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DNA Ploidy and Other Results of DNA Flow
Cytometry as Prognostic Factors in Operable

Breast Cancer: 10 Year Results of a Randomised
Study

Michael F.X. Gnant, G. Blijham, A. Reiner, G. Reiner, M. Reynders,
B. Schutte, C. van Asche, G. Steger and R. Jakesz

We evaluated breast cancer specimens from 241 patients of a controlled clinical trial by means of DNA flow
cytometry. We report the correlations between DNA index (DNI) and fraction of cells in S-phase (SPF) and
other prognostic parameters. Both univariately and in a Cox model, the predictive power of these factors is
evaluated after a follow-up of more than 10 years. There are strong correlations between DNI and SPF
(P = 0.0001) and between flow cytometry parameters and clinical and histopathological factors such as axillary
lymph node involvement, tumour size and histological grade. In univariate analysis DNI fails to provide prognostic
information, whereas SPF turns out to be able to differentiate between patients at high and low risk for relapse
and death (P = 0.002). In the multivariate Cox model, too, SPF is an important prognostic parameter with
respect to patient survival (relative risk: + 86%), only surpassed by nodal involvement. DNI, however, turns out
to be an independent predictor of relapse free survival and distant recurrence free survival. By combination of
DNI and SPF, patients can be divided into three prognostic subgroups. We conclude that data from DNA flow
cytometry can be of great importance for the decision on the level of aggressiveness of adjuvant therapy for an

individual patient and therefore may help to avoid overtreatment and toxicity.
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INTRODUCTION

BECAUSE BREAST cancer is the most common malignancy in
women worldwide, it has been the subject of numerous studies
trying to establish the relative values of different prognostic
indicators. Treatment strategies are variable and the decision as
to which approach to take can frequently depend on information
regarding the nature of the biological behaviour of an individual
tumour. Several prognostic indicators have been examined for
their ability to predict the outcome of the disease in a given
patient, in order to differentiate between patients at high and
low risk of relapse of the disease after surgery. Undoubtedly the
best prognostic indicator to date is the presence or absence of
malignant cells in the axillary lymph nodes [1]. Among other
conventional clinicopathological characteristics, tumour size [2],
histological and nuclear grades [3], and hormone receptor status
[3-5] have been assessed as potential prognostic factors in
patients with breast cancer.

More recently, new techniques have permiited access to new
cytological features, such as the DNA content of tumour cells.
Recently, the thymidine labeling index [6], cathepsin D pro-
duction [7], growth-factor receptors such as the protein product
of the HER-2/neu (also known as the erb-B2) [8] and the
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epidermal growth-factor receptor (EGFR) genes [9], the anu-
metastatic gene nm23 [10], and stress-response-protein-27 {11]
have been shown to have predictive power in breast cancer
patients. These factors could therefore be used to help decide
what intensity of therapy is appropriate for an individual patient.

Flow cytometry, which can measure both ploidy and prolifer-
ative activity, has also been shown to give useful prognostic
information. Several studies have been published within the
last years, comparing ploidy and cell kinetic measurements to
important clinical parameters both in node-positive and node-
negative disease. However, there is great variability in these
data, probably due to methodological or technical differences
and/or short-time follow-up. The most important question,
whether data derived from tumour DNA provides independent
prognostic information in terms of survival or recurrences, is
still under debate.

The purpose of our study was to investigate the correlations
between DNA parameters and other prognostic parameters in
breast cancer, including lymph node involvement, tumour size,
hormone receptor status, histopathological features, and men-
strual status. We also investigated the long term prognostic
impact of tumour DNA flow cytometry information on patient
overall survival and relapse-free-survival after surgery for stage
I and stage II breast cancer with or without chemotherapy
administered in a randomised fashion. Finally we tried to
combine the results of DNA flow cytometry in an attempt to
identify groups of patient with high and low risk of relapse or
death from breast cancer.
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PATIENTS AND METHODS

Patients and study design

241 consecutive patients with stage I and II breast carcinoma
(T1-3, NO-1, MO0) entered a prospective clinical trial between
1977 and 1982. Details of the protocol have been reported
elsewhere [12]. In short, patients were stratified by T-, N- and
menstrual status and intraoperatively randomised on the basis
of frozen section of axillary lymph nodes using the method of
Pocock and Simon [13]. Surgical treatment and adjuvant therapy
were determined simultaneously. Surgical treatment consisted
either of conservative breast surgery with axillary dissection
(n = 34), of modified radical mastectomy with axillary dissection
(n = 142), or of radical mastectomy (n = 65). Patients were
thereafter randomly allocated into three groups: (A) untreated
surgical control; (B) chemotherapy consisting of cyclophos-
phamide (100 mg daily for 10 days orally), 750 mg 5-fluorouracil
(5-FU), 5 mg vinblastine, and 25 mg methotrexate administered
intravenously on days 1 and 8. Four such cycles were adminis-
tered in the first year and two cycles in the second and third
year, respectively; (C) chemoimmunotherapy consisting of the
chemotherapy as in group B and additional administration of
azimexon, a nonspecific immunostimulant. No radiation therapy
was given postoperatively to any patient. All patients were
regularly followed at least every 3 months for the first 3 years
and at intervals of 6 months thereafter. The routine evaluation
of the patients included clinical examination and laboratory
analyses, mammography at least every 6 months, and chest
radiography, liver ultrasound, and bone scanning whenever
clinically indicated. The missing information on survival of a
few patients lost for follow-up was obtained from the Central
Population Registry of Austria.

Histological examination and laboratory assays

Tumour size was defined from the pathological size immedi-
ately after surgery. The histological grade was determined by
the method of Bloom and Richardson [14]. Oestrogen-receptor
(ER) and progesterone-receptor (PgR) content were assayed
with the dextran-coated charcoal method and Scatchard analysis
as described previously [15]. A level of at least 10 fmol/mg
cytosol protein was considered as receptor positive. Flow cyto-
metry determination of DNA ploidy levels were performed in
nuclei isolated from paraffin-embedded tissue [16]. DNA con-
tent was measured by the method of Vindelov er af [17]. A
tumour with a single G1 peak was considered to be diploid,
whereas evidence of an additional G1 peak indicated aneuploidy.
The proliferative activity—percentage of cells in S-phase
(SPF)—was calculated by counting the number of cells between
the inclination points of the descending Gl peak and the
ascending G2-M peak [18].

The DNA index (DNI), a value that expresses the amount of
DNA content relative to normal, was calculated as the ratio of
the peak channel number of the aneuploid GOG1 peak to the
peak channel number of the diploid GOG1 peak, which by
definition was considered to be the left-most peak. By definition,
the DNI for a diploid population is 1.0.

After separate analysis the cut-off for SPF was set to 11% in
order to define two groups, with low and high SPF, respectively.

When ploidy status could not be determined because of poor
quality of the sample (excess debris, too few cells) or insufficient
resolution to distinguish two peaks, the histograms were con-
sidered uninterpretable. In this analysis, histograms with coef-
ficients of variation of < 8% were considered to be of good
quality.
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Table 1. Cofactors for univariate and multivariate analyses

n (%)
Tumour size < 2cm 103 (53.9)
=2cm 88 (46.1)
Nodal status Negative 97 (50.8)
Positive 94 (49.2)
Grading landII 132(75.4)
11 43(24.6)
ER Positive 102 (67.1)
Negative 50(32.9)
PgR Positive 70 (46.7)
Negative 80(53.3)
DNI 1.0 (diploid tumours) 71(37.2)
More than 1.0 (aneuploid tumours) 120 (62.8)
SPF < 11% 69 (51.1)
2= 11% 66 (48.9)
Menstrual status Premenopausal 76 (39.8)
Postmenopausal 115(60.2)
Adjuvant therapy  Untreated surgical control 61(31.9)
Chemotherapy and 130 (68.1)
chemoimmunotherapy
Age < 50 years 68 (35.6)
= 50 years 123 (64.4)

Statistical analysis

Data were maintained on an IBM 3270 computer using a
SAS-based database (SAS Institute, Cary, North Carolina) and
all analyses were performed with SAS and BMDP statistical
packages (BMDP Statistical Software, Los Angeles, California).

The value of the prognosis factors (covariates) was determined
according to statistical models, with the use of BMDP. Survival
was expressed as the number of months from the date of primary
treatment of breast cancer to the occurrence of an event and was
analysed in three ways: as overall survival (OS), as relapse-free-
survival (RFS), and as distant-recurrence-free-survival (DRFS).
RFS was defined as the interval between the date of operation
and the first recurrence of breast cancer. Patients who died due
to reasons other than breast cancer, without any signs of breast
cancer recurrence, were considered censored for all analyses
(n = 6, 3.1%). Curves for all analyses were calculated according
to the method of Kaplan and Meier [19]. Differences between
curves were assessed with Mantel’s log rank test for censored
data on survival [20].

Muitivariate analysis included 10 covariates, all of which—
after appropriate testing—were considered as fixed (not time-
dependent). For optimal categorisation of continuous covariates,
univariate comparison was performed with x? values. The
prognostic value of the different covariates was evaluated with
the use of the product-limit estimate of survival function.

All covariates listed in Table 1 were entered into a Cox
proportional hazards model [21]. Covariates were selected in a
stepwise fashion (backward to forward), with use of the
maximum likelihood ratio. A P value of 0.15 was adopted as the
limit for the inclusion of a covariate. DNI and SPF were then
added to the model to assess their ability to provide incremental
prognostic information.

Several subgroup analyses were performed to exclude
interpretation bias. The flow cytometry factors then were com-
bined in an attempt to define prognostic subgroups.
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Table 2. Patient characteristics (n = 191)

Median (S.E.) (range)

Patient age (years) 55.6 (10.7) (28.9-70.1)
Axillary lymph nodes examined (n) 1.7 (0.4) (2-29)*
DNA-index: 1.48 (0.03) (1.0-3.5)
SPF (n = 135): 12.88 (0.54) (3.2-29.2)
Length of follow-up—all patients (months) 89.0 (13.0) (1.6-156.9)

Length of follow-up—survivors only 123.7 (16.5) (91.3-156.9)

(months)

Total no. of events n (%)
Dead, due to advanced breast cancer 73(38.2)
Dead, without any signs of cancer 6 (3.1)
recurrence
Dead, unknown breast cancer 13 (6.8)
Alive, without symptoms 84 (44.0)
Alive, with recurrence 11 (5.8)
Alive, unknown breast cancer 4 2.

Recurrences (n = 84)
Local recurrence 15 (17.9)
Distant recurrence 48 (57.1)
Multiple distant recurrences 14(16.7)
Local and distant recurrences 7 (8.3)

* 5.5% less than 8.

Qualitative and quantitative comparisons of groups with
respect to pretreatment, treatment and follow-up variables were
performed with the x? statistic and the -test (two-tailed) for
independent variables, respectively. Correlations are expressed
as Spearman rank-correlation coefficients (rs), group data are
expressed as mean (S.E.) (range).

RESULTS

Flow cytometry was performed successfully in 191 (79.3%)
out of the 241 tumour specimens. In order to avoid selection
bias, we evaluated the main characteristics of the 50 cases with
uninterpretable histograms and found out that they did not
differ significantly from those of the other 191. OS and RFS of
these 50 patients did not differ from that of the other patients.
(Mantel P = 0.7, details not shown). The following analyses
were therefore confined to the 191 patients with known DNA
characteristics. Out of these, it was possible to determine the
SPF in 135 (72.3%) patients.

The median duration of follow-up was 124 months (range
91-157); as of their last recorded follow-up evaluation, 99
patients (52%) were alive and 84 (44%) had had no recurrence.
Patients characteristics, DNA flow cytometry results, and
observed events are summarised in Tables 1 and 2.

In diploid tumours (DNI = 1), the mean SPF was signifi-
cantly lower than in tumours with DNI of more than 1:8.6
(0.51)vs. 17.6 (0.54) (P < 0.0001, Fig. 1).

Correlation of covariates

Complete correlation analysis is given in Table 3. Tumour
size correlated with nodal involvement (0.20, P = 0.0026) and
inversely with oestrogen receptor content (rs = —0.22,
P = 0.003). Grading correlated inversely with oestrogen recep-
tor content (rs = —0.35, P < 0.0001). Oestrogen receptor posi-
tivity correlated strongly with progesterone receptor positivity
(rs = 0.43, P < 0.0001). S-phase-fraction correlated with DNI
(rs = 0.66, P = 0.0001), nodal involvement (rs = 0.27,
P < 0.002), Grading (rs = 0.27, P < 0.003), and weakly with
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Fig. 1. SPF in diploid vs. non-diploid tumours (n = 135). t-test:

P < 0.0001, quantiles: 90, 75, 50, 25, 10%.

tumour size (rs = 0.16, P = 0.055). DNI correlated with
tumour size (rs = 0.18, P = 0.013) and Grading (rs = 0.19,
P = 0.015).

Univariate analysis

The OS, RFS, and DRFS for all covariates is shown in
Table 4. For all patients, it was 57, 56, and 60%, respectively,
at 10 years. Group comparison performed with all the covariates
listed in Table 1 revealed that nodal status, grading tumour size,
and SPF were able to distinguish between patients groups at
high and low risk for death, relapse and distant metastases.

As expected, nodal involvement was the best predictor of
relapse and death (Fig. 2): Whereas 72% of all node negative
patients were alive 10 years after operation, only 37% of the
node positive patients survived (P < 0.0001). The estimated
figures for RFS and DRFS are 78% and 81% in the node negative
group vs. 37% and 37% in the node positive group.

DNI failed to distinguish between patients with poor and
with good prognosis (OS: 61 vs. 50%, P = n.s; RFS: 63 vs.
51%, P = n.s; DRFS: 68 vs. 53%, P = n.s.), whereas SPF was
of high prognostic impact with respect to all analyses: OS: 66
vs. 45% (P = 0.0021); RFS: 66 vs. 46% (P = 0.011); DRFS
69 vs. 50% (I? = 0.023). As shown in Table 4, the significance
of SPF as a prognostic factor was similar to grading or tumour
size. Only the prognostic strength of nodal status was greater.

Oestrogen receptor status, progesterone receptor status, age
group, adjuvant therapy, and menopausal status did not bear
any prognostic significance in this analyses.

Multivariate analysis

Since there are strong correlations between some of the
variables (see above), in order to find out the individual prognos-
tic strength of the covariates, they were entered into a Cox’
proportional hazards model (List of covariates: Table 1). Results
are shown in Table 5.

With respect to OS, nodal status [B = 1.22, P = 0.0001,
relative risk (RR) = 3.39], grading (B = 0.55, P = 0.09,
RR =1.73) and tumour size (B = 0.51, P = 0.082,
RR = 1.66) remained as independent prognostic variables. SPF
(B = 0.64, P = 0.036, RR = 1.84), too, could be shown to
provide independent prognostic information, whereas DNI
could not.

For RFS, nodal status (§ = 1.63, P < 0.0001, RR = 5.11)
and grading (8 = 0.61, P = 0.062, RR = 1.90) are the estab-
lished prognostic factors. In contrast to SPF, DNI has indepen-
dent prognostic strength (B = 0.74, P = 0.011, RR = 2.09),
which is slightly more than grading.
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Table 3. Correlations of covariates™ (n = 191)

T G N ER PgR DNI SPF Age

T — NS 0.20,0.0026 —0.22, 0.0031 NS 0.18,0.013 0.16,0.055 NS

G — NS —-0.35, <0.0001 NS 0.19,0.015 0.27,0.0025 NS

N — NS NS NS 0.27,0.0015 NS

ER — 0.43, <0.0001 NS NS NS

PgR — NS NS NS

DNI — 0.66,0.0001 NS

SPF — NS

Age —

* Spearman coefficients, i-test.

Table 4. Univariate analysis*
(O RFS DRFS
n  Group 1f Group2 Mantel Groupl Group2 Mantel Groupl Group2 Mantel

T 191 61 46 0.02 64 43 0.005 69 45 0.0004
N 191 72 37 <0.0001 78 37 <0.0001 81 37 <0.0001
G 175 60 37 0.003 59 41 0.01 63 41 0.01
ER 152 53 S5 0.7 59 52 0.9 57 57 0.9
PgR 150 56 54 0.9 59 49 0.7 61 54 0.6
DNI 191 61 50 0.1 63 51 0.1 68 53 0.08
SPF 135 66 45 0.002 66 46 0.01 69 50 0.02
Meno 191 59 51 0.2 52 57 0.8 58 61 0.9
Th 191 48 58 0.06 58 S5 0.7 62 58 0.8
Age 191 53 55 0.9 51 58 0.4 57 59 0.8

* Actuarial survival after 10 years.
‘+ Groups as shown in Table 1.
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Fig. 2. Node negative vs. node positive. (A) N negative (n = 97).
(B) N positive (n = 94). Mantel-Test: P < 0.0001 (0S), P < 0.0001
(RFS).

With respect to DRFS, nodal status (3 = 1.40, P < 0.0001,
RR = 4.07), Grading (B = 0.75, P = 0.026, relatuve risk
(RR) = 2.11), tumour size (B = 0.62, P = 0.043, RR = 1.85)
and DNI (B = 0.67, P = 0.031, RR = 1.96) turned out to
provide useful prognostic information.

Subgroup analyses

Because of the overwhelming influence of the factor nodal
status we performed separate subgroup analyses in the node
negative (n = 97) and in the node positive (n = 94) subgroup.
Because of smaller sample size the levels of significance were
changed, but trends were similar to the results of the whole
study population. In general, effects were more pronounced in
the node positive subgroup (data not shown).

Finally, we combined DNI and SPF in order to define
three prognostic subgroups: (A) diploid tumours (n = 71); (B)
aneuploid tumours with low SPF (n = 11); and (C) aneuploid
tumours with high SPF (n = 54). The 10 year survival rates for
these subgroups were: With respect to OS: (A) 65% vs. B: 61%
vs C: 46% (P = 0.02); RFS: A: 63% vs. B: 50% vs. C: 41%
(P = 0.047) (Fig. 3).

DISCUSSION
Our findings confirm previously published results that S-
phase-fraction values are significantly higher in aneuploid
tumours [22). As previously shown in node negative cohorts
[23], we could confirm that SPF adds prognostic information to
the ploidy status in all patients with operable breast cancer, at
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Table 5. Multivariate analysis (Cox proportional hazards regression) of prognostic covariates of survival in 118 patients
Sollowed-up for a median of 10 years

QOverall Survival

Relapse-free-survival

Distant-disease-free-survival

Covariate B P RR B P RR B P RR
G 0.55 0.10 1.73 0.61 0.062 1.84 0.75 0.026 2.11
T 0.51 0.082 1.66 — 0.28 — 0.62 0.043 1.85
N 1.22 0.0001 3.39 1.63 <0.0001 5.11 1.40 <0.0001 4.07
DNI — 0.43 — 0.74 0.011 2.09 0.67 0.031 1.96
SPF 0.64 0.036 1.84 — 0.95 - 0.93 —

B = standard coefficient, P = probability, RR = relative risk.

Overall survival
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Fig. 3. Three groups by DNA Index and SPF (A) DNA Index = 1

(n = 71) (B) DNA Index > 1 and SPF <= 11 (n = 11) (C) DNA

Index > 1 and SPF > 11 (n = 54). Mantel-Test: P = 0.022 (0S),
P = 0.049 (RFS).

least with respect to OS. This was also found by Kalloniemi et
al. in patients with stage III disease [24].

QOestrogen and progesterone receptor status did not provide
prognostic information in the present study, neither in univariate
nor in multivariate analysis. Previous early evaluation of data
from the same study population suggested a prognostic impact
of hormone receptor status [25], showing that this effect is lost
with time, which is in accordance with Thorpe et al. [26].

Lymph node status is generally accepted as the most valuable
predictor of recurrence in breast cancer [27]. Tumour size is
also a predictor of recurrence, but these two factors are strongly
correlated, and therefore the relative strength of tumour size as
an independent predictor of relapse is still under debate [28].
We were able to confirm the findings of Sigurdsson er al. [23]
that tumour size is associated with higher aneuploidy and
proliferation rates, suggesting tumour size as a parameter for
biological aggressiveness, and indeed, in the multivariate analy-
sis, tumour size was shown to be an independent predictor

of OS (RR = 1.66) and DRFS (RR = 1.85), however, the
probabilities are borderline and the effect is lost with respect to
RFS.

The question of whether flow cytometry results can serve as
an independent predictor of outcome in breast cancer, is not
answered: Sigurdsson et al. [23] demonstrated an independent
impact of SPF, but not of DNA Index in node negative patients;
Hedley confirmed this for node positive patients [29]. Several
study groups were not able to find an independent prognostic
impact of ploidy status [23, 29-32], whereas such an impact was
proven by others [33-35]. In our study, we were able to prove
an independent prognostic value for SPF with respect to overall
survival, with a relative risk of 1.84 the second strongest after
nodal status. However, with respect 1o RFS and DRFS, DNI
turned out to be the more valuable predictor of outcome.

Thus, though it does not seem possible to rely on one flow
cytometry parameter alone, their combination can be useful to
differentiate between patient groups at high and low recurrence
risk, as we were able to show by subgroup analysis. To date, the
decision about the aggressiveness of an adjuvant chemotherapy
scheme for a given patient seems to be based on the synopsis of
clinical, histopathological and flow cytometry data, at least until
more precise information about the biological behaviour of an
individual tumour is available, obtained by flow cytometry or
other methods. Nevertheless, our study demonstrates that data
derived from DNA flow cytometry can provide helpful infor-
mation about the recurrence risk in an individual patient.
However, these data have to be interpreted in context with
clinical and histopathological measurements.
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