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Aim: To investigate the role of DNA aneuploidy, particularly in patients with node negative breast cancer, in
order to identify the different risk profiles within the pool of heterogeneous breast cancers.
Methods: Imprint smears from 370 breast carcinomas were Feulgen-stained and measured by DNA image
analysis. DNA aneuploidy was graded by the amount of aneuploid cells (DNA content .5c) and highly
aneuploid cells (DNA content .9c) in a breast tumour population. These results were correlated to the clinical
long-term follow-up. A statistical cut-off value of .10 aneuploid cells (.5c) and of .1 highly aneuploid cell
(.9c) was evaluated as significant for disease-free survival (DFS) and overall survival (OS).
Results: Subgroups among patients with breast cancer with aneuploid cells below the cut-off value showed a
significantly longer DFS and OS than those with aneuploid cells above this value. Patients with node negative
breast cancer with .10 aneuploid cells (.5c) and .1 highly aneuploid cell (.9c) showed an unfavourable
prognosis similar to patients with node positive breast cancer with ,10 aneuploid cells (.5c) and ,1 highly
aneuploid tumour cell (.9c) in DFS and OS.
Conclusion: Nuclear DNA content, as an objective marker of tumour aggressiveness, provides prognostic
information in patients with both node negative and node positive breast cancer. Based on DNA aneuploidy,
the clinically inhomogeneous group of patients with node negative breast cancer can be stratified into low-risk
and high-risk subgroups. Therefore, DNA ploidy analysis may identify high-risk patients with lymph node
negative breast cancer who might benefit from additional adjuvant therapy.

B
reast cancer is the most common malignant neoplasm in
women and has an unpredictable clinical course.1

Established clinicopathological parameters currently used
to assess prognosis in breast cancer often fail to characterise the
clinical heterogeneity of the disease, particularly with respect to
the tumour behaviour in each individual case. The presence of
axillary lymph node metastases is an important criterion for
adjuvant treatment of patients with breast cancer. However, up
to 30% of patients with node negative breast cancer develop
distant metastases after surgery, indicating a poor prognosis.2 3

Currently, the identification of subgroups in patients with node
negative breast cancer who might be at a low or high risk for
tumour recurrence remains difficult, despite promising
attempts.4 5

In recent years, several studies have investigated potential
prognostic parameters for human breast cancer in order to
identify features that could be clinically useful in assessing
prognosis.6 7 One of the most assessed modern prognostic
markers in breast cancer is DNA ploidy.7–9 DNA ploidy in the
nuclei of neoplastic cells measured by DNA image cytometry
reflects nuclear DNA content. Neoplastic cells with irregularly
increased DNA content (aneuploidy) exhibit chromosomal
instability, resulting in a higher invasiveness and possibly an
increased risk of metastatic spread compared to tumour cells
with regular DNA content (euploidy).10–13 Auer et al were the
first to investigate morphometric parameters in breast cancer
using DNA image cytometry.6 7 9–11 They classified four histo-
gram types (Auer I–IV) according to the DNA profile of
measured malignant breast cancer cells.10 In several studies,
they showed that breast carcinomas with normal proliferating
cell populations (Auer I and Auer II) exhibit DNA ploidy that
indicates low proliferative activity. In contrast, DNA histograms

(Auer III and IV) are correlated with DNA ploidy that indicates
irregularly high proliferative activity.10 11

Based on these observations, we aimed to obtain prognostic
information beyond clinicopathological features, and deter-
mined the impact of tumour DNA aneuploidy in relation to
other established prognostic parameters, with respect to
patients with lymph node negative breast cancer.

MATERIALS AND METHODS
Patients and tumour samples
From July 1988 to July 2000, imprint smears from 370 primary
breast carcinomas of 333 female patients were sampled at the
Department of Gynaecology and Obstetrics, Charité-Campus
Benjamin Franklin Berlin. All patients underwent axillary
lymph node sampling to exclude distant metastases. In
partnership with the Institute of Pathology, imprint smears
were prepared by pressing a glass slide on the sliced breast
carcinoma. The sampled material consisted of single cells or cell
clusters that were considered to be a representative sample of
the entire tumour cell population. Several imprints were taken
from each patient to guarantee the reliability of the material by
collecting cells from different parts of the breast tumour.

Excised tumours were histologically staged following the
revised international TNM system criteria 200214 and were
classified according to the pathological stage, histological
tumour type and histological grading.15 Hormone receptor
status (oestrogen and progesterone receptors) was analysed
by immunocytochemistry.16 17 Tumour proliferation was eval-

Abbreviations: DFS, disease-free survival; OS, overall survival
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uated by immunohistochemical staining using the Ki-67
monoclonal antibody.18

Cytometrical DNA image measurements
Three hundred and seventy Feulgen-stained19 breast cancer
imprints were measured by quantitative DNA image analysis;
this method assesses the DNA distribution patterns of tumour
cell populations. DNA measurements were made as slide
measurements using a microscope (Diastar/Reichert,
Germany), equipped with a video-CCD-camera and connected
to a TV-based image analysis system (CAS 200, Becton
Dickinson Co., Leiden, The Netherlands).

Each imprint smear was additionally stained by the specific
Papanicolaou method20 to ensure that tumour cells were
represented.

DNA measurements were made at the absorption maximum
for the Feulgen stain, 546 nm, directly on the slides in areas
chosen at random and scanned systematically all over the
tumour. After calibration with up to 30 human lymphocytes as
internal reference cells to define the normal diploid (2c) value,

100 tumour cells from the same tumour imprint were
measured.

In each case, at least 10 fields per slide were selected and
analysed by acquisition, digitalisation and automatic processing
(fig 1). This number of fields was representative of the imprint
slide and was available in all cases. Nuclei with indistinct
nuclear membranes, lying close together or overlapping each
other were avoided. Tumour cells were identified by two
independent expert pathologists who distinguished those from
normal cells by either their nuclear morphology or the
additional use of phase contrast.

Cytometrical measurements were calculated automatically by
measuring the nuclear integrated optical density, which
represents the cytometrical equivalent of its DNA content. To
compare the DNA distribution in the various tumours, DNA
content was expressed in 2c units, with 2c (7.14 pg) represent-
ing the mean DNA value of the normal diploid cells of the
individual specimen. To distinguish non-diploid cells from
diploid cells, an upper limit of 2.5c was set for diploid values. In
accordance with international guidelines, including the
updated ESACP consensus report,21–23 tumour cells above the
2.5c limit were taken as a measure of non-diploidy, whereas
tumour cells with DNA values above the 5c level (5c-exceeding
rate with DNA values exceeding those of proliferating diploid
cells) was taken as a measure of DNA aneuploidy, and tumour
cells above 9c level (9c-exceeding rate with values exceeding
the 9c level) as a measure of high DNA aneuploidy. In order to
standardise DNA measurement performance and result inter-
pretation, thresholds like 5c- and 9c-exceeding rate were
precisely measured in each imprint smear. In some specimens,
5c- and 9c-exceeding rate values are very close to non-tumour
cells, especially in virus infected cells or cells influenced under
investigation by the method. Therefore, only representative
tumour type specific histograms were chosen for further
histogram interpretation.

DNA histogram interpretation
DNA histograms display the frequency distribution of DNA
content values of a cell population. Histogram typing was

Figure 1 Imprint smear with microscopically typical Feulgen-stained
breast cancer cells assessed by DNA image cytometry (406).

Figure 2 Histogram types according to
Auer: (A) Auer I (diploid peak); (B) Auer II
(tetraploid peak); (C) Auer III (triploid peak);
(D) Auer IV (aneuploid peak).
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performed according to the criteria described by Auer et al.10

According to these criteria, DNA distribution histograms were
grouped into four types. Auer type I (‘‘diploid’’) is characterised
by having a single distinct modal DNA value in the ‘‘diploid’’ or
‘‘near-diploid’’ region of normal cells. Auer type II (‘‘diploid–
tetraploid’’) populations show a distinct modal value in the
‘‘tetraploid’’ region or have two well-defined peaks around the
‘‘diploid’’ and ‘‘tetraploid’’ regions. Auer type III (‘‘non-
diploid’’) specimens show a main peak in the ‘‘diploid’’ region,
more than 5% in the S-phase region, and a minor peak (less
than 20%) in the ‘‘tetraploid’’ region. Auer type IV (‘‘aneu-
ploid’’) populations scatter DNA values that significantly
exceed the ‘‘tetraploid’’ region and show a very pronounced
and irregular aneuploidy, with DNA amounts ranging from 2c
up to values beyond 6c and 8c. This typing was based on visual
criteria. Figure 2 shows representative histograms types (Auer
I–IV) obtained in our patient series.

Statistical analysis
Statistical analyses were undertaken using SPSS V.13.0 for
Windows24 in cooperation with the Institute of Medical
Informatics, Biometrics and Clinical Epidemiology at the
Charité-Campus Benjamin Franklin Berlin.

The cumulative probability of disease-free survival (DFS) and
overall survival (OS) is presented in survival curves according
to Kaplan–Meier.25 The log-rank test was used to determine the
significant differences between the survival curves. In all
analyses, the level of statistical significance was set at p,0.05
or p,0.01.

By using Cohen’s kappa (k) statistics, the intraobserver and
interobserver agreement rates were obtained. The k-statistic
was used to estimate agreement within categories.
Conventionally, a k-coefficient .0.75 denotes excellent repro-
ducibility, a k-value between 0.4 and 0.75 denotes moderate

reproducibility and a k-value ,0.4 denotes marginal or poor
reproducibility.26 27

To determine the relative predictive strength of the prog-
nostic variables, a Cox proportional hazards regression model28

was used with regard to DFS and OS.

RESULTS
Patients and follow-up
A total of 333 female patients with breast cancer were
diagnosed and treated at the Department of Gynaecology and
Obstetrics, Charité-Campus Benjamin Franklin Berlin. During
the follow-up time, 6 patients died from non-tumour related
causes and 13 dropped out. Therefore, 314 of the patients were
included in this long-term follow-up study. The median follow-
up time was 33 months (range 8–144 months).

Table 1 summarises the clinicopathological characteristics of
the patients. The median age of all patients at the time of
diagnosis was 57 years (range 27–89 years). Eighty three of the
314 patients were considered premenopausal and 231 were
postmenopausal at the time of surgery.

A total of 287 patients were treated by modified radical
mastectomy and axillary lymphadenectomy as primary treat-
ment, while 27 received conservative treatment (lumpectomy or
tumourectomy) in combination with axillary lymph node
dissection. In each case, at least 10 axillary lymph nodes were
taken and histologically examined.

Breast cancers were staged according to the TNM stage
criteria and were classified as pT1 in 34% (n = 106), pT2 in 48%
(n = 150), pT3 in 6% (n = 20) and pT4 in 12% (n = 38). At the
time of diagnosis none of the patients had clinically detectable
distant metastases. A total of 155 patients (49%) were
diagnosed as axillary node negative and 159 (51%) as node
positive. Histological tumour types were grouped as invasive
ductal carcinomas (85%, n = 267), invasive lobular (8%,
n = 25), medullar (2%, n = 5) and other histological types

Table 1 Clinicopathological parameters of patients with breast cancer (n = 314)

Characteristics

Patients p-value for

% n DFS OS

Age
Premenopausal 26 83 ,0.040 ,0.091
Postmenopausal 74 231

Tumour size (T) ,0.001 ,0.009
pT1 34 106
pT2 48 150
pT3 6 20
pT4 12 38

Axillary node status (N) ,0.001 ,0.001
Node negative 49 155
Node positive 51 159

Histological type ,0.001 ,0.001
Invasive ductal 85 267
Invasive lobular 8 25
Medullar 2 5
Other types 5 17

Histological grading (G) ,0.001 ,0.001
G1 12 38
G2 45 140
G3 35 136

Hormone receptors ,0.001 ,0.001
ER and PR positive 65 203
ER and PR negative 22 70
ER positive and PR negative 8 26
ER negative and PR positive 5 15

Auer histogram types ,0.019 ,0.323
Auer I 3 10
Auer II 11 35
Auer III 22 69
Auer IV 64 200

DFS, disease-free survival; OS, overall survival; ER, oestrogen receptors; PR, progesterone receptors.

DNA ploidy in breast cancer 651

www.jclinpath.com



(5%, n = 17). Tumour differentiation was assessed using the
Bloom and Richardson grading system.40 A total of 38 patients
had highly differentiated G1, 140 moderately differentiated G2
and 136 poorly differentiated G3 breast carcinomas. There were
203 hormone receptor positive (ER+ and PR+) breast carcino-
mas, 70 hormone receptor negative (ER2 and PR2) carcino-
mas, 24 ER+ and PR2 carcinomas and 15 ER2 and PR+
carcinomas.

At the end of the follow-up period, 224 breast cancer patients
(71%) were alive without evidence of disease, 44 (14%) were
alive with distant metastases, and 46 (15%) had died of their
disease.

Furthermore, 81% (n = 125/155) of node negative patients
were alive and recurrence-free, 9% (n = 14/155) developed
recurrences, and 10% (n = 16/155) died due to breast cancer. In
node positive breast cancer, 62% (n = 99/159) were alive
recurrence-free, 19% (n = 30/159) showed recurrences, and
19% (n = 30/159) died due to the malignancy.

Reproducibil ity of DNA image cytometry
Independent testing of intraobserver and interobserver agree-
ment was performed on 85 different breast cancer imprint
smears (control test set) with known DNA histogram profiles.
To test intraobserver agreement, each imprint was repeatedly
measured by DNA image analysis and evaluated four times by

one experienced researcher at different time points, resulting in
an intraobserver agreement of k= 0.77 (SD = 0.1). The inter-
observer agreement, tested by two independent expert pathol-
ogists, was k= 0.52 (SD = 0.14). The level of agreement of the
aneuploidy grade expressed by the k-coefficient was good
(k= 0.77) for intraobserver, and moderate (k= 0.52) for
interobserver evaluations.

DNA histograms and Auer classification
DNA distribution histograms from 314 patients were classified
according to the method described by Auer et al.10 Figure 2
shows distinct DNA histograms of our series (Auer I–IV), which
seemed to be representative for each histogram type according
to Auer. Using the Auer classification, the majority of our
patients (86%, n = 269) were classified in the unfavourable
Auer III and Auer IV groups. However, at the end of the study,
71% (n = 224) of these patients had no distant recurrences.

Correlation between cut-off value for aneuploidy and
prognosis of patients with breast cancer
After cytometrical measurement of tumour cells with more
than 5c DNA content (5c-exceeding rate) and more than 9c
DNA content (9c-exceeding rate), statistical cut-off values were
calculated for both aneuploid .5c and highly aneuploid
tumour cells .9c.

In Figure 3, Kaplan–Meier survival curves show a significant
cut-off value of more than 10 tumour cells for aneuploid .5c
cells and of .1 tumour cell for highly aneuploid .9c cells.
Using these statistical cut-off values, all patients (n = 314) were
divided into two groups with significant DFS and OS rates. A
total of 146 patients with less than 10 aneuploid tumour cells
.5c had a lower recurrence rate than 168 patients with more
than 10 aneuploid tumour cells .5c (21% versus 35%,
p,0.001) (fig 3A). A similar trend was observed for highly
aneuploid cells .9c with less than 1 tumour cell and those with
more than 1 tumour cell (20% versus 37%, p,0.0015) for DFS
and OS (fig 3B). However, it is interesting that the DNA profile

Figure 3 (A) Disease-free and overall survival curves (Kaplan–Meier) for patients with breast cancer, stratified according to the calculated cut-off for
aneuploid cells .5c ((10 aneuploid versus .10 aneuploid cells) (p,0.001 and p,0.013). (B) Disease-free and overall survival curves stratified according
to the cut-off for highly aneuploid cells .9c ((1 highly aneuploid versus .1 highly aneuploid cell) (p,0.0015 and p,0.052).

Table 2 Median distribution of aneuploid cells .5c and
highly aneuploid cells .9c (n = 314) in relation to axillary
lymph node status

Axillary lymph node
status (n = 314)

Median of aneuploid
cells .5c

Median of highly
aneuploid cells .9c

N0 (n = 155) 2 1
N1 (n = 148) 13 2
N2 (n = 11) 43 15
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of patients with shorter DFS and OS differs from that of
patients with longer DFS and OS in the total amount of
aneuploid and highly aneuploid tumour cells.

Correlation between cut-off value and axillary lymph
node involvement
Table 2 shows the median number of aneuploid and highly
aneuploid cells in relation to axillary lymph node involvement
in 314 patients with breast cancer. In comparison, node
negative patients show a lower median number of aneuploid
.5c (mean 2 cells) and highly aneuploid tumour cells .9c
(mean 1 cell) compared to node positive patients. In node
positive patients (N1 versus N2) the mean amount of aneuploid
tumour cells differs: 13 cells and 2 cells for .5c and .9c,
respectively, versus 43 cells and 15 cells for .5c and .9c,
respectively. Using the calculated cut-off values, node negative
and node positive patients can be divided into groups with
different prognostic outcome according to the amount of
aneuploid cells .5c and highly aneuploid cells .9c in DFS
and OS.

Figure 4 shows that node negative patients have a longer DFS
and OS compared to node positive patients (p,0.001). Using
the cut-off values for the 5c- and 9c-exceeding rate, the group
of patients with node negative breast cancer (n = 155) showed
two distinct prognostic subgroups: patients with a lower
amount of aneuploid .5c (n = 76) and highly aneuploid
tumour cells .9c (n = 80) and patients with a higher amount
of aneuploid .5c (n = 79) and highly aneuploid cells .9c
(n = 75). The subgroup with a lower grade of aneuploidy has a
significantly longer DFS and OS compared to those with a
higher grade of aneuploidy (p,0.001). Interestingly, we found
that node negative patients with high grade DNA aneuploidy
showed a similar poor prognosis as node positive patients with
a lower rate of DNA aneuploidy (p,0.001). Thus, patients with
node negative breast cancer with the additional presence of
high grade DNA aneuploidy, have an unfavourable clinical
outcome.

Statistical analysis
Performing the multivariate Cox regression analysis, aneu-
ploidy (5c- and 9c-exceeding rate) was included in addition to
histomorphological grading, axillary lymph node status and
DNA histogram classification according to Auer. Table 3 shows
that histological grading and the axillary lymph node status
were the strongest prognostic factors for DFS and OS, followed
by the grade of aneuploidy (p,0.004 for DFS and p,0.001 for
OS). The Auer classification failed to give statistically sig-
nificant prognostic information (p,0.865 for DFS and p,0.965
for OS). Both histomorphological grading and DNA aneuploidy
were identified as parameters adding independent prognostic
information. Furthermore, these results suggest that DNA
aneuploidy has significant prognostic value compared to the
histogram classification according to Auer.

DISCUSSION
Breast cancer is the most common malignant disease in
women. In recent years, several prognostic parameters have
been used as indicators of disease progression in breast
cancer.10 11 29 44 45 One of the most investigated prognostic factor
in breast cancer is the axillary lymph node status.2 4 5 30 31 51

Since node positive patients have a higher risk of disease
progression with shorter disease-free survival und overall
survival than node negative patients, the involvement of
axillary lymph nodes proved to be one important prognostic
indicator.1 4 32 As a consequence, node positive breast cancer
patients receive intense systemic treatment. However, distant
metastases do develop in up to 30% of node negative patients,
indicating a poor clinical outcome.8 33 Currently, the identifica-
tion of high-risk subgroups in node negative breast cancer
remains difficult.4 5 Therefore, the recent guidelines of the St
Gallen International Expert Consensus conference on the
primary therapy of early breast cancer 2005,34 newly defined
three risk categories, including a group merging higher risk
node negative disease (low grade disease with features
conferring a worse prognosis, e.g. HER2/neu overexpression35

or lymphovascular invasion36) and lower risk node positive

Figure 4 (A) Disease-free survival (Kaplan–Meier) for patients with node-negative and node-positive breast cancer, split into two prognostic groups
according to the amount of aneuploid tumour cells .5c. (B) Disease-free survival for patients with node-negative and node-positive breast cancer, stratified
according to the amount of highly aneuploid tumour cells .9c.

Table 3 Cox regression multivariate analysis of patients with breast cancer (n = 314)

Stepwise selected variables

p-value for

95% CIDFS OS

Histological grading 0.0005 0.0094 1.35 to 2.62
Axillary lymph node status 0.0003 0.0382 1.31 to 2.65
5c-exceeding rate 0.0040 0.0005 1.00 to 1.02
9c-exceeding rate 0.0151 0.0185 0.95 to 1.01
Auer classification 0.8650 0.9649 0.85 to 1.03

DFS, disease-free survival; OS, overall survival.
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disease (1–3 involved axillary lymph nodes but no other adverse
features) into an intermediate risk group ‘‘across nodal status’’.
Consequently, node negative breast cancer patients are cate-
gorised as low and intermediate risk group patients, indicating
that axillary lymph node involvement is a dependent prognostic
factor and can be influenced by additional risk features.

In an attempt to identify those subgroups of high-risk node
negative breast cancer patients, this study investigated the role
of DNA aneuploidy as a prognostic criterion for patients’
individual risk of tumour progression.

Although various studies have shown a strong correlation
between DNA aneuploidy and increased risk of recurrence, the
prognostic significance of DNA ploidy in breast cancer is still
controversial.10 12 46–50 52–54 Using the Auer classification, we
investigated the correlation between DNA histograms and the
clinical outcome of patients. We found that 86% (n = 269/314)
of our patients were grouped into Auer histogram types III and
IV category. Comparing these results to the disease-free and
overall survival, we showed that 71% of these patients (n = 191/
269) remained recurrence-free during the follow-up, indicating
that there is not a strong correlation of Auer histogram typing
and clinical outcome. These findings are in agreement with
other studies, e.g. Ottesen et al,8 von Rosen et al12 and Lorenzato
et al.43 However, other groups, such as Fallenius et al and
Caspersson et al found a significant correlation between the
Auer classification and the follow-up of patients with breast
cancer.10 11 The disagreement between various reports could be
generally related to the lack of standardised methodological
approaches in relation to sampling procedures or interpretation
of the results.37 38 However, this controversy encouraged us to
look for a more precise prognostic parameter based on DNA
cytometry in a large number of patients with breast cancer. In
addition, to avoid technical bias, we used the international
agreed recommendations for standardised image analysis
measurements.21–23

We defined a statistically significant cut-off value for DNA
aneuploidy to discriminate between subgroups of patients with
low and high recurrence risk of breast cancer. A statistical cut-
off point of more than 10 aneuploid cells .5c (5c-exceeding
rate) and of more than one high aneuploid cell .9c (9c-
exceeding rate) was significantly calculated. Using these cut-
offs for the 5c-exceeding rate and 9c-exceeding rate, patients
could be split into two prognostic subgroups. Patients with low
grade DNA aneuploidy (less than 10 aneuploid tumour cells

.5c) had a lower recurrence rate than patients with high grade
DNA aneuploidy (more than 10 aneuploid tumour cells .5c)
(21% versus 35%). The similar trend was observed for highly
aneuploid cells .9c with less than 1 tumour cell and those with
more than 1 tumour cell in 20% and 37%, respectively.
Furthermore, a significant number of patients with high grade
DNA aneuploidy had died due to their disease compared to
patients with low grade DNA aneuploidy (17% versus 12%). In
both subgroups, Kaplan–Meier survival curves revealed that
both the number of aneuploid cells .5c, and highly aneuploid
cells .9c determined disease-free and overall survival.

A strongly significant influence between DNA ploidy and
axillary nodal status was present in relation to disease-free and
overall survival. As shown by Aubele et al,39 DNA ploidy and
morphometric parameters can provide prognostic information
in patients with mainly node negative breast cancer who are at
a higher risk of distant recurrence. In accordance with these
data, we showed that within node negative patients, the subset
of patients with high aneuploidy rates had a poorer prognosis
than patients with lower aneuploidy rates. We were able to
show that patients with node negative breast cancer with more
than 10 aneuploid cells .5c and more than one highly
aneuploid tumour cell .9c have a similarly poor prognosis as
patients with node positive breast cancer with less than 10
aneuploid cells .5c, and less than 1 highly aneuploid tumour
cell .9c.

In addition to axillary lymph node involvement and
histological grading, multivariate Cox analysis showed that
aneuploidy (5c- and 9c-exceeding rate) correlated significantly
with a poorer clinical outcome.

In conclusion, DNA image cytometry is a reproducible and
reliable method which supplies powerful prognostic informa-
tion by measuring DNA ploidy in breast cancer.11 12 29 31 40–42 We
could show that DNA aneuploidy is capable of defining
subgroups of patients with breast cancer according to their
recurrence risk and predicting the clinical outcome in both
node negative and node positive breast cancer. Moreover, our
data indicate that the grade of aneuploidy allows additional
classifying of patients with node negative breast cancer into
low-risk and high-risk subgroups. As a consequence, we
suggest that in high-risk node negative patients with a high
aneuploidy grade, more aggressive adjuvant chemotherapy
should be considered.
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Berlin, Berlin, Germany
H-D Foss, H Stein, Institute of Pathology, Charité-Campus Benjamin
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