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ABSTRACT

This study was undertaken to evaluate some important prognostic factors in human breast 
cancer. The prognostic value of accepted clinicopathological factors such as the presence of 
axillary lymph node métastasés, histologic grade, clinical and pathological stage was 
confirmed.

In a cohort of stage T3,T4,M0 breast cancer with 91 patients (paper I) DNA ploidy by 
static cytometry (SCM) turned out to be the most important prognostic factor. In a cohort 
of stage T2,M0 breast cancer with 99 patients (paper III) the presence of involved axillary 
nodes and low histologic grade were independent prognostic factors. According to life-table 
analyses DNA ploidy by flow cytometi7  (FCM) and SCM were significant prognostic 
predictors for survivi but S-phase fraction (SPF) was not. The significant discrimination 
between euploid and aneuploid tumours was seen also among the node-negative patients. In 
a patient material with 158 tumours of predominantly low stages (73% T0,T1, papers IV 
and V) and calculated mammographie tumour volume doubling time (DT) DNA ploidy by 
FCM gave no significant prognostic information. A computer program was used to 
calculate SPF from the histograms obtained by FCM. SPF with a cut-off value of 7.5% 
between tumours with high and low proliferation rate was a highly significant and 
independent prognostic factor for survival. The other independent prognostic predictors 
were low histologic grade, the presence of involved axillary nodes and stage II and III 
{versus stage I).

DT values for 158 patients (papers IV and V) varied between 0.6 and 65.8 months (mean
10.9 months) and 11 tumours showed no growth at all between mammographies. The 
median value of 9.0 months was chosen as cut-off point between slow and fast growing 
tumours. The prognostic power of DT was however low, and the difference between slow 
and fast growing tumours was significant only for distant disease-free survival. Seventy-one 
of the 158 tumours were detected by mammographie screening. The screening detected 
carcinomas with predominantly long DT:s were discovered at an early stage and showed 
favourable characteristics concerning DNA ploidy and SPF.

FCM was a rapid and reliable method for DNA analysis with a better prognostic 
discrimination between euploid and aneuploid groups than SCM (papers II and III).

SPF, DNA ploidy and histologic grade are significantly correlated to one another but show 
no strong correlation to the presence of axillary lymph node métastasés. There is also a 
significant correlation between DT on one hand and DNA ploidy and SPF on the other 
hand.

In conclusion the classic prognostic factors are still valuable. DNA ploidy as a single 
prognostic factor seems to have a relatively low prognostic power and seems to be of 
limited clinical value. SPF is a highly significant prognostic predictor for breast cancer of 
low stage, but the clinical value is not defined.
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10.9 months) and 11 tumours showed no growth at all between mammographies. The 
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of the 158 tumours were detected by mammographie screening. The screening detected 
carcinomas with predominantly long DT:s were discovered at an early stage and showed 
favourable characteristics concerning DNA ploidy and SPF.

FCM was a rapid and reliable method for DNA analysis with a better prognostic 
discrimination between euploid and aneuploid groups than SCM (papers II and III).

SPF, DNA ploidy and histologic grade are significantly correlated to one another but show 
no strong correlation to the presence of axillary lymph node métastasés. There is also a 
significant correlation between DT on one hand and DNA ploidy and SPF on the other 
hand.

In conclusion the classic prognostic factors are still valuable. DNA ploidy as a single 
prognostic factor seems to have a relatively low prognostic power and seems to be of 
limited clinical value. SPF is a highly significant prognostic predictor for breast cancer of 
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GLOSSARY AND ABBREVIATIONS

Aneuploidy Nuclear DNA content deviating from 
that of normal cells

CV Coefficient of variation

DDFS Distant disease-free survival

DI DNA index

Diploidy Nuclear DNA content corresponding to that 
of a normal somatic postmitotic cell.

DNA Deoxyribonucleic acid

DFS Disease-free survival

DT Doubling time

Euploidy Nuclear DNA content corresponding to that 
of normal cells

FCM Flow cytometry

SCM Static cytometry

SPF S-phase fraction

Tetraploidy The double nuclear DNA content of that 
from a normal somatic postmitotic cell

TLI Thymidine labeling index
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INTRODUCTION

Breast cancer is the most common cancer among western women. It accounts for almost 
25% of all the diagnosed malignancies. In recent decades, the incidence has been slowly 
rising. Treatment with surgery and/or radiotheraphy cures many breast cancer patients. 
Adjuvant cytotoxic or endocrine therapy enhances both disease-free and overall survival of 
node-positive patients. Chemotherapy avoids or delays about 30-40% of recurrency and 
death, with the greatest benefit in premenopausal women. Tamoxifen treatment avoids or 
delays 20% of treatment failures especially in postmenopausal women.1 The problem of 
identifying patients requiring adjuvant treatment is more troublesome in patients without 
axillary lymph node métastasés. The majority will remain disease-free and should ideally be 
spared adjuvant treatment. However, about 30% will show recurrencies and those patients 
probably would benefit from adjuvant treatment. Trials suggest that adjuvant treatment 
affects prognosis in node-negative women.1 Thus, prognostic factors able to define high- 
risk groups are of great clinical interest.

If a tumour is eradicated before any dissemination has occurrred, no recurrencies are to be 
expected. If, on the other hand, regional or distant dissemination has occurred at the time of 
primary treatment, growth rate of the residual tumour will affect time to recurrence and 
thus prognosis. There is at present only little knowledge of factors associated with tumour 
progression. There is no method available to detect the occurrence of microscopic tumour 
lesions, the most important clue to the clinical course. Several prognostic predictors have 
been employed for many years. The occurrence of axillary lymph node métastasés and their 
number, is so far the most important prognostic factor. Routinely only the axillary nodes 
are examined histopathologically, and the internal mammary nodes are not available for 
examination. According to Veronesi et al. the internal mammary nodes are involved in 
9.1% of axillary node-negative tumours.2 Thus, there are cases with regional métastasés 
which are not detected primarily. Tumour size is another factor affecting prognosis and 
furthermore, there is a correlation between tumour size and dissemination to axillary lymph 
nodes.3»4»5 Tumour stage is a powerful prognostic predictor. Staging is based on tumour 
size and the occurrence of involved axillary lymph nodes. Tumours of different histologic 
type and grade show different clinical behavior.6 The clinical prognostic value of the 
factors mentioned above has been apparent for many years. During the last decades new 
prognostic factors have been described. Estrogen (ER) and progesteron receptors (PgR) are 
used in clinical work, but their prognostic value is still debated.7»8 ER and PgR are 
unrelated to stage and seem to reflect the biologic behavior of the tumour. The clinical 
value of receptors is not analyzed in this thesis.

The awareness of breast cancer fortunately brings many women to seek medical advice soon 
after the occurrence of breast symptoms, usually the observation of a lump in the breast. 
The diagnostic procedures including clinical examination, mammography and fine needle 
aspiration biopsy are diagnostic in most cases. Furthermore, mammographie screening 
increases the number of low stage breast cancers in the panorama, and hence the proportion 
of women with node-negative cancer.9»10 For the subgroup of women without axillary 
lymph node métastasés, there is a great need for new prognostic predictors, especially when 
adjuvant treatment is discussed. If node-negative high risk patients can be selected for 
adjuvant treatment, survival may be improved. On the other hand, if we can single out the 
low risk patients not requiring adjuvant treatment the positive effects on physical and 
psychological well-beeing are obvious. Perhaps even some groups of low risk node-positive 
women may be left without adjuvant treatment without deterioration of the long-term 
results.

Tumour growth reflects the net effect of cell proliferation and cell loss and is influenced by 
many factors such as cellular growth rate, blood supply, host factors etc. Breast cancer 
growth rate has been described by a few authors using mammography,11"15 serial 
roentgenograms of lung métastasés16 or direct measurements.17»18 Doubling times 
according to other authors are described in table 1. Cellular growth rate has been evaluated 
by thymidine labelling index (TLI)19*25 and during the last years by S-phase fraction
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calculated from DNA histograms obtained by flow cytometry.21»23»26“34 DNA ploidy is 
related to proliferative activity of tumour cells.23»29»33' The DNA content of a number of 
individual cell nuclei can be analyzed, and the resulting histogram is used to classify a 
tumour as euploid (= tumour cells have DNA content corresponding to that of normal cells) 
or aneuploid (= tumour cells have DNA content deviating from that of normal cells). Most 
authors have found DNA ploidy to be a prognostic predictor in breast cancer, but the 
prognostic strength varies in different reports and subgroups.28»30»35“50 Other authors have 
found no prognostic value in DNA ploidy analysis.^1“55 This study was undertaken to 
evaluate the possible prognostic value of DNA ploidy and SPF, and to examine their 
relation to actual tumour growth as well as to accepted clinical and histopathologic 
prognostic predictors.

Table 1. Tumour volume doubling times described by roentgenologic or direct 
measurements according to different authors.

Author Reference No. of DT (months) Method
patients mean range

Breur (16) 6 6.6 (0.8-25) X-ray of lung métastasés

Galante (15) 180

8 N+ 2.8

(0.1-13) Mammography

Gershon-
Cohen

(13)
10 N' 4.3

(0.8-7) Mammography

V Fournier OD 147 7 (1.5-62) Mammography

Heuser (14) 23 10.8 (3.6-31) Mammography (9 non growing 
excluded)

Kusarna (17) 199 3.5 (0.2-18) 
(median)

X-ray or direct measurements 
of métastasés

Lee (111) 54 0.6 (0.1-2.9) Direct measurements of métastasés

Lundgren (12) 15 7 (1.4-13) Mammography

Philippe (18) 78 1.3 (0.1-7) Measurements of cutaneous 
recurrencies

Spratt (112) 23 10.8 (3.6-31) Mammography (9 non growing 
excluded)

Amerlöv 
(paper V)

158 10.9 (0.6-oo) Mammography (11 non growing 
excluded)

BACKGROUND TO THE PRESENT INVESTIGATION.

Our interest was to evaluate the prognostic value of DNA ploidy in breast cancer. When we 
started this study, ploidy was described as a powerful prognostic predictor in isolated 
selected retrospective studies.41 The clinical value was not defined at all, and the 
conclusions regarding DNA ploidy as a possible prognostic tool in clinical work with 
cohorts of patients had not been assessed. Different results could be explained by
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differences in methods or interpretation of histograms. Nothing was known about the 
prognostic power of DNA ploidy in advanced breast cancer, where most tumours are node
positive. Advanced breast cancer does not require long follow-up before recurrency and 
death occur. We started our study by analyzing a cohort of patients with T3,T4/M0 
mammary carcinoma within a Regional Cancer Registry initiated 1980. DNA analysis was 
performed using static cytometry on archival tumour material and the prognostic value of 
DNA in advanced breast cancer was presented in paper I. Static cytometry was a laborious 
method and interpretation subjective. It was later reported that archival breast cancer 
material had successfully been used for flow cytometric DNA analysis.39»56»57 Flow 
cytometry is a more rapid method than static cytometry and gives an opportunity to 
examine a large number of breast cancer cases retrospectively, in order to evaluate the 
prognostic power of DNA ploidy. Hence, we undertook a comparative study on static and 
flow cytometry, and performed flow cytometric DNA analysis on paraffin embedded 
tumour material from the patients described in paper I. The results obtained by flow and 
static cytometry were compared (paper II).

In our next study (paper III) we performed both static and flow cytometry and described the 
prognostic value of ploidy and correlations to clinicopathological variables in a cohort of 
T2/M0 breast carcinomas. Flow cytometric DNA analysis gave at least as good prognostic 
information as static cytometry in both patient materials (T3,T4 and T2), and thereafter we 
decided to use flow cytometry for DNA analyses in our further research work. By that time 
S-phase fraction analysis emerged as a more promising prognostic predictor than ploidy 
alone, and SPF analysis was performed on the T2 breast carcinomas and its prognostic 
value presented in paper III.

In a patient material with tumours of low stages (73% T0,T1/M0) and the unique possibility 
to calculate mammographie tumour volume doubling time (DT) we performed DNA ploidy 
and S-phase fraction analyses. We described actual tumour growth rate and also correlations 
to DNA ploidy and cellular growth rate as described by SPF in 158 patients (paper IV). In 
paper V the prognostic information given by DT and cytometric data was investigated. 
Special interest was paid to the subgroup of screening detected cancer with regard to 
tumour characteristics and prognosis (papers IV and V).

AIMS OF THE STUDY.

To describe some prognostic factors and especially the value of DNA ploidy (static 
cytometry) in a cohort of locally advanced breast cancer (T3,T4/M0, paper I).

To evaluate the reliability of the less cumbersome method of DNA ploidy analysis by flow 
cytometry on paraffin embedded material (papers II and III).

To assess the value of some clinicopathological prognostic factors in relation to the 
prognostic value of DNA ploidy in a cohort of stage T2/M0 breast cancer (paper III).

To examine mammographie doubling time (DT) in a patient material (stage I-III) from 
Gävle County Hospital in which the doubling time for the primary tumour had been 
mammographically assessed, and further to describe correlations between DT and other 
prognostic factors, including histopathologic and cytometric variables (paper IV).

To assess the value of prognostic predictors including histopathologic factors, DT, DNA 
ploidy and S-phase fraction in the same patient material (paper V).

To obtain information on histopathologic and cytometric tumour characteristics and 
prognosis in screening detected breast cancer (papers IV and V).

To evaluate S-phase fraction as a prognostic predictor in breast cancer (papers III and V).
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MATERIAL AND METHODS.

Patient material.

Paper I. A cohort of patients with T3,T4/M0 breast cancer diagnosed in the northern region 
of Sweden and reported to a Regional Oncology Centre and Cancer Registry 1980-82 was 
examined. This cohort of locally advanced breast cancer was chosen because we expected 
prognostic predictors to reveal their value after a short period of time, as recurrencies occur 
soon in advanced tumour stages. We collected cytologic and/or histologic material from 
almost all reported 109 patients. In 14 patients morphological material was unavailable or 
unsuitable for analysis. One patient was excluded because the tumour was classified as 
cystosarcoma phyllodes. Three patients were excluded because of a previous breast cancer. 
Ninety-one patients remained and were studied. A Cox's multivariate analysis was 
performed. Because of the advanced disease stages, treatment was individualized and 
incomplete data on axillary lymph nodes, histologic grade etc. reduced the patient group. 
The result of the multivariate analysis was difficult to interpret, and data were not presented 
in the original report. A few results will however be mentioned in this thesis. Patients were 
followed from the Oncology Centre and recurrencies and deaths were recorded. In each 
case we read patient records, and in a few cases we took contact with Oncology 
Departments in other parts of Sweden to get reliable follow-up data. Patients were followed 
for 3-7 years or until death. We compared treatment in the two ploidy groups and found 
that it was fairly similar. Survival was given as crude survival ie. no corrections were made 
for deaths due to other causes than breast cancer. Thirty-seven out of 44 deaths were caused 
by breast cancer.

Paper II. Patients from the T3,T4/M0 study were included. In 16 patients who had no 
radical breast operation paraffin embedded material was not available, and in three cases we 
could not find any suitable tumour material. Flow cytometry was performed on archival 
paraffin embedded tumour material from the remaining 72 tumour cases.

Paper III. A cohort of patients with T2/M0 breast cancer diagnosed in the northern region 
of Sweden and reported to the Regional Oncology Centre and Cancer Registry 1980 was 
examined. In 14 cases out of 127 morphologic material was not available or unsuitable for 
diagnosis. One patient had a squamous cell carcinoma, and after review of histologic slides 
cancer diagnosis was doubtful in six cases. Thus, twenty-one cases were excluded, as were 
seven patients with a previous breast cancer. Ninety-nine patients remained, and the 
tumours were examined by static and flow cytometry. Follow-up was based on records 
from the Regional Oncology Centre, and in each case data were checked against patient 
records. All but five patients were followed for more than five years. Mortalities among 
patients who had significant breast cancer disease were regarded as deaths from breast 
cancer. Twenty-two of the 52 patients who died had at death no signs of breast cancer. 
These 22 patients were excluded from the survival analyses at the date of their deaths and 
were regarded free from breast cancer disease. Regarding treatment no major différencies 
could be demonstrated between DNA ploidy groups.

Paper IV and V. Patients from Gävle County Hospital with breast cancer and known 
mammographie tumour volume doubling time (DT) were included. In breast cancer cases 
diagnosed between April 1974 and January 1987 a previous screening mammography was 
often at hand. We found 181 patients with an initially overlooked tumour. As the tumour 
diameter was measured on two different occasions DT could be calculated. In 16 cases we 
had problems finding the paraffin embedded material, which had been sent to another 
hospital for histopathologic examination. These patients were excluded, as we could not 
verify cancer diagnosis and had no material for flow cytometry. On histological review the 
diagnosis of invasive carcinoma was doubtful in seven cases, and after exclusion of these 
cases, 158 patients remained. Sixty-eight per cent of the tumours were stage I, 31% stage II 
and 1% stage III. Forty-five per cent of the patients were diagnosed by screening. Follow- 
up was based on patient records, which were all checked by two of us (C. Amerlöv and B.



13

Lundgren). Patients were followed from diagnosis until death, and the patients who 
survived were followed until November 1989. Mean follow-up time was 6.9 years and 
median follow-up time 6.6 years.

In all papers the cause of death was evaluated by the author. In each case patient records 
and, if autopsy was performed, autopsy protocols were reviewed. When patients died with 
métastasés from breast cancer disease the cause of death was judged to be breast cancer in 
most cases. In a few cases with a single metastasis or a non-progressive disease and a 
completely different disease responsible for death, the latter disease was regarded as the 
cause of death. These few patients had the severity of their disease recorded as a recurrence 
in all DFS or DDFS analyses. No major problems in establishing the "real" cause of death 
were encountered. No patients with a previous, a synchronous or a later diagnosed breast 
cancer in the other breast were included in survival, DFS or DDFS analyses. In these 
patients we did not know which tumour was responsible for recurrency or death, and thus 
no correlations between tumour characteristics and prognosis could be evaluated.

Cell cycle and cytometry.

Normal human cells have 23 paired chromosomes. In malignant human tissue the cells may 
have the normal amount of DNA corresponding to 23 paired chromosomes (diploid), less 
DNA (hypoploid) or more DNA (hyperploid). The majority of malignant breast tumours 
have an aneuploid (=hypo- or hyperploid) DNA pattern, ie. the DNA amount in the resting 
tumour cell is different from the amount of DNA in a normal cell with 23 paired 
chromosomes. A cell in resting phase is in the Go phase of the cell cycle. When the cell 
enters the cell cycle it goes into the G\ phase. During S-phase the DNA amount increases 
until the DNA chain is replicated and the amount of DNA doubled. Then the cell enters the 
G2 -phase during which nuclear proteins are produced, until the cells are ready to divide. 
During M-phase mitosis is completed, and each new cell goes back to the G\ phase. Some 
of the cells continue to divide while others enter the Go phase. The different cell cycle 
phases are illustrated in fig. 1. The histograms resulting from static or flow cytometry show 
the DNA content of a different number of individual cells. It is possible to use the 
histograms for calculation of the number of cells in different cell cycle phases.

Figure 1. Schematic representation of the different cell cycle phases. The sectors 
represent the time for the respective phases.
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Cytometric DNA measurements are performed either by static (SCM) or flow cytometry 
(FCM). Nuclear DNA is measured after stochiometric DNA staining. In SCM cytologic 
smears or histologic sections are used, and the DNA content of individual cell nuclei is 
measured under a microscope by fluorescence or absorption of light. The method is time 
consuming and only few cells are measured (usually about 100 cells). There is a risk of 
selection bias and that small cell clones will be undetected, but the advantage is that each 
cell nucleus is measured under visual control, and the cell can thus be verified as a cancer 
cell. An internal standard is always at hand as normal cells can be measured for 
comparison. A histogram resulting from SCM is shown in fig 2. In flow cytometry nuclei 
are released from paraffin embedded, fresh or frozen tumour material by a combination of 
mechanic and enzymatic release, whereafter the nuclei are stochiometrically DNA stained. 
In a flow cytometer the cell nuclei in suspension are injected into a liquid stream with 
laminar flow, and each stained nucleus is analysed for its DNA content by means of 
fluorescence induced by a light beam. As a rule 10,000 to 20,000 cells are measured. The 
high number of analyzed cell nuclei assures a high resolution. On the other hand, there is 
no morphological control of measured cell nuclei. In retrospective measurements of 
desintegrated paraffin embedded material no reliable standard can be introduced, but a 
fraction of benign cells is always present in the diploid peak. A FCM histogram is shown in 
fig. 3.

à
Figure 2. SCM histograms from a diploid (Auer type I, a) and an aneuploid (Auer 
type IV, b) tumour.

60010 0 0

T 200100200
FL2FL2

Figure 3. FCM histograms corresponding to the tumours shown in fig. 2. (a= diploid, 
b=aneuploid).
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Laboratory methods.

SCM.

For SCM fine needle aspiration biopsy smears were used when available. If not available, 
histologic sections were used. The cytologic smears were investigated by manually 
performed fluorescence measurements after Feulgen-acriflavine-SC>2 staining for DNA5* 
using a Leitz MPV 3 cytophotometer (Leitz GmbH, Wetzlar, West Germany). The 
FLUORA software program was used for evaluation.59 Histologic sections were 
deparaffmized, Feulgen-stained and absorbance DNA measurements were performed using 
the Leitz MPV3 cytophotometer equipped with a 0.5 fim mechanical scanning stage (Zeiss, 
Oberkochen, West Germany). The HISTOSCAN program was used for evaluation.60 About 
100 tumour cells and 20 control cells (lymphocytes) were measured in each case. The 
measurements were presented as a histogram based on DNA index (DI) values, with DI = 1 
for the control cells.

FCM.

For FCM histologic archival paraffin embedded tumour material was used as described by 
Hedley et al.56 Sections of 100-150 pm for the DNA analyses were cut. To assure that 
adequate cancer tissue was used for analysis, sections for light microscopy were also cut 
and examined. The thick slices were deparaffmized in xylene and then rehydrated in 
progressively decreasing concentrations of ethanol. Isolation of nuclei was performed by 
overnight incubation at 37° C in a trypsin solution containing a detergent (Nonidet P40) and 
sperminetetrachloride, according to Schütte et al.57 After vortexing and filtration through a 
50 ^m nylon mesh, the nuclei were stained using a propidium iodide solution in the dark 
for at least 30 minutes at 4°C. In paper II the samples were run in a FACS Analyzer 
(Becton-Dickinson, Sunnyvale, CA, USA) and in the following papers (III-V) in a 
FACScan flow cytometer (Becton-Dickinson). The data were analyzed by the Consort 30 
software (Becton-Dickinson). As a rule, 10,000 nuclei were examined. If the first 
histogram was unsatisfactory (few tumour cells, background debris etc.), we performed a 
new désintégration and FCM analysis, which often resulted in an acceptable histogram. The 
rate of histograms that could not be evaluated was low. In papers II and III 7% (5/72 and 
7/99 respectively) of the flow cytometry histograms could not be evaluated. In papers IV 
and V 5% (8/158) of the histograms could not be classified. In the reports in the literature, 
where the rate of histograms that could not be evaluated was commented on, it varied 
between 1% and 28%.2°^9>46,52,6i-63

In paper II the mean coefficient of variation (CV) was 5.3% ± 1.7 (range 3% to 10.8%) 
for the first peak in the histogram in 56 cases. In paper III the mean CV was 6.2% (2.5%- 
10.3%) in 78 cases. We used the diploid peak in diploid tumours and the first aneuploid 
peak in aneuploid tumours for CV calculation. This also makes the CV:s higher as the 
genetic instability of aneuploid clones usually results in broader peaks. In paper V the mean 
CV was 6.5% (3.4-14.0%) in 148 cases. The somewhat high CV:s are due to the fact that 
paraffin embedded material was used, and to the ambition of evaluating a high percentage 
of tumours. See discussion. When fresh or frozen tumour material is used the CV:s are 
considerably lower.

S-phase fraction analysis.

Baisch et al. 1975 described a mathematical method of calculating the amount of cells in S- 
phase from the flow cytometry histogram.64 The S-phase cells are cells in proliferation, and 
as the cellular proliferation rate together with cell loss are major factors to determine 
tumour growth rate, we believed that we could enhance the prognostic predictive value by 
performing SPF analyses. The histograms were corrected for background noise. Adequate 
calculations of SPF were performed in 79 out of 92 cases (86%) in paper III and in 122 out 
of 150 cases (81%) in papers IV and V. The rate of adequate SPF aniyses in the literature 
varies between 46% and 1 0 0 %.26,28,31,34,45,46,51,61,83,107
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Nomenclature.

After SCM all DNA histograms were classified into four different groups (I-IV) according 
to Auer et al.41 Type I histograms are characterized by a single modal DNA value in the 
diploid or near-diploid region, whereas type II histograms show a distinct tetraploid peak or 
two peaks around DI=1 and DI=2 (DI=DNA Index). Type III histograms are 
characterized by a significant number of cells with DNA contents between the diploid and 
tetraploid regions and the two peaks, as a rule, deviate somewhat from the diploid and 
tetraploid regions. Type IV histograms are characterized by cells with DNA values 
scattered from the diploid region and up to and beyond the tetraploid region. Our 
classification was mainly based on the morphology of the histograms, but attention was also 
paid to the DNA index and a tumour with DNA index >1.25 was considered aneuploid. 
According to Auer et al. and Fallenius et al. tumours with histograms of type I and II show 
a far better prognosis than tumours exhibiting type III and IV histograms.38»41 In the 
prognostic evaluation, we therefore considered tumours showing histogram types I and II as 
one group (euploid) and tumours with types III and IV as another group (aneuploid). Most 
histograms can be subdivided easily into the four groups, but in some cases types I and II 
and types II and III cannot easily be distinguished. The evaluation is of course subjective, 
and the ultimate classification in our studies was performed in a blind fashion by an 
experienced cytologist (G. Roos), an experienced pathologist (S. O. Emdin) and the author.

The FCM histograms were used to calculate DNA indices and the histograms were 
classified as euploid (diploid/near-diploid) when only one significant peak was found, and 
as aneuploid when more than one peak was found.65In the diploid histograms small G2 /M 
peaks were sometimes seen. When the peak in G2 /M was of significant size (>15%) and 
the 1.95 > DI <2.05 the tumour was considered tetraploid and evaluated in a separate group 
(only in paper IV and V). No standard cells were introduced into the measurements, but 
normal diploid cells from the tumour stroma were considered to give a peak in the diploid 
region for reference. Thus, the first peak in the graphs was considered to be diploid and the 
possible occurrence of hypoploid clones was not assessed. As can be seen in table 4 
hypoploid clones are rare in breast cancer.

Histologic grading.

Grading was performed by experienced pathologists (paper I and II L Bjersing, SO Emdin, 
paper III L Bjersing, paper IV and V L Bjersing, J Söderström, C Norberg) according to 
WHO criteria after re-examination of all tumours.66»67 For the grading the three variables 
of tubule formation, hypercromasia together with mitosis and the appearance of the nuclei 
were each given a score of 1-3. Tumour scores were judged as follows; 3-5 points as well 
differentiated, 6-7 points as intermediately differentiated and 8-9 points as poorly 
differentiated.

Statistical methods.

Chi-square test was used for contingency tables, and for comparison between subgroups T- 
test was used. A difference was regarded as significant if p<0.05. Survival curves were 
calculated by the Kaplan-Meier method, and for comparison between the curves the log- 
rank test was used.68 In paper III, IV and V the prognostic analyses were corrected for 
deaths unrelated to breast cancer. Multivariate survival analysis was performed with the 
Cox’s proportional-hazards model.69
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RESULTS AND COMMENTS.

Stage.

Stage was evaluated as a prognostic factor in paper IV and V. Clinical stage based on 
palpation of tumour size and axillary contents was a strong prognostic predictor concerning 
survival, disease-free survival (DFS) and distant disease-free survival (DDFS), results in 
agreement with Nikkanen et al.™ What seems especially notable is the favourable prognosis 
for stage 0 and stage I. No breast cancer death was seen among stage 0 patients i.e. patients 
with a non-palpable tumour and no palpable enlarged lymph nodes. Only one cancer death 
was seen among 46 patients in stage I. Pathological stage based on measurement of the 
excised tumour and histopathological examination of the axillary nodes was also a strong 
prognostic predictor considering stages I, II and III.71

Pre- and postmenopausal state.

There was no difference in survival rate between pre- (<55 years) or postmenopausal 
women in paper I, III (new data, table 2) and V. In paper I with T3,T4 carcinomas 
premenopausal women had a significantly higher DFS rate than postmenopausal women 
(p=0.019). In paper III (new data, table 2) and V there was no difference in DFS or DDFS 
rate between pre- and postmenopausal women. Thus, we found no correlation between 
menopausal state and prognosis as reported by most authors,27-46-51-71'73 although a worse 
prognosis for postmenopausal women is described by some authors.52-70-74

Cytologic grade.

Fine needle aspiration biopsy and cytologic examination of smears is a well documented 
diagnostic tool in human breast cancer. The prognostic value of cytologic grading seems to 
be of less importance. In paper I and III cytologic grade did not significantly correlate to 
survival or DFS (paper III, table 2).

Histologic grade and type.

In paper I (T3,T4/N0-2/M0) no differences in survival or DFS was seen for the different 
tumour grades according to life table analyses. Concerning DFS well differentiated cancer 
had a statistically higher disease-free survival rate than the combined group of 
intermediately and poorly differentiated cancer (p=0.036). In paper III (T2/N0-1/M0) a 
highly significant difference was seen between high, intermediate and low grade ductal 
carcinomas concerning survival (p=0.001) and DFS (p=0.005, table 2). Among the T2 
tumours a Cox's multivariate analysis showed that low histologic grade was an independent 
predictor associated with a short survival. In paper V (T0-3/N0-1/M0) with predominantly 
low stages the combined histologic grading of three pathologists showed significant 
differences between grades for survival and DDFS, but not for DFS. In the present study 
histologic grade was found to be a prognostic predictor. However, in daily routine work 
intra- and inter-observer variations probably limit the clinical value of histologic grade.75 
Many authors have found that histologic grade is significantly correlated to 
prognosis,52-54-71-75-76 while others have failed to show such a correlation.38-44 Our 
conclusions concerning prognostic factors refer mainly to ductal carcinomas while the 
number of cases with other histologic types usually was too small for valid conclusions. 
Despite this, a few comments are also made concerning other types. In our analysis of 
locally advanced cancer (paper I), lobular carcinomas had a 5-year disease-free rate of 
29%, which was similar to the rate for the poorly differentiated ductal carcinomas (27%). 
Thus, lobular carcinoma in advanced stage seems to have a poor prognosis. In paper IV and 
V there was only one recurrence and no deaths among six lobular carcinomas of low stage.
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Table 2. Prognostic value of clinicopathological and cytometric variables for the T2 
patients described in paper m .

n Survival DFS
p-value p-value

Ploidy SCM 99 0.029 0.043

Ploidy FCM 92 0.002 0.004

Ploidy SCM+FCM 64 0.005 0.007
(euploid SCM+FCM versus 
aneupl SCM+FCM)

SPF 79 0.097 0.095
(<5% versus >5%)

SPF 79 0.114 0.102
(<7.5% versus ^7.5%)

Ploidy FCM+SPF 87 0.092 0.016
(euploid and SPF < 5 % 
versus all others)

Cytologic grade 53 0.39 0.19

Histologic grade 87 0.001 0.005

Tumour size 99 0.16 0.17
( < 20mm,20-30mm, > 30mm)

Lymph node métastasés 99 0.001 0.001

Periglandular growth 40 0.45 0.13

Menopausal state 99 0.41 0.18

Tumour size.

In paper III (T2 tumours) tumour size (<20mm, 20-30mm,>30mm) measured on the 
formalin-fixed specimen gave no prognostic information concerning survival or DFS (table 
2). In paper V tumour size (0-10mm, 10-20mm, 20-50mm) was significantly correlated to 
DDFS (p=0.001), but not to survival or DFS. The cohorts in this thesis have tumour sizes 
in a limited range because of patient selection, and this may affect the prognostic power of 
pathologic tumour size. Tumour size is in most reports stated to be an important 
independent prognostic factor.3’4»32»38«44’47’51’74

Axillary lymph node métastasés.

Data on lymph node métastasés were taken from the original pathology report. As expected, 
the presence or absence of axillary lymph node métastasés was a strong prognostic factor, 
with the ability to significantly discriminate between groups with different outcome 
according to survival and DFS (papers I, III and V). In paper V this was also found for 
DDFS. A Cox’s multivariate analysis performed in paper III and V showed that the 
presence of involved axillary lymph nodes was an independent prognostic predictor for
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survival. Our results confirm that histologic examination performed routinely on the 
axillary content gives valuable prognostic information for patients with tumours of different 
stages.--5’30’32’37’*8’47’70’72'74

Correlations between histologic parameters.

Histologic grade was not significantly correlated to tumour size (paper III and IV) or to the 
occurrence of axillary lymph node métastasés (paper I, III and IV). A significant correlation 
between increasing tumour size and increasing rate of axillary lymph node métastasés was 
seen in paper IV (p=0.001, table 3).3>4

Table 3. Correlation between histologic tumour size and axillary lymph node 
métastasés in 158 patients with calculated mammographie DT (p=0.001).

Involved axillary nodes

Tumour size
Yes No Total

0-10 mm 1 27 28
10-20 mm 13 54 67
20-50 mm 16 22 38
>50 mm 1 0 1

Total 31 103 134

DNA ploidy.

In paper I where locally advanced breast cancer (T3,T4/M0) was described the aneuploidy 
rate was 64% (SCM, Auer types III and IV) and in paper III with T2 breast cancer the 
corresponding rate was 63%. The rates are somewhat higher than reported by Klintenberg 
et al. (48%) and Fallenius et al. (47%), but about the same as reported by Hatschek et al. 
(63%) and Comelisse et al. (60%)72>3°>3°>77 On flow cytometric analysis in paper II (79% 
of the patients described in paper I) the aneuploidy rate was 58%, in paper III 53% and in 
paper IV 64% if the tetraploid tumours were included. The FCM aneuploidy rates described 
in our reports are well in line with the littérature (50-80%), where the wide range probably 
represents different methods of analysis and interpretation.26'29’32’33’35'37’39’45’4**'54 Our 
reports do not show increasing aneuploidy rates for increased tumour stage among the 
patients described in paper IV (predominanly early stages), paper II ( stage I and II) and 
paper I (stage m ).36,37,55

Little was known about the prognostic value of DNA ploidy in advanced breast cancer and 
in paper 191 patients with locally advanced cancer (T3,T4/M0) were studied. In this patient 
cohort with a poor prognosis, histologic grade or axillary lymph nodes were not prognostic 
predictors concerning survival. DNA ploidy (SCM), on the other hand was a significant 
prognostic predictor for both survival (p=0.045) and DFS (p=0.035) according to life- 
table analyses. In the subgroup of lymph node positive patients DNA ploidy could 
discriminate between a diploid group with a more favourable prognosis than an aneuploid 
group. However, this difference was significant only for DFS (p=0.034), but not for 
survival (p=0.064). In a Cox’s multivariate analysis performed on 50 patients with 
complete data, aneuploidy (p=0.023) was the only independent prognostic predictor 
concerning survival (new data). Thus, DNA ploidy was the most valuable prognostic factor 
in T3.T4/M0 breast cancer.

In paper II all tumours included in paper I, with available paraffin embedded material, were 
analysed with FCM as previously described. The number of patients was reduced to 72 and
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the significant différencies between DNA ploidy groups by SCM for survival and DFS were 
no longer present (reduction of the number of patients). However, DNA ploidy as analyzed 
by FCM was a significant prognostic factor concerning survival (p=0.019), but not 
concerning DFS (p=0.059). Thus, FCM seemed to give at least as good prognostic 
information as SCM.

In paper III a cohort of T2/M0 breast carcinoma was examined (99 patients). DNA ploidy 
as performed by both SCM (p=0.029) and FCM (p=0.002) was a prognostic predictor for 
survival according to life-table analyses. In the subgroups with and without axillary lymph 
node métastasés, ploidy by FCM could discriminate between groups with different survival 
rates, and for the node-negative patients this difference was statistically significant 
(p=0.025). A Cox’s multivariate analysis could not reveal ploidy as an independent 
prognostic predictor for survival. The results concerning DFS were not included in the 
original publication; DNA ploidy determined by both SCM and FCM was a significant 
prognostic predictor for DFS (p=0.043 and 0.004 respectively, table 2). Furthermore, in 
the subgroup of node-negative patients FCM gave prognostic information (p=0.03).

In paper IV and V the 158 tumours were of predominantly low stages with a low mortality. 
DNA ploidy on FCM failed to give significant prognostic information regarding survival. 
In the different studies we were not aware of any change in methodology or in 
interpretation of FCM histograms. Tetraploid tumours had a worse DFS rate than euploid 
and aneuploid tumours, but the significance was weak (p=0.049). No significant difference 
in DFS or DDFS rate was seen between euploid and aneuploid tumours.

Our results show that DNA ploidy is a prognostic predictor in T2 and T3,T4 breast 
carcinoma, but not in the low stages of carcinoma described in papers IV and V. Our 
results are in agreement with the results of Comelisse et al. who found the strongest 
prediction of prognosis among stage III tumours.37 Ewers et al. on the other hand found the 
highest prognostic strength among T1 tumours.36 The abscence of prognostic value in paper 
V may be explained by the low stages and the resulting low mortality, which will reveal 
only the strongest prognostic predictors. However, it may also be due to the fact that the 
prognostic strength of ploidy is less pronounced in low stage disease. The last statement is 
contradicted by reports from several authors who report on the value of DNA ploidy as a 
predictor for node-negative breast c a n c e r .27»44^ 7»51'53 Furthermore, we found a 
significantly better prognosis for euploid than for aneuploid node-negative tumours in paper
III. A large number of studies concerning the prognostic value of DNA ploidy are presented 
in table 4. Seventeen of the 27 reports described DNA ploidy as a significant prognostic 
predictor for the patients studied or at least in subgroups. In eight reports DNA ploidy was 
described as an independent prognostic factor. The possible clinical value of DNA ploidy is 
discussed further in ”Discussion".
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Table 4. DNA ploidy distribution in breast cancer and prognostic value according to 
different authors.

Author Ref. n AN HD
% %

TP MP
% %

Method/Tissue Prognostic value

Amerlöv (43) 91 64 _ - _ SCM + (independent)
Amerlöv (50) 99 53 - - - FCM paraffin +
Baildam (78) 136 62 - 20 - FCM paraffin - (+ if DP+TP 

versus AN)
Beerman (79) 690 73 - 9 12 FCM paraffin 

/fresh
+ (independent)

Clark (27) 345 68 3 6 6 FCM frozen - (surv),(+ for 
DFS)

Comelisse (37) 565 71 - - 10 FCM paraffin 
/fresh

+ (independent 
for postmenop)

Coulson (42) 420 89 8 - 5 FCM frozen (+)
Dowle (54) 354 61 - 6 - FCM paraffin + (only short 

term)
Dressier (26) 1331 57 4 25 9 FCM frozen NS
Ellis (48) 128 N’ 56 - - - FCM paraffin + (independent)
Eskelinen (28) 117 62 - - 17 FCM paraffin +
Ewers (36) 638 60 " 17 FCM frozen + (T1 tumours 

only)
Fallenius (38) 227 58 - 36 - SCM + (independent)
Hatschek (30) 430 63 - - - SCM +
Hedley (39) 473 65 - - 1 FCM paraffin +
Kallioniemi (47) 308 64 - 25 - FCM paraffin + (independent)
Kallioniemi (46) 93 59 - - - FCM paraffin -

Keyhani-R (53) 165 N~ 57 - - - FCM paraffin -

Lewis (44) 155 N* 41 - - - FCM paraffin + (independent)
v d Linden (80) 156 52 - - - FCM paraffin + (distant ree., 

indep)
Lykkesfeldt (34) 153 79 2 33 - FCM frozen NS
O'Reilly (45) 140 69 - - - FCM paraffin -

Owainati (81) 280 60 - - - FCM paraffin -

Sigurdsson (51) 367 N' 58 - - - FCM frozen +
Toikkanen (61) 351 68 - 8 16 FCM paraffin +
Toikkanen (52) 115 55 - - - FCM paraffin -

Visscher (82) 165 62 0.5 2 7 FCM fresh NS
Winchester (83) 257 64 - - 7 FCM paraffin -

AN=aneuploid DP= diploid HP=hypoploid TP=tetraploid MP=multiploid NS=not 
stated

S-phase fraction (SPF) analysis.

SPF rate in paper III varied between 0.8-40.7% with a mean of 11% and a median of 
7.9%. In paper IV the values ranged between 0.8%-39.5% with a mean value of 10.7% 
and a median of 8.2%. SPF and TLI rates according to different authors are presented in 
table 5. Table 6 presents correlations between SPF and clinicopathological variables. SPF 
rate increases with tumour grade. The table also shows that aneuploid tumours have 
significantly higher SPF rates than euploid tumours. SPF increases with tumour size. No 
conclusion can be drawn on the correlation between SPF rate and the occurrence of axillary 
lymph node métastasés. SPF varies with DNA index; the diploid and near-diploid regions 
show low SPF values, whereas the tetraploid region has intermediate values and the triploid
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Table 5. Proliferative ceil fraction as measured by TLI and S-phase fraction and 
prognostic value according to different authors.

Authors (ref) No. of 
patients

TLI % 
(mean)

SPF % 
(mean)

Tumour
tissue

Prognostic value

Gentili (22) 145 4.8 fresh + (N~, premeno)

Hery (25) 76 2.7 fresh + (N")

Meyer (20) 227 6.6 fresh +

Meyer (18) 306 7.5 10.5 fresh +

Mcdivitt (23) 168 7.5 8.0 fresh not stated

Tubiana (19) 128 1.04 fresh +

Clark (27) 253 5.2
(median)

frozen 4- (diploid)

Dressier (26) 1084 5.8
(median)

frozen not stated

Eskelinen (28) 54 4.8
(median)

paraffin +

Feichter (29) 300 4.8 fresh not stated

Hatschek (30) 421 6.9 paraffin +

Kallioniemi (32) 59 7.5 paraffin +

Kute (33) 70 13.7 frozen not stated

Lykkesfeldt (34) 84 14.1 fresh and 
frozen

- (premeno)

Olszewski (31) 90 9.1 fresh not stated

Sigurdsson (51) 250 - frozen + (N’)

Stål (84) 290 8.5 frozen +

Toikkanen (61) 223 11.6 paraffin +

to near-tetraploid and hypertetraploid regions have the highest SPF values. The SPF rates in 
subgroups were very similar in our two patient materials, which indicates that the SPF 
fraction calculation has been performed similarly.

In paper III we saw a difference concerning survival rate between patients with slow and 
fast proliferating cancers, but the difference was not significant at any cut-off point between 
the groups (table 2). In paper V a highly significant difference was noted with a better 
prognosis concerning survival, DFS and DDFS for patients with slowly proliferating 
carcinomas (SPF <7.5%). The significant difference between slow and fast proliferating 
tumours was seen with cut-off values between 5% and 10%. In reports from other authors 
the cut-off values varied, but a significant discrimination was generally seen when a cut-off 
level around the median value was used. Other authors have reported a highly significant 
prognostic value of SPF (table 5 ).27,28,30,39,45,46,51,61,84 Hatschek et al. and Toikkanen et 
al. reported an independent prognostic value of SPF, in line with our findings in
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Table 6. S-phase fraction values in different subgroups in paper III and IV.

Paper IQ (T2,M0) Paper IV (low stages)
n Mean SPF p-value n Mean SPF p-value

All patients 79 11.0 122 10.7

Histology 
Well diff. ductal 
Intermed, diff. duct 
Poorly diff. ductal

14 
41
15

7.5
10.0
17.1

0.018
14
60
21

6.3
10.5
16.8

<0.001

Tumour size 
0-20 mm 
20-30 mm 
30-50 mm

26
27
26

6.8
12.8
13.4

0.023

0-10 mm 
10-20 mm 
20-50 mm

33
56
32

8.1
10.1
14.4

0.012

Lymph node métastasés 
Neg. axillary nodes 
Pos. axillary nodes

41
31

11.7
9.7 NS

84
21

9.7
15.0 0.011

Ploidy
SCM euploid 
SCM aneuploid

30
49

6.2
14.0 <0.001

FCM euploid 
FCM aneuploid 
FCM tetraploid

38
41

7.3
14.5 <0.001

50
63
9

5.0
15.0
12.3

<0.001

DNA Index 
DI 1-1.2 
DI 1.2-1.4 
DI 1.4-1.7 
DI 1.7-1.95 
DI 1.95-2.05 
DI 2.05-

47
4
7 

37
8
5

5.4
7.9

17.1
16.0
11.8
16.4

<0.001

paper V.30*61 Clark et al. and Winchester et al. found SPF to give independent prognostic 
information among euploid but not aneuploid patients.27«83 Sigurdsson et al. described SPF 
as an independent prognostic predictor for node-negative patients.51 These results create an 
optimism regarding SPF as an objective prognostic predictor.

SCM versus FCM.

We found SCM to be a laborious method for DNA ploidy analysis. FCM is rapidly 
performed and is also suitable for use in routine clinical work. In paper II and III we found 
both methods to be correlated to one another (paper II r =0.724; p<  0.001, paper III 
p=0.0002), although divergencies in classification were seen. Both methods could 
discriminate between an euploid group with better prognosis than an aneuploid group 
concerning survival. For disease-free survival SCM gave significant information in paper I 
and III (table 2), but not in paper II probably because of the reduced number of patients.
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FCM was a significant predictor for DFS in paper III (table 2), but not in paper II (small 
number of patients). FCM with the advantage of being rapidly performed and an ability to 
discriminate high risk aneuploid groups from low risk euploid groups with at least the same 
accuracy as SCM, was chosen as the primary method for DNA analysis in the following 
studies. Grouping of SCM histograms into Auer types is subjective and more difficult than 
evaluation of FCM histograms.8̂ -

Tumour volume doubling time (DT).

The growth rate and natural history of breast cancer is not well known. Tumour growth is 
believed to be exponential, but with a decrease in growth rate at the end of the tumour's life 
span, a so called Gomperzian growth curve. Probably the decrease in growth rate occurs 
late in a tumour's life, and there is reason to believe that tumours of sizes as described by 
us are in the exponential part of the growth curve.11 It was possible to calculate 
mammographie tumour volume doubling time in 158 cases of breast cancer (B. Lundgren), 
and the results were presented in paper IV. Calculations of DT:s based on mammography is 
subject to various sources of error: 1. The tumour border may be difficult to define. 2. 
Radiologically suspect densities were retrospectively defined as a carcinoma. 3. Very fast 
growing tumours may not have been included. We have estimated that a measurement error 
on 10%-20% on both size measurements will result in a 10% fault in DT. This calculation 
was based on the assumption that the measurement error had the same direction in both 
measurements, that tumour sizes were 10 and 20 mm on the two different occasions, and 
that the interval between mammographies was 10 months. If one of the measurements was 
10% smaller than real size and the other 10% larger than real size the resulting fault in DT 
would be 50%. However, it is not probable that measurement errors will be of that 
magnitude. Each individual tumour will show the same mammographie appearance on the 
different mammographies, and measurement errors in different directions are not expected. 
Calculated DT:s varied between 0.6 and 65.8 months (mean 10.9 months). Eleven tumours 
showed no growth at all between mammographies. Median DT for all 158 tumours was 
nine months. The distribution of DT:s is shown in fig. 1., paper IV. The findings of 
authors reporting on breast cancer growth rate is summmarized in table 1. Assuming that a 
carcinoma begins with a single cell 15/x in size, the number of doublings necessary for a 
given tumour volume can be calculated. As DT:s and tumour sizes were known, these data 
were used in a model to calculate the tumours' ages at diagnosis. Median tumour age was 
17 years, with the 25th and 75th percentile on 9 and 29 years (Emdin SO, Arnerlöv C, 
unpublished data). As the median age of the patients was 65 years, the majority of 
carcinomas hypothetically started growing when the patients were 40-50 years of age. A 
malignant breast tumour thus seems to have a long life span, and the period after detection 
is considerably shorter than the "preclinical period".

DT was significantly correlated to pathological tumour stage (p=0.016) and tumour size 
(p=0.01), but not to histologic grade or axillary lymph node status. However, node
positive patients had an average DT of 10 months compared to 23.6 months for node
negative patients (p=0.07). We performed flow cytometric analyses on 158 tumours and 
compared DNA ploidy, SPF and DT. Acceptable FCM histograms were obtained in 150 
cases. Tumours with short DT:s were more often aneuploid than tumours with a longer DT 
(p=0.009). Mean DT was 15 months for aneuploid tumours, 10 months for tetraploid 
tumours and 33 months for diploid tumours. Short DT:s and high SPF values (>7.5) were 
correlated (p=0.02). The correlations between DT on one hand, and DNA ploidy and SPF 
on the other hand, show that macroscopic tumour growth is significantly influenced by 
cellular growth rate. DT was significantly correlated to DDFS (p=0.037), but not to 
survival or DFS. In the only earlier report we have found on tumour growth rate and 
prognosis in breast cancer, Kusama et al. showed that tumours with a DT>8 months had a 
more favourable survival than tumours growing faster.17
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Correlations between prognostic predictors.

Clinical and pathological stage are based on pre- and postoperative findings regarding 
tumour size and axillary lymph nodes.86 It is documented that increasing tumour size and 
more advanced lymph node engagement is correlated to a worse prognosis in breast 
cancer.3»4»32»38»47»74 A correlation between increasing tumour size and increasing rate of 
lymph node involvement is well known.3»4 This correlation was described in paper IV 
where tumour size varied in a wider range than in the other papers (table 3).

Histologic grade is based on cellular and tissue signs of proliferative activity. DNA ploidy 
is a measurement of DNA abnormalities, which are expected to correlate more to histologic 
grade than to tumour stage, tumour size or involvement of axillary nodes. The correlation 
between histologic grade and ploidy is described in paper I, III and IV. Our results are in 
agreement with numerous reports, and this correlation is evident.19»29»30»32»35»38»44"47»53" 
55,61,62,81,87-90 pi0idv was not correlated to pathological stage in paper V, a finding also 
described by others.29»32»46 Ploidy was not significantly correlated to the occurrence of 
axillary lymph node métastasés (paper I, III and IV), a result in agreement with many 
earlier reports,22»23»29»33»36»38»45»54»55»72»77»81»88»90»91 but not with all.26»28" 
30,32,37,39,47,61 The correlation between DNA ploidy and tumour size is even more 
controversial. In our reports no correlation was found in paper III concerning T2 breast 
cancer, but in paper IV a trend of increasing aneuploidy rate with increasing tumour size 
was seen, and small tumours (<10 mm) had a significantly lower rate of aneuploidy than 
larger tumours (p=0.02). Some authors have described a significant correlation between 
DNA ploidy and tumour size,30»38»44»54»61»63»89 while others have found no such 
correlation.22»23»28»29»45»46»48»51»88 We found no strong correlation between ploidy and 
tumour size.

SPF rate was significantly correlated to ploidy (paper III, p < 0.001 and IV, p < 0.001). 
Aneuploid tumours had higher SPF rates than diploid tumours, an observation also reported 
in several studies.21»23»26»28"30»32*35»45»46»51»87»91"93 In paper IV a correlation between SPF 
and pathological stage was found (p=0.002),30»36»87 but several other studies have failed to 
demonstrate such a correlation.29»̂ 2»37»47»55»89 We found a weak correlation between SPF 
and tumour size in paper IV (p=0.037). Similar findings have been reported by some other 
authors,28»30»51»93 but not by all.2̂ »32»45»61 A weak correlation between SPF and 
involvement of axillary nodes was seen in paper IV (p=0.046). This correlation has been 
described by a few authors,26»30»61 but could not be found by most
authors.20»23»28»29»32»33»45»90»93

Results from our studies and the literature verifies a significant correlation between 
histologic grade, ploidy and SPF. It is also beyond doubt that aneuploid tumours generally 
have higher S-phase values than diploid tumours. Correlations between ploidy and SPF on 
one hand and stage parameters (pathological stage, tumour size and axillary lymph node 
métastasés) on the other hand are weak or nonexisting. These correlations raises a hope that 
the prognostic power of SPF at least to some degree will be independent of parameters 
describing the "anatomical” spread of the tumour.

Ploidy and SPF in node-positive breast cancer.

As ploidy is regarded as a factor reflecting proliferation, it is to be expected, that subgroups 
of lymph-node positive breast cancer with a high frequency of occult disease will show 
correlations between prognosis on one hand and ploidy and SPF on the other hand. In paper 
I (T3,T4/M0) we found a near significant difference in survival rate between euploid and 
aneuploid node-positive tumours on SCM (p=0.064), and for DFS the difference between 
the ploidy groups was statistically significant (p=0.034). In paper III (T2/M0) and V no 
significant differences between euploid and aneuploid tumours were noted for survival or 
DFS, but the node-positive subgroups were small. In paper V S-phase fraction was tested as 
a prognostic predictor for survival and DFS among the node-positive patients, but no
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prognostic information was gained.

Ploidy and SPF in node-negative breast cancer.

In paper I (T3,T4/M0) only 18 node-negative patients were found, hence no statistical 
evaluation was possible. Ploidy on FCM was a significant prognostic predictor for survival 
(p=0.025) and DFS (p=0.03) among the 47 node-negative T2 patients in paper III. In 
paper V no differences in survival between euploid, tetraploid and aneuploid groups for the 
86 node-negative patients were seen. Neither did SPF significantly discriminate groups with 
different survival or DFS rates among these node-negative patients.

Screening detected cancer.

In paper IV we found that screening detected cancer was characterized by small tumour 
size, a predominance of stage I, a tendency for DNA euploidy, long DT and low SPF when 
compared to the clinically detected cancers. No different rate of axilla^ lymph node 
métastasés was found between screening and clinically detected cancer in this selected 
material. However, the frequency of involved axillary lymph nodes was only 20%, which is 
indeed a low figure. The favourable characteristics related to growth rate ie. DT, ploidy 
and SPF may indicate that tumours are not only discovered when small in size, but also that 
a considerable number of tumours have not developed aggressive biologic behavior at the 
time of diagnosis. On the other hand, Azavedo et al. showed that there was no difference in 
distant recurrence-free survival between non-palpable pNO euploid and aneuploid 
carcinomas, although the number of patients was small (65).

In paper V we found a trend for better outcome for patients with screening detected cancer 
concerning survival (p=0.19) and DDFS (p=0.07). Probably the overall low mortality and 
low recurrence rate explain the small différencies between the groups. Results from longer 
follow-ups will be very interesting. According to the results in paper V SPF was the only 
significant prognostic predictor in the subgroup of screening cancer (p=0.043), a finding in 
agreement with Hatschek et al.30

GENERAL DISCUSSION.

Classical prognostic factors.

The reports included in this thesis have confirmed the value of the well-known prognostic 
predictors in breast cancer. The most valuable factor is the occurrence or absence of 
axillary lymph node métastasés. All the evaluations regarding lymph node involvement in 
this thesis were based on the original pathology report. There were no standard 
requirements for examination of a minimum number of nodes. Thus, the number of 
involved nodes reported could not be related only to the extension of disease, but also to 
type of surgery, thoroughness of different pathologists etc. and it was therefore not 
evaluated. Contrary to what we suspected, the occurrence of periglandular growth was not 
significantly correlated to prognosis in any of the studies. This observation must be taken 
with some caution as there were few patients, and we have not evaluated the thoroughness 
of the original pathology reports. We confirmed that clinical stage based on palpation of the 
breast tumour and axillary contents is a prognostic factor (paper V). Pathological stage, 
based on measured tumour size in the specimen and histologic examination of the axillary 
nodes, was also a significant prognostic predictor. Tumour size did not seem to be as strong 
a prognostic factor as the occurrence of axillary lymph node métastasés, but the limited 
range of sizes in our patient materials may have influenced the results. Histologic grade 
after a thorough reexamination, with special attention paid to tubule formation, 
hyperchromasia, mitoses and the apperance of the cell nuclei was a prognostic predictor in 
paper III (T2/M0) and V (low stages). The prognostic value of grade was less pronounced
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in the study reported in paper I (T3,T4,M0). Histologic grade reflects proliferative activity 
of the tumour, and it is not surprising that grade correlated to prognosis. In clinical routine 
work many pathologists are involved and intra- and inter-observer variations may reduce 
the prognostic value of histologic grade.

Laboratory methods and DNA ploidy classification.

Laboratory methods and the interpretation of data must be of high quality to permit any 
conclusions regarding DNA ploidy, SPF and prognosis. In this thesis we have made great 
efforts to gain data on ploidy for each individual tumour, and the use of non-optimal 
histograms for DNA ploidy evaluation may be a source for incorrect classification in some 
cases. On the other hand most histograms were quite easy to classify, and the classifications 
were performed by an experienced cytologist (G Roos) in collaboration with an experienced 
pathologist (S O Emdin) and the author. As we have mentioned above, SCM histogram 
classification is to some degree subjective.85 Excluding a number of histograms with 
doubtful classification may cause a selection, as we do not know if special types of tumours 
result in non-optimal histograms. One of the main problems with our FCM classification is 
that near-diploid but aneuploid clones may not be detected in histograms with one single 
broad peak. According to Kallioniemi et al. near-diploid tumours have a favourable 
prognosis.32 In paper V we found that SPF was low in the near-diploid region (table 6), 
and this is reflected in a high survival rate, fig 4. Tribukait has described a similar relation 
between DNA values and SPF for urinary bladder tumours.95 These data indicate that the 
influence of a few near-diploid, but aneuploid tumours that may be included among FCM 
euploid tumours in our series, do not cause any major influence on results. Our high rate of 
analyzed tumours permits no selection bias because of exclusion of a large number of 
tumours difficult to analyze. In the thesis by Fallenius only 409 out of 960 tumours (43%) 
were analyzed for DNA ploidy, and of course the loss of more than 50% from a patient 
material may cause a selection of tumours.96 In a majority of reports on DNA ploidy and 
prognosis the number of tumours excluded because of non-evaluable histograms are not 
specified. The influence on the results regarding prognostic power of DNA ploidy caused 
by this possible selection is of course totally unknown. There is no definite agreement 
between DNA ploidy analyzed by SCM and FCM, although significant correlation almost 
always has been found. Auer et al. found 26% divergent results on diploid/aneuploid 
classification, Fallenius et al. found 14% and Falkmer et al. found 16% divergency.97»98’63 
The divergency rates between the two methods of 16% (11/67) in paper I and of 30% 
(28/92) in paper III are not different from the results of other authors as mentioned above. 
One explanation for this variation is that FCM gives a better resolution for aneuploid cells 
clones with DI:s near 1.0 and thus classifies a tumour as aneuploid, although the SCM 
pattern is diploid. Auer type III histograms may on FCM be interpreted as diploid with high 
S-phase fractions. Tetraploid tumours on SCM are, at least according to Auer classification 
referred to the euploid group, whereas tumours with a FCM tetraploid histogram is referred 
to the aneuploid group (if not evaluated separately). Thus, some of the divergencies 
between the two methods are easily explained. Another problem concerns the classification 
of tetraploid tumours, which seem to have a poorer prognosis than euploid tumours but 
better prognosis than aneuploid tumours (paper V). In paper III we found that a 
combination of FCM and SCM did not give better prognostic information than FCM alone, 
which, however, might have been due to a reduction of the number of patients with a 
reduced statistical power (table 2). Falkmer et al. have proposed a combination of both 
methods for a higher prognostic accuracy, and this has to be further examined.63
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Figure 4. Survival according to DI-vaiues. Tetraploid and near-diploid tumours show 
better survival rates than than tumours with DI:s in the hyperdiploid and 
hypertetraploid range. (158 patients from papers IV and V).

The heterogeneity problem.

It is of great importance that the analyzed part of the tumour is representative of the whole 
tumour. According to authors using SCM only a few breast cancers show a diploid DNA 
pattern in one area and an aneuploid pattem in another area.99' 102 In a recent report by 
Beerman et al. the aneuploidy rate (the presence of at least one DNA-aneuploid stemline in 
a specimen) was 86% when multiple samples from the same primary tumour were 
examined by FCM. Intra-tumour heterogeneity (the presence of more than one DNA 
stemline: DNA aneuploid and/or DNA-diploid) was 80% for primary tumours. The rate of 
tumours with a diploid pattern in one sample and an aneuploid pattem in another sample 
was 32% (14/44).103 In a study by Baildam et al. two samples taken at two different 
occasions from patients recieving tamoxifen treatment were analyzed, and they found the 
two samples to show similar histograms in diploid and aneuploid tumours, but for tetraploid 
tumours a significant decrease of the tetraploid peak was seen. This was considered due to 
tamoxifen treatment, but of course tumour heterogeneity could not be excluded.104 
Remvikos et al. showed that on FCM analysis, 38 out of 41 tumours had the same DI on a 
preoperative fine needle sample as on a fine needle sample from the surgical specimen.105 
Fine needle sampling has the theoretical advantage of cell sampling from different areas of 
the tumour, which decreases the risk of undetected cell populations. Feichter et al. found 
that the DI in primary tumours and métastasés agreed in 76% (61/80 tumours).106 
Kallioniemi et al. described 518 breast cancers and in 3-10 sections from each tumour 
heterogeneity of DNA content was found in 24%, but only in 10% a tumours were diploid 
in one area and aneuploid in another area.102 According to a study by Ljungberg et al. at 
least five samples taken at random are needed to detect polyploidy or aneuploidy with a 
more than 90% probability in a tumour with heterogeneity.108 Heterogeneity may be a 
cause of incorrect DNA ploidy classification when only one sample/tumour is analyzed. In 
the majority of cases heterogeneity is caused by multiple aneuploid peaks, not detectable in 
every sample, but this does not influence the DNA ploidy classification in euploid and 
aneuploid groups. Heterogeneity with diploid DNA pattern in one area and aneuploid 
pattern in another area is not common, but indeed it exists. In one investigation we have 
taken five samples from each of 21 tumours. From a central slice of each tumour four 
quadrant and one central tumour piece were cut and analyzed by FCM. The tumours were 
predominantly large and 86% were aneuploid. Heterogeneity was seen in four cases (19%), 
but only in one case (5%) both euploid and aneuploid samples were seen in the same 
tumour (unpublished data). Heterogeneity may influence the results obtained with regard to 
prognostic power of DNA ploidy analyses performed on only one sample/tumour, which
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has been the routine for almost all reports dealing with DNA ploidy and prognosis in breast 
cancer.

DNA ploidy and prognostic value.

Evaluation of DNA ploidy using SCM or FCM is usually based on subjective judgment of 
the resulting histograms, but the use of some standard criteria may enhance the 
objectiveness. A standard for cytometric terminology, resolution of measurements and 
cytometric standards was presented by Hiddeman et al. 1984.65 Different results between 
authors dealing with DNA ploidy and breast cancer are partly explained by methodological 
and interpretation différencies. Although such différencies exist, we believe that the 
prognostic value of DNA ploidy described in the present thesis is real, as patients with 
diploid tumours in all analyses had a better prognosis than patients with aneuploid tumours. 
The prognostic power is, however, less than the initial enthusiasm predicted. Correlations 
to other prognostic predictors partly explain the prognostic power, but in several reports a 
significant independent prognostic value for survival has been found.37,38,44,47,48,79,80 
This was also shown in paper I in this thesis. Because of the relatively low prognostic 
power of DNA ploidy as a single parameter the clinical value will probably be very limited. 
DNA ploidy in combination with other variables, as for instance SPF, may be of value for 
separating high- and low-risk patients in subgroups as node-negative patients, where there 
are few, if any other reliable prognostic factors.44’47 An example of this was seen in paper 
V where 13 patients with tumours < 12 mm and without axillary lymph node métastasés 
had recurrencies. Nine were local, two were regional and two were distant recurrencies. 
Nine patients had non-euploid FCM curves (eight aneuploid, one tetraploid) and seven had 
SPF values >7.5%. Ten patients had non-euploid FCM curves or high SPF values. All 
four patients with regional and distant recurrencies had aneuploid tumours with SPF values 
exceeding 7.5% (new data).

SPF and prognostic value.

SPF is a promising prognostic factor, but its estimation is not reliable in all cases. In 
aneuploid tumours with low DI:s and in multiploid tumours the calculations are inaccurate, 
because the cells in S-phase from different cell populations cannot be separated. Also in 
diploid tumours the relative amount of normal cells in the Go/Gi peak is unknown, and this 
results in underestimating the S-phase fraction of the malignant cells. A judgement must be 
made on which histograms can be evaluated or not for S-phase fraction calculations. This is 
of course to some extent a subjective judgement, but an agreement on objective criteria 
should reduce this problem. In a considerable number of cases, SPF can be calculated from 
the FCM histogram. In paper IV we found correlations between SPF and histologic grade 
and between SPF and ploidy. These results are in agreement with the literature. We also 
found weak correlations to pathological stage, axillary lymph nodes and tumour size, but 
similar correlations have been found by only a minority of authors. Our evaluation of SPF 
in paper III showed a tendency for better survival rates for patients with tumours of low 
proliferative activity, but the différenciés were not significant, neither with 5 % nor 7.5 % as 
cut-off values. In paper V, with a cut-off value of 7.5%, SPF was significantly correlated 
to survival, DFS and DDFS. Cut-off values between 5-10% gave a significant 
discrimination between groups with different prognosis (new data). Actually no deaths due 
to breast cancer were seen during the whole follow-up period in patients with tumours with 
SPF <7.5%. In a Cox's multivariate analysis SPF was an independent prognostic predictor 
for survival. We cannot explain the different prognostic value in the two studies, which 
used the same methodology. An independent prognostic value of SPF was recently 
described by other authors,30,61,92 and Hatschek et al. and Sigurdsson et al. found SPF to 
be an independent prognostic predictor among node-negative patients.30’51 Kallioniemi et 
al. found that three different DNA histogram types based on a combination of ploidy and 
SPF contributed significantly to the independent prognostic information.32 In our report, 
(paper V) SPF gave prognostic information for screening cancer, but not for the group of
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node-negative patients. SPF analysis may alone or in combination with DNA ploidy be of 
prognostic value in different subgroups. The independent prognostic power is described in 
studies on both paraffin blocks and frozen tissue.2'»30»51»6*»83»92 We have no knowledge of 
how a possible DNA heterogeneity affects SPF analysis from different parts of a tumour, 
and if such variations may influence the correlations to prognosis. Studies on SPF from 
multiple areas in a tumour are important. It is discussed whether SPF used as a single 
parameter may assist in the management of individual breast cancer patients. For node
negative patients we have few useful prognostic predictors today, and it seems possible that 
in the near future, SPF will be one factor used for decisions on adjuvant therapy in breast 
cancer. Probably advances in flow cytometry in the near future will make it possible to 
calculate the S-phase fraction from a specific tumour population, and this may further 
enhance the prognostic power.

Screening detected cancer.

Screening cancer is usually diagnosed in lower stages than clinically detected cancer.9»10 
Breast cancer screening has shown reduction of mortality in older age groups,9»10»109 but 
nevertheless, the value of screening is still a subject of discussion. Studies on screening 
detected and otherwise detected cases suffer from lead-time bias; earlier treatment prolongs 
survival even if treatment is inefficient, as survival is measured from the date of treatment. 
In paper IV and V a considerable number of cases were detected by screening, and we 
examined that group separately. We found that the screened group was characterized by 
small size and a predominance of stage I, but no different rate of axillary lymph node 
métastasés was seen. Interestingly this group consisted of tumours with favourable 
characteristics concerning DT, ploidy and SPF. The aneuploidy rate (aneuploid+ tetraploid) 
for screening cancer was 54% compared to 73% for interval cancer and 67% for clinically 
detected cases. The mean SPF rate for screening cancer was 7.3% compared to 14.6% for 
interval cancer and 11.7% for clinically detected cancer. In reports dealing with prognostic 
factors in screening cancer there seems to be a trend for favourable characteristics among 
screening cancer. Concerning aneuploid tumours in screening groups, Fallenius et al. found 
a rate of 13% and Hatschek et al. 55% (compared to a rate of 67% in the control group and 
72% in the interval cancer group).38»30 Von Rosen et al. found 28% of 66 cases of 
screening detected, non-palpable cancer to be aneuploid.110 Screening detected cancer has 
in general a low rate of axillary lymph node métastasés (von Rosen et al. 9.5% N , 
Hatschek et al. 75% stage I (without axillary métastasés), Andersson et al. 80% stage 0 and 
I).no,30» 1° In the study of Hatschek et al. screening cancer had no different SPF value 
when compared to the control group.30 The differences between screening cancer and 
otherwise detected cancer that were seen concerning survival, DFS and DDFS analyses in 
paper V were not statistically significant. Our data indicate that screening mammography 
detects breast cancer with a high rate of favourable prognostic predictors.

CONCLUSIONS.

FCM is a reliable method for DNA ploidy and SPF analyses on paraffin embedded breast 
cancer material. The method is rapid and suitable for clinical routine work. The prognostic 
discrimination between euploid and aneuploid groups given by FCM analysis is at least as 
good as that given by SCM.

DNA ploidy is a prognostic predictor for T2/M0 and T3,T4/M0 breast carcinoma when 
tested in an univariate analysis. DNA ploidy is not an independent prognostic factor, and in 
low tumour stages DNA ploidy gives no significant prognostic information. The possible 
clinical value seems to be limited.

SPF is an independent prognostic predictor for breast cancer of low stages. However, the 
highly significant prognostic value was seen only in paper V and not in paper III. The 
ability to define risk groups, especially for node-negative breast cancer will have to be
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further examined.

DT shows great variations and is significantly correlated to SPF, but the prognostic power 
is weak.

The classic prognostic factors based on clinicopathological examinations (stage, tumour 
size, histologic grade and the presence of axillary lymph node métastasés) are still valuable.

Screening detected cancer with predominantly long DT:s is discovered at an early stage and 
shows favourable characteristics concerning ploidy and SPF but not concerning histologic 
grade. Screening cancer had no lower rate of axillary lymph node métastasés or 
significantly lower mortality rate when compared to clinically detected cancer, but the 
selected patient material probably influences the results.
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