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Quantitative histopathology in lymph node-negative breast cancer. 
Prognostic significance of mitotic counts 
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A b s t r a c t  Reliable prognostic factors are needed to im- 
prove the stratification of patients with lymph node-neg- 
ative breast cancer to different therapy modalities. We in- 
vestigated the prognostic value of quantitative histopa- 
thology in a retrospective study of 98 "low-risk" breast 
cancer patients (TI+2NOM0) with a median follow-up of 
9 years. An interactive video system and stereological 
and morphometric techniques were used to obtain esti- 
mates of four nuclear features (mean volume, mean pro- 
file area;, volume fraction, and profile density), and two 
mitotic counts [mitotic profile frequency (MF) and mi- 
totic profile density (MD)]. All measurements were per- 
formed in fields of vision sampled systematically from 
the whole turnout area of a routine histological section. 
Histological grade, histological type, and oestrogen re- 
ceptor (ER) status was reassessed, whereas tumour diam- 
eter and age at diagnosis were recorded from the files. 
We found that all quantitative histopathological variables 
and ER status were correlated with histological grade. 
Single-factor prognostic analyses showed a highly sig- 
nificant value of MF (2p=0.001) and a marginally signif- 
icant value of MD (2p=0.09), whereas no other variable 
approached statistical significance (2p>0.25). In a multi- 
variate Cox analysis, MF was the only parameter of sig- 
nificant independent prognostic value (2p=0.03). Thus, 
the prognostic value of nuclear features found in previ- 
ous studies could not be reproduced, whereas the marked 
value of mitotic counts for prediction of the outcome in 
patients with breast cancer was confirmed. Mitotic 
counts are easily obtained and may be of clinical value 
for identification of high-risk cases among patients with 
lymph node-negative breast cancer. 
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IntrodUction 

Clinical trials have shown that patients with lymph node- 
negative breast cancer survive significantly longer if they 
receive adjuvant treatment [12, 26]. It is, however, desir- 
able to treat only patients at the greatest risk of recur- 
rence, because the drugs given may induce serious side 
effects. Reliable parameters for the identification of 
high-risk cases among node-negative patients are thus 
urgently needed. 

The diameter of the primary tumour is a useful prog- 
nostic variable in node-negative breast cancer [28, 29], 
although its value may be reduced in patients with very 
small turnouts [37]. Among factors of possible additional 
predictive value are some obtained by immunohisto- 
chemistry [21, 30, 31], flow-cytometry [7], and morpho- 
logical evaluation [28, 29, 37]. A number of these factors 
require expensive equipment and highly skilled person- 
nel, however, while others may be hampered by poor re- 
producibility. 

Quantitative evaluation of histopathological features 
may present a useful way of obtaining reproducible vari- 
ables of prognostic value by a low-technology approach. 
In previous studies of quantitative histopathology in 
breast cancer patients, morphometric estimates of mitotic 
indices have been especially promising [1, 5, 8, 10], but 
stereological estimates of the mean size of nuclei have 
also been found to be of prognostic value [23, 24]. The 
present study addresses the ability of quantitative histo- 
pathology to predict the outcome in patients with lymph 
node-negative breast cancer. A multivariate statistical 
technique is applied to analyse the independent signifi- 
cance of quantitative histopathological factors relative to 
that of conventional clinicopathological variables. 
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Materials and methods 

Patients 

A consecutive series of 118 women with "low-risk" breast cancer 
was studied. In the present context, low-risk means absence of tu- 
mour in the axillary lymph nodes, tumour diameter no more than 
50 ram, and no histological evidence of invasion to skin or deep 
fascia, corresponding to stage TI+2NOM0 [34]. The patients had 
their disease diagnosed from 1980 through 1984 at the University 
Institutes of Pathology, Aarhus, Denmark. The median age at 
treatment was 59 years (range 30-86 years) and the median tu- 
mour diameter was 20 ram. Tumour diameters were assessed clini- 
cally by palpation in half the cases. Oestrogen receptor (ER) status 
was determined using a monoclonal antibody in microwave-treat- 
ed, deparaffinized sections (for details, see [20]). Tumours were 
considered ER positive if more than 10% of cancer cells were 
stained. At least two lymph nodes (median six lymph nodes) were 
removed at the primary treatment, which consisted of mastectomy 
followed by axillary dissection, according to the protocol of the 
Danish Breast Cancer Cooperative Group [2]. No adjuvant treat- 
ment was given. Three patients who did receive anticancer drugs 
were excluded from the study, as were 15 patients for whom only 
frozen sections were available and two for whom the quality of the 
histological material was too poor. The survival status of the re- 
maining 98 patients was extracted from the Central Personnel 
Registry, and the cause of death was established from the death 
certificate or autopsy report in each case. Patients were excluded 
on the date of death if they had died of any other disease than car- 
cinoma of the breast. The median follow-up was 8.7 years (range 
0.4-11.9 years). 

Histological specimens 

In each case, one haematoxylin-eosin (HE)-stained section was cut 
at 4 gm from each of the original, paraffin embedded tissue blocks 
taken from the primary specimen. Tumour specimens were, in 
general, fixed immediately after removal. The tumours were typed 
according to the criteria of the World Health Organization [43]: 83 
carcinomas were of ductal type, 11 of lobular type, 3 of medullar 
and 1 of mucinous type. Histological grading of ductal carcinomas 
was performed by two independent observers according to the 
method published by Bloom and Richardson [6]. In cases of dis- 
agreement, the specimens were reviewed by both together to ob- 
tain a consensus grade. 

For quantitative histopathology, a colour video microscope 
connected to an AMIGA computer was employed. The software 
package GRID (Olympus Danmark, Copenhagen, Denmark) and a 
motorized scanning object stage made automatic sampling of 
fields of vision possible: at low magnification, the circumference 
of the whole tumour area of the histological section was indicated 
by the observer using a computer mouse. Within this area, the 
software randomly selected the first field of vision and the subse- 
quent fields were sampled systematically with respect to the first, 
the scanning stage moving in equidistant steps of a size propor- 
tional to the demarcated area. Fields of vision showing inflamma- 
tion, necrosis or nuclear pyknosis were excluded, and only inva- 
sive cancer was assessed. Mitotic profiles were counted using a 
x40 oil immersion lens (N.A.=I.3) at a final magnification of 
x890, whereas measurements of nuclei were performed at x2225 
using a x l00  oil immersion lens (N.A.=I.4). 

Using a projected counting frame (Fig. 1), the mitotic profile 
density, MD, i.e. the number of mitotic profiles per square milli- 
meter of tumour, could be estimated: 

M D -  Q(mit) 
nf • A 

where Q(mit) is the total number of mitotic profiles counted in nf 
fields of vision, and A is the area of the counting frame. In the 
same fields, a small counting frame (of area Al) was employed for 

Fig. 1 Video image of a breast carcinoma projected onto a test- 
system. The numbers of nuclear and mitotic profiles per tumour 
area are estimated using counting frames and an unbiased count- 
ing rule [14]: profiles in focus, completely or partly inside the 
frame, are counted provided they do not touch or intersect the low- 
er or left frame edges or their extensions. For the estimation of 
Vv(nuc ), the length of the test-line is measured from nuclear bor- 
der to nuclear border each time a nuclear profile is hit by a point 
(for details, see [15]). Original magnification x2225 

counting nuclear profiles. Knowing the total count of nuclear pro- 
files, Q~(nuc), the mitotic profile frequency, MF, i.e. the number of 
mitotic profiles per 1000 nuclear profiles, could be estimated: 

Q(mit)' A l 
MF = Q~(nuc). A " 103 

The mitotic counts were assessed by screening an estimated mean 
number of 1800 nuclear profiles (range 700-5700) in, on average, 
14 fields of vision (range; 5-27). This procedure took about 
10 min per tumour, while the actual counting of, on average, 56 
nuclear profiles (range 23-177) took an additional 5 min. 

Four variables of nuclear features were obtained in the same 
fields of vision using the test system illustrated in Fig. 1 and previ- 
ously described formulas (see Table 1 in [22]): the mean volume 
of nuclei, Vv(nuc), the mean profile area of nuclei, ~H(nuc), the 
fraction of tumour volume occupied by nuclei, Vv(nuc/tis), and 
the number of nuclear profiles per square millimeter of tumour, 
ND. A mean of 75 nuclear measurements (range 41-183) were 
performed per tumour; a procedure that took less than 15 rain. 

Statistics 

Differences between group means were tested by a Student's t test, 
except for mitotic indices; as these were discontinuously distribut- 
ed they were tested by Kendal's z [33]. All continuous variables 
were logarithmically transformed due to their right-skewed distri- 
bution. A least-square linear regression analysis was used for in- 
vestigating the correlation between continuous parameters, where- 
as the correlation and the distribution of discontinuous and cate- 
gorical data was tested by Kendal's ~ or by Fisher's exact test. In 
all tests, 2p<0.05 was considered the level of significance. 

Using the BMDP statistical package (BMDP-Statistical Soft- 
ware, Calif., USA), the prognostic value of individual factors was 
analysed by log-rank tests and the cancer-specific survival illus- 
trated in Kaplan-Meier plots. In these analyses, continuous vari- 
ables were tested using 25% percentiles as cut-off points. The rel- 
ative prognostic value of parameters was investigated in multivari- 
ate Cox analyses using standard stepwise, backward elimination. 
The assumptions for making these analyses were tested as follows: 



Table 1 Single-factor survival 
analyses of patients with lymph 
node-negative breast carcinoma 

Table 2 First and final step of 
the multivariate survival analy- 
sis of patients with lymph 
node-negative breast carcinoma 
(9 regression coefficient esti- 
mated by maximizing the like- 
lihood function in the Cox 
analysis, and SE standard error 
of 9) 
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Variable Cut-off points No. of cases b 2p-value 

Turnout diameter 20 and 30 (ram) 52/32/14 0.28 
Age at diagnosis 49 and 69 (years) 27/47/24 0.61 
Histological type Ductal and non-ductal 83/15 0.89 
Histological grade a I, II, III 22/34/27 0.41 
ER status Positive and negative 63/35 0.58 
MD 0.00 and 0.30 (mm -2) 28/46/24 0.09 
MF 0.00 and 2.84 (10 -3) 28/47/23 0.001 
Vv(nUc) 215 and 418 (gm 3) 24/50/24 0.60 
gH(nuc) 33.8 and 48.4 (gin 2) 24/51/23 0.25 
ND 1810 and 3450 (mm -2) 24/50/24 0.66 
Vv(nuc/tis ) 0.071 and 0.131 24/50/24 0.68 

a Ductal type carcinomas only 
b Number of patients initially at risk in each group as defined by the cut-off points 

Variable a First step Final step 

~ [~/SE 2p-value [3 ~/SE 2p-value 

Tumour diameter 0.023 1.0 0.31 - - 0.28 b 
Histological type/grade -0.48 -0.8 0.42 - - 0.42 b 
Vv(nuc ) -0.003 -1.6 0.11 - - 0.12 b 
ND 0.0004 0.1 0.93 - - 0.93 b 
MF 0.27 2.2 0.03 0.19 2.1 0.03 

a All parameters entered on a continuous scale, except histological grade/type which was scored 1 for 
ductal grade I and non-ductal carcinomas, and 2 for ductal carcinomas grades II and III 
b 2p-value obtained at exclusion from the analysis 
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Fig. 2 Survival plot of 98 lymph node-negative breast cancer pa- 
tients according to the mitotic profile frequency (2p=0.001). The 
25% percentiles are used as cut-off points 

the scoring of categorical variables was checked by log-minus-log 
plots, whereas the scoring of continuous variables was investigat- 
ed by the "local smoothing technique" [17]. Moreover, the exis- 
tence of time trends influencing the prognostic variables was test- 
ed by introducing an additional "time-dependent" covariate in the 
model by multiplying each variable by log(time). The tests 
showed no statistically significant departure of the scoring of 
prognostic variables from the assumption of proportional hazard 
rates, and no time trends that could influence the parameters were 
detected. 

Several parameters correlated with the histological  grade 
of  ductal carcinomas:  all quantitative histopathological  
variables increased significantly with increasing malig- 
nancy grade (2p<0.04), and a positive ER status was 
seen more  frequently in low-grade tumours (v-0.30,  
2p=0.003).  A significant correlation was found between 
tumour  diameter  and age at diagnosis  (r--0.28, 
2p=0:005)  whereas ductal tumour  type was associated 
with younger  age (2p=0.04). The mean  ~H(nuc) was 
smaller in ER-posi t ive than in ER-negat ive tumours 
(2p=0.02).. Finally, a number  of  significant correlations 
were found among the quantitative histopathological  
variables - strongest between M D  and MF U'=0.85), 
Vv(nUc) and -~H(nuc) (r=0.75), and Vv(nuc/t is  ) and ND 
(r=-0.74). 

At  the end of  follow-up, 62 patients were alive, 17 
had  died  o f  breast cancer, and 19 had died o f  other dis- 
eases. The overall cancer-specific 5- and 10-year survival 
rates were 83% and 81%, respectively. The results of  sin- 
gle f ac to rp rognos t i c  analyses are shown in Table 1 and 
the survival funct ion according to MF is illustrated in 
Fig: 2. Using the 25% percentiles as cut-off  points, MF 
was  of  high statistical significance, whereas only mar- 
ginal  prognost ic  val.ue could be attributed to MD. The 
median value (0.14 m m  -2) seemed to be a more  appropri- 
ate cut-off  point for MD, however,  resulting in a 2p-val- 
ue  o f  0.00g. In the multivariate Cox analysis, MF was 
the' only parameter  o f  prognost ic  significance (Table 2). 
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If MF was replaced by MD all variables were rejected, 
which means that MD was not a significant independent 
prognostic factor. 

Discussion 

In this study, none of the traditional prognostic parame- 
ters was found to have any statistical significance. Apart 
from the relatively small sample size, several explana- 
tions may be given for this result. Clearly, clinical as- 
sessments of tumour diameters, as performed in half the 
cases in the present study, may be too inaccurate. Mea- 
sured with greater accuracy, this variable is of well-es- 
tablished and important prognostic significance [28, 29]. 
The missing prognostic value of ER status is in agree- 
ment with some [29, 42], but in conflict with other re- 
ports [13], whereas the association between ER status 
and histological grade has been recognized previously 
[27, 42]. Most surprisingly, no prognostic value of histo- 
logical grade was seen, although the morphological eval- 
uation was performed by observers experienced in breast 
pathology. This finding might be explained by the proba- 
bly great observer-variability of this parameter [9, 36, 
39] which, in smaller studies, may reduce the prognostic 
value to statistically insignificant levels. The results un- 
derscore the need for improving reproducibility and ac- 
curacy of malignancy grading by replacing subjective 
scoring with objective measurements. 

The strong prognostic value of quantitative assess- 
ments of the mitotic activity is well recognized [ 1, 3, 5, 8, 
10, 23, 24]. Confusingly, however, mitotic counts have 
been reported in a number of ways [25], most often as 
counts per field of vision or per tumour area. These fig- 
ures are greatly influenced by variations in cellularity, 
which in itself may be a variable of independent prognos- 
tic significance [3, 24]. In the present study, we related 
the mitotic profile number to the number of nuclear pro- 
files, resulting in an estimate of the mitotic profile fre- 
quency. Since this variable is virtually independent of vari- 
ations in cellularity, it should be preferred to estimates of 
the number of mitotic profiles per unit area or per field of 
vision [32]. Moreover, in the multivariate analyses, we 
found the mitotic profile frequency, but not the mitotic 
profile density, to be of independent prognostic value. 

The estimation of the mitotic profile frequency need 
not take much longer than the estimation of the mitotic 
profile density if a large sampling frame is employed for 
counting mitotic profiles and a small frame is used for 
sampling nuclear profiles. In contrast to most authors, 
we obtained the variables in fields of vision sampled sys- 
tematically from the whole tumour sectional area. This 
method of sampling is efficient [16] and, most probably, 
less liable to observer-dependent bias than the usually 
employed sampling performed inside a subjectively se- 
lected, "worst" area of the section. Although from a bio- 
logical point of view, sampling in such selected areas 
~nay seem attractive [41], it has been shown that the 
prognostic strength is the same if mitotic counts are ob- 

tained in the whole tumour area or inside the "worst" tu- 
mour compartment [19]. In the current study, a comput- 
erized video-microscope was employed for obtaining 
quantitative histopathological variables, mainly to in- 
crease the speed of sampling. However, the actual count- 
ing of mitotic and nuclear profiles may easily be per- 
formed using a routine microscope with a square grid in 
the eyepiece [25]. 

Several issues have been recognized that could ham- 
per the clinical value of mitotic counts. Thus, tissue 
should be fixed immediately, because delays in fixation 
may lead to reductions in the number of mitoses ob- 
served [35]. Also strict definitions of mitotic figures 
should he employed to ensure reproducibility among lab- 
oratories [l 1]. Variations in the thickness of histological 
sections might influence mitotic counts, but could be di- 
minished by using embedding in methacrylate rather 
than paraffin [18]. Finally, the scarceness of mitotic fig- 
ures in many breast turnouts is likely to produce large 
statistical errors of those indices which are based on few 
observations. Consequently, from a statistical point of 
view, immunohistochemical detection of proliferating 
cells may he more attractive, because positively stained 
cells occur much more frequently than do mitotic figures 
[41]. The prognostic value of such proliferation markers 
has recently been demonstrated in breast cancer patients 
[21, 30, 31], but confirmation in larger prospective stud- 
ies is still lacking. 

In contrast to previous studies of breast cancers [23, 
24], estimates of the mean size of nuclei were of no 
prognostic significance. The mean nuclear volume is a 
genuine three-dimensional parameter which, using an 
unbiased stereological technique, seems suitable for rou- 
tine use [38]. Thus, the negative result for this variable is 
disappointing, and, moreover, the reason for it is ob- 
scure. However, the mean nuclear volume and other 
quantitative histopathological variables may be influ- 
enced by variations in the processing of tissue [4, 22], an 
uncontrollable factor in retrospective studies. Prospective 
investigations are needed to assess the impact of this 
kind of bias on the prognostic value of the parameters. 
The same may apply to estimates of the mean area of nu- 
clear profiles and of their density, which were of prog- 
nostic value in some studies of breast cancer patients [4, 
10, 23, 24, 40], but not in the present one. In the multi- 
variate analysis, we did not include mean nuclear profile 
areas, because the mean nuclear volume reflects nuclear 
size more realistically. Similarly, the nuclear volume 
fraction was not included, because of its close correla- 
tion with the nuclear profile density. 

Previous studies have shown the prognostic signifi- 
cance of variables revealed by, for example, immunohis- 
tochemistry, flow-cytometry and tumour morphology in 
lymph node-negative breast cancer patients. Objective 
malignancy grading by quantitative histopathology rep- 
resents an alternative, reproducible, low-technology ap- 
proach. In the present study and in agreement with oth- 
ers, mitotic counts were of great prognostic significance. 
This easily obtained variable could be of future value in 



the clinical management of patients with lymph node- 
negative breast cancer. 
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