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Summary 

Feulgen-stained samples from 460 small (pT1) primary breast cancers were investigated by means of an image 
analysis system. Several DNA, morphometrical and textural parameters were evaluated for each patient, and 
the prognostic meaning of these parameters was then investigated by the Cox regression analysis. As prognos
tic criterion a distant recurrence-free survival of five years was considered. 

All investigated DNA- and morpho metrical parameters as well as several textural parameters showed a 
significant univariate correlation with the clinical course. In a multivariate approach the axillary nodal status 
was the most important prognostic parameter, followed by a morphometric parameter (anisokaryosis) and 
two textural parameters (runlength and co-occurrence). None of the DNA histogram derived parameters 
could add prognostic information in this multivariate approach. By the linear combination of the four selected 
variables, an individual prognostic factor was calculated. Using this factor the patients could be split into 
several groups according to their risk for distant metastases. Thus a low risk group of pTl patients could be 
identified with a distant recurrence rate of only 2% after 5 years, and also a group of patients with a consid
erably worse prognosis and a 5-year distant recurrence rate of 53 %. In contrast, using the nodal status as single 
parameter allows the identification of a low risk group of patients (pNOpTl) with a dis ant recurrence rate of 
10.6%. Therefore, morphometrical and textural parameters can provide powerful prognostic information in 
small breast carcinomas and may allow a better selection of patients for adjuvant therapy. 

Iutroduction 

Knowledge of prognostic factors in breast cancer is 
a prerequisite for the selection of women for adju
vant hormone- or chemotherapy. The more precise 
the diagnostic (prognostic) methods in detecting 
groups with a higher risk (or lower risk) for aggres
sive disease and recurrence, the better the possibil-

ities for individual treatment. Several prognostic in
dicators are available today. Of these, the presence 
of axillary lymph node metastases is regarded as the 
most reliable one [1-3] and, to a lesser degree, also 
tumor size [1,3,4], histologic grade [5,6], and hor
mone receptor status [7-9]. Due to mammography 
screening programs and other factors an increasing 
number of breast cancers are small in size at their 
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detection. Such small primary breast cancer tumors 
are usually associated with favorable outcome [4, 
10]. However, some of these patients will have re" 
currence and therefore could benefit from more ag
gresive therapy, whereas patients with a low risk for 
distant metastases do not need adjuvant treatment. 

A large number of potential prognostic factors 
has been investigated in the last years. One of the 
most frequently assessed markers is the DNA con
tent of Feulgen stained cells and a variety of param
eters which are calculated on the DNA histograms. 
Several studies have demonstrated an independent 
prognostic value of DNA ploidy [11-15], while 
others could not confirm or only partly confirmed 
these findings [16-19]. The visual classification of 
DNA histograms, developed by Auer and cowork
ers [20], was shown to have an independent prog
nostic value in breast cancers [13,21-24]. Aneuploid 
DNA histograms have been found more frequently 
in rapidly metastasizing tumors, whereas patients 
with diploid tumors in general show a better clinical 
course [21-23]. Lymph node negative patients with 
aneuploid DNA distribution were reported to have 
a higher rate of relapse than those with a diploid 
distribution [19, 25]. In the last years also some 
more parameters, which are calculated on the DNA 
histograms, were shown to yield prognostic infor
mation. The most important ones may be the entro
py [26], the ploidy balance [27], the 2c deviation in
dex [28], the exceeding rates, as well as the S-phase 
fraction as an expression of proliferative activity 
[10,29,30]. 

In addition to these DNA parameters, some mor
phometric features have also been reported to be of 
prognostic value in breast cancer patients. The nu
clear shape was demonstrated to deliver prognostic 
information [1,2,30-33]. Also the variability of nu
clear size as a morphometric equivalent of anisoka
ryosis was found to be of prognostic value [1, 35]. 
Finally, a few studies have noted the prognostic rel
evance of specific chromatin features in breast can
cer [36-38]. However, these cytometrical studies 
were usually performed on consecutive cases of 
breast cancers, consisting of various portions of 
small (pTl) and larger primary tumors. In the pre
sent study the prognostic significance of cytometri
cally assessed DNA, morphometrical and chroma-

tin parameters was investigated exclusively on 
small (pTl) breast cancers. Prognosis was related to 
a five year distant recurrence-free survival of pa
tients. 

Material and method 

Tumor samples 

Cellular measurements were performed on 460 fine 
needle aspirates and imprints from primary inva
sive breast carcinomas, sampled at the Karolinska 
Hospital in Stockholm from 1971 to 1986. Based on 
the pathology reports all tumors were'::; 2 cm in dia
meter (pTl). Histologically they were classified as 
ductal invasive (nos, n = 348), lobular (n = 29), me
dullary (n = 6), and others (n = 28). The histopath
ological grading according to Bloom and Richard
son [5] was available from 324 cases. Twenty-seven 
of the tumors were classed as grade I, 155 as grade 
II, and 142 as grade III. As neither histological type 
nor grade could add independent prognostic value 
in our multivariate analysis, all 460 pTl-patients 
were kept in the study cohort. Most of the patients 
were lymph node negative (n = 329). Seventy-six 
patients had one axillary lymph node metastasis, 
and 55 had ~ 2 lymph node metastases. 

The patients were treated by radical mastectomy, 
modified radical mastectomy, or quadrantectomy. 
All tumors were resected without residual tumor 
and without distant metastases at the time of oper
ation (RoMo). Only patients with lymph node me
tastases received subsequent adjuvant irradiation, 
including the chest wall and the regional lymph 
nodes. None of the patients received systemic ad
juvant therapy. Differences in individual therapy 
were not taken into account in our analyses. Due to 
the long period of sampling (from 1971 to 1986), da
ta on hormone receptor status were available only 
from a portion of the patients. Therefore this pa
rameter could not be included in our analyses. The 
mean age of patients was 58 years (± 11). Patients 
aged 50 years or younger were considered as pre
menopausal (n = 97), patients older than 50 years as 
postmenopausal (n = 363). The mean follow-up was 
84 months (± 35). After five years, 76 (= 16.5%) of 



the patients had distant metastatic disease recur
rence. 

Cytometrical measurements 

The imprints and fine needle aspirations from the 
primary tumors were stained according to Feulgen 
(5N HCI, 60 min., room temperature). From each 
patient one slide was investigated and in each slide 
100 tumor cells and up to 30 leukocytes as an inter
nal DNA reference were selected. The single cell 
measurements were performed with an Axiomat
microscope (Zeiss, Oberkochen, Germany) and a 
TV-camera (Bosch, Stuttgart, Germany). The nu
clei were scanned in transmission at 100 magnifica
tion (oil immersion) using an optical narrow band 
filter of 546 nm wavelength [39]. After segmenta
tion of the nuclei, the images were transformed pix
elwise into extinction, and DNA-scaling was then 
performed by the mean laD value of the leuko
cytes [39,40]. 

DNA parameters 

On the DNA histograms the following parameters 
were calculated: the ploidy (c-value of the stem
line), the S-phase fraction (percentage of cells with 
DNA values between 2.5c and 3.5c), the 2.5c and 5c 
exceeding rates, the 2c deviation index according to 
Backing et al. [28], the ploidy balance according to 
Opfermann et al. [27], and the entropy of the his
tograms according to Stenkvist et al. [26]. In addi
tion the histograms were typed visually according to 
the criteria described by Auer et al. [20]: type I (di
ploid or near diploid stemline), type II (tetraploid 
stemline or two well-defined peaks around the 2c 
and 4c region), type III (diploid stemline with a size
able number of cells in the S-phase region), and 
type IV (irregular aneuploidy). 

Morphometrical and textural parameters 

As morphometric parameters the area of the nuclei 
and the radius of the largest inscribable circle were 
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determined [41]. The calculation of textural param
eters was performed on the extinction image as well 
as on the flat texture image [41]. Thirteen co-occur
rence features as described by Haralick et al. [42] 
and five runlength features as described by Gallo
way [43] were calculated on the extinction image 
(COl-C013, and RLl-RL5) as well as on the flat 
texture image (NCl-NC13 , and NRl-NR5) [41]. 
The formulas for the features relevant for our re
sults are given in the Appendix. 

All morphometrical and textural parameters 
were calculated for each single nucleus. For survival 
analyses these single cell features (xx) were trans
formed into slide features by calculating the mean 
value (xx-M), the standard deviation (xx-SD), and 
the coefficient of variation (xx-CV) per slide. 

Statistical methods 

The statistical analyses were done using the SAS 
(SAS Inst. Inc., USA) and the BMDP software 
(Statistical Software Inc., USA). Univariate and 
multivariate analyses were performed by the Cox 
regression analysis [44]. In multivariate analyses, 
the features were selected in a stepwise manner. 
With this method the first selected variable is the 
one with the highest univariate chi2-value. All fol
lowing variables which are added improve the re
sult significantly. Their chi2 -value is multivariate. A 
prognostic factor for each individual patient was 
calculated by the linear combination of the selected 
variables, as described by Haybittle et al. [45]. 

For demonstration of univariate significance of 
single parameters the Kaplan-Meier analysis was 
performed [46]. Therefore continuous variables 
were grouped according to various quantitation 
models. The significance of differences between 
groups was determined by the log-rank test. 

In all analyses a statistical significance was indi
cated when p S 0.05. All analyses were performed 
for a distant recurrence-free survival of patients of 
five years. 
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Fig. I. Kaplan-Meier curves for pl1-breast cancer patients, strat
ified according to their value in anisokaryosis (Rad-SD), with 
about 25%, 50%, and 25% of the patients in the groups. The 
feature ranges, the number of patients, as well as the number of 
distant recurrences within groups are also given. 

Results 

Univariate significance of parameters 

The average five year distant recurrence rate of the 
investigated patients with pTl cancer was 16.5% 
(n = 76). In univariate analyses the age of patients 
as well as the histological tumor type failed to deliv
er significant prognostic information (p > 0.05). The 
three malignancy grades showed significant differ
ences in the clinical course. The 5-year distant re
currence rate was 7.4% for grade I tumors, 10.3% 
for grade II, and 22.5 % for grade III tumors (p = 
0.005). 

According to nodal status most of the patients 
(n = 329) were lymph node-negative. Forty-seven of 
the patients had one positive node, and 84 patients 
had ~ 2 positive nodes. These three groups showed 
also a significantly different clinical course in Ka
plan-Meier analysis (p::;; 0.0001). The average dis
tant recurrence rate of node negative patients was 
10.6%, whereas patients with ~ 2 positive nodes 
showed a distant recurrence rate of 39.3% (p::;; 
0.0001). 

From the 460 patients, 184 showed a diploid or 
near diploid DNA distribution (type I), 55 showed a 
type II distribution, 56 a type III, and 165 showed an 
irregular/aneuploid histogram pattern (type IV). In 
the Kaplan-Meier analysis the distant recurrencer
ate after five years was 7.6% for patients with type I 

distributions, 20.0% for type II, 14.3% for type III, 
and 26.1 % for patients with type IV distributions. In 
comparison to the average distant recurrence rate 
of all pTl-patients (16.5%), the histogram types en
able a maximum deviation of 26%. However, type 
III histograms with a distant recurrence rate of14% 
show a better clinical course than type II with a re
currence rate of 20%. According to the log-rank 
test the four histogram types are significantly differ
ent (p::;; 0.0001). Also significant in univariate Cox 
analysis were all other DNA parameters (p ::;; 0.05): 
the ploidy (c-value of stemline), the S-phase frac
tion and the 2.5c and the 5c exceeding rates as ex
pression of proliferative activity, the 2c deviation in
dex, the entropy of the histograms, and the ploidy 
balance, which shows inverse correlation with the 
clinical course of pTl patients. 

The standard deviation of the nuclear radius 
(Rad-SD) and the nuclear area (A-SD) as well as 
the coefficient of variation of radius (Rad-CV) and 
area (A-CV) all showed a significant univariate cor
relation with the occurrence of distant metastases 
(p ::;; 0.05). As an example the result of the Kaplan
Meier analysis for pTl-patients, stratified according 
to their Rad-SD value, is shown in Fig. I. According 
to this, pTl patients with a low variation in nuclear 
radius (Rad-SD < 2.9) show an average distant re
currence rate of 7% after 5 years, whereas pTl-pa
tients with a large variation (Rad-SD ~ 4.2) show a 
distant recurrence rate of 35%. The three classes of 
nuclei radius variation are significantly different 
(p = 0.0001). In Fig. 1 the Kaplan-Meier curves for 
pTl patients are shown, stratified according to their 
radius variation. Also given are the number of pa
tients as well as the number of distant recurrences 
within the groups. 

Of the textural parameters, several co-occur
rence and runlength features were significant in 
univariate analyses. The most important ones were 
the runlength feature NR2-M (p = 0.0086), and the 
co-occurrence features NC13-M (p::;; 0.0001) and 
C012-M (p = 0.0003) (for feature description see al
so Appendix). 



Multivariate analyses 

In multivariate analysis all parameters with a unie 

variate significance of p ::; 0.05 were entered. The 
most important prognostic parameter in this ap
proach was the axillary nodal status (Table 1). Its 
prognostic information, however, could significant
ly be improved by a morphometric parameter 
(standard deviation of nuclear radius, Rad-SD), 
and the textural parameters runlength (NR2-M) 
and co-occurrence (C012-M). In this multivariate 
approach the histopathological grading was not se
lected as an independent prognostic factor. In Table 
1 the selected features are shown with the chi2-val
ues, the p-values, and the coefficients obtained by 
the Cox analysis. The latter indicate how much each 
selected variable contributes to the patients' haz
ard. According to Haybittle and coworkers [45] a 
multivariate prognostic factor (PF) was then calcu
lated for each individual patient by the following 
linear combination of the variables: 

PF = O.72*pN + 0.54*Rad-SD + 1.21 *NR2-M + 
40. 96*C012-M. 
As all coefficients are positive, the risk of pTl pa
tients for a distant recurrence is larger as the values 
of these variables increase. Consequently, the best 
prognosis show node negative pTl-patients with a 
low variation in nuclear size (Rad-SD) and low val
ues in the textural features runlength (NR2-M) and 
co-occurrence (C012-M). The calculation of this 
multivariate factor leads to a continuous distribu
tion of patients' values according to their risk. This 
is shown in Fig. 2 as histogram with the cases with 
distant recurrence plotted in black. It demon
strates, that cases with distant metastases within 
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five years (black) are clearly shifted to the right side 
of the histogram (high prognostic factor), whereas 
the left side of the histogram consists mainly of dis
tant recurrence-free patients (low prognostic fac
tor). For splitting of the patients into several classes 
according to their risk, several cut-off points were 
examined to determine the most prognostically in
formative point. The final quantitation model was 
about 25 % of the patients in each group, except the 
group with highest factor, which could be split 
again. The arrows in Fig. 2 indicate these final cut
off points. Performing Kaplan-Meier analysis for 
these groups resulted in five classes of pT1 patients 
with significantly different risk. Figure 3 shows the 
Kaplan-Meier curves for these groups. The corre
sponding result of this analysis is given in Table 2 
with the numbers of patients in the groups and the 
numbers of distant recurrences. By this classifica
tion a group of patients with a considerable worse 
prognosis and a 5-year distant recurrence rate of 
53 % (highest factors) could be identified, and also a 
group of pTl-patients with the lowest risk and a re
currence-rate of only 2% (lowest factor). In con
trast to the latter, the group of patients with the low
est risk according to nodal status (pNOpTl) showed 
a five year distant recurrence rate of 10.6%. 

Discussion 

The good prognosis of breast cancers with a small 
primary tumor has been confirmed by several stud
ies [4,10,47]. Carter et al. [4] found breast cancer 
with tumor size::; 2 cm to be associated with a 91 % 
5-year survival rate. In the report of von Rosen et ai. 

Table I. Result of the multivariate Cox regression analysis for 460 pTl patients (distant recurrence within five years). Given are the 
stepwise selected variables, representing independent prognostic factors, their contribution to the regression improvement, and the 
regression coefficients 

Stepwise selected variables 

Nodal status 
Anisokaryosis (Rad-SD) 
Runlength (NR2-M) 
Co-occurrence (COI2-M) 

Improvement 

Chi2 

32.8 
25.0 
11.6 

5.3 

p-value Coefficient 

::;0.0001 0.72 
::; 0.0001 0.54 

0.001 1.21 
0.021 40.96 
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Fig. 2. Distribution of the multivariate prognostic factor for 
460 pTl-patients. This factor was calculated by the linear combi
nation of the following parameters: lymph node status (pN), ani
sokaryosis (Rad-SD), runlength (NR2-M), and co-occurrence 
feature (C012-M). Patients with a distant recurrence within 5 
years are plotted in black. These patients are clearly shifted to 
the right side of the histogram (high factors), whereas the left 
side consists mainly of distant recurrence free patients (low fac
tors). The arrows indicate the cut-off points for subsequent 
grouping of the patients for Kaplan-Meier analysis. 

[47] women with pTlpNO cancer had a 91 % lO-year 
survival rate. In our study the average 5-year distant 
recurrence rate of pTl patients was about 17%.72 
per cent (= 329) of these pTl patients were node
negative (pTlpNO) with a 5-year distant recur
rence-rate of 11 %. 

Several potentially prognostic factors in breast 
cancer have been investigated in the last years. The 
most frequently investigated one may be the DNA 
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Fig. 3. Kaplan-Meier curves for pTl breast cancer patients, strat
ified according to their multivariate prognostic factor. The feature 
ranges for the five groups and the significance of differences (Log
Rank-test) are also given. The numbers of patients in the groups 
and the numbers of distant recurrences are shown in Table 2. 

value of tumor cells. Several studies confirm the in
dependent prognostic value of DNA parameters 
[11-15], while others could not or could only partly 
confirm these findings [16-19]. One possible reason 
for this contradictory results may be, that most of 
the prognostic studies are performed on consecu
tive cases, consisting of a heterogeneous group of 
breast cancers at least according to lymph node sta
tus and tumor size. Only a minority of these studies 
were performed exclusively on small (pTl) breast 
cancers [10]. In our study on 460 pTl breast cancers, 
all DNA content derived parameters correlated sig
nificantly with the clinical course in univariate anal
ysis. In multivariate analysis, however, none of 
these parameters could add prognostic informa
tion. In contrast, beside the lymph node status, ani-

Table 2. Result of the Kaplan-Meier analysis for pTl patients. The patients were classed into five groups according to their multivariate 
prognostic factor. Also given are the feature ranges, the numbers of patients in the groups, and the numbers of distant recurrences 

Multivariate factor Number of patients Occurrence of distant metastases 

absolute relative absolute relative 

<2.64 101 22% 2 2.0% 
~2.64 < 3.20 117 25% 8 6.8% 
~3,20 <3.98 117 25% 21 17.9% 
~3.98 <4.77 70 15% 16 22.9% 
~4.77 55 12% 29 52.7% 

Total 460 100% 76 16.5% 
P :0;0.0001 



sokaryosis and two textural parameters were pro
ven to be of independent prognostic value. 

A strong prognostic value of morphometric par
ameters has been described in some studies. A sig
nificant correlation was found between the clinical 
course and nuclear size and shape parameters [1, 2, 
30-34]. These findings are confirmed by our study, 
where the anisokaryosis (Rad-SD) was proven to 
be an independent prognostic factor in multivariate 
analysis. Using the Rad-SD as a single parameter 
leads already to a classification of a low risk group 
with a 5-year distant recurrence-rate of about 7%, 
whereas the group of node-negative pTI patients 
show a distant recurrence rate of 11 %. Therefore, 
for identification of a low risk group of pTl patients, 
the anysokaryosis can also be used as a single prog
nosticator. 

It was suggested that high resolution image cy
tometry allows the extraction of a series of chroma
tin parameters, which define properties of individu
al chromatin regions [36]. Those parameters would 
allow the recognition of subtle deviations in the 
highly ordered chromatin organization. Coarseness 
of chromatin network and patterns of chromatin 
clumping were shown to be characteristic of aggres
sive breast cancers [37]. A correlation between 
chromatin features and the metastatic potential of 
tumor cells as well as a correlation between chro
matin condensation and the survival of patients was 
shown [36,38]. However, cytometric studies about 
the prognostic meaning of chromatin features in 
breast cancers are very few. In our investigation, co
occurrence and runlength features, as described by 
Haralick et al. [42] and Galloway [43], were of im
portance for the prognosis of pTI patients. Those 
features are statistical second order parameters, de
rived from frequency matrices [41-43]. The biologic 
explanation of those textural parameters could be, 
that patterns of chromatin structure relate to gene 
activity and that an increase in malignancy may be 
reflected by changes in this structure [38]. 

The aim in searching for prognosticators in 
breast cancer is to get more precise information 
about the aggressiveness and the metastatic poten
tial of the tumor. The better this prognostic diag
nosis, the more precise and appropriate the selec
tion of patients for adjuvant therapy. In our study, 
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exclusively small (pTl) breast cancers were investi
gated, which show in general a quite good progno
sis. In multivariate analysis the nodal status was the 
strongest prognostic factor. Its prognostic informa
tion, however, could be significantly improved by a 
morphometric (anisokaryosis) and two textural 
(co-occurrence and runlength) parameters. By this 
feature combination, pTl patients could be split in
to several groups according to their risk for distant 
recurrence. Thus a low risk group comprising 25% 
of the patients with a distant recurrence rate of only 
2 %, and also a group with a considerably higher risk 
and a recurrence rate of 53% could be identified. 
Therefore, a classification of small breast cancers by 
a combination of nodal status and cytometrical par
ameters could benefit at least those patients, and, 
therefore, can guide treatment. 
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Appendix 

Formulas of co-occurrence and runlength features, relevant for 
our results: 

Co-occurrences (41,42), with: H" directed entropy (x); Hy, di
rected entropy (y); Hxy, entropy; H xyi, mixed entropy 1; H xy" 
mixed entropy 2; 

H -H 
C012/NC12 = xy xyl 

max(Hx, Hy) 
measure of correlation 1; 

C013/NC13 = ~1_e-2(Hxl-Hxy) measure of correlation 2; 

Runlength (41,43) with (i,j) = coordinates of the runlength ma
trix; N, = maximum run (128); p(i,j) = probability of run (j) with 
grey value (i) 

Ng-l Nr 

RL2/NR2 = L L j'p(i,j) long runs emphasized; 
i=O j=l 
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