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The aim of our study was to determine a prognostic
value of DNA flow cytometry measurements performed on
fresh breast cancer tissues, separately for patients’ groups
defined by nodal status, with special attention to histological
type of tumor. Between 1993 and 1996 samples from 677
patients were analyzed and 457 cases were included in the
survival analysis. Two-hundred and nine patients from
them were node negative (N0). The median time of follow-up
was 74 months. In multivariate analysis of disease-free sur-
vival (DFS), S-phase fraction (SPF) and menopausal status
were found to be independent prognostic parameters for N0
group. A combination of this factors allowed us to distin-
guish three groups different in respect of the risk of recur-
rence. Our results showed that: 1. SPF and menopausal
status could be prognostically valuable factors for DFS in
N0 breast cancer patients; 2. prognostic value of SPF and
ploidy should be evaluated separately for each histological
type of breast cancer.

Introduction

Attempts for evaluation of the prognostic significance
of DNA ploidy and S-phase fraction (SPF) in breast cancer
have been undertaken for many years, but the results remain
controversial. Some of the recently published studies suggest
that these factors are not more significant than the classically
used [3, 23]. In 1999, prognostic and predictive factors for
breast cancer patients were stratified into three categories,
according to their strength [10]. While a ploidy, defined by
flow cytometry, was practically ruled out (category III), SPF
was included among factors of category II (for extensive
studies). 

The objective of our study was to determine a prognostic
value of DNA flow cytometry measurements performed on
fresh breast cancer tissues, separately for patients’ groups
defined by nodal status, with special attention to histological
type of tumors. Since the status of axillary lymph nodes is

of special predictive importance among classic prognostic
parameters, it should be used to verify all other potentially
prognostic variables [14]. At present, special attention is paid
to patients with negative nodes [2, 5, 18, 23, 29], and a
majority of published results demonstrate a significant in-
fluence of SPF on disease-free [5, 7, 18, 25] and overall
survival [5, 25]. Commonly, the cytometric data are referred
to all histological types of breast cancer present in the series
studied. However, some authors point out that incidence of
aneuploidy, and consequently SPF level in particular types
of breast carcinoma is significantly different [11]. 

Material and Methods

A total of 677 unselected breast cancer patients, conse-
cutively operated in the Oncology Center in Kraków be-
tween January 1993 and December 1996 were analyzed for
DNA content and S-phase fraction. Finally, 457 patients
were included in the analysis. 62 women were excluded
because of previous treatment for malignant diseases (34 -
for breast cancer), and 57 because of the chemo- or radiother-
apy administered before mastectomy. Among the remaining
558 patients, 69 were lost to follow-up (time of observation
for disease-free interval was shorter than 40 months) and in
5 only simple mastectomy was performed. Twenty-seven
patients were excluded because of uninterpretable DNA
histogram. In all the remaining patients radical mastectomy
was performed; adjuvant chemo- and/or radiotherapy was
administered in all patients with positive axillary lymph
nodes and only in 30/209(14.4%) patients without lymph
node involvement. The median age of patients was 56 years
(range 28 - 85 years). At the time of diagnosis 178 of them
were pre- and 279 post-menopausal. Median diameter of
tumor measured after surgery was 20mm (range 2 - 100mm).
Metastases in axillary lymph nodes occurred in 248 cases
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(121 in 1 - 3 nodes and 127 in >3 nodes) and the median
number of metastatic lymph nodes was 4 (range 1 - 23).
Two-hundred and nine patients had no axillary metastases. 

The median time of follow-up for survivors was 74
months (range 40 - 106 months). Relapses occurred in
158/457(34.6%) patients; 35/209(16.7%) node negative,
44/121(36.4%) 1 - 3 nodes involved and 79/127(62.2%) >3

nodes involved. Median recurrence-free survival was 24
months (range 1 - 95 months). Almost 90% of relapses
occurred within first 5 years of observation. At the end of the
observation 307 patients were alive without evidence of
disease, and 54 patients with recurrent cancer. Ninety-four
patients died of breast cancer and 2 of other causes (after 75
and 84 months). 

Breast cancers were histologically classified according
to the WHO recommendations [1]; infiltrating ductal carci-
nomas were graded according to Scarf-Bloom-Richardson
(SBR) score [16]. 

DNA analysis was performed on the suspensions of the
cell nuclei from fresh tissue specimens. After mincing with
scissors, the tissue was disaggregated mechanically. Then,
aliquots 1x106 cells were incubated with the staining solu-
tion (PI-Calbiochem 50µg/ml, NP-40 and RNA-se A -
Sigma 1mg/ml). Analysis was performed on FACScan Bec-
ton-Dickinson flow cytometer equipped with DDM and
CellFit software. For each DNA histogram at least 10,000
particles were analyzed. The DNA histograms were classi-
fied according to principles adopted at DNA Cytometry
Consensus Conference 1992 [24]. Interpretable DNA histo-
grams were obtained in 457 cases and DI values were

TABLE 1
Univariate analysis of disease-free and overall survival for 457 patients with breast cancer

No of
cases

Recurrences Deaths

n %
Log-rank Cox

n %
Log-rank Cox

p
Relative 

risk
p p

Relative 
risk

p

Age  ≤40y
>40y

102
355

 45
113

44.1
31.8 0.0315 0.68 0.0305

22
71

21.6
20.0 0.8702 0.96 0.8719

Tumor size ≤20mm
20-50mm
>50mm

285
158
 14

82
65
11

28.8
41.1
78.6

0.0071
<0.00001

1.57
5.83

0.0070
<0.00001

49
36
 8

17.2
22.8
57.4

0.1536
0.00003

1.37
6.72

0.1545
<0.00001

SBR grade GI
GII
GIII

 58
189
140

 6
69
68

10.3
36.5
48.6

0.0002
<0.00001

4.07
6.14

0.0010
0.00002

 5
36
43

8.6
19.1
30.7

0.0683
0.0005

2.31
4.32

0.0804
0.0020

Menopausal
status

post-
pre-

279
178

81
77

29.0
43.3 0.0019 1.64 0.0019

51
42

12.8
23.6 0.2301 1.28 0.2324

SPF ≤4.4%
>4.4%

 94
319

 18
128

19.2
40.1 0.0006 2.28 0.0011

12
76

18.3
23.8 0.0380 1.88 0.0421

Ploidya D
A

144
313

 35
123

24.3
39.3 0.0013 1.81 0.0020

17
76

11.8
24.3 0.0014 2.27 0.0022

Ploidyb B
W

205
252

 50
108

24.4
42.9 0.00005 1.98 0.00007

27
66

13.2
26.2 0.0007 2.13 0.0009

SPF+
menopausal
status

≤4.4%
>4.4% post-
>4.4% pre-

 94
191
128

18
63
65

19.2
33.0
50.8

0.0260
0.00001

1.79
3.05

0.0295
0.00003

12
40
36

12.8
20.9
28.1

0.1169
0.0149

1.67
2.21

0.1219
0.0178

Node
involvement

none
1-3 N+
>3 N+

209
121
128

35
44
79

16.8
36.4
62.2

0.0003
<0.00001

2.24
5.23

0.0004
<0.00001

18
20
55

 8.6
16.5
43.3

0.0489
<0.00001

1.88
6.46

0.1219
<0.00001

aD-diploid, A-aneuploid; bB-DI≤1.3 or DI>2.1 and multiploid, W-1.3<DI≤2.1

TABLE 2
Multivariate Cox analysis of disease-free and overall survival
for 457 patients with breast cancer

Recurrences Deaths

Relative
risk

p
Relative

risk
p

Tumor size 3.34 0.0004 5.12 0.00007

Menopausal status 1.63 0.0036

SPF 1.71 0.0466

Ploidya(B/W) 1.67 0.0070 1.69 0.0395

Node involvement  2.06 <0.00001 2.41 <0.00001
a1B-DI≤1.3 or DI>2.1 and multiploid, W-1.3<DI≤2.1
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estimated in all of them. SPF could be evaluated in 413 cases.
The median CV value for the whole group amounted to 5.0
(range 1.8 - 7.9).

Ploidy of tumor cells was expressed as diploid/aneu-
ploid (D/A). Further, the optimal borderline values of DI
(DNA index) were defined through iterative analysis using
the experimentally established values; at the beginning,
ploidy could be ordered in seven compartments: 1. DI=1.0
(diploid, 144 cases), 2. 1.0<DI≤1.3 (near-diploid, 32 cases),
3. 1.3<D≤1.6 (triploid, 58 cases), 4. 1.6<DI≤1.8 (hypertri-
ploid, 110 cases), 5. 1.8<DI≤2.1 (tetraploid, 84 cases), 6.
DI>2.1 (hypertetraploid, 22 cases), 7. more than one aneu-
ploid stemline (multiploid, 7 cases). Then, a second division
was constructed, after preliminary survival analyses per-
formed separately for patients from each DI compartment.
In result, two groups differing in prognosis were found:
group B (DI≤1.3 or DI>2.1 and multiploid, better prognos-
tically) and group W (1.3<DI≤2.1, worse prognostically). 

Proliferative activity was expressed as percentage of
cells in S-phase fraction (SPF). Optimal cut-off point, 4.4%,
was established by iterative step by step analysis using the
experimental values in reference to disease-free survival. 

Disease-free and overall survival have been estimated
by Kaplan-Meier approach. The differences between survi-
val curves have been tested by log-rank and Cox tests. For

multiple analysis Cox proportional hazard model has been
estimated. The final list of variables has been selected by
stepwise backward procedure, leaving only statistically sig-
nificant factors in the final model. P-values not greater than
0.05 were considered  to be statistically significant.

Results

Disease-free survival (DFS) analysis

The 5-year actuarial survival rate for the whole group
of patients was 70%. Results of univariate analysis are
presented in Table 1. Ploidy and SPF demonstrated signifi-
cant but lower influence on survival than the classically used
factors. In multivariate Cox analysis (Table 2) node invol-
vement, tumor diameter, menopausal status, SPF and ploidy
in B/W categories were found to be independent factors, but
SPF and ploidy henceforth were less significant than the
clinical and histopathological parameters.

After stratifying the material according to the axillary
nodal status the 5-year survival rate amounted to 85%, 70%
and 40% for patients with negative nodes (N0), one to three
nodes involved (N1 - 3), and more than three nodes involved
(N3), respectively. Relevant data of univariate analysis are
shown in Tables 3, 4 and 5. Among node negative patients,
SPF was the most significant factor influencing recurrence-

TABLE 3
Univariate analysis of disease-free and overall survival for 209 node negative patients

No of
cases

Recurrences Deaths

n %

Log-
rank

Cox
n %

Log-
rank

Cox

p
Relative

risk
p p

Relative
risk

p

Age  ≤40y
>40y

 42
167

10
25

23.8
15.0 0.2083 0.63 0.2121

 4
14

9.5
8.4 0.7343 0.82 0.7301

Tumor size ≤20mm
20-50mm
>50mm

154
 55
  0

25
10

16.2
18.2 0.7063 1.15 0.7051

12
 6

 7.8
10.9 0.3998 1.55 0.3922

SBR grade GI
GII
GIII

32
83
46

 1
18
10

 3.1
21.7
21.7

0.0205
0.0207

7.37
7.66

0.0518
0.0523

2
6
6

 6.3
 7.2
13.0

0.9841
0.2125

0.98
2.76

0.9837
0.2278

Menopausal status post-
pre-

133
 76

16
19

12.0
25.0 0.0204 2.17 0.0227

9
9

 6.8
11.8 0.2495 1.71 0.2591

SPF ≤4.4%
>4.4%

 54
133

 1
32

 1.9
24.1 0.0005 14.23 0.0089

 1
16

 1.9
12.0 0.0510 6.02 0.0819

Ploidya D
A

 80
129

 7
28

 8.8
21.7 0.0112 2.77 0.0161

 3
15

 3.8
11.6 0.0205 3.98 0.0322

Ploidyb B
W

107
102

10
25

 9.4
24.5 0.0038 2.82 0.0056

 6
12

 5.6
11.8 0.0846 2.32 0.0949

SPF+
menopausal status

≤4.4%
>4.4% post-
>4.4% pre-

54
85
48

 1
14
18

 1.9
16.5
37.5

0.0075
0.00001

 9.47
22.44

0.0300
0.00249

1
8
8

 1.9
 9.4
16.7

0.0846
0.0304

5.04
7.49

0.1275
0.0592

aD-diploid, A-aneuploid; bB-DI≤1.3 or DI>2.1 and multiploid, W-1.3<DI≤2.1
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free survival. For patients with one to three nodes involved,
significance was demonstrated for diameter greater than
50mm and histological grade GIII. In the group with more
than three nodes involved, only ploidy pattern was statisti-
cally significant. In multivariate analysis (Table 6), SPF and
menopausal status were found to be independent prognostic
parameters for N0 group, diameter and histological grade for
N 1 - 3 and ploidy, expressed as B/W, for N>3.

Basing on the multivariate analysis performed among
node negative patients, three groups could be distinguished
in respect of the risk of recurrence. The low risk group
consisted of the patients with tumor SPF lower than 4.4%
and whatever menstrual status. The moderate risk group
consisted of the post-menopausal patients with tumor SPF
greater than 4.4%. And the high risk group consisted of the
pre-menopausal women with tumor SPF greater than 4.4%.
Recurrence-free survival for these three groups of patients is
shown in figure 1.

Overall survival (OS) analysis 

The 5-year actuarial survival rate for the whole group
of patients was 83%. Results of univariate analysis are
presented in Table 1. Node involvement, tumor diameter and
ploidy in B/W categories were found to be independent

factors in multivariate Cox analysis (Table 2). In the defined
nodal groups, 5-year survival rate was 93%, 86% and 59%
for N0, N1 - 3, and N>3, respectively. Relevant data of
univariate analysis are shown in Tables 3, 4 and 5.

Results of multivariate analysis (Table 6) for node
negative patients were a little different than for DFS. Ploidy
in categories D/A was found to be the only significant factor
for this group, but SPF lost its significance. For two node-
positive groups of patients the same factors as in DFS
analysis were found to be significant. 

Histology and flow cytometry

Ploidy and median SPF values were analyzed for each
histological group of breast cancer separately. Frequency of
aneuploidy differed significantly between the groups of
various histology. Almost all medullary carcinomas were
aneuploid, whereas in lobular and mucinous carcinomas
only in one third of tumors aneuploid population was found.
This fact was reflected in median value of SPF, which was
highest for medullary carcinoma. The relevant data are
shown in Table 7. Distribution of histological types of breast
cancer among defined nodal groups is shown in Table 8. It
is worth noting that frequency of medullary carcinoma,
rather low (4.6%) in our series of patients, standing a signi-

TABLE 4
Univariate analysis of disease-free and overall survival for 121 patients with 1 - 3 nodes involved

No of
cases

Recurrences Deaths

n %

Log-
rank

Cox
n %

Log-
rank

Cox

p
Relative

risk
p p

Relative
risk

p

Age  ≤40y
>40y

29
92

13
31

44.8
33.7 0.2032 0.65 0.1891

 6
14

20.7
15.2 0.5331 0.74 0.5373

Tumor size ≤20mm
20-50mm
>50mm

67
46
 8

20
17
 7

29.9
37.0
87.5

0.4214
0.0003

1.30
7.76

0.4231
<0.00001

9
7
4

13.4
15.2
50.0

0.7952
0.0029

1.14
8.02

0.7956
0.0007

SBR grade GI
GII
GIII

20
52
38

 2
18
20

10.0
34.6
52.6

0.0528
0.0015

3.74
7.02

0.0771
0.0087

 2
 7
10

10.0
13.5
26.3

0.7761
0.1276

1.26
2.99

0.7740
0.1573

Menopausal status post-
pre-

71
50

22
22

31.0
44.0 0.0932 1.66 0.0925

10
10

14.1
20.0 0.4060 1.45 0.4078

SPF ≤4.4%
>4.4%

16
95

 4
37

25.0
39.0 0.3823 1.57 0.3898

 1
17

 6.3
17.9 0.3355 2.66 0.3423

Ploidya D
A

38
83

15
29

39.5
34.9 0.5730 0.83 0.5697

 8
12

21.1
14.5 0.3438 0.65 0.3442

Ploidyb B
W

54
67

20
24

37.0
35.8 0.7903 0.92 0.7890

10
10

18.5
14.9 0.5419 0.76 0.5421

SPF+
menopausal status

≤4.4%
>4.4% post-
>4.4% pre-

16
56
39

 4
18
19

25.0
32.1
48.7

0.7192
0.1472

1.22
2.14

0.7168
0.1703

1
8
9

 6.3
14.3
23.1

0.4226
0.2598

2.28
3.23

0.4366
0.2686

aD-diploid, A-aneuploid; bB-DI≤1.3 or DI>2.1 and multiploid, W-1.3<DI≤2.1
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ficant part (7.7%) of tumors without axillary metastases
(Table 8) and growing up to 14.6% in the group of node
negative, premenopausal women with highly proliferating
tumours (SPF>4.4%, Table 9). It is clear, that this fact would
be reflected in survival analysis. Then, we decided to repeat
the survival analysis for node negative patients on the biggest
group of infiltrating ductal carcinoma, excluding the other
histological types of tumors.

In univariate analysis (Table 10) histological grade,
pre-menopausal status, S-phase fraction greater than 4.4%
and DI in region 1.3 - 2.1 were found to be the most
significant risk factors. None of the patients with SPF lower
than 4.4% had any recurrence. For this reason it was im-
possible to perform Cox regression analysis and to establish
a relative risk for S-phase fraction among node negative
patients. 

TABLE 5
Univariate analysis of disease-free and overall survival for 127 patients with more than three nodes involved

No of
cases

Recurrences Deaths

n %

Log-
rank

Cox
n %

Log-
rank

Cox

p
Relative

risk
p p

Relative
risk

p

Age  ≤40y
>40y

31
96

22
57

71.0
59.4 0.5396 0.86 0.5476

12
43

38.7
44.8 0.2925 1.39 0.3160

Tumor size ≤20mm
20-50mm
>50mm

64
57
 6

37
38
 4

57.8
66.7
66.7

0.3519
0.3909

1.24
1.69

0.3571
0.3232

28
23
 4

43.8
40.4
66.7

0.8774
0.1816

0.96
2.31

0.8781
0.1234

SBR grade GI
GII
GIII

 6
54
56

 3
33
38

50.0
61.1
67.9

0.3405
0.2571

1.65
1.81

0.4054
0.3250

 1
23
27

16.7
42.6
48.2

0.0892
0.0862

3.92
4.09

0.1822
0.1669

Menopausal status post-
pre-

75
52

43
36

57.3
69.2 0.2527 1.14 0.2555

32
23

42.7
44.2 0.96361 1.01 0.9639

SPF ≤4.4%
>4.4%

24
91

13
59

54.2
64.8 0.4044 1.28 0.4198

10
43

41.7
47.3 0.5103 1.25 0.5241

Ploidya D
A

 26
101

13
66

50.0
65.4 0.0561 1.70 0.0813

 6
49

23.1
48.5 0.0139 2.62 0.0263

Ploidyb B
W

44
83

20
59

45.5
71.1 0.0025 2.09 0.0045

11
44

25.0
53.0 0.0020 2.65 0.0039

SPF+
menopausal status

≤4.4%
>4.4% post-
>4.4% pre-

24
50
41

13
31
28

54.2
62.0
68.3

0.5707
0.2742

1.20
1.45

0.5798
0.2822

10
24
19

41.7
48.0
46.3

0.5068
0.6875

1.28
1.17

0.5182
0.6921

aD-diploid, A-aneuploid; bB-DI≤1.3 or DI>2.1 and multiploid, W-1.3<DI≤2.1

TABLE 6
Multivariate Cox analysis of disease-free and overall survival according to nodal status of patients with breast cancer

Recurrences Deaths

Nodes involved: 
0

Nodes involved:
1-3

Nodes involved: 
>3

Nodes involved: 
0

Nodes involved:
1-3

Nodes involved: 
>3

Relative 
risk

P
Relative 

risk
P

Relative 
risk

P
Relative 

risk
P

Relative 
risk

P
Relative 

risk
P

Tumor size 7.11 0.00002 6.34 0.0049

SBR grade 2.37 0.0072 2.50 0.0477

Menopausal status  2.40 0.0122

SPF 14.54 0.0084

Ploidya (D/A) 3.98 0.0322

Ploidyb (B/)W 2.09 0.0045 2.65 0.0039
aD-diploid, A-aneuploid; bB-DI≤1.3 or DI>2.1 and multiploid, W-1.3<DI≤2.1
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As could be expected, a prognostic power of combined
SPF and menopausal status was raised for groups with
SPF>4.4%. (Fig. 2).

Discussion

DNA content and S-phase fraction are auxiliary prog-
nostic parameters, therefore their clinical value should be
considered along with the classical prognostic parameters. 

Histology

Infiltrating ductal carcinoma is the most frequent type
of breast cancer, but the other histological types are also
observed, in various number of cases. Survival analyses are
usually performed for all patients included in a study. In this
paper we showed that distribution of aneuploidy, and also
SPF (usually greater in aneuploid than in diploid cases), was
different in various histological types of breast cancer. Me-

Fig. 2. Disease-free survival for 142
patients with node negative ductal in-
filtrating carcinoma according to three
defined risk groups, with exclusion of
other histological tumor types. 

Fig. 1. Disease-free survival for 187
patients with node negative breast
cancer according to three defined risk
groups, without consideration of his-
tological type of the tumor. 
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dullary carcinoma is an example of breast cancer with
almost 100% of aneuploid cases, extremely high SPF,
signs considered as rather unfavourable, and relatively
good prognosis [4]. Medullary carcinoma constituted
only a small percentage of breast cancer cases in large
studied groups, but its frequency becomes significant in
node negative patients. The specific flow cytometric

marks of this type of breast cancer could influence final
conclusions. Significant correlation between histology and
ploidy was found also in the other studies [21, 26]. Then,
results of analysis trying to establish prognostic value of
ploidy and SPF in mixed (from histological point of view)
groups would depend on percentage of specific histological
types.

TABLE 7
Frequency of aneuploid cases and median SPF according to histological types of breast cancer

Histological type No of cases
Aneuploidy SPF 

n % n median % range

Infiltrating ductal carcinoma 383 272 71.0 345 8.7 0.4-45.3

Intraductal carcinoma  14   9 64.3  13 6.9 2.6-19.2

Lobular carcinoma  22   7 31.8  20 4.0 1.9-41.4

Mucinous carcinoma   9   3 33.3   8 3.7 1.3-22.8

Medullary carcinoma  21  20 95.2  19 15.3 1.6-37.4

Othersa   8   2 25.0   8 6.7 1.1-14.2

Total 457 313 68.5 413 8.3 0.4-45.3
apapillary carcinoma - 2, carcinoma in fibroadenoma - 1, Paget carcinoma - 1, signet ring carcinoma - 1, carcinoma with metaplasia - 2, tubular carcinoma - 1  

TABLE 8
Distribution of histological types of breast cancer according to nodal status

Histology
All cases Nodes involved: 0 Nodes involved: 1-3 Nodes involved: >3

n % n % n % n %

Infiltrating ductal carcinoma 383 83.8 159 76.1 110 90.9 114 89.8

Intraductal carcinoma 14 3.1 10 4.8 2 1.7 2 1.6

Lobular carcinoma 22 4.8 10 4.8 7 5.7 5 3.8

Mucinous carcinoma 9 2.0 7 3.3 0 0 2 1.6

Medullary carcinoma 21 4.6 16 7.7 2 1.7 3 2.4

Othersa 8 1.7 7 3.3 0 0 1 0.8

Total 457 100.0 209 100.0 121 100.0 127 100.0
apapillary carcinoma - 2, carcinoma in fibroadenoma - 1, Paget carcinoma - 1, signet ring carcinoma - 1, carcinoma with metaplasia - 2, tubular carcinoma - 1  

TABLE 9 
Distribution of histological types of breast cancer between three risk groups of node negative patients defined by SPF and
menopausal status. SPF could be determined for 187/209 cases

Histology
SPF≤4.4% SPF>4.4%, post-menopausal SPF>4.4%. pre-menopausal

n % n % n %

Infiltrating ductal carcinoma 39 72.2 69 81.1 34 70.8

Intraductal carcinoma  2  3.7  3  3.5  4  8.3

Lobular carcinoma  7 12.9  2  2.4  0 0

Mucinous carcinoma  3  5.6  2  2.4  1  2.1

Medullary carcinoma  0 0  7  8.2  7 14.6

Othersa  6  5.6  2  2.4  2  4.2

Total 54 100.0 85 100.0 48 100.0 
apapillary carcinoma - 2, carcinoma in fibroadenoma - 1, Paget carcinoma - 1, signet ring carcinoma - 1, carcinoma with metaplasia - 2, tubular carcinoma - 1  
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Ploidy

Prognostic value of ploidy remains controversial. Most
of studies rule out ploidy as an independent prognostic
indicator [3, 12, 15], however some data confirm its predic-
tive role [6, 9, 21]. The differences in patients’ survival were
more distinct when breast cancers were evaluated according
to various ploidy classes [2, 9, 17]. Diploidy was postulated
to be associated with longer disease-free survival [6, 8, 13].
Hypodiploidy and hypertetraploidy of breast cancers were
regarded as less favourable [2, 9, 13, 25]. Other studies
revealed that "medium aneuploidy" (1.50<DI<1.85) is
correlated with a shorter relapse-free survival [17]. 

In this series of ductal infiltrating carcinoma, ploidy
considered only in categories diploid (DI=1.0)/aneu-
ploid (DI≠1.0) had significant influence on overall sur-
vival only among node negative patients. However, it
could be demonstrated, that there exist two sets of DI
values related to prognosis: 1. DI≤1.3 or DI>2.1 and
multiploid - more favourable, and 2. 1.3<DI≤2.1 - less
favourable. Ploidy influenced independently disease-
free and overall survival in patients with more than three
lymph nodes involved, what is in keeping with the other
studies [21, 23]. 

DI for tumors determined as prognostically worse was
in range 1.3 - 2.1 ("medium aneuploidy" and tetraploidy
regions). We did not find that the patients with hypertetra-
ploid tumors had worse prognosis. 

Proliferative activity

Proliferative activity, when analyzed by flow cyto-
metry, is expressed mainly as the percentage of S-phase
fraction (SPF). Many studies demonstrated correlation of
tumor diameter, grade and nodal status with SPF [5, 19, 27].
Indicators of proliferative activity are also good predictors
of clinical outcome in breast carcinomas; recurrence-free
and overall survival or both were associated with the level
of proliferation expressed in different ways (as mitosis count,
TLI, Ki-67 expression etc.) not only as SPF [5, 6, 15, 26]. 

In this study SPF was the strongest predictor of relapse
for node negative patients, what is in agreement with the
findings of others [5, 7, 18, 25]. However, in some studies
with long term observations, a prognostic value of SPF for
patients without nodal involvement is questioned [22, 23].
Possible cause of failure could be the adoption of mean or
median value of SPF as cut-off point [23]. It seems that
seeking the optimal cut-off point is the only proper way for

TABLE 10
Univariate analysis of disease-free and overall survival for 159 node negative patients with ductal infiltrating carcinoma.
SPF could be determined for 142/159 cases

No of
cases

Recurrences Deaths

n %

Log-
rank

Cox
n %

Log-
rank

Cox

p
Relative

risk
p p

Relative
risk

p

Age  ≤40y
>40y

 30
129

 7
21

23.3
16.3 0.3588 0.67 0.3565

 2
11

6.7
8.5 0.8340 1.2 0.8311

Tumor size ≤20mm
20-50mm
>50mm

125
 34
  0

21
 7

16.8
20.6 0.5733 1.28 0.5696

10
 3

8.0
8.8 0.7131 1.3 0.7024

SBR grade GI
GII
GIII

31
83
45

 1
18
 9

 3.2
21.7
20.0

0.02389
0.03418

7.10
6.75

0.0563
0.0700

2
6
5

 6.5
 7.2
11.1

0.9175
0.3406

0.9
2.2

0.9146
0.3526

Menopausal status post-
pre-

104
 55

14
14

13.5
25.5 0.04769 2.10 0.0492

7
6

 6.7
10.9 0.4222 1.6 0.4355

SPF ≤4.4%
>4.4%

 39
103

 0
27

0
26.2 0.0004

 0
13

0
12.6 0.0632

Ploidya D
A

 57
102

 6
22

10.5
21.6 0.0844 2.16 0.0950

 2
11

 3.5
10.8 0.0370 4.4 0.0600

Ploidyb B
W

79
80

 8
20

10.1
25.0 0.0177 2.60 0.0225

4
9

 5.1
11.3 0.1088 2.5 0.1249

SPF+
menopausal status

≤4.4%
>4.4% post-
>4.4% pre-

39
69
34

 0
13
14

0
18.8
41.2

0.0042
0.00001

0
7
6

0
10.1
17.7

0.0696
0.0455

aD-diploid, A-aneuploid; bB-DI≤1.3 or DI>2.1 and multiploid, W-1.3<DI≤2.1
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establishing a suitable, prognostically valuable level of SPF.
On the other hand, in samples measured for SPF estimation
not only cancer cells are present. Thus, gating a subpopula-
tion of cells with cytokeratin expression is suggested as more
adequate [22]. However, some observations indicated [28],
that in the majority of the most undifferentiated tumors
(grade GIII) only a part of cancer cells express cytokeratin.
Then, the SPF measured only on cytokeratin-gated popula-
tion will not be a "real SPF" and it is not surprising that SPF
does not correspond with survival.   

In our study, the risk of relapse for node negative
patients with slowly proliferating tumors was minimal. It
seems, that a necessity of adjuvant therapy for this woman
is disputable. Among patients with higher proliferating tu-
mors, additional information about menstrual status allowed
to stratify this group into two prognostically different sub-
groups. Both these features taken together characterize the
patients with the highest risk of relapses (pre-menopausal
with high SPF).  

The present study was performed on unselected, conse-
cutive breast cancer patients. The results obtained confirm
the possible clinical utility of flow cytometrically deter-
mined SPF for node negative, but not node positive patients
with breast cancer. Breast cancer is not a homogenous
disease, and the histological type of cancer should be taken
into consideration before survival analysis.  
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