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The Identification of Informative Parameters in the 
Flow Cytometric Analysis of Breast Carcinoma 
John Lawry, Kenneth Rogers, John L. Duncan and Christopher W. Potter 

D N A  p lo idy  and  the  m e a s u r e m e n t  o f  p ro l i f e r a t i on  o r  S -pha se  f r ac t ion  a re  bo th  o f  p rognos t i c  s ign i f icance  in b r e a s t  
c ance r ,  ye t  cf inical  use  is  m in ima l  in the  U . K .  I m m u n o h i s t o c h e m i s t r y  is,  howeve r ,  u sed  to  a id  d i agnos i s ,  so  a 
p a n e l  o f  a n t i b o d i e s  were  a n a l y s e d  by  flow c y t o m e t r y  to  a s s e s s  the i r  p red ic t ive  va lue  for  p r o g n o s i s ,  t u m o u r  s tage  
and  g rade .  O f  10 p a r a m e t e r s  t e s t e d  on  202 b r e a s t  t u m o u r  s a m p l e s ,  t u m o u r  cel l  p ro l i f e ra t ion  and  D N A  p lo idy  were  
the  two m o s t  i n fo rma t ive ;  c y t o k e r a t i n  s ta in ing ,  na tu ra l  k i l ler  and  B-cel l  inf i l t ra t ion a lso  p r o v e d  to  be  o f  va lue  bu t  
t he re  was  no  p r o g n o s t i c  va lue  in m e a s u r i n g  t u m o u r  inf i l t ra t ing m o n o c y t e s ,  h e l p e r / s u p p r e s s o r  T - c e l l  r a t ios ,  
t u m o u r  cel l  r eac t iv i ty  wi th  c a r c i n o e m b r y o n i c  an t igen  o r  h u m a n  mi lk  fat  g lobul in  an t i bod i e s .  F o r  each  o f  the  
in fo rma t ive  p a r a m e t e r s ,  s c o r e s  numer i ca l l y  we igh t ed  t o w a r d s  a p o o r e r  p rognos i s  were  de r i ve d  which  when  
c o m b i n e d ,  c o r r e l a t e d  with  t u m o u r  g r ade ,  s t age  and  p rognos i s .  Such  da t a  i n t e r p r e t a t i o n  is ob jec t ive ,  and  can  be  

t r a n s p o s e d  to  o t h e r  h u m a n  t u m o u r s .  
E u r J  Cancer,  Vol. 29A, No .  5, pp.  719-723,  1993. 

INTRODUCTION 
NUMEROUS REPORTS have suggested that flow cytometric par- 
ameters parallel climcopathological observations in tumours of 
the breast, and can thus be used as indicators of tumour stage 
and prognosis; in particular, tumour cell ploidy [1-4] and the 
percentage of dividing cells [5, 6] have proven to be valuable 
markers. In contrast, other proposed parameters remain contro- 
versial; these include the expression ofcarcinoembryonic antigen 
(CEA) [7, 8] and human n~lk fat globule (HMFG) [9], and the 

measurement of tumour infiltrating lymphocytes, natural killer 
(NK) cells and monocytes. Thus, there remains a need to 
identify and confirm which of the many cytometric parameters 
proposed are of clinical value, and to devise a method by which 
these measurements can be interpreted. 

In order to identify the cytometric measurements which 
correlate with histological grade, pathological stage and survival, 
202 primary breast carcinoma samples, together with samples of 
normal tissue, were examined by cytometry using 10 separate 
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flow cytometric parameters. Informative parameters were then 
divided into ranges and given a numerical score weighted 
towards a poorer prognosis. We report that of the 10 parameters 
tested, five were of value, and the combined scores were predic- 
five of tumour grade, stage and survival. 

MATERIALS AND METHODS 
Sample group 

The patient group comprised women presenting with primary 
breast carcinoma: tumour samples and, when possible, axiUary 
nodes were obtained at mastectomy. Clinical details were rec- 
orded. Ages ranged from 15 to 80 years (mean 59.5 years, S.D. 
12.8 years); clinical follow-up was for a maximum of 61 months 
(median 50 months). Patients on chemotherapy were excluded. 
Tissue samples were divided to enable histological analysis and 
flow cytometric tests to be carried out on adjacent pieces. 
Clinicopathological data for the sample group was designated 
independently by two pathologists (Dr J.R. Goepel, Department 
of Pathology, University Medical School, and Dr S. Holt, 
Department of Pathology, Northern General Hospital). 

Tumour analysis 
Enzymatic dissociation of the tissue samples was carried out 

using standard methods [10] with 0.2 mg/ml collagenase type II 
and 0.02% DNAase (Sigma). Cell suspensions were either fixed 
(95% ethanol, 5% acetic acid) for cytokeratin (CAM 5.2), 
HMFG-1 and HMFG-2, CEA staining, or used fresh for anti- 
leucocyte antibody staining (CD3, CD4, CD8, CD15, CDI9,  
CD57). Single (SPC) and dual parameter correlated (DPC) flow 
cytometric DNA/monoclonal antibody (Mab) staining tech- 
niques were used, as previously reported [11]. Mithramycin 
(93.6 ~g/ml) and ethidium bromide (37.5 txg/ml) were used 
together for specific DNA G-C base pair staining for DNA 
measurements alone; whilst propidium iodide (PI, 50 ~xg/ml 
with RNase treatment) was used in dual parameter (DNA/Mab) 
staining to distinguish tumour infiltrating cells from tumour cell 
populations, and to simultaneously measure proliferation and 
ploidy. 

DNA histograms were analysed using plannimetric methods 
of Crissman and Tobey [12] and Dean [13], with the measure- 
ment of G0/G1 and G2/M-phase cells and an estimation of S- 
phase cells. Doublet discrimination was not possible, but 
samples were filtered, and histograms analysed critically for the 
presence of doublet and triplet peaks: any equivocal samples 
were retested. Diploidy was defined as a DNA index of 1.0, near 
diploid as 1.1-1.3, aneuploid as 1.4-1.9 and tetraploidy as > 1.9 
(adapted from Beerman et al. [1]). Histograms with a G0/G1 
peak coefficient of variation (cv) exceeding 10 were discarded. 
Samples included in the present study had a median diploid 
G0/G1 cv of 4.5 (n = 202, range 2.2-8.9). 

Analysis of results 
Control values for Mab staining were produced from the 

analysis of six samples of normal breast tissue. All Mab tests 
contained appropriate positive and negative controls. Lympho- 
cytes were used as diploid controls for DNA staining. All results 
were statistically analysed using Student's t-test, Mann-Whitney 
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U-test or ×2 analysis for parametric, non-parametric and "count" 
data, respectively. In addition, data were entered into a data-file 
for analysis by the LIFETEST and PHGLM procedures of the 
SAS statistical package. The PHGLM procedure fits the Cox 
[14] proportional hazards linear regression model to survival 
data, and computes test ×2 statistics for each variable. 

RESULTS 
DNA ploidy 

In the present study, tumour samples were designated diploid, 
comprising 34% of the study group, tetraploid (twice the DNA 
content) having a frequency of 8.5%, or aneuploid (mid-range) 
with a frequency of 48.3%; the term multiploid was used for 
those samples containing three or more populations and was 
seen at a frequency of 8%. These data are summarised in 
Table 1, with the division of these results into histological grade, 
pathological stage or survival groups. The incidence of abnormal 
ploidy (aneuploid, tetraploid and multiploid) increased from 
grade 1 (50%), to grade 2 (62%), to grade 3 (75%) [P < 0.05 by 
×2 analysis, degrees of freedom (dr) = 6]; from stage I (45%), to 
stage II (68%), to stage III  (75%), to stage IV (100%) (P < 0.01, 
df = 9); and from disease-free patients (55%) to those who 
died (80%) (P < 0.05, df = 4). Diploidy was, therefore, more 
commonly seen in low-grade/low-stage disease. It was interesting 
to note that multiploidy was characteristic of a high histological 
grade but not high stage, although the sample group was small. 
Patient survival, however, was significantly increased if the 
tumour was diploid. No statistical differences in prognosis were 
seen between near-diploid, intermediate or near-tetraploid DNA 
indices within the aneuploid sample group (results not shown). 
When aneuploidy was seen in both the primary turnout and 
involved lymph nodes, the ploidy indices correlated with a 
coefficient o f t  = 0.982 (n = 21 ,P  < 0.01). 

Tumour cell proliferation 
Tumour proliferation data, summarised as the S-phase frac- 

tion of the cell cycle, in included in Table 1. Thus, samples 
classified as high grade or stage correlated to high levels of S- 
phase cells, compared to low grade or stage samples (P < 0.05). 
In addition, elevated percentages of dividing cells were also 
associated with recurrent disease and a short survival 

Table 1. The analysis of tumour cell D N A  ploidy index, and S- 
phase fraction with division into clinicopathological criteria 

Multi- Median 
n Diploid Tetraploid Aneuploid ploid %S 

H. Grade 1 18 9 (50) I 7 (39) 1 2.8 
2 104 40 (38) 5 52 (50) 7 2.5 
3 81 20 (25) 11 (14) 39 (48) 8 4.3 

P. Stage I 44 24 (55) 4 10(23) 6 2.7 
II 112 36 (32) 11 (10) 60 (54) 6 2.6 

III 36 9 (25) 5 17 (47) 2 4.2 
IV 7 0 0 6 (86) 0 5.0 

Survival 
D-F 105 47 (45) 6 46 (44) 6 2.5 
Rec 19 8 (42) 1 7 (37) 0 3.5 

Died 41 8(20) 4 23 (56) 6 5.0 

Figures in parentheses are percentages for results along rows. 
D-F = Disease-free, Rec = recurrent breast disease. 
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Table 2. The detection and quantitation of tumour cell populations 

Cytokeratin HMFG- 1 HMFG-2 CEA 

n Range % n Range % n Range % n Range % 

H. gradel 5 7-72 40 2 43-80 66 2 47-84 66 3 17-47 35 
2 38 11-86 43 27 6-76 50 22 11-86 46 21 4-86 36 
3 76 10-82 46 21 4---67 30 27 4-67 30 37 9-82 36 

P. stage I 15 10-70 35 7 13-53 44 6 11-52 46 I0 8-82 25 
II 44 8-82 42 24 6-89 69 29 8-87 58 22 8-86 31 
III 18 10-86 42 19 12-73 27 16 13-38 13 29 4-73 44 
IV 5 14-66 56 0 0 0 

Survival 
D-F 57 10-80 33 32 11-85 36 27 9-86 39 24 8-55 27 
Rec 10 13-73 37 5 23-70 46 3 27-47 38 1 - -  60 
Died 22 11-76 38 14 6-76 34 18 11-60 33 16 6-49 23 

%, Percentage positivity after background subtraction. 

(P < 0.01). Aneuploid tumours also had the highest levels of 
proliferating cells (results not shown). 

Anti-tumour markers 
The results obtained for the four tumour Mabs are shown in 

Table 2. Staining for cytokeratin was the most informative, and 
comprised the largest study group. Results show an increase in 
the percentage of cytokeratin-positive cells from low to high 
grade, low to high stage, and increasing with reduced survival, 
although statistical significance was not found. Lower values of 
cytokeratin-positive cells in a sample may indicate elevated 
levels of leucocyte infiltration or increased sclerosis. Differential 
staining such as this was not seen for either of the anti-HMGF 
Mabs or for CEA. 

The CAM 5.2 anti-cytokeratin Mab (k8, 18, 19) was also of 
value in the study of tumour/lymph node pairs, since it provided 
a method of detecting secondary tumour deposits down to the 
micro-metastases level in nodal tissue [ 11 ]. Stained tumour cells 
were clearly distinguishable from non-staining stromal and 
infiltrative cell populations in these sample pairs. 

In the sample group of normal breast tissue, cells of epithelial 
origin, such as those lining the ducts that connect the breast 
lobules, were stained with the cytokeratin Mab at levels of 
0-10%; and less than 1% in suspensions of normal lymph node 
tissue. Thus, cytokeratin staining of tumour samples was used 
to quantitate the number of epithelial tumour cells present, an 
incidence of more than 10% being indicative of tumour. Normal 
breast tissue showed positivity with other antibodies at median 
levels of 20.9% (CD3), 7.8% (CEA), 17.6% (HMFG-1), 15.7% 
(HMFG-2), and a median S-phase fraction of 0.5%. 

lymphocyte infiltration. Analysis of B and NK cells indicated 
that their presence was indicative of low grade/stage, and of 
improved survival. These comparisons were statistically signifi- 
cant a t P  < 0.05 (grade 1 and 2 vs. 3, stage I vs. III, disease-free 
vs. died). No statistical significance was obtained from the 
enumeration of monocytes infiltrating samples of breast tissue, 
although CD 15-positive cells constituted up to 37% of the total. 

CD4 and CD8 data was expressed as a ratio, and ranged from 
0.5:1 to 2.5:1 (median 1:1, n = 66, results not shown); ratios 
were generally low compared to the normal for circulating cells 
(1.5:1 to 2:1). Due to the range of results, no correlations could 
be made with prognosis, grade or stage. Blood differentials 
revealed no abnormalities in peripheral lymphocyte counts. 
These results suggest cytotoxic lymphocytes (CDS) are the 
dominant infiltrating cell, being independent of circulating 
levels. 

Designation of score values 
In order to simplify the results of the present study, data was 

first analysed as percentage staining, or ploidy groups, as shown 
above; and was then stratified by dividing up ranges of percent- 
age figures, which were then given a numerical score. This 
procedure used information obtained from normal breast tissue, 
calculated medians from tumour samples, and correlations to 
clinical parameters. In each case, high numerical scores were 
correlated with a poor prognosis (see below). 

Scores were established for ploidy by allocating diploid and 
tetraploid tumours a score of 1, aneuploidy score 2 and multiplo- 
idy score 3. S-phase fractions were divided into 0-3% (score 1), 
3-5% (score 2) and > 5% (score 3). Cytokeratin staining was 
divided into 0-10% (score 0), 11-30% (score 1), 31-50% (score 
2) and > 50% (score 3). NK and B-cell enumeration was 
categorised 0-10% (score 1), > 10% (score 0). 

Individual X 2 analysis of data entered into contingency tables 
showed that ploidy, S-phase, B and NK cell enumeration all 
gave significance in predicting prognostic groups at P < 0.05 
(×2 = 24.99, 71.6, 6.41, and 14.9, respectively). Ploidy, S-phase 
fraction and cytokeratin staining were better at predicting 
pathological stage (P < 0.01, ×2= 63.0, 117.35 and 29.75, 
respectively) than NK cells (P < 0.05, ×2 = 7.0). Histological 
grade was similarly predicted by S-phase fraction (P < 0.001, 

Table 3. The analysis of tumour lymphocyte infiltration 

CD3 CD19 CD57 CD15 

n Range % n Range % n Range % n Range % 

H. Grade 1 
2 
3 

16 11-45 23 12 '! '!'!. 18 19 2-32 20 19 2-22 10 
43 6-70 20 21 2-33 14 31 0-22 7 45 0-34 10 
83 8-66 28 20 3-18 8 21 0-27 5 20 0-33 12 

Tumour lymphocyte infiltration 
Table 3 summarises the data obtained for tumour lymphocyte P. Stage I 35 8-51 27 13 6-22 14 17 

infiltration, including CD3 (T-cells), CD19 (B-cells), CD57 II 75 6-70 21 17 2-34 15 36 
III 22 10-57 16 18 3-14 5 12 

(NK cells and fc receptor sites) and CD15 (monocytes). CD3 IV 7 10-55 26 5 5-18 6 4 
staining was used as a measure of lymphocyte infiltration, and Survival 
also as a control for non-specific anti-tumour antibody staining. D-F 70 9-49 25 25 1-33 15 23 
A total of 150 tumour samples were analysed: results showed Rec 8 8-50 21 1 - -  14 1 
that whilst the level of CD3 positivity and anti-tumour antibody Died 20 8-76 23 19 3-18 8 32 
staining was complimentary (excluding stromal cells, etc.), CD3 
staining alone showed no correlation with clinicopathological 
criteria or survival, but did reflect pathological observations of 

7-33 14 15 1-22 15 
4-23 9 35 0-37 11 
1-27 4 24 1-26 11 
5-06 4 5 5-33 12 

7-35 17 32 1-34 15 
- -  20 2 8-31 19 
1-20 8 26 7-34 14 

CD3 (pan T-cell), CD19 (B cell), CD57 (NK cell), CD15 (monocyte) 
MoAbs. %, Percentage positive cells after background subtraction. 
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Fig. 1. Frequency distribution for the combined score of DNA 
ploidy index, S-phase fraction and cytokeratin positivity in predicting 

histological grade. 

X 2 =  130.7), ploidy (P < 0.01, ×2= 62.56) and B-cells 
(P < 0.05, ×2 = 6.4). 

Data for each parameter was also analysed stepwise in the Cox 
proportional hazards model for significance in predicting overall 
survival. These calculations showed the best "traditional" par- 
ameter to be the lymph node status (P < 0.009, ×2 = 11.0) 
followed by the pathological stage (P = 0.057, ×2 = 3.6), and 
grade (P < 0.064, ×2 = 3.34) with tumour size being non- 
significant (P < 0.5, X 2 = 0.45). Flow cytometric parameters 
gave significance with %S (P < 0.019, ×2= 6.8), ploidy 
(P = 0.05, ×2 = 3.8), %NK cells (P = 0.053) and %B cells 
(P < 0.069), and %CK P < 0.08 (×2 = 3.01). 

In an attempt to improve on these correlations, parameters 
were then combined to see if a score could be used to predict 
tumour grade and stage or survival, and the most informative 
are shown graphically in Figs 1-3. Figure 1 illustrates the 
prediction of grade by the combined scores of DNA ploidy index 
and S-phase fraction, enhanced by the addition of scores for 
cytokeratin staining. Decreasing frequencies of scores 3, 4 and 5 
are seen as the grades increase, with a corresponding emergence 
of scores 7 and 8 (×2 = 16.1 df = 8, P < 0.05). Figures 2 and 
3 show that the best predictors of stage and survival were score 
combinations of DNA ploidy and S-phase fraction, although it 
is still not possible to accurately define stages I and II with low 
scoring samples. The life table analysis illustrated in Fig. 3, has 
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Fig. 2. Frequency distribution for the combined score ofDNA ploidy 
index and S-phase fraction in predicting pathological stage. 
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Fig. 3. Survival curves for individual scores produced by the combi- 
nation of the DNA ploidy index and S-phase fraction. Statistical 
si~,nificance between scores 2, 3, 4 and score 5 = P < 0.005, and 
score 6 = P < 0.001. Median survival for score 2 = 28 months, score 
3 = 29 months, score 4 = 15 months, score 5 = 16 months, score 

6 = 13 months. 

a P value < 0.02 (×2 = 4.9), compared to ×2 = 4.1 P < 0.04 
for %S and CK; ×2 = 3.5 P < 0.06 for %CK and ploidy; and 
×2 = 4.2 P < 0.04 for ploidy, %S and %CK combined. 

DISCUSSION 
The analysis of samples of solid tumour by flow cytometry has 

been well documented for the analysis of DNA ploidy, and the 
enumeration of cell cycle, and has shown that these parameters 
are significant indicators of prognosis [I-4, 6, 15-17]. The 
flow cytometric, or immunohistochemical analysis of tumour 
lymphocyte infiltration has not, however, been as extensively 
reviewed [18, 19]; nor has the application of anti-tumour Mahs, 
other than by those reports that cite immunohistochemical 
analysis [20-22]; yet this can be achieved simply using dual 
parameter flow cytometry. Indeed, this technique is discussed 
in an extensive review of morphological parameters in breast 
carcinoma by Visschner et al. [23]. In many instances, DNA 
histogram analysis is difficult when diploid and non-diploid 
populations are both present. Dual DNA/Mab analysis resolves 
turnout cell populations from infiltrative and stromal cells, and 
aids cell cycle measurements. The present study demonstrates 
that the use of an anti-cytokeratin antibody is of value in 
identifying tumour cells within a cell suspension, and also in 
detecting metastatic spread [ 11]; previously only reported using 
immunohistochemicai techniques [20-22]. The present study 
has also shown that the prognostic value of DNA ploidy was 
enhanced when combined with S-phase measurements, and is in 
agreement with a study by Kallioniemi et al. [24]. 

The analysis of tumour infiltration may provide details of the 
immunology of the tumour environment, but not of immune 
function, nor the efficacy of host anti-tumour activity. The 
results of the present study confirm the value of measuring B 
and NK cells in correlations with clinical and pathological 
criteria. This was not found with monocyte infiltration, helper/ 
suppressor cell ratios or the total T-cell content. Helper/sup- 
pressor T-cell ratios were either balanced, or dominated by 
cytotoxic T-cells: this was in partial agreement with Von Kleist 
et al. [ 19] who either found balanced levels of T-cells or a higher 
frequency of helper cells. 

Whilst cytokeratin staining was of value as a tumour cell 
marker in breast cancer no additional value was obtained by 
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the measurement of HMFG or CEA. These findings are in 
agreement with those of Parham et al. [25]. 

A limiting factor in the multi-parametric analysis of a tumour 
sample is in the amount of data thus produced. One method of 
reducing data is to substitute numerical scores for groups of 
linear data. By combining the scores for each parameter under 
consideration, a sample can be represented by a single figure. 
Thus, scores used in the present study identified highly prolifer- 
ating, aneuploid tumours, with a high tumour cell content, as 
being of a poor prognosis (survival 12 months); conversely, a 
non-dividing, diploid (or tetraploid) tumour with few tumour 
cells, and hence high stromal or infiltrating component, had a 
good prognosis. 

Other multi-parameter indices have been devised: Van der 
Linden et al. [26] combined the mitotic index, tumour size, 
axillary lymph node status and DNA content to predict prog- 
nosis; whilst Haybittle et al. [27] derived a clinical prognostic 
index of lymph node stage, turnout size and pathological grade 
[28]. The present study indicates that a "combined flow cyto- 
metric score" is also of clinical value. 

Cox's multivariate analysis identified lymph node status being 
highly significant in predicting survival; followed by %S-phase, 
then DNA ploidy, stage and NK enumeration. Comparable 
findings have been reported in a study of 140 paraffin-embedded 
tissue samples, in which O'Reilly et al. [29] demonstrated a 
similar survival advantage for patients having low S-phase 
fractions, using a median of 7.1% as their cut-off level. The 
present study showed %S-phase and DNA ploidy to be better 
predictors of survival than histological grade or turnout size. 
This is contrary to a second report by O'Reilly et al. [30] in 
which the combination of turnout size and S-phase fraction was 
a highly significant predictor of relapse-free period. 

Hence, the summation of parameters, clinical, flow cytometric 
or both, would seem to be of greater significance than an 
individual parameter. Flow cytometry has the advantage of 
speed over many techniques, and the ability to objectively 
quantitate Mab positivity and antigen density. It is possible that 
linear grading of percentage data may replace the grouping 
illustrated in the present study, and that further parameters such 
as growth factor receptors and oncogene expression [31] be 
included to improve the "combined score", and consolidate the 
clinical value of flow cytometry. 
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