fluid specimen were
centrifuged, resuspended in 0.5 ml of 0.5% para-
formaldehyde for 15 min at 0°C, washed in
PBS, and permeabilized with 0.5 ml of 0.1%
Triton X-100 for 5 min at 0°C, washed again
with PBS, and finally resuspended in the DNA
staining solution (30 µg/ml propidium iodide
(PI) and 0.5 mg/ml RNase). After 1–2 h at room
temperature, flow cytometric measurements
were performed on an EPICS Elite Coulter

instrument (Coulter Corporation, Miami, FL),
equipped with suitable filters for PI excitation
and emission fluorescence. For optimal clean-
ing from debris, the discriminator (trigger) was
set on the photomultiplier for PI fluorescence.
For each event, the forward scatter, side scat-
ter, and PI fluorescence signals (both Area and
Peak, for cell aggregates correction) were ac-
quired and stored in List Mode. A minimum of
10,000 cells for each specimen was analyzed.
The PI fluorescence mean channel of the lym-
phocyte population, which, although to vari-
able proportions, could easily be identified in
the vast majority of bladder washings on the
log FS-log SS bivariate plot, was utilized as
internal reference channel of diploidy. In aneu-
ploid histograms, i.e., histograms with at least
one discrete cell population with a DNA content
other than diploid, the DNA Index was evalu-
ated as the ratio of the DNA content of G0-G1
aneuploid cells to the DNA content of diploid
G0–G1 cells, which are conventionally given a
DNA Index of 1.00. Histograms with multiple
(n) aneuploid peaks were characterized by n
DNA indices and n fractions of aneuploid cells.
A histogram was considered aneuploid with
DI 5 2.00 when the tetraploid peak fraction
exceeded by two standard deviations the mean
value of the tetraploid cell fractions measured
in 15 bladder washings from normal non-
smoking donors, i.e., 15% or higher. For a finer
DI evaluation of aneuploid peaks that were
very close to, and often partly overlapping, the
diploid G0–G1 peak, we utilized the bivariate
log SS-lin PI fluorescence plot for easier identi-
fication. We operationally defined as being an-
euploid those populations with a DI $ 1.10.
However, plots showing a slightly asymmetri-
cal diploid population shifting to higher PI fluo-
rescence (PI fluorescence increase ,10%), were
considered diploid. For all histograms, both dip-
loid and aneuploid, the Hyper-Diploid-Fraction
(HDF) was calculated as the percentage of cells
above the upper bound of the diploid G0–G1
population.

As most bladder washing specimens nor-
mally contain a variable population of lympho-
cytes, monocytes/macrophages, granulocytes,
and squamous cells in addition to the transi-
tional epithelial cells, adjustment for the non-
transitional cell component of HDF values was
performed after computer-assisted image analy-
sis (CAS 200, Becton Dickinson, San Diego, CA)
on the cytologic smears. The percentage of non-
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urothelial cells was calculated over 200 cells
representative of the whole sample. This was
done under the assumption that non-urothelial
cells are mainly quiescent and therefore enrich
only the G0–G1 cell fraction.

DNAcontent histograms were considered non
evaluable when the measurement resolution
was high, i.e., when the Coefficient of Variation
(CV) of diploid G0–G1 cells was higher than
6%, when the non-transitional fraction of cells
was higher than 60%, or when the proportion of
cell debris was excessive (.60%).

Statistical Analyses

A prerequisite for a reliable biomarker is its
ability to trace the expected tendency of each
individual to show similar values over time. In
addition, the consistency of measurements, in-
dicated by the intra-individual agreement,
should decrease with increasing time between
two measurements. To this purpose, we evalu-
ated the indices of agreement within the same
subject among samples at different times. For
binary variables, such as DNA ploidy and cytol-
ogy, kappa statistics [Fleiss, 1981] was used.
Kappa statistics estimates the agreement be-
tween two (or more) measurements over and
above the agreement expected by chance. The
kappa coefficient ranges between –1 and 1, with
higher values reflecting higher agreement. It
has been suggested that kappa values less than
0.40 reflect a poor agreement [Fleiss, 1981]. For
ordinal variables, such as DNA index and HDF,
the Spearman correlation coefficient was used
[Siegel, 1956]. Spearman correlation is a non-
parametric method to quantify the degree of
linear association between two variables. It
ranges between –1 and 11, with higher values
reflecting higher correlation. In our analysis
the set of samples taken at each time were
contrasted with the set of samples taken at
each other time, and the intraindividual agree-
ment or correlation was estimated. No test of
statistical significance is presented since the
null hypothesis of no agreement or no correla-
tion is devoid of any interest.

In order to evaluate the association between
bladder washing measurements (by either flow
cytometry or conventional cytology) and the
occurrence of tumor recurrences, two analyses
were performed: a cross sectional analysis,
where the presence of a first recurrence was
contrasted with the results of measurements of
bladder washing, and a prospective analysis

aimed at evaluating the ability of bladder wash-
ing measurements to predict the detection of
tumor recurrence 4 months later. In both in-
stances a multivariate logistic model was used
[Halperin et al., 1971], with presence of recur-
rence as the dependent variable, and bladder
washing measurement as covariate. Both analy-
ses were stratified by time, in that each patient
was re-entered in the model several times, until
he developed a recurrence, or was either lost to
follow-up, or completed without recurrence the
24 months of follow-up.

RESULTS
Quality Standards

In the present study 642 bladder washings
were analyzed. The specimens were obtained
from 99 patients every 4 months for 2 years. Six
hundred and thirty-seven were considered
evaluable for cytological measurement and 609
for flow cytometry. Thirty-three bladder wash-
ings were rejected for excessive debris (n 5 10)
or predominant non-transitional cell compo-
nent (n 5 23), while most of the 609 evaluable
bladder washings showed minimal debris and
less than 10% of non-urothelial cells. No blad-
der washing was rejected for low resolution of
the DNA-FCM measurement, i.e., for a CV .
6% (see Materials and Methods). Moreover, the
mean CV of the lymphocyte population present
in the bladder irrigation specimens was 2.3% 6
0.4%, providing additional evidence for a good
quality standard of the DNA measurements.
Eighteen bladder washings showed a slight
asymmetry to the right of the diploid peak, but
were considered diploid (see Materials and
Methods).

Pattern of Distribution of DNA Index,
HDF, and Cytology

The DNA Index frequency distributions of
the bladder washings collected at baseline, 1
and 2 years after enrollment, are shown in
Figure 1. The large majority of bladder wash-
ings belong to the diploid and ‘‘near-diploid’’
(DNA Index # 1.25) categories. A trend towards
an increase in the proportion of diploid histo-
grams over time was observed. The same pat-
tern of DNA Index distributions was observed
on all bladder washings collected at intermedi-
ate time intervals (i.e., 4, 8, 12, 16, and 20
months), as well as when the control and the
4-HPR groups were evaluated separately (data
not shown).
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The values of the HDF at baseline are re-
ported in Figure 2. A scattered distribution can
be observed. A similar pattern is observed at all
other time points, as well as when the two
treatment groups are considered separately (not
shown).

Table I shows the distribution of the cytologic
examinations at baseline, 1 and 2 years after
enrollment. Consistent with the results of DNA-
FCM, an increase in the proportion of negative
examinations was observed over time.

Intra-Individual Agreement and Correlation

As a good consistency of the measurements is
an essential prerequisite for a biological marker
to be considered a suitable surrogate endpoint,
we investigated the intra-individual agreement
of DNA-FCM parameters and cytology of blad-
der washings collected at 4 month intervals
over a period of 2 years. The agreement was
first investigated irrespective of treatment arm.
Table II reports the k values for DNA ploidy
(diploid vs. aneuploid), indicating a poor intra-
individual agreement. Similar conclusions
emerge from separate analysis by treatment
group, indicating no confounding effect by
4-HPR (not shown). Tables III and IV report the
intra-individual correlation of DNA Index and
HDF, respectively. Again, the Spearman’s corre-
lation coefficients show a poor correlation
(Tables III and IV), even when stratified by
treatment arm (not shown).

As shown in Table V, the k values obtained
with the cytology evaluations, which were cat-

Fig. 1. Frequency distribution of the DNA Index evaluated by DNA flow cytometry on bladder washings of all
patients at baseline, 12, and 24 months ater enrollment.

Fig. 2. Frequency distribution of the Hyper-Diploid-Fraction
(HDF) evaluated at baseline by DNA flow cytometry for the total
patient population.

TABLE I. Distribution of Cytologic
Examinations at Baseline, 1, and 2 Years

After Enrollment

Baseline
(n 5 99)

1 year
(n 5 94)

2 years
(n 5 89)

Negative 36 36 58
Benign alterations 52 36 16
Low grade malignant

cells 8 18 12
High grade malignant

cells 2 3 3
Not evaluable 1 1 0
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egorized as negative (including benign alter-
ations) or positive (low and high grade malig-
nant cells), again demonstrate that the intra-
individual agreement is poor. The same
conclusions emerge from separate analysis by
treatment group (not shown).

The correlation between the flow cytometric
and the cytologic results was also investigated.
The k values reported in Table VI indicate that
the intra-individual agreement between DNA
ploidy (diploid vs. aneuploid) and cytology (nega-
tive vs. positive) is low through the 24 months.
A similar conclusion was found when the analy-
sis was repeated in each treatment arm (not
shown).

Detection and Prediction of Tumor Recurrence

We finally investigated the role of DNA-FCM
and conventional cytology in detecting and pre-

dicting tumor recurrence. The association be-
tween tumor recurrence and the results of DNA
ploidy, HDF, or cytology in the concomitant or 4
months earlier bladder washing are reported in
Table VII. While a positive cytology was sugges-
tive of a concomitant tumor recurrence, an asso-
ciation between an aneuploid histogram and
concomitant recurrence was not found. Para-
doxically, a diploid histogram was predictive of
tumor recurrence 4 months later, while cytol-
ogy had no predictive effect. The HDF, arbi-
trarily categorized in three levels, as suggested
by the distribution shown in Figure 2, was not
able to predict or to detect tumor recurrence.

DISCUSSION

In the present study we investigated whether
DNA-FCM and conventional cytology of urothe-

TABLE II. Intraindividual Agreement in DNA Ploidy (Diploid vs. Aneuploid) Between Pairs
of Bladder Washings Measured by Flow Cytometry Every 4 Monthsa

4th month 8th month 12th month 16th month 20th month 24th month

Baseline 0.10 0.18 0.20 0.08 0.22 0.19
(n 5 84) (n 5 83) (n 5 85) (n 5 79) (n 5 75) (n 5 76)

4th month — 0.17 0.21 20.10 0.16 0.13
(n 5 82) (n 5 82) (n 5 78) (n 5 73) (n 5 74)

8th month — — 0.17 0.06 0.23 20.01
(n 5 84) (n 5 80) (n 5 76) (n 5 77)

12th month — — — 0.26 0.26 0.22
(n 5 82) (n 5 78) (n 5 79)

16th month — — — — 0.46 0.11
(n 5 77) (n 5 79)

20th month — — — — — 0.42
(n 5 77)

aIntraindividual agreement was estimated by means of the k values.

TABLE III. Intraindividual Correlation in DNA Index Between Pairs of Bladder Washings
Measured by Flow Cytometry Every 4 Monthsa

4th month 8th month 12th month 16th month 20th month 24th month

Baseline 0.13 0.25 0.22 0.17 0.24 0.05
(n 5 84) (n 5 83) (n 5 85) (n 5 79) (n 5 75) (n 5 76)

4th month — 0.12 0.34 0.03 0.16 0.11
(n 5 82) (n 5 82) (n 5 78) (n 5 73) (n 5 74)

8th month — — 0.11 0.05 0.12 20.02
(n 5 84) (n 5 80) (n 5 76) (n 5 77)

12th month — — — 0.37 0.27 0.19
(n 5 82) (n 5 78) (n 5 79)

16th month — — — — 0.48 0.14
(n 5 77) (n 5 79)

20th month — — — — — 0.40
(n 5 77)

aIntraindividual correlation was estimated by means of the Spearman’s correlation coefficients (r).
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lial cells obtained from bladder washings could
provide suitable surrogate endpoint biomark-
ers in a randomized chemoprevention trial of
bladder cancer. The results obtained with 642
bladder washings show poor intra-individual

agreements and correlations for both tech-
niques over the 24 month study period. A low
correlation between the two methods was also
observed. Moreover, DNA ploidy and HDF were
unable to detect concomitant tumor recurrence,
and cytology was not predictive of subsequent
tumor recurrence. Overall, these results seem
to discount the use of these biomarkers on
bladder washing specimens as reliable surro-
gate endpoints for clinical trials of superficial
bladder cancer.

We believe that these negative results are
intrinsically related to the distribution of the
DNA Index in our ‘‘low-risk’’ patient population.
The large majority of DNA aneuploid cell popu-
lations lie in the ‘‘near-diploid’’ region, with
DNA Indices ranging from 1.00 to 1.25, due to
the early-stage bladder cancer history (Ta and
T1) of the patients under study. In a previous

TABLE IV. Intraindividual Correlation in HDF Between Pairs of Bladder Washings Measured
by Flow Cytometry Every 4 Monthsa

4th month 8th month 12th month 16th month 20th month 24th month

Baseline 0.18 0.06 0.21 0.21 0.32 0.10
(n 5 84) (n 5 83) (n 5 85) (n 5 79) (n 5 75) (n 5 76)

4th month — 20.01 0.25 0.06 0.04 20.02
(n 5 82) (n 5 82) (n 5 78) (n 5 73) (n 5 74)

8th month — — 20.05 20.09 0.01 0.06
(n 5 84) (n 5 80) (n 5 76) (n 5 77)

12th month — — — 0.37 0.17 0.06
(n 5 82) (n 5 78) (n 5 79)

16th month — — — — 0.55 20.01
(n 5 77) (n 5 79)

20th month — — — — — 0.32
(n 5 77)

aIntraindividual correlation was estimated by means of the Spearman’s correlation coefficients (r).

TABLE V. Intraindividual Agreement in Cytologic Examination (Negativea vs. Positiveb) Between
Pairs of Bladder Washings Evaluated Every 4 Monthsc

4th month 8th month 12th month 16th month 20th month 24th month

Baseline 0.28 0.08 0.06 0.09 0.32 0.12
(n 5 93) (n 5 91) (n 5 94) (n 5 87) (n 5 83) (n 5 89)

4th month — 0.29 0.19 0.31 0.35 0.34
(n 5 89) (n 5 90) (n 5 84) (n 5 80) (n 5 85)

8th month — — 0.24 0.33 0.27 0.23
(n 5 90) (n 5 84) (n 5 80) (n 5 85)

12th month — — — 0.12 0.16 0.40
(n 5 87) (n 5 83) (n 5 89)

16th month — — — — 0.27 0.38
(n 5 80) (n 5 85)

20th month — — — — — 0.34
(n 5 83)

aNegative also includes benign alterations.
bPositive: low and high grade neoplasm.
cIntraindividual agreement was estimated by means of the k values.

TABLE VI. Intraindividual Agreement
(k Values) Between DNA-FCM Ploidy (Diploid

vs. Aneuploid) and Cytologic Examination
(Negativea vs. Positiveb)

Baseline 20.06 (n 5 92)
4th month 0.01 (n 5 88)
8th month 20.01 (n 5 88)
12th month 0.16 (n 5 90)
16th month 20.02 (n 5 85)
20th month 0.20 (n 5 81)
24th month 0.16 (n 5 82)

aNegative also includes cells with benign alterations.
bPositive: low and high grade malignant cells.

DNA-FCM as Surrogate Biomarker in Chemoprevention Trials 317



DNA flow cytometric study on a similar popula-
tion of bladder cancer patients (n 5 197), 41% of
bladder washings from patients with Ta and T1
stage tumors were diploid and 92% of the 59%
aneuploid bladder washings had a DNA Index
ranging from 1.00 to 1.25, again indicating that
most Ta and T1 tumors are diploid or near-
diploid [Bruno et al., unpublished data]. Simi-
larly, Vindeløv et al. [1995] showed that the
large majority of superficial papillary tumors
had a DNA Index in the range 1.00–1.25, while
a DNA Index .1.25 was strongly correlated to
invasiveness. Moreover, Shackney et al. [1995]
recently showed that the series of genetic evolu-
tionary changes in early bladder cancer start
with the initial development of near-diploid
aneuploid stemlines. Therefore, the compres-
sion of DNA Index values in the narrow range
of the diploid and near-diploid region observed
in our ‘‘low-risk’’ patients might increase the
possibility of erroneous DNA ploidy estima-
tions, since the experimental error variance,
due to measurement variability [Wheeless et
al., 1991a,b], may be as large as the slight
difference between the diploid and the close
near-diploid DNA Index values. In fact, we ob-
served a random stepping up and down of DNA
Indices between diploid and near-diploid val-
ues over time in a significant proportion of
patients. According to the model of evolution of
aneuploidy in bladder cancer of Shackney et al.
[1995], this is unlikely given to repeated cycles
of growth and subsequent apoptosis of near-
diploid stem cell populations.

We minimized possible artifacts due to low
sensitivity of the DNA flow cytometric measure-
ments (false negative diploid histograms). Ac-
cording to the results of different mathematical
approaches [Rabinovitch et al., 1992; Benson et
al., 1994], our measurements were carried out
under experimental conditions that warranted
a high resolution of near-diploid peaks at a DI
of approximately 1.10 in most bladder wash-
ings. In fact, none of the DNA histograms was
rejected for poor resolution, while the low CV of
the lymphocyte population present in almost
all washing samples assured a good quality of
the measurements. In addition, this lympho-
cyte population provided the best internal refer-
ence standard for diploidy [Chabanas et al.,
1993; Hijazi et al., 1991]. Another factor that
may affect the resolution, and thus the sensitiv-
ity of the technique, is the presence of a high
proportion of debris and non-urothelial cells. In
only 10 out of 642 bladder washings was debris
unacceptably high, and only 23 specimens were
rejected for an excessive non-urothelial fraction
(.60%). The very large majority of the remain-
ing bladder washings showed a urothelial cell
component higher than 90%. Nevertheless, the
HDF values were always adjusted for the non-
urothelial component (as mentioned in Mate-
rial and Methods).

However, we recognize that histograms clas-
sified as ‘‘DNA diploid’’ are ‘‘DNA flow diploid’’
only, as the DNA-FCM technique is insensitive
to the gain or loss of small chromosomes or to
minor chromosomal deletions or translocation.

TABLE VII. Association Between Tumor Recurrence and Concurrent or Previous Bladder
Washing Evaluation by DNA Flow Cytometry and Cytology

Concurrent bladder washinga Previous bladder washingb

OR (95% CI)c OR (95% CI)c

DNA flow cytometry
Diploid 1.00 (ref.) 1.00 (ref.)
Aneuploid 1.07 (0.54–2.15) (P 5 0.843) 0.43 (0.22–0.86) (P 5 0.015)

HDF
#25% 1.00 (ref.) 1.00 (ref.)
26%–50% 1.20 (0.58–2.48) 0.55 (0.25–1.19)
.50% 0.93 (0.31–2.79) (P 5 0.847) 0.73 (0.29–1.89) (P 5 0.293)

Cytology
Negative-benign alterations 1.00 (ref.) 1.00 (ref.)
Neoplasms (low and high grade) 8.88 (4.42–17.8) (P , 0.001) 1.30 (0.54–3.16) (P 5 0.565)

aDNA flow cytometric or cytologic results concurrent to the tumor recurrence at the follow-up visit.
bDNA flow cytometric or cytologic results obtained 4 months prior to the detection of the recurrence (i.e., at the previous
follow-up visit).
cOdd ratio of recurrence estimated by means of a logistic model.
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While one laboratory which investigated chro-
mosomal aberrations in bladder washing cells
by fluorescence in situ hybridization (FISH)
has found the same sensitivity of FCM and
FISH [Cajulis et al., 1995], other studies have
shown that at least half of tumors diploid for
FCM are in fact non-diploid [Sauter et al., 1997;
Matsuyama et al., 1994; Hopman et al., 1991],
thus calling for the inaccuracy of DNA-FCM in
detecting early genetic events in bladder tumori-
genesis.

We overcame the problem of possible false
tetraploid histograms caused by aggregates of
diploid G1 cells or multinucleated cells by
chemically disaggregating cell clumps and mul-
tiple nuclei and by electronically gating out
aggregates using the Doublet Discrimination
Method included in the flow cytometer soft-
ware. However, we cannot completely exclude,
in some cases, the occurrence of false aneuploid
near-diploid histograms. Propidium Iodide was
chosen for its high stoichiometric binding com-
pared to other dyes, which minimizes the depen-
dence of DNA accessibility on the chromatin
structure. In addition, we minimized this effect
by increasing the duration of PI staining to up
to 3 h. However, in some urothelial cells with
high cytoplasm/nucleus ratio (e.g., umbrella
cells of the bladder wall) the possible dim stain-
ing of some cytoplasmic structures may provide
non-specific contributions to the DNA fluores-
cence [Wheeless et al., 1991b]. In addition, an
inflammatory bladder may also contribute to a
false near-diploid DNA histogram, as previ-
ously reported [Cajulis et al., 1995; Klein et al.,
1988].

The compressed and narrow DNA Index dis-
tribution of Ta and T1 tumors also affects the
HDF parameter, in that there is a substantial
increase in HDF values as the histogram shifts
from diploid to near-diploid (due to the addition
of the ‘‘near-diploid’’ cell fraction to HDF). This
also could partly explain the lack of intra-
individual correlation.

As no reliable evaluation of the S-phase frac-
tion is possible for DNA histograms containing
aneuploid populations with a DI lower than
1.40, which account for the great majority of
our aneuploid histograms (87.5%), we were not
able to investigate the S-phase performance in
our study. However, we analyzed the S-phase
fraction in the diploid subgroup (299 histo-

grams out of 609) and found no intra-individual
correlation (data not shown).

Importantly, all results are not affected by
the treatment with 4-HPR, since the same con-
clusions emerged when the untreated control
group was analyzed separately.

Progression to muscle invasive disease by far
represents the most relevant clinical event in
this type of patient population [Kalish et al.,
1987]. However, due to the remarkably low
number of disease progressions during our study
(four out of 99 patients) compared to other
series [Kurth et al., 1995], we were unable to
assess whether DNA-FCM and/or cytology pro-
vide predictive information of this event. In
contrast, previous pilot studies in subjects with
in situ non-papillary carcinoma at high risk for
disease progression showed that DNA-FCM in
cells obtained from bladder washings can pre-
dict the response to intravesical BCG [Bretton
et al., 1989].

We therefore investigated the predictive value
of DNA-FCM and cytology with respect to a less
severe, yet more frequent, clinical event, namely,
superficial tumor recurrence. We found that
DNA-FCM not only had no value in predicting
recurrence 4 months apart, but could even not
correlate with concomitant recurrence. In this
study, where patients underwent frequent fol-
low-up visits, the transformed area of the tu-
mor recurrence at the time of the visit might
still have been minimal compared to the total
lumen of the bladder. Therefore, bladder wash-
ings may have contained a low proportion of
abnormal cells, thus significantly affecting the
sensitivity of the DNA-FCM measurement.
While the predictive value of DNA-FCM on
papillary tumor recurrence had been suggested
in some studies [Giella et al., 1992], other stud-
ies, in agreement with our findings, showed no
predictive power [Tetu et al., 1996]. Cytology
was unable to predict recurrence 4 months
apart, but it showed a good association with
detection of concomitant tumor recurrence.

The observation that conventional cytology,
similarly to DNA-FCM, showed poor intra-
individual agreement seems to strengthen the
contention that mechanisms other than techni-
cal limitations should be advanced to account
for our results. Like DNA-FCM, the categoriza-
tion of cytology may decrease its sensitivity, as
a shift between intermediate classes (2 and 3)
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over time may be expected. The search for finer,
more quantitative, biomarkers is thus recom-
mended.

In conclusion, the data collected from 642
serial bladder washings in a ‘‘low-risk’’ popula-
tion of 99 patients with previous superficial
bladder cancer enrolled in a clinical chemopre-
vention trial seem to discount the utilization of
DNA flow cytometric and cytologic parameters
as reliable surrogate end point biomarkers. In
contrast to the results of studies in subjects at
higher risk for disease progression or with more
advanced stages of bladder cancer, the accuracy
of these biomarkers during the early stages of
bladder carcinogenesis appears to be limited
and, thus, of poor clinical utility.
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G, Costa A, Boccardo F, Giuliani L, Santi L. 1992. Activity
of 4-HPR in superficial bladder cancer using DNA flow
cytometry as an intermediate endpoint. J Cell Biochem
suppl 16i:139–147.

Decensi A, Bruno S, Costantini M, Torrisi R, Curotto A,
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