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Gallstones are a risk factor for the development of gallblad-
der cancer. We studied DNA ploidy and cell cycle compo-
sition by flow cytometry in archival specimens from 52 gall
bladder carcinomas in relation to histopathological grade, tu-
mour stage, gallstone number and survival. 69% of the gall-
bladder carcinomas showed aneuploidy. All tumours with
single stones (N = 11) were aneuploid while only 61%
of tumours with multiple stones (N = 41) were aneuploid
(p = 0.002). DNA aneuploidy was related to increase in T-
category (p = 0.01), grade (p = 0.02), and nuclear pleomor-
phism (p = 0.0005). The distribution of DNA ploidy shifted
from tetraploid in low stage towards triploid positions in high
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stage tumours (p = 0.02) combined with higher S-phase
values in triploid tumours (p = 0.05). S-phase fraction in-
creased during development from normal tissue to dysplasia,
cancer in situ and cancer in diploid cases (p = 0.0002), and
further at the change from diploid to aneuploid (p = 0.004).
At a median cancer specific survival time of four months pa-
tients with diploid tumours had a better survival than those
with aneuploid tumours (p = 0.02). In multivariate analy-
sis of the tumour characteristic, only T-category and tumour
grade were independent prognostic factors.

The shift from diploid to aneuploid and the further shift of
ploidy within aneuploid tumours are in agreement with the
concept of a clonal development of gallbladder cancer. These
changes are combined with a stepwise increase in the fraction
of S-phase cells. Low frequency of symptoms in single stone
patients may be the reason for detection of malignancy at a
late stage of tumour development.
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1. Introduction

Gallstones have for a long period of time been re-
garded as a major risk factor for the development of
gallbladder cancer [11]. This has been confirmed in re-
cent epidemiological studies [42]. Common risk fac-
tors have been demonstrated in patients with choles-
terol gallstones and gallbladder cancer. These include
sex, total calorie intake and body mass index [31,41].
A trend of increasing incidence of gallbladder can-
cer is observed in Sweden since 1960 [4,22]. This is
the background for an ongoing study in the Stock-
holm County. Part of this study is to investigate the fre-
quency of various lesions, including DNA ploidy and
cell cycle composition, in the gallbladder mucosa of
gallstone patients with and without tumour disease and
gallstonefree subjects.
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Here we investigated DNA ploidy pattern and cell
cycle composition in tumours from patients with gall-
bladder carcinoma and related these tumour character-
istics to other morphological and prognostic parame-
ters including number of stones. In the evaluation of
DNA ploidy (diploid versus aneuploid) tumour hetero-
geneity was also studied. Earlier studies on ploidy and
cell proliferation in gallbladder cancer have yielded
conflicting results with respect to frequency of aneu-
ploidy, size of S-fraction and relationship with mor-
phological, clinical and prognostic factors. Stone num-
ber has not been studied in this context before.

2. Material and methods

This study includes archival specimens from 52 pa-
tients referred to our departments for cholecystectomy
between 1986 and 1994 and in which a gallbladder car-
cinoma was diagnosed. The median age of the patients
was 71 years, range 45 to 85. There were 41 female and
11 male patients. All patients had gallstones. All but
four patients with advanced local tumour growth (three
with tumour stage pT4 and one pT3) were cholecys-
tectomized. In 14 of the patients the diagnosis of can-
cer was suspected preoperatively. These patients were
operated for gallstone and/or tumour related pain or
cholecystitis. In the remaining 38 patients the cancer
was diagnosed intra- or postoperatively at the morpho-
logical evaluation of the operative specimens. In one
patient a secondary operation with wedge resection of
liver and extended lymphadenectomy was performed.
No patient was subjected to radiation or cytotoxic drug
therapy. The ethical aspects of the study were approved
by the Ethical Committee of the Karolinska Institute.

2.1. Cell material

Depending on the amount of tumour tissue available
at the histopathological evaluation of the tissue blocks,
1 to 6 samples from the 52 tumours, with a mean of
2.2 samples/tumour, were excised for DNA analysis.
In addition, histopathologically normal mucosa was
sampled from 18 patients, dysplasia lesions from 14
and cancer in situ lesions adjacent to invasive tumours
from 2 patients. Normal tissue and necrosis was care-
fully excluded from tumour tissue. Tumour stage was
assessed according to the TNM classification of The
International Union Against Cancer (UICC) and The
American Joint Committee on Cancer (AJCC) after re-
viewing the patients hospital files [2,3]. The tumours

were classified as well, moderately or poorly differ-
entiated according to the WHO classification system
and reviewed by one of us (V.G.) [1]. In addition, nu-
clear pleomorphism were determined and subdivided
as weak and strong.

2.2. DNA flow cytometry

100 µm thick sections from representative parts of
the gallbladder cancer were excised from the forma-
lin fixed and paraffin embedded specimens. The sam-
ples were prepared as described earlier [15]. Briefly,
each tissue section was put into a bag of nylon mesh,
deparaffinized, rehydrogenated and incubated for half
an hour at 37◦C in 1 ml solution of protease (0.1%
Sigma protease XXIV, 0.1 M Tris buffer, 0.07 M NaCl,
pH 7.2). The suspensions of cell nuclei were stained by
directly adding 1.0 ml of DAPI solution (10 µM DAPI
in 800 µM disodiumhydrogenphosphate). Before mea-
suring the DNA content of the nuclei, the suspensions
of cell nuclei were inspected microscopically in order
to control the that they were representative of the cell
material. Samples were also collected from material
representing dysplastic gallbladder mucosa and nor-
mal gallbladder tissue when present. DNA content of a
mean number of 31,500 cells (range 1200–60 000) per
histogram was analysed with a PAS II Flow Cytometer
(PARTEC, Münster, Germany). For cell cycle analy-
ses, the sliced nuclei option for background subtraction
of the Multicycle program (version 3.0, Phoenix Flow
Systems, San Diego, CA, USA) was used. DNA his-
tograms with a single peak were classified as diploid.
The DNA histograms showing an additional G1 peak
were classified as aneuploid. Existence of tetraploidy
was assumed to be present if the proportions of cells at
4c exceeded 8% (mean + 3 SD) found in normal tissue
biopsies and, if in addition, an octoploid G2 peak was
present. The level of the DNA-index (DI) was deter-
mined in relation to the diploid G1 peak. The existence
of several aneuploid cellpopulations was assumed to
be present if the DNA-index in two or more samples
had a difference of at least 0.1 (0.2 c) or if within
one sample two aneuploid peaks were identified. Tu-
mours in which one sample was diploid and another
one was aneuploid were regarded as aneuploid. Poor
quality histograms with high background and/or high
coefficient of variation (>8%) were discarded. Cell cy-
cle analyses was not possible to perform in 14% of
diploid and 33% of aneuploid cellpopulations due to
signal/background ratios (background aggregates and
debris, BAD) in the S-phase region of <1 [14].
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2.3. Statistical analyses

Data are presented as mean values ± standard de-
viation. Statistical analysis were performed using a
statistical software package (JMP 3.1, SAS Institute
Inc.) Differences were calculated according to Stu-
dent’s t-test, Wilcoxon rank sums test or Kruskal–
Wallis non parametric test. Disease specific survival
was analyzed according to the Kaplan–Meier method
and differences in survival distribution were analyzed
with the generalised Wilcoxon test. Multivariate sur-
vival analysis was made with a parametric log nor-
mal model. Endpoint was tumour death. Results with
p < 0.05 were considered statistical significant.

3. Results

3.1. Morphology

52 tumours were analysed. There were 41 pure ade-
nocarcinomas, 2 adenosquamous carcinomas, 3 muci-
nous carcinomas, 4 papillary carcinomas and 2 carci-
nomas in situ. Half of the 52 tumours had an advanced
local tumour stage with tumour invading beyond the
serosa or into adjacent organs, pT3 or pT4. Twenty
patients showed lymph node metastases and 3 distant
metastases. Combining local tumour stage with the ex-
istence of metastases, 2 patients were of stage 0, 11 of
stage I, 8 of stage II, 21 of stage III and 10 of stage IV
according to the classification of the American Joint
Committee of Cancer (AJCC) [2]. One tumour was
well differentiated, 26 were moderately and 25 poorly
differentiated. 15 of 52 tumours studied showed weak
nuclear pleomorphism and 37 strong.

3.2. DNA ploidy

36 of the tumours (69%) were found to be aneu-
ploid and 16 (31%) diploid. In Table 1, DNA ploidy
is depicted in relation to basal clinical and morpholog-
ical data. The frequency of aneuploidy increased sig-
nificantly with local tumour stage (p = 0.01), differ-
entiation grade (p = 0.02) and nuclear pleomorphism
(p = 0.0005).

17 cellpopulations from histopathologically nor-
mal gallbladder mucosa were diploid and 2 aneu-
ploid/tetraploid (Table 2). Of the 18 cellpopulations
found in dysplastic lesions, 10 were diploid and 8 ane-
uploid. In addition to the 2 primary cancer in situ
(CIS), CIS adjacent to invasive tumours were sampled

Table 1

Basal clinical data and DNA ploidy in 52 patients with gallbladder
cancer

Variable Patients Diploidy Aneuploidy Dipl. v aneupl.

N N (%) N (%) (Chi-Square)

All patients 52 16 (31) 36 (69)

Sex p = 0.65

Male 11 4 (36) 7 (64)

Female 41 12 (29) 29 (71)

Tumour (T) stage 52 p = 0.01

0 2 2 (100) 0 (0)

I 12 5 (42) 7 (58)

II 12 5 (42) 7 (58)

III 18 4 (22) 14 (78)

IV 8 0 (0) 8 (100)

Tumour grade 52 p = 0.02

Middle or high diff. 27 12 (44) 15 (56)

Low diff. 25 4 (16) 21 (84)

Nucl. pleomorphism 50 p = 0.0005

weak 13 9 (69) 4 (31)

strong 37 6 (16) 31 (84)

N = number of patients.

from 2 patients. Of the 4 cellpopulations found in the 4
patients, 3 were diploid and 1 aneuploid. 4 cellpopula-
tions found in distant metastases from 2 patients were
aneuploid.

3.3. Distribution of DNA ploidy

In 152 samples from 52 gallbladder cancers, 89 dif-
ferent cellpopulations were found (Fig. 1). Three dif-
ferent ploidy ranges could be identified. One in the
near diploid range between DI 0.8 and DI 1.2, one in
the tri/tetraploid range between DI 1.4 and DI 2.0 with
maximum around DI 1.7 and scattered cellpopulations
with DNA-index exceeding DI 2.1. We subdivided the
distribution of DNA-indices in 26 patients with early
local tumour stage (Fig. 2) and 26 patients with ad-
vanced local tumour stage (Fig. 3). When studying
the 33 tumour cellpopulations in the DNA-index range
1.4–2.0, we found a significantly lower mean DNA-
index in the 17 cellpopulations with advanced local tu-
mour stage compared to the 16 cell populations with
early local tumour stage (p = 0.02). Scattered cellpop-
ulations exceeding DNA-index 2.0 were only excep-
tionally found in the early local tumour stages but were
more frequently found in the advanced local tumour
stages. Such a shift in ploidy distribution was not seen
when comparing high and low grade tumours or tu-
mours with and without lymph node and distant metas-
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Table 2

DNA ploidy, S-phase and G2 fractions, and % aneuploid cells found in 133 cellpopulations from tumour and adjacent
normal tissue of 52 patients with gallbladder cancer

Histopathology Diploid Aneuploid

N S-phase% G2% N S-phase% G2% Aneupl.%

Normal tissue 17 1.6 ± 1.0 1.7 ± 2.2 2 3.4 1.0 ± 1.0 22 ± 5.7

(15, 16) (0.1–3.4) (0.1–8.4) (1, 2, 2) (0.2–1.7) (18–26)

Dysplasia 10 2.6 ± 1.7 1.9 ± 1.3 8 6.3 – 6.8 ± 4.8

(8, 9) (0.2–5.6) (0.5–4.7) (2, 0, 8) (6.3–6.3) (2–17)

Cancer in situ 3 4.1 ± 0.5 5.2 ± 3.6 1 19 2.7 41

(3, 3) (3.7–4.7) (2.6–9.3)

Cancer 27 5.0 ± 3.0 4.9 ± 4.7 60 8.6 ± 5.0 6.9 ± 5.9 25.1 ± 17.6

(23, 23) (0–11.7) (0.5–22) (33, 37, 57) (1–21.3) (1–32.3) (3–78)

Metastases 0 4 15.3 ± 7.1 4.5 ± 2.6 44.8 ± 29.2

(3, 4, 4) (8.2–22.3) (1.2–7.4) (13–72)

Mean values ± SD. N = number of cell populations found. Number of analyzed cellpopulations in brackets and italic
text, in the order: S-phase%, G2% and (when present) % aneuploid cells. Range of S-phase%, G2% and % aneuploid
cells in brackets.

Fig. 1. Distribution of DNA-indices in 89 cellpopulations from 52 patients with gallbladder cancer.

Fig. 2. Distribution of DNA-indices in 45 cellpopulations from 26 patients with gallbladder cancer of early local tumour stage (T0–T2).
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Fig. 3. Distribution of DNA-indices in 43 cellpopulations from 26 patients with gallbladder cancer of advanced local tumour stage (T3–T4).

tases. Among the 31 cellpopulations from 13 tumours
with weak or moderate nuclear pleomorphism the few
aneuploid cellpopulations were in the near diploid or
tetraploid range.

3.4. Cell cycle composition related to histopathology
and DNA ploidy

A total of 132 cell populations were identified when
studying all samples from the various normal and
abnormal tissues. The S-phase and G2 fractions in
diploid and aneuploid cellpopulations in relation to
histopathology are summarised in Table 2. The pro-
portion of S-phase cells in diploid cellpopulations in-
creased from 1.6±1.0% in normal tissue to 2.6±1.7%
in dysplasia, 4.1 ± 0.5% in CIS and 5.0 ± 3.0% in
gallbladder cancer tumour (p = 0.0002). S-phase
fraction increased further from 5.0 ± 3.0% in the
diploid tumours, to 8.6 ± 5.0% in the aneuploid tu-
mours (p = 0.004). The proportion of G2 cells in
the diploid cellpopulations also increased significantly
from 1.7±2.2% in normal tissue to 1.9±1.3% in dys-
plasia, 5.2 ± 3.6% in CIS and 4.9 ± 4.7% in gallblad-
der cancer (p = 0.003). The mean S-phase fraction
from the four aneuploid cellpopulations of the metas-
tases was 15.3 ± 7.1%. The proportion of aneuploid
cells in the aneuploid cellpopulations was 25% in pri-
mary tumours, 45% in metastases, 7% in dysplasia and
22% in the two samples with normal tissue according
to histopathology. The number of aneuploid cellpopu-
lations found in non primary tumour tissues were few
and the cell cycle composition of these was not eligible
for statistical analysis.

When comparing S-phase of aneuploid tumour cell-
populations in the triploid interval 1.3 > DI � 1.7 and

the near tetraploid interval 1.7 > DI < 2 we found
significantly higher mean S-phase values in the triploid
range (9.9 ± 3.9%), compared to the near tetraploid
range (4.9 ± 3.8%) (p = 0.05).

The S-phase fraction in poorly differentiated tu-
mours 8.7 ± 5.1% was significantly higher than that
of the well and moderately differentiated tumours,
5.1 ± 3.6% (p = 0.02). S-phase fraction in tumours
from women was 7.1 ± 4.6% and in men 4.5 ± 3.7%,
a non-significant difference (p = 0.06).

3.5. Number of gallbladder stones in relation to DNA
ploidy and clinical parameters

Among the 52 patients with gallbladder cancer, 41
had multiple stones and 11 single stones (Table 3).
When studying the existence of multiple and single
stones respectively, in relation to clinical parameters
and tumour ploidy we found only aneuploid tumours
in the 11 cases with single stones. In contrast, of the
41 cases with multiple stones, 25 were aneuploid and
16 diploid. This difference was highly significant (p =
0.002). The mean S-phase fraction of the cases with
single and multiple stones, 8.9±4.0% and 5.9±4.5%,
respectively, differed also significantly (p = 0.05).
This difference however, was due to the lower S-phase
values of diploid tumours and disappeared when only
the 25 aneuploid tumours of the cases with multiple
stones were taken into account (8.0 ± 4.9%). None of
the other clinical or morphological characteristics in
these two groups of patients showed any differences.
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Table 3

Stone number related to sex, age, T-classification, grade, nuclear pleomorphism, DNA ploidy and S-phase

Multiple Single p value

N 41 11 n.s.

Sex (male/female) 8/33 3/8 n.s.

Age 69.2 ± 9.7 68.5 ± 12.6 n.s.

Local tumour stage(T0–T2+/T3–T4) 21/20 5/6 n.s.

Grade (well-moderately/poor) 20/21 7/4 n.s.

Nucl pleomorph (weak/strong) 12/28 1/9 n.s.

DNA-ploidy (diploid/aneuploid) 16/25 0/11 P = 0.002

S-phase% 5.9 ± 4.5 8.9 ± 4.0 P = 0.05

Survival in months 20.8 ± 34.6 16.5 ± 29.4 n.s.

Number of tumour samples 2.1 ± 1.1 2.5 ± 1.8 n.s

Mean values ± SD. N = number of patients. n.s. = non significant.

3.6. Survival analysis

The median overall survival time among the 52 pa-
tients was 6.3 months, range 0.3–139 months. 45 pa-
tients died of the gallbladder cancer, with a median
survival time of 4 months. Of the remaining seven
patients, one died after 128 months of a non-cancer
related disease and the other six are still alive af-
ter a median observation time of 99 months. Two of
these seven long-time survivors had stage 0 disease,
four had stage I disease, one had stage II disease.
The 16 patients with diploid tumours showed signif-
icantly better cancer specific survival than the 36 pa-
tients with aneuploid tumours (p = 0.02) (Fig. 4(a)).
This can be compared with survival in relation to dif-
ferentiation grade (Fig. 4(b)), nuclear pleomorphism
(Fig. 4(c)) and T category according to the TNM sys-
tem [1] (Fig. 4(d)). S-phase fraction was not signifi-
cantly related to survival, taking the median value of all
S-phase values as cut-off value. In multivariate analy-
sis of the four above mentioned tumour characteristics,
T-category was the dominant independent prognostic
factor (χ2 = 11.4; p = 0.0007), followed by tumour
grade (χ2 = 4.3; p = 0.04). DNA-ploidy and nuclear
pleomorphism did not reach significance.

4. Discussion

The present study is part of an investigation on gall-
stones as a risk factor for the development of gallblad-
der cancer [11,21]. The aim was to establish the role of
DNA measurements in relation to clinical and morpho-
logical parameters, particularly number of gallstones,
in patients with gallbladder cancer, as the basis for fur-
ther studies of premalignant or non-invasive lesions

of the gallbladder mucosa in patients with and with-
out gallstones. Number of gallstones is of importance
in cholesterol gallstone disease [18,19,29] and has not
been studied in relation to DNA measurements in gall-
bladder cancer patients previously.

The results from previous DNA cytometric stud-
ies together with those of the present study are sum-
marised in Table 4. The proportion of aneuploid tu-
mours in previous studies varied from 30% up to
100%. When only considering studies from the litera-
ture with a patient number exceeding 40, the mean pro-
portion of aneuploid tumours, in a total number of 364
tumours studied, was 67%, similar to 69% in our study.
At the evaluation of the proportion of diploid and ane-
uploid tumours, tumour heterogeneity with the coexis-
tence of diploid in one and aneuploidy in another part
of the individual tumour can be the reasons for under-
estimating the real proportion of aneuploid tumours. In
order to evaluate the risk of misclassifying aneuploid
tumours as diploid, we also calculated the probability
of aneuploidy considering only tumours in which more
than 1 biopsy were available for analyses, taking bias
of ascertainment into account [38]. At a mean number
of 2.9 biopsies per tumour the calculated probability
of aneuploidy was 70% in good accordance with the
frequency of 69% found at the primary evaluation of
our data.

Thus, in spite of a high level of intratumoural DNA
heterogeneity the risk of misclassifying ploidy status
of a tumour in our study seems insignificant and jus-
tifies comparisons between the aneuploid and diploid
tumours. This justification is further strengthened by
the correlations between the proportion of tumour ane-
uploidy with stage, grade, nuclear pleomorphism and
survival in our material.
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(a) (b)

(c) (d)

Fig. 4. (a) Tumour specific survival curves for patients in 36 aneuploid tumours and 16 diploid tumours (p = 0.02). (b) Tumour specific survival
curves for patients in 25 poorly and 27 well and moderately differentiated tumours (p = 0.0001). (c) Tumour specific survival curves for patients
in 13 tumours with weak and 37 with strong nuclear pleomorphism (p = 0.004). (d) Tumour specific survival curves for patients in 26 tumours
with T classification T0–2 and 26 with T3–4 (p < 0.0001).

An increase in the proportion of aneuploid tumours
with T stage (Table 1) supports the concept of a change
from diploid to aneuploid DNA patterns in course of
tumour development. This concept is further supported
by our observation of the coexistence of diploid and
aneuploid tumour biopsies in the same tumour, also de-
scribed by Nishizawa et al. [24].

The distribution of the DNA indices of the tumours
with diploid, near diploid positions, triploid- tetraploid
positions and those exceeding tetraploidy is in agree-

ment with other solid tumours from other sites, such
as; colon- rectum, breast, cervix and corpus uteri, and
bladder [5,32,35]. The positions of the DNA indices
in the triploid- tetraploid region correspond to a lin-
log normal distribution described also in other solid tu-
mours [32].

A new observation is the shift of the DNA indices
from a more tetraploid to a more triploid position with
increase of local tumour stage (Figs 2, 3). Combined
with a significant increase in the proportion of S-phase
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Table 4

Data of 15 studies of DNA flow cytometry from tumour tissue in gallbladder cancer patients

Study N Aneuploidy S-phase Ploidy related Comment

% % to survival

Koyama, 1984 26 92 – – ICM

Strom, 1989 23 30 9.2 – including 3 CIS patients, FCM

Donohue, 1990 70 89 – No FCM

Yamamoto, 1990 54 46 – No FCM

Suto, 1993 8 87.5 – – FCM

Sato, 1993 36 56 – Yes FCM

Roa, 1993 79 44 – – FCM

Baretton, 1994 48 90 – No FCM

Ajiki, 1996 20 80 – – subserosal tumours, some autopsy cases, FCM

Nishihara, 1994 9 78 – – only adenosquamos cases, FCM

Nishizawa-Takano, 1996 60 90 – – FCM

Yoshida, 1996 18 100 11.6 – FCM

Roa, 1997 53 45 – – ICM

Futakawa, 1997 12 100 – – all autopsy cases, ICM

Present study 52 69 Dipl.: 4.3 Aneupl.: 7.9 Yes including 2 CIS patients, FCM

N = number, ICM = image cytometry, FCM = flow cytometry.

cells, these changes in positions was also found in
bladder carcinoma [33]. From the point of view of tu-
mour development, a shift in ploidy from tetraploid to-
wards triploid positions can be explained by the suc-
cessive loss of chromosomes combined with loss of
suppressor genes involved in cell cycle regulation and
resulting in cell populations with advantage of growth.

The difference in the proportion of S-phase cells be-
tween diploid and aneuploid tumours found in this se-
ries is in accordance with the results of tumours from
other sites [13,34,35]. We found a successive increase
in the proportion of S-phase cells in diploid cell popu-
lations at the shift from histopathologically normal tis-
sue to dysplastic lesions and cancers. This and the fur-
ther increase in the S-phase fraction at the shift from
minor to gross chromosomal aberrations underline the
role of proliferation in tumour development.

The increase of the size of the S-phase fraction with
stage and grade is in accordance with corresponding
change of the mitotic index and the AgNOR counts
found by others [24,30].

To our knowledge, stone number in relation to tu-
mour characteristics of gallbladder cancer has not been
previously studied. All tumours from patients with sin-
gle stones but only 61% of those with multiple stones
in this study were aneuploid. The proportion of single
stones in our study (21%) is in agreement with an early
study encompassing 43 gallbladder cancer patients and
other studies regarding cholesterol gallstone patients
[18,19,29]. Recently described differences in patients

with single and multiple cholesterol gallstone patients
can be discussed as reasons for this finding. Patients
with multiple gallbladder stones have a shorter nucle-
ation time and higher biliary concentrations of total
protein and glycoprotein than solitary stones [37]. The
stone cholesterol content is higher in solitary stones
compared to multiple stones [19]. From the clinical
point of view, patients with multiple stones have been
associated with more frequent biliary pain and compli-
cations such as cholecystitis, cholangitis and pancre-
atitis [19,29]. Considering the lower frequency of clin-
ical symptoms in gallstone patients with single stones,
one could expect that patients with single stones har-
bour their stones for a longer period of time before
surgery. When cancer has been established in the gall-
bladder, the paucity of symptoms related to gallstones
in the single stone group, could lead to an operation
later in the course of cancer development and thus a
longer time for DNA aneuploidy to appear. However,
there were no differences in age, local tumour stage
or other morphological tumour characteristics between
single and multiple stone patients in the present study.

The survival rate in gallbladder cancer patients is
still very low and the survival time short despite ad-
vancements in the diagnostic procedures and in the
clinical care of the operated patients [7–10,12,16,17,
20,23,25–28,36,39]. In three of four earlier studies
there has been no relation between ploidy pattern and
survival in gallbladder cancer [6,12,30,40].
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In the present study long term survivors existed only
among those patients with tumour stage 0–II accord-
ing to AJCC [2]. Poor survival was related to strong
nuclear pleomorphism, low tumour differentiation and
DNA aneuploidy. The interpretation of DNA aneu-
ploidy as a process with the appearance of phenotypi-
cally more malignant cell populations and accumulated
DNA damage during tumour development corresponds
to the poor survival of aneuploid patients.
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