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Flow cytometric DNA hypertetraploidy is
associated with unfavourable prognostic features
in breast cancer
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Abstract
Aim-Breast tumours with a DNA content
higher than 4N (hypertetraploidy) are not
well characterised. The aim of this study
was to evaluate the clinical and biological
characteristics of 51 hypertetraploid
breast carcinomas selected from a series
of 860 consecutive cases analysed by flow
cytometry.
Methods-The clinicopathological char-
acteristics of the hypertetraploid group
were compared with those of a control
group of 138 non-hypertetraploid breast
carcinomas. Breast tumours from pa-
tients submitted to surgery as primary
therapeutic approach (15 hypertetraploid
and the 138 non-hypertetraploid) were
TNM staged and classified according to
the histological type and grade. The
remaining 36 patients had advanced neo-
plastic disease at presentation and were
classified by cytological criteria only.
DNA flow cytometric analysis was per-
formed on fresh-frozen samples stained
with propidium iodide. Hormone recep-
tors were analysed by immunocytochem-
istry.
Results-The incidence ofhypertetraploid
breast tumours was 5.9% (51 of 860). All
the patients were women and the mean
age at diagnosis was 65 years. There was a
family history ofbreast cancer in 21.6% of
cases. In the group of operated patients,
33.3% had pT3 tumours and 53.3% had
axillary lymph node metastases. All but
one tumour were invasive ductal carcino-
mas; the remaining was an invasive papil-
lary carcinoma. Ten (66.7%) tumours
were classified as poorly differentiated
carcinomas. Oestrogen and progesterone
receptors were negative in 33 (64.7%) and
38 (74.5%) tumours, respectively. At last
follow up, 35 (72.9%) patients were alive,
while 13 (27.1%) died of disease within
three years of diagnosis. Statistical com-
parison ofthe clinicopathological features
of hypertetraploid v non-hypertetraploid
breast carcinomas yielded a significant
difference in tumour size (p < 0.001), his-
tological grade (p < 0.001), hormone re-
ceptor status (p < 0.001), and overall
survival (p < 0.001) between the two
groups.
Conclusion-Flow cytometric DNA hy-
pertetraploidy is related to clinicopatho-

logical features of breast cancer usually
associated with unfavourable prognosis.
(3 Clin Pathol 1997;50:591-595)
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Axillary nodal status is generally accepted as
the most valuable predictor in assessing the risk
for recurrence and metastatic disease in breast
cancer. " Nevertheless, the heterogeneous
clinical course of the disease emphasises the
need for additional prognostic markers that
might improve the identification of patients
with unfavourable clinical outcome.' 8

Nuclear DNA ploidy has been widely evalu-
ated for its potential prognostic significance in
a variety of human neoplasms' 10; however, in
breast cancer, flow cytometric data that corre-
late the DNA content with the clinical
behaviour of the tumours are conflicting, in
part because of the lack of standardisation of
tissue sample preparation and cell cycle
analysis.10 Some investigations have suggested
the independent prognostic value of DNA
ploidy,"'-14 while others have failed to do so.15-18
Several studies have also shown that the subdi-
vision ofDNA aneuploid tumours according to
DNA index improves the discrimination of
prognostically distinct groups of patients.'922
The clinical and biological significance of
breast tumours with a DNA content higher
than 4N (hypertetraploidy) is not well charac-
terised.
The purpose of this study was to evaluate the

clinical and histopathological characteristics of
a series of 51 consecutive breast carcinomas
classified as hypertetraploid using DNA flow
cytometric criteria and to correlate them with
short term follow up.

Methods
CLINICOPATHOLOGICAL DATA

One hundred and eighty nine patients (all
women) with breast carcinomas were selected
from a series of 860 consecutive cases analysed
by flow cytometry at the Instituto Portugues
Oncologia in Lisbon Centre, Portugal between
1990 and 1995. Two distinct groups of
tumours based on flow cytometric DNA index
criteria were evaluated: one group comprised
51 hypertetraploid breast carcinomas and the
other 138 non-hypertetraploid tumours. All
the patients in the latter group and 15 in the
former underwent surgery as the primary
therapeutic approach. The remaining 36 with
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HORMONE RECEPTOR EXPRESSION
Immunocytochemical analysis of oestrogen
receptors (ER) and progesterone receptors
(PR) was performed either on cytological
smears, using the PAP technique27 (prediluted
kits ER-ICA and PgR-ICA monoclonal;
Abbott Laboratories, Chicago, Illinois, USA)
or on paraffin wax embedded material using
the streptavidin-biotin complex peroxidase
technique28 and the microwave antigen re-
trieval technique.29 ER and PR immunostain-
ing was done overnight at 30C with monoclonal
antibodies diluted 1/20 (Ref. 1344; Immuno-
tech SA, Marseille, France) and 1/10 (PgR-
ICA monoclonal; Abbott), respectively. The
results were recorded as percentage of posi-
tively stained target cells-samples with more
than 10% stained nuclei were deemed positive.

Figure 1 Frequency distribution of the DNA index of 51 hypertetraploid breast
carcinomas. Ten of 13 patients who died of the disease had a DNA index of between 2.20
and 2.50. Three cases were lost to follow up.

hypertetraploid breast tumours had advanced
neoplastic disease at presentation and were
treated with local radiation or chemotherapy or
both. In these patients, flow cytometry was
performed on fine needle aspirates before
treatment.

All the surgically resected carcinomas were
histologically reviewed and classified according
to tumour size (T) and lymph node status (N)
(UICC TNM staging system, 1992),23 histo-
logical type (WHO classification, 1982),24 and
histological grade (Elston and Ellis criteria,
1991).25 The 36 unoperable neoplasms were
classified by cytological criteria.26 The patients'
ages, family history of breast cancer, and follow
up information were retrieved from clinical
charts.

Table 1 Clinical and histopathological characteristics of the hypertetraploid and the
non-hypertetraploid groups of breast cancer

Hypertetraploid Non-hypertetraploid

Number % Number % p value

Family history NS
No 40 78.4 119 86.2
Yes 11 21.6 19 13.8

Tumour size <0.001
Ti 3 20.0 50 36.2
T2 7 46.7 82 59.4
T3 5 33.3 6 4.4

Nodal status NS
Negative 7 46.7 71 51.4
Positive 8 53.3 67 48.6

Histological grade <0.001
GI - - 39 28.3
G2 5 33.3 68 49.2
G3 10 66.7 31 22.5

Oestrogen receptor <0.001
Negative 33 64.7 8 17.4
Positive 18 35.3 38 82.6

Progesterone receptor <0.001
Negative 38 74.5 17 37.0
Positive 13 25.5 29 63.0

Follow up <0.001
Alive 35 72.9 136 98.5
Dead of disease 13 27.1 2 1.5

DNA FLOW CYTOMETRY STUDY
Flow cytometric analysis was performed either
on frozen samples of specimens obtained at the
time of surgery or on fresh material from fine
needle aspirates.30 Tissue not processed imme-
diately was stored at -800C. The technical
protocol was quite similar on both biological
specimens, the only difference was that for fine
needle aspirate samples the disaggregation step
was not used. Briefly, the tissue samples were
mechanically minced using scalpel blades and
rinsed in cold phosphate buffered saline (PBS).
The cell suspension obtained was counted with
a haemocytometer and adjusted to a concen-
tration of approximately 1 x 106 cells/ml. For
DNA analysis, the nuclei were stained with
propidium iodide 50 gg/ml in Tris MgCl2
buffer for one hour in the dark at room
temperature, treated with RNase 1 mg/ml in
PBS and 0.05% Nonidet P40. Immediately
before the flow cytometric analysis the speci-
mens were injected through a 27 gauge needle
and then filtered through a 55 gm nylon mesh.
The stained nuclei were analysed on an Epics
Profile II flow cytometer (Coulter Electronics,
Hialeah, Florida, USA) equipped with a
488 nm argon ion laser. The flow cytometer
was considered calibrated when coefficients of
variation < 2.0% were obtained with fluores-
cent microspheres (DNA Check lot 5948
Coulter Corporation). Chicken red blood cells
were used as internal standard to help the
identification of the GIGI diploid population.3'
At least 20 000 nuclei were collected per run
and recorded on a single parameter 256 chan-
nel integrated fluorescence histogram.

DNA HISTOGRAM INTERPRETATION
Cell cycle analysis of DNA histograms was
performed using the Multicycle program
(Phoenix Flow Systems, San Diego, California,
USA), based on the mathematical model of
Dean and Jett.'2 DNA ploidy was expressed by
the DNA index, which is the ratio of the mean
channel number of the GIG, peak of the
tumour cell population to that of the diploid
reference peak. The reference cells used
were mixed non-malignant diploid cells (lym-
phocytes, stromal cells, endothelial cells) from
the same tumour sample analysed. Specimens
were considered diploid if they had a single
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Figure 2 (A) pTI invasive papillary carcinoma and (B) its representative
hypertetraploid histogram with a DNA index of 2.20.
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G/G, peak, and as aneuploid when they exhib-
ited at least two discrete peaks, with an abnor-
mal GJ/G, peak containing a minimum of 20%
of the total events and having a corresponding
G2M peak.33 A more detailed subgrouping
based on the DNA index estimates was used to
classify the tumours: the DNA index range of
the tetraploid region was based on the mean

quotient of G2M/GOGI (mean channel units)
for 100 consecutive diploid breast cancer sam-

ples and was found to be between 1.92 and
2.04. Consequently, all hypertetraploid tu-
mours included in the present study had a

DNA index greater than 2.04. Tumours that
showed more than one abnormal population
were classified as multiploid.

STATISTICAL ANALYSIS

Frequency tables were obtained for all the clin-
icopathological parameters evaluated. x2 and
Fisher's exact tests were used to define the cor-

relation between clinical and biological charac-
teristics of the two (hypertetraploid v non-

hypertetraploid) groups of tumours. P values
< 0.05 were considered significant.

Results
The overall incidence of hypertetraploid breast
tumours was 5.9% (51 of 860). The frequency
distribution of the respective DNA index
ranged from 2.06 to 4.63 (fig 1). Seventeen
cases were classified as multiploid as they had,
together with the hypertetraploid clone, an-

other aneuploid population. In the group of
non-hypertetraploid breast carcinomas, 77
(55.8%) tumours had a DNA diploid pattern
and 61 (44.2%) were DNA aneuploid.
The clinical and histopathological character-

istics of the two groups (hypertetraploid v non-

hypertetraploid breast tumours) are shown in
table 1. In the hypertetraploid group the mean
age at diagnosis was 65 years (range 40-88),
60% were older than 65 years. Eleven patients
(21.5%) had a family history of breast cancer.

All but one tumour were classified as invasive
ductal carcinomas; the remaining tumour was

from a 59 year old patient alive at the end of the

follow up period and was a pTl invasive papil-
lary carcinoma with axillary nodal involvement
and a DNA index of 2.20 (fig 2). The distribu-
tion of the hypertetraploid cases according to
the tumour size was as follows: TI, three cases

(20.0%); T2, seven cases (46.7%); and T3, five
cases (33.3%). The mean number of axillary
nodes removed in the 15 surgically treated
patients was 10. Axillary lymph node metas-
tases were present in eight (53.3%) patients.
From the 15 tumours available for histologi-

cal grading, five (33.3%) were classified as G2
(moderately differentiated) and 10 (66.7%) as

G3 (poorly differentiated).
Hormone receptor status was determined in

the entire hypertetraploid cohort: oestrogen
receptors (ER) and progesterone receptors
(PR) were negative in 33 (64.7%) and 38
(74.5%) tumours, respectively.
Three patients were lost to follow up, in the

others follow up ranged between six months
and five years (median two years). At last follow
up, 35 (72.9%) patients were alive, four had
distant metastases, and the other 31, including
all patients who underwent mastectomy, had
no evidence of recurrent disease. Thirteen
patients (27.1%) died within three years of
diagnosis, 10 of whom (76.9%) had a DNA
index between 2.20 and 2.50 (fig 1).

In the non-hypertetraploid group of breast
carcinomas, the mean age of the patients was

57 years (range 33-86 years) and 19 patients
(13.8%) had a family history of breast cancer.

Fifty (36.2%) tumours were classified as Ti,
82 (59.4%) as T2, and 6 (4.4%) as T3. Nodal
involvement was present in 67 (48.6%) tu-
mours. Thirty nine (28.3%) breast carcinomas
were considered as GI, 68 (49.2%) as G2, and
31 (22.5%) as G3. Hormone receptor analysis
was performed in 46 breast tumours in this
group, 8 (17.4%) were ER negative and 17
(37.0%) were PR negative. Only two patients
(1.5%) in this cohort died of the disease.
There was a statistically significant differ-

ence between the two groups in regard to
tumour size, grade of differentiation, hormone
receptor status, and overall survival
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Figure 3 Representative histogram of a DNA multiploid tunmour with an aneuploid
population (DNA index 1.33) and a hypertetraploid clone (DNA index 2.49).

(p < 0.001). There was no difference between
the groups for family history of breast cancer

and nodal status.

Discussion
Conventional flow cytometric classification of
tumours into two categories, DNA diploid and
DNA aneuploid, provides biological informa-
tion that is not optimal in assessing the potential
prognostic value ofDNA ploidy. A recent con-

sensus review of accumulated flow cytometric
studies in breast cancer concluded that aneu-

ploidy per se cannot be assumed as an inde-
pendent prognostic factor, but the degree of
DNA aneuploidy may have clinical relevance.'"
Accordingly, some authors using DNA index
classification criteria, claimed that DNA flow
cytometry was useful for the identification of
subgroups of patients presenting a higher prob-
ability of subsequent relapse.'9-22 There is wide
acceptance that hypertetraploid breast tumours
have a poor clinical outcome,'" 21 22 34 however,
this conclusion has scarce support, being
largely based on theoretical documentation.

In our original series of 860 breast carcino-
mas, the incidence of hypertetraploid tumours
was 5.9% (51 cases), similarly to data previ-
ously reported.8 10 21 22 35

Fisher et al analysed the relation between age

and disease survival in node positive breast
cancer patients, and defined a biphasic curve

with higher degrees of risk among patients
younger than 40 years and older than 65.36 All
the patients of our hypertetraploid group were

older than 40 and 60% of them were over 65,
which is in accordance with Toikkanen et al's
statement that DNA aneuploidy with a high

DNA index is more frequent in elderly
patients.37 In our series, family history of breast
cancer was found in 21.6% of the cases,
significantly higher than the percentage found
in the group of non-hypertetraploid breast
tumours (13.8%), which was similar to the
mean value (15%) reported in the pertinent
literature for the breast cancer population.'
There are still conflicting results with respect

to the correlation of DNA ploidy with tumour
size and nodal status in breast cancer." 38 39 In
the hypertetraploid group, 46.7% of the
operated patients had pT2 tumours and one
third presented tumours larger than 5 cm
(pT3). It is noteworthy that all the remaining
36 (70.6%) patients presented advanced stages
of the disease. They characteristically had large
tumours and surgery was not considered as
primary treatment. The positive correlation
between tumour size and DNA hypertetra-
ploidy is in agreement with Sigurdsson et al
who found a relation between large tumour size
and the tendency for higher DNA aneuploid
content and biological aggressiveness."
The extent of nodal involvement is a well

documented determinant of the overall breast
cancer prognosis.' ' Ottesen et al showed a sta-
tistically significant association between node
positive tumours and DNA hypertetraploidy. "
In the present hypertetraploid group, we
verified the presence of axillary lymph node
metastases in slightly more than half of the
operated cases. As discussed for the tumour
size, the vast majority of the unoperable
patients also had clinically and mammographi-
cally evident axillary node involvement.

In a review of 56 publications (10 323 inva-
sive breast carcinomas), Frierson showed that
DNA ploidy correlated strongly with the histo-
logical grade of the neoplasm.8 Despite the
small sample size of our surgically treated
cases, our study also found a prevalence of the
poorly differentiated phenotype (66.7%)
among the hypertetraploid breast tumours.

Frierson emphasised that most studies
showed no significant correlation between
DNA aneuploidy and hormone receptor
status.8 In contrast, and in agreement with pre-
vious studies that demonstrated a positive cor-
relation between aneuploidy and loss of
hormone receptor activity in breast
cancer,35 our series of hypertetraploid
breast tumours revealed a high incidence of
negativity of ER (64.7%) and PR (74.5%).
The most striking feature of the biological

aggressivity of the hypertetraploid breast carci-
nomas is that 13 (27.1 %) patients died of their
disease within three years of diagnosis. There-
fore, on the basis of our results, it appears that
hypertetraploid breast carcinomas are related
to clinical and histopathological characteristics
associated with unfavourable prognosis. To
explain at a molecular level the various behav-
iours of distinct ploidy subtypes of breast can-
cer Ferno et al showed that hypertetraploid
tumours exhibit the highest proportion of
c-erbB-2 amplification and found this sub-
group to be associated with aggressive disease
evolution. Similarly, a recent study by Shack-
ney et al suggested that the occurrence of
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hypertetraploid clones is indicative of poor
outcome, as well as the phenotypic association
of hypertetraploidy, HER-2/neu and ras over-
expression in the same breast tumour cells can
be predictive for tumour recurrence.44
The present study showed that DNA hyper-

tetraploidy in breast cancer is associated with a
more aggressive biological behaviour of the
neoplasm; therefore, this may be an additional
prognostic indicator. In this context, it is of
interest that one case in our study had pT1
invasive papillary carcinoma (fig 2), a histologi-
cal subtype usually devoided of metastatic
potential,' that presented uncommon axillary
nodal involvement.

In an attempt to explain the biological
significance of flow cytometric DNA hyper-
tetraploidy in breast cancer as well as in other
tumour types, it can be hypothesised that its
common occurrence in association with ad-
vanced stages of disease may reflect biomolecu-
lar characteristics of the neoplastic progression
mechanism through the selection of more
aggressive neoplastic clones.45 The presence of
multiploid clones in 17 of the 51 tumour sam-
ples in the present study (fig 3) is in favour of
the interpretation of such an evolutionary
process of acquisition of increasingly abnormal
tumour stemlines.

The authors thank Teresa Pereira for her excellent technical
assistance.
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