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Short term significance ofDNA ploidy and cell
proliferation in breast carcinoma: a multivariate
analysis of prognostic markers in a series of 308
patients

Antonio E Pinto, Saudade Andre, Jorge Soares

Abstract
Aim-To determine the importance of
tumour DNA ploidy and cell proliferation,
as measured by the S phase fraction
(SPF), in relation to other established
clinicopathological indicators of progno-
sis in breast cancer.
Methods-A prospective study of 308 pa-
tients. Tumours were staged following the
TNM system criteria and were classified
according to the histological type and
grade. DNA flow cytometry was per-
formed on fresh/frozen samples stained
with propidium iodide. Hormone recep-
tors were analysed by immunocytochem-
istry. A Cox proportional hazards
regression model was used for statistical
evaluation of the prognostic factors.
Results-Median follow up time was 39.6
months (range 3 to 84). A DNA diploid
pattern was found in 134 tumours (43.5%)
and aneuploid in 174 (56.5%). Median SPF
value was 6.1% (range 1% to 27.8%). DNA
ploidy and SPF were strongly correlated
(p < 0.001), and both were related to
histological type (p < 0.001), grade of
differentiation (p < 0.001), tumour size
(p = 0.006 and p = 0.002), and hormone
receptor activity (p < 0.001). DNA ploidy
was also related to node status (p = 0.022),
but SPF was not. In univariate analysis,
there were significant correlations be-
tween disease-free survival and age, histo-
logical grade, tumour size, node status,
DNA ploidy, SPF, and hormone receptor
activity; age, tumour size, node status,
DNA ploidy, and hormone receptors were
predictors of overall survival. In multi-
variate analysis, only node status
(p = 0.001) and DNA ploidy (p = 0.006)
retained independent prognostic signifi-
cance in relation with overall survival,
while node status (p < 0.001) and SPF
(p < 0.001) were predictors ofdisease-free
survival. DNA ploidy and SPF continued
to predict disease-free and overall sur-
vival in lymph node positive (pN1) pa-
tients but not in the lymph node negative
(pNO) group.
Conclusions-DNA ploidy and SPF are
strongly intercorrelated and have inde-
pendent prognostic value for predicting
the short term clinical outcome of breast
carcinoma patients.
(J Clin Pathol 1999;52:604-61 1)
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The clinicopathological features currently used
to assess prognosis in breast cancer often fail to
characterise the clinical heterogeneity of the
disease accurately, particularly with respect to
predicting tumour behaviour in the individual
case.' 2 In recent years, therefore, many at-
tempts have been made in several areas,
including analytical cytology, immunocyto-
chemistry, and molecular biology, to identify
features that could be clinically useful in
assessing prognosis.'
The predictive role of DNA flow cytometry

in patients with breast carcinoma has been
investigated in many studies. In some it was
concluded that DNA ploidy and S phase frac-
tion (SPF) were useful in predicting clinical
outcome,4-10 and in particular it has often been
claimed that SPF has independent prognostic
value."'7 In contrast, other studies showed that
flow cytometry data analysis provides no addi-
tional prognostic information.'8-21

It is generally accepted that most of the con-
troversy over these results stems from the
different methods and criteria used in the vari-
ous studies.22 Besides intratumour hetero-
geneity,23 24 confounding factors include pa-
tient selection bias, differences in treatment,
insufficient numbers of patients, and differ-
ences in the type of sample used (fresh v paraf-
fin embedded), the tissue processing proce-
dures, and the criteria used for interpreting the
histograms.22 25

Despite the methodological drawbacks, in-
vestigations have continued in this area, mainly
in lymph node negative breast cancer patients,
aiming to identify those at highest risk of
disease recurrence who might benefit from
additional postsurgical systemic treatment.
This-approach avoids submitting relatively low
risk patients to the toxic effects of adjuvant
therapy, and improves the cost/benefit ratio of
the treatment.
Our aim in this study was to investigate the

predictive value of DNA flow cytometry in
breast carcinoma, applying some recently
developed methods for DNA histogram
interpretation such as corrections for sliced
nuclei debris and aggregates, and following
three methodological steps: (1) to evaluate the
correlation between DNA content (ploidy)
and S phase fraction (cell proliferation) and
other established prognostic factors in a series
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Table 1 Clinicopathological characteristics of breast cancer patients and correlation with
flow cytometric variables

Ploidy (%o) SPF (%)

Characteristics n Diploid Aneuploid p Value n <6.1% > 6.1% p Value

Age 0.224 0.717
<50 years 82 37.8 62.2 63 47.6 52.4
-50 years 226 45.6 54.4 175 50.3 49.7

Histological type <0.001 <0.001
Ductal 275 38.5 61.5 207 44.4 55.6
Others 33 84.8 15.2 31 83.9 16.1

Grade <0.001 <0.001
Gl 86 67.4 32.6 77 68.8 31.2
G2 140 43.6 56.4 101 53.5 46.5
G3 82 18.3 81.7 60 18.3 81.7

Tumour size 0.006 0.002
pT1 120 54.2 45.8 89 62.9 37.1
pT2 165 38.2 61.8 132 43.9 56.1
pT3 23 26.1 73.9 17 23.5 76.5

Node status 0.022 0.493
pNO 175 49.1 50.9 142 51.4 48.6
pNI 133 36.1 63.9 96 46.9 53.1

Oestrogen receptors <0.001 <0.001
Positive 229 52.4 47.6 185 58.9 41.1
Negative 78 17.9 82.1 52 17.3 82.7

Progesterone receptors <0.001 <0.001
Positive 188 54.8 45.2 156 60.3 39.7
Negative 119 26.0 74.0 81 29.6 70.4

SPF, S phase fraction.

of breast carcinomas using fresh/frozen mate-
rial; (2) to analyse the impact of this DNA
information in the short term on disease-free
survival and overall survival after primary sur-
gical treatment; and (3) to determine the
independent prognostic value of the two flow
cytometric variables along with the other
factors using a multivariate model, in order to
identify subgroups of breast cancer patients
who might be at low or high risk for tumour
recurrence.

Table 2 Kaplan-Meierfive year survival estimates of breast cancer patients by
clinicopathological and cytometric characteristics

Disease-free survival Overall survival

Characteristic n % 5 years (SD) p Value % 5 years (SD) p Value

Age 0.006 0.048
<50 years 82 66.8 (0.072) 70.5 (0.076)
>50 years 226 82.6 (0.039) 83.9 (0.044)

Histological type 0.211 0.624
Ductal 275 76.3 (0.040) 78.6 (0.043)
Others 33 90.9 (0.050) 89.9 (0.056)

Grade <0.002 0.044
Gl 86 94.0 (0.026) 93.5 (0.035)
G2 140 73.5 (0.066) 77.3 (0.062)
G3 82 66.5 (0.085) 68.5 (0.097)

Tumour size 0.041 0.030
pTl 120 78.5 (0.075) 92.8 (0.030)
pT2 165 78.7 (0.036) 77.4 (0.052)
pT3 23 68.8 (0.098) 51.9 (0.160)

Node status <0.001 <0.001
pNO 175 87.5 (0.049) 91.0 (0.032)
pNl 133 66.4 (0.046) 65.7 (0.075)

DNA ploidy (A) <0.001 0.001
Diploid 134 88.5 (0.050) 93.8 (0.027)
Aneuploid 174 69.5 (0.049) 69.9 (0.059)

DNA ploidy (B) <0.001 <0.001
Diploid 134 88.5 (0.050) 93.8 (0.027)
hd+t 145 69.4 (0.056) 73.4 (0.063)
m+ht 29 70.9 (0.088) 54.7 (0.150)

SPF <0.001 <0.001
<6.1% 118 89.5 (0.055) 97.4 (0.015)
¢6.1% 120 69.0 (0.062) 70.0 (0.070)

Oestrogen receptors 0.035 0.039
Positive 229 81.7 (0.037) 80.7 (0.048)
Negative 78 68.4 (0.086) 78.5 (0.059)

Progesterone receptors 0.024 0.018
Positive 188 82.2 (0.043) 84.7 (0.045)
Negative 119 72.3 (0.060) 72.8 (0.068)

hd+t, hyperdiploid + tetraploid; m+ht, multiploid + hypertetraploid; SPF, S phase fraction.

Methods
CLINICOPATHOLOGICAL DATA

The study involved 308 women with operable
breast cancer diagnosed and treated at Insti-
tuto Portugues de Oncologia-Lisbon Centre,
between 1991 and 1996, and for whom tumour
samples for flow cytometry and follow up data
were available. The mean age of the patients
was 58.5 years (range 23 to 88 years). For the
histopathological study, routinely stained slides
were used (haematoxylin and eosin). The
histological type and the tumour staging of
breast carcinomas were evaluated using the
TNM-UICC system.26 The whole series in-
cluded 275 invasive ductal carcinomas
(89.3%) and 33 breast carcinomas of other
histological types (10.7%)-11 lobular, 11
mucinous, four papillary, two apocrine, two
tubular, two medullary, and one metaplastic.
At least 10 axillary lymph nodes were exam-
ined in each case. Tumour differentiation was
assessed using the Elston and Ellis grading
system.27 The clinicopathological characteris-
tics of the patients are summarised in table 1.
Two hundred and eighty patients were

treated by modified radical mastectomy and
axillary lymphadenectomy, while 28 received
conservative treatment (tumorectomy or quad-
rantectomy) and axillary lymph node dissec-
tion. Following the guidelines established in
our institution, adjuvant chemotherapy with
cyclophosphamide, methotrexate, and
5-fluorouracil (CMF) was given to all node
positive premenopausal patients and hormone
receptor negative postmenopausal patients,
and to node negative patients with high risk
tumour recurrence criteria (tumour size
greater than 2 cm, poor differentiation, and
lack of hormone receptor expression)
(n = 132). Endocrine treatment with
tamoxifen was given to all hormone receptor
positive postmenopausal patients (n = 127).
Local radiotherapy was given postoperatively
to the patients treated with conservative breast
surgery (n = 28), while in lymph node positive
patients radiotherapy was given to the axillary
region (n = 133). The patients were followed
up every four months for the first year, at least
every six months for the next four years, and at
intervals of 12 months thereafter. Their routine
evaluation included clinical examination and
laboratory tests, mammography every year, and
chest x rays, liver ultrasound, and bone scans
whenever clinically indicated.

Information on survival (disease-free sur-
vival and overall survival) was obtained from
review of clinical records or consultation with
an epidemiological registry service at our insti-
tution (ROR-Sul), or through written or
telephone correspondence with the patients or
relatives. Disease-free survival was defined as
the interval between surgical resection and the
first recurrence or metastasis. Duration of
follow up was calculated as the time elapsed
between primary surgery and the most recent
clinical observation (or death). One patient
(0.3%) who died from an unrelated cause was
censored from the survival analysis.
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A ceptor (NCL-oestrogen receptor-6F1 1 and
NCL-PGR, respectively; Novocastra Labora-

AA A ^ -- ^ . . .tories) at a 1:10 dilution. The sections were
then washed in TBS and incubated with bioti-
nylated rabbit antimouse serum (E413, Dako)
at 1:250 dilution for 30 minutes. The sections
were rinsed again in TBS, and StreptABC

|Aneuploid ADiploid complex (K377, Dako) at 1:100 dilution was
p < 0.001 applied for 30 minutes. After washing in TBS,

diaminobenzidine was used as chromogen for
()1I224 3I648 lo 712 84 eight minutes. The sections were then washed
012 24 36 48 60 72 84

in distilled water and counterstained with
B Mayer's haematoxylin. The results were re-

- A, A A A corded as the percentage of positively stained
target cells, positivity being defined as samples
with more than 10% stained neoplastic cell
nuclei.

DNA FLOW CYTOMETRY STUDY

0.25 = 0.001 Flow cytometric analysis was performed on
fresh material from specimens obtained at the

0 I time of surgery.30 Tissue not processed imme-
0 12 24 36 48 60 72 84 diately was stored at -80°C. The average size

Time (months) of the pieces of tissue used was 0.3 x 0.3 cm in
ure 1 The probability of disease-free survival (A) and their greatest dimensions. In our standard pro-
rall survival (B) in 308 patients with breast carcinoma tocol, the tissue samples were mechanically
ording to DNA ploidy (diploid v aneuploid). disaggregated using scalpel blades in cold

phosphate buffered saline (PBS), and the cell
1RMONE RECEPTOR EXPRESSION suspension obtained rinsed two times in PBS
strogen and progesterone receptors were and checked by counting in a haemocytometer.
termined by immunocytochemical analysis For DNA staining, the nuclei were incubated
paraffin wax embedded material using the with propidium iodide (Sigma), 50 .tg/ml in
eptavidin-biotin complex peroxidase tech- Tris-MgCl2 buffer, for one hour in the dark at
Iue."8 Pretreatment procedures included 4°C, treated with RNase (Sigma), 1 mg/ml in
dogenous peroxidase blocking with hydro- PBS, and 0.05% Nonidet P40 (Sigma). Imme-
n peroxide, and antigen retrieval using a diately before the flow cytometric analysis, the
.ssure cooker and citrate buffer, pH 6.0.29 specimens were passed through a 27 gauge
iefly, the sections were rinsed in Tris needle and then filtered through a 55 ,um nylon
tiered saline (TBS), pH 7.4-7.6, and mesh. The stained nuclei were analysed on an
:ubated for 30 minutes at room temperature Epics Profile II flow cytometer (Coulter
th primary monoclonal antibody anti- Electronics) equipped with a 488 nm, 15 mW
strogen receptor and anti-progesterone re- argon ion laser as light source and a 575 nm

bandpass filter for red fluorescence detection.
A The instrument was aligned daily, and consid-

1.0 ered calibrated when coefficients of variation
---A~ A^ A .less than 2% were obtained with standardised

0.75 fluorescent beads (DNA-Check, Coulter).
Chicken red blood cells were used as an inter-
nal control to help the localisation of the GO/GI0.5 - diploid population, set at channel 50.31 Usually,

02o >6.1 A <6.1 a minimum of 20 000 nuclei at a rate of
0.25 - p <0.001 100-150 per second were acquired for each

run, and recorded on a single parameter, 256
o 1 2 3 4 2 channel integrated fluorescence histogram. No

electronic gating for discrimination of debris
B and aggregates was used.

1.0 AA_ i . A

DNA HISTOGRAM INTERPRETATION
).75 Cell cycle analysis of DNA histograms was

performed using the Multicycle software pro-
0.5 gram (Phoenix Flow Systems) developed by

Peter S Rabinovitch (University of Washing-
).25 _...ton, Seattle, Washington, USA), and based

p = 0.001 upon the mathematical method described by
0 Dean and Jett.3" In order to standardise the
0 12 24 36 48 60 72 84 analysis, according to previous reproducibility

Time (months) studies33 all histograms were fitted to a model
tre 2 The probability of disease-free survival (A) and that applies zero order S phase fitting and cor-
all survival (B) in 238 patients with breast carcinoma rections for sliced nuclei debris and aggregates.
rding to S phase fraction (low v high). The coefficient of variation (CV) of tumour
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Table 3 Univariate Cox proportional hazards models of clinicopathological andflow
cytometric variables to clinical outcome in breast cancer patients

Disease-free survival Overall survival

Characteristics RR 95% CI p Value RR 95% CI p Value

Age
<50 years* 1 - - 1 - -

50 years 0.47 0.27 to 0.81 0.007 0.52 0.26 to 1.01 0.05
Grade
G1* 1 - -

G2 3.57 1.37 to 9.30 0.009
G3 4.99 1.87 to 13.31 0.001

Tumour size
(A)
pTl* 1 - -

pT2 1.87 0.98 to 3.58 0.05
pT3 2.92 1.17 to 7.33 0.022

Tumour size (B)
pTl* 1 - - 1 - -

pT2+pT3 2.01 1.07 to 3.77 0.030 2.58 1.12 to 5.92 0.026
Node status
pNO* 1 - - 1 - -

pNl 5.34 2.74 to 10.41 <0.001 3.92 1.82 to 8.44 <0.00 1
DNA ploidy (A)

Diploid* 1 - - 1 - -

Aneuploid 3.61 1.81 to 7.22 <0.001 3.83 1.59 to 9.26 0.003
DNA ploidy (B)

Diploid* 1 - - 1 - -

hd+t 3.46 1.71 to 7.03 0.001 3.26 1.31 to 8.13 0.011
m+ht 4.42 1.74 to 11.19 0.002 6.74 2.34 to 19.43 <0.001

SPF
<6.1O%* 1
>6.1% 4.45 1.94 to 10.18 <0.001

Oestrogen receptors
Positive* 1 - - 1
Negative 1.84 1.03 to 3.28 0.038 2.04 1.02 to 4.11 0.045

Progesterone receptors
Positive* 1 - - 1
Negative 1.87 1.07 to 3.25 0.027 2.24 1.12 to 4.48 0.022

CI, confidence interval; hd+t, hyperdiploid + tetraploid; m+ht, multiploid + hypertetraploid;
RR, relative risk; SPF, S phase fraction.
*Reference category.

GO/GI peaks, estimated as half peak width,
ranged from 2.4 to 7.8 (mean 4.2). Histograms
with CVs over 8% were not included in the
study.34 The DNA ploidy pattern was ex-
pressed by the DNA index (DI)-that is, the
ratio between the mean fluorescence channel
number of the tumour GJG, peak and that of
the diploid G0/G, reference peak. Mixed
non-malignant diploid cells from the same
tumour sample analysed namely fibroblasts,
lymphocytes, and normal epithelial cells-were
regarded as an internal standard.
The tumours were classified into five catego-

ries in relation to DNA ploidy: a tumour show-
ing a single peak with DNA index = 0.95-1.05
was classified as DNA diploid; if an additional
peak was present, the tumour was considered
in one of the four DNA aneuploid categories
based on DNA index. Thus the tumour was
considered as hyperdiploid in the DNA index
range 1.05-1.92, as tetraploid in the range

Table 4 Cox regression multivariate analysis of breast cancer patients

Disease-free survival Overall survival

Characteristics RR 95% CI p Value RR 95% CI p Value

Node status
pNO* 1 - - 1 - -

pNl 4.90 2.29 to 10.47 <0.001 3.59 1.66 to 7.78 0.001
DNA ploidy

Diploid* 1
Aneuploid 3.43 1.42 to 8.29 0.006

SPF
<6.1O%* I - -

>6.1% 4.53 1.98 to 10.39 <0.001

CI, confidence interval; RR, relative risk; SPF, S phase fraction.
*Reference category.

1.92-2.04 (with at least 20% of total cell count
and a corresponding G2M peak), and as hyper-
tetraploid in the range above 2.04. If more than
one aneuploid peak was observed the tumour
was classified as multiploid. To define the DNA
tetraploidy range of tumours, we calculated the
ratio between the mean channel number of the
G2M peak and that of the respective G0/Gl peak
of 100 consecutive diploid breast tumours,
which was 1.98 (0.06) (mean (SD)).
The S phase fraction (SPF)-a measure of

tumour proliferative activity-was determined
from the histogram according to the polyno-
mial model,36 as the percentage of cells in the S
phase of the cycle, and could be calculated in
238 cases (77.3%). In the remaining 70
tumours (22.7%), all but four being DNA
aneuploid, SPF determination could not be
reliably assessed for any of the following
reasons: the samples had a high degree of
background debris (critical percentage
> 20%); there was a small (< 15%) but
undoubtedly non-diploid population; the CV
of the GIG, peak was too large in an
unequivocally aneuploid population; there was
a clear overlap of two populations (near
diploidy); or the tumours were classified as
DNA multiploid or in some cases as DNA
hypertetraploid. In aneuploid cases, SPF was
calculated for the aneuploid population only.

STATISTICAL ANALYSIS
The correlations between the flow cytometric
variables and clinicopathological features were
assessed using the X2 test or Fisher's exact test
when biomarkers were used as dichotomous
variables. The Mann-Whitney test or the
Kruskal-Wallis test were applied when biomar-
kers, as continuous variables, did not show a
gaussian distribution. Student's t test was used
to compare mean values among groups. The
cumulative probability of disease-free and over-
all survival after surgical resection was esti-
mated according to the Kaplan-Meier
method.35 The differences between the survival
curves were analysed by the log-rank test.36 To
determine the relative predictive strength of the
prognostic variables, a Cox proportional haz-
ards regression model was used.37 The statistical
significance was evaluated using the Wald test
and results were displayed as relative risk and
respective 95% confidence intervals for each
category. Probability (p) values less than 0.05
were considered significant.

Results
DNA ANALYSIS
Of the 308 breast tumours analysed by flow
cytometry, 134 (43.5%) showed a DNA
diploid pattern, and 174 (56.5%) were DNA
aneuploid. In the latter group, 128 tumours
(41.6%) were simple DNA hyperdiploid, 17
(5.5%) were DNA tetraploid, 15 (4.9%) were
simple DNA hypertetraploid, and 14 (4.6%)
were DNA multiploid. Nine multiploid tu-
mours had a hypertetraploid population; thus
there was a total of 24 hypertetraploid tumours
(7.8%) in this series.
The median SPF of the tumours (n = 238)

in which the SPF determination was feasible
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Table 5 Five year disease-free survival according to cytometric indices in lymph node
negative (pNO) and lymph node positive (pNl) patient categories

pNO pNl

Variable n % 5 years (SD) p Value n % 5 years (SD) p Value

DNA ploidy NS 0.0009
Diploid 86 89.0 (0.07) 48 87.3 (0.05)
Aneuploid 89 85.9 (0.07) 85 54.0 (0.06)

SPF NS 0.0006
<6.1% 73 89.6 (0.89) 45 88.7 (0.05)
¢6.1% 69 82.5 (0.08) 51 51.5 (0.09)

SPF, S phase fraction.

Table 6 Five year overall survival according to cytometric variables in lymph node
negative (pNO) and lymph node positive (pNl) patient categories

pNO pNl

Variable n % 5 years (SD) p Value n % 5years (SD) p Value

DNA ploidy NS 0.0048
Diploid 86 94.3 (0.04) 48 92.7 (0.04)
Aneuploid 89 88.1 (0.05) 85 51.3 (0.10)

SPF NS 0.0021
<6.1% 73 98.6 (0.001) 45 95.4 (0.03)
¢6.1% 69 85.2 (0.006) 51 48.4 (0.13)

SPF, S phase fraction.
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representative material (n = 307). Tumours
were positive for oestrogen receptors and
progesterone receptors in 229 (74.6%) and 188
(61.2%), respectively. DNA aneuploidy was
more often found to be associated with oestro-
gen receptor negative and progesterone recep-
tor negative tumours (82.1% and 74.0%,
respectively), and this was also true for high
SPF (82.7% and 70.4%, respectively) (table 1).

CORRELATION WITH OTHER PROGNOSTIC
FACTORS
Table 1 shows the correlations between the
flow cytometric variables and the clinicopatho-
logical characteristics evaluated. DNA aneu-
ploid tumours and tumours with high prolif-
erative activity were associated with invasive
ductal carcinomas of greater size, with poor
differentiation, and lack of hormone receptor
activity. DNA ploidy was also associated with
node status, whereas SPF was not. No correla-
tion was found between either DNA ploidy or
SPF and patients' age.

s6 1% (mean 7.7%), ranging from 1% to SURVIVAL ANALYSIS
.8%. The median value was considered as The median follow up time was 39.6 months
cut off point that discriminated between (range 3 to 84). At the end of the follow up

mours with high proliferative activity period, 256 patients(83. 1%) were alive without
6.1%) and tumours with low proliferative evidence of disease, 17 (5.5%) were alive with

tivity (< 6.1 %). One hundred and thirteen of disease, and 34 (11.1 %) had died of their dis-
7 low SPF tumours (96.6%) were DNA ease. Table 2 summarises the five year survival
?loid, while 104 of 121 with high SPF rates of the patients for each of the characteris-
6.0%) were DNA aneuploid. The median tics studied. The disease-free and overall
IF value of the DNA aneuploid tumours survival for all patients at five years was 78.0%
2.0%; range 3.7% to 27.8%) was found to be and 79.8%, respectively. The corresponding
rnificantly higher than that of the DNA dip- figures for patients with DNA diploid tumours
d tumours (3.8%; range 1% to 12.0%) were 88.5% and 93.8%, and for patients with
< 0.001)t . DNA aneuploid tumours, 69.5% and 69.9%

(fig 1). Patients with tumours with low
IRMONE RECEPTOR ANALYSIS proliferative activity also had better disease-free
)rmone receptor determination was per- survival and overall survival (86.4% and
^med in all but one case which lacked 93.0%, respectively) compared with those with

high proliferative activity (69.2% and 70.9%)
A (fig 2).

1.0 . Table 3 shows the association between the
AAA

A A various clinicopathological and flow cytometric
0.75 variables and survival in a univariate analysis.

Age (< 50 years v > 50 years), histological
grade, tumour size, node involvement, DNA0.5 - ploidy, SPF, and hormone receptors were

025m_|N1 *NO]|significant indicators of disease-free survival,
0.25 p < 0.001 while age, tumour size (pT1 v pT2+pT3),

node status, DNA ploidy, and hormone recep-
00 112 4 1 1 tors were significant predictors of overall
01224 36 48 60 72 84 survival. In multivariate analysis, as shown in
B table 4, axillary lymph node status and DNA

1.0 ploidy retained independent prognostic value
in relation to overall survival (p = 0.00 1 and

0.75 p = 0.006, respectively), while node status
(p < 0.001) and SPF (p < 0.001) were statisti-

0.5 cally significant in disease-free survival.
We also examined the prognostic impact of

0.25 _ DNA ploidy and SPF in the subgroups of
p <0.001 patients with (pNl) and without (pNO) axillary

0 12 24 36 48 0 l2 lymph node involvement for either disease-free
0 12 24 36 48 60 72 84 survival (table 5) or overall survival (table 6).

Time (months) While the cytometric variables were found to
... ~~~~~bestatistically significant in the lymph node,ure 3 The probability of disease-free survival (A) and

rall survival (B) of 308 patients with breast carcinoma positive subgroup, no significance was ob-
ording to lymph node status (pNO vpNI). served in the other subgroup. However, when
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SPF was treated as a continuous variable to
investigate its relative prognostic strength, it
showed a statistically significant predictive
value in the lymph node negative subgroup for
either disease-free survival (relative risk 1.13;
p = 0.019) or overall survival (relative risk
1.33; p = 0.004).

Discussion
This study confirms the importance of the
axillary node status in the outcome evaluation
of breast carcinoma. Our data showed that this
is the single most relevant prognosticator of
disease-free and overall survival: 91.0% of the
node negative patients were alive five years after
surgery, in contrast to 65.7% of the node posi-
tive patients (fig 3), confirming previous
data.4-6 9 10 13 20 38-40

In contrast, the prognostic significance of
flow cytometric biomarkers-that is, DNA
ploidy and SPF-in breast cancer is still
controversial. The disagreement between
groups of investigators is generally related to
the lack of standardised methodological ap-
proaches in relation to either the sampling pro-
cedures or the analysis of the results.22 25 54
Another reason that has been advocated to
explain the conflicting results in published
reports is the intratumour heterogeneity found
in breast cancer for DNA ploidy and cell cycle
variables23 24; for example, Bergers et al showed
that at least six samples may have to be
prepared and measured separately for suitable
detection ofDNA aneuploidy.24
The rationale for the subclassification of

tumours according to DNA ploidy is that the
prognostic power can be improved and more
aggressive treatment adopted.4' Most investiga-
tors have claimed a small survival advantage
for diploid v aneuploid breast carcino-
mas. 5 7 9 10 25 40 42 In contrast, other investigators
have found no significant prognostic impact on
tumour ploidy.'8-21 In our study, DNA ploidy
was shown to be the second most important
and independently significant prognostic factor
in relation to overall survival. Like us, most
other investigators have reported that DNA
ploidy has prognostic importance,>" 40 42 al-
though only a few have proven its independent
value.49 Our data also revealed that within the
DNA aneuploidy group (table 2), the subset of
patients with DNA multiploid/hypertetraploid
tumours had the worst clinical outcome
(54.7% were alive five years after surgery), with
a relative risk of cancer related death of 6.74
(table 3), in accordance with previously
reported studies. 6 9 10 21 25 43 This finding may
have clinical value in relation to the selection of
more aggressive treatment, although it should
be noted that this subgroup of patients is very
small (n = 27), and thus the survival rates may
be affected by sampling error.
Most studies have shown a strong correlation

between high SPF and increased risk of recur-
rence and mortality in patients with breast
carcinoma." 10 11-17 25 Camplejohn et al studied
881 patients treated in a single centre and
showed that SPF was a robust predictor of
clinical outcome in terms of overall survival,
relapse-free survival, and survival after

relapse.'0 Sigurdsson et al also concluded that
SPF yielded the most relevant prognostic
information in their study of 367 women with
node negative breast cancer. " In contrast,
Stanton et a120 and Silvestrini et al44 failed to
demonstrate such associations, even in a
univariate analysis study. We found that SPF
had independent prognostic value in relation to
disease-free survival. With regard to overall
survival, SPF did not show a statistically
significant association since, in statistical
terms, it did not verify Hazard's function
proportionality in the Cox regression model
used. This appears to be related to the fact that
patients with highly proliferative tumours have
a better short term clinical response after post-
surgical chemotherapy than those with low
proliferative activity, but this is followed by
dramatic long term clinical failure (fig 2B).
This view is largely supported by the studies of
Remvikos et al concerning the interaction
between tumour proliferative activity and neo-
adjuvant treatment.'6 4 A similar finding was
observed when DNA ploidy was associated
with disease-free survival in multivariate analy-
sis, losing its univariate statistical significance
because of the higher comparatively strength of
SPF. Thus the existence of a very close relation
between the two flow cytometric variables was
not surprising. In fact, 96.6% of tumours with
low proliferative activity were DNA diploid,
while 86.0% of tumours with high proliferative
activity were DNA aneuploid. Interestingly,
three of 17 patients with DNA diploid tumours
with high SPF died of the disease, while three
of four patients with DNA aneuploid tumours
with low SPF were alive without evidence of
disease at the time of writing. Most previous
reports also showed that DNA aneuploid
tumours typically have a significantly higher
SPF than DNA diploid tumours. 7 10 11 11 18 25 46

We also investigated the independent prog-
nostic significance of DNA ploidy and SPF in
lymph node negative and lymph node positive
subgroups (tables 5 and 6). A strongly
significant influence was present in the lymph
node positive subgroup for both variables in
relation to either disease-free survival or overall
survival. In contrast, and in keeping with previ-
ous studies,11 12 15 41 neither DNA flow cyto-
metry nor any of the other clinicopathological
characteristics analysed in this study (data not
shown) were correlated with prognosis in the
lymph node negative subgroup. However,
when SPF was evaluated as a continuous vari-
able it reached statistical significance as a prog-
nostic indicator, thus confirming its overall
clinical importance.
We observed a statistically significant corre-

lation between both DNA ploidy and SPF and
various histopathological characteristics known
to affect disease prognosis (table 1). DNA
aneuploid tumours or tumours with high
proliferative activity were more likely to be
associated with invasive ductal histology, larger
size, poor differentiation, and lack of hormone
receptor expression. Some other investigators
have shown similar correlations, for example
with tumour size,58 9 14 21 grade of
differentiation,68 19 2147 and presence of endo-
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crine receptors.'6 9 1 4 In our study we should
stress the predominance of DNA diploid
tumours (28/33; 84.8%) among the histologi-
cal subtypes other than invasive ductal breast
carcinoma, which is consistent with their
generally favourable outcome. Our results also
showed no association between either of the
flow cytometric variables and the patients' age,
as in previously reported studies.8 14 19 46 The
lack of correlation between SPF and node
involvement was notable; this may reflect the
different biological significance of these two
characteristics in breast cancer disease despite
the similar impact on the clinical behaviour of
tumours.

In univariate analysis (table 3), tumour size
and grade of differentiation were statistically
significant predictors of disease-free survival,
the former also being predictive of overall sur-
vival when the dichotomy pTl v pT2+pT3 was
used for tumour classification, which is in
agreement with previous reports.6 8 9 12 13 17 Wit-
zig et al showed that tumour size was the most
significant factor in the multivariate analysis of
265 node negative breast carcinomas.'5 Elston
and Ellis27 assessed the histological grade in
1831 patients and found a very strong correla-
tion with prognosis. However, difficulties in the
reproducibility of these factors owing to the
subjective nature of their assessment decreases
their potential prognostic value. In keeping
with other studies,4 6 11 48 hormone receptor
status was found to be a predictive feature,
although the published data are not in overall
agreement about its prognostic signifi-
cance. 7 40 This may in part be related to the
strong association between receptor status and
other prognostic factors which could be
responsible for the prognostic value inherent in
receptor determinations.49 Nevertheless, hor-
mone receptor analysis is considered to be use-
ful in predicting the response after adjuvant
antioestrogen treatment.1 49 50 Patients' age
(< 50 years v > 50 years), used as a rough
indicator of the menopausal status, was also
found to be predictive in univariate analysis,
especially in relation to disease-free survival.
Our finding corroborates the view that breast
carcinoma has a lower incidence among
younger patients but is often more aggressive
and has a worse clinical outcome.51 52

It is well known that there are at least two
subgroups of breast cancer patients which
investigators seek to identify.53 One of these
includes a minority of better survivors in a poor
prognosis group; the other comprises patients
with disease recurrence or death in a good
prognosis group. The cumulative evidence, and
our present data, indicate that DNA ploidy and
SPF can provide additional prognostic infor-
mation on the biological behaviour of breast
carcinomas, and can therefore help in the iden-
tification of low risk and high risk subgroups.
This allows better stratification of individual
patients for appropriate treatment. Further-
more, DNA ploidy and SPF are readily deter-
mined by rapid and automated flow cytometry.
The main limitations on the clinical use of this
biological information are related to technical
difficulties in the accurate determination of

SPF in about 17-27% of the DNA histograms
(22.7% in our series),7 10 18 and the lack of con-
sensual criteria to define cut off points to
discriminate between tumours with low and
high proliferative activity for prognostic

7 14 18 22 54purposes. -

CONCLUSIONS
Our findings showed that, providing fresh/
frozen tissue is used as sample material and
that there are adequate criteria for the
histogram interpretation of DNA flow cyto-
metry analysis, DNA ploidy and SPF are useful
biomarkers for the management of patients
with invasive breast cancer, and only margin-
ally inferior to axillary lymph node status in
their relative importance in predicting disease
outcome.
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