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Abstract 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 (T1+2NOMO) 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 tumour 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 tumours [37). Among factors of possible additional
predictive value are some obtained by immunohisio-
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, 3, 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 mm, and no histological evidence of invasion to skin or deep
fascia, corresponding to stage T1+2NOMO [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 mm. 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 um 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.=1.3) at a final magnification of
%890, whereas measurements of nuclei were performed at x2225
using a x100 oil immersion lens (N.A.=1.4).

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:

Q(mit)
n; - A
where Q(mit) is the total number of mitotic profiles counted in n¢

fields of vision, and A is the area of the counting frame. In the
same fields, a small counting frame (of area A;) was employed for

MD =

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
vy(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(min): A,
T Q,(uc)- A

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, vy(nuc), the mean profile area of nuclei, ay(nuc), the
fraction of tumour volume occupied by nuclei, Vy(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 min.

MF 3

Statistics

Differences between group means were tested by a Student’s ¢ test,
except for mitotic indices; as these were discontinuously distribut-
ed they were tested by Kendal’s T [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 T 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
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analyses of patients with lymph Variable Cut-off points No. of cases? 2p-value

node-negative breast carcinoma 1 1 our diameter 20 and 30 (mm) 52732114 0.28
Age at diagnosis 49 and 69 (years) 27147124 0.61
Histological type Ductal and non-ductal 83/15 0.89
Histological grade? LI, IID 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
vy(nuc) 215 and 418 (um?) 24/50/24 0.60
ay(nuc) 33.8 and 48.4 (um?) 24/51/23 0.25
ND 1810 and 3450 (mm~2) 24/50/24 0.66
Vy(nuc/tis) 0.071 and 0.131 24/50/24 0.68
2 Ductal type carcinomas only
b Number of patients initially at risk in each group as defined by the cut-off points

Table 2 First and final step of

the multivariate survival analy-  Variable? First step Final step

sis of patients with lymph

node-negative breast carcinoma B B/SE 2p-value B B/SE 2p-value

(P regression coefficient esti-

mated by maximizing the like-  Tumour diameter 0.023 1.0 0.31 - - 0.28b

lihood function in the Cox Histological type/grade -0.48 -0.8 0.42 - - 0.42b

analysis, and SE standard error  Vy(nuc) —0.003 -1.6 0.11 - - 0.12b

of B) ND 0.0004 0.1 0.93 - - 0.93b
MF 0.27 22 0.03 0.19 2.1 0.03

2 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 IT 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.

Results

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 (7=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 ay(nuc) was
smaller in ER-positive than in ER-negative tumours
(2p=0.02).. Finally, a number of significant correlations
were found among the quantitative histopathological
variables ~ strongest between MD and MF (7=0.85),
vy(nuc) and ay(nuc) (7=0.75), and Vy(nuc/tis) and ND
(r=0.74).

At the end of follow-up, 62 patients were alive, 17
had died of breast cancer, and 19 had died of other dis-
eases. The overall cancer-specific 5- and 10-year survival
rates were 83% and 81%, respectively. The results of sin-
gle factor prognostic analyses are shown in Table 1 and
the survival function 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 prognostic value could be attributed to MD. The
median value (0.14 mm~2) seemed to be a more appropri-
ate cut-off point for MD, however, resulting in a 2p-val-
ue of 0.004. In the multivariate Cox analysis, MF was
the only parameter of prognostic 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 arcas
may 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 be employed to ensure reproducibility among lab-
oratories [11]. 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 tumours 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 be 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
Iymph 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.

Acknowledgments The authors are grateful to Flemming Brandt
Sgrensen and Hans Jgrgen G. Gundersen for patient guidance, to
Peter Holm-Nielsen for histological evaluation, to Professor Flem-
ming Melsen for providing histological specimens, and to Hanne
Kaas-Hansen for technical assistance. Assumption checks of the
Cox analyses were performed at the Department of Biostatistics
(by lic. scient. Morten Frydenberg), University of Aarhus, Den-
mark. The study was supported by grants from the Danish Cancer
Society, Foersom’s Foundation, and the Danish Foundation for the
Advancement of Medical Science.

References

1.

1.

12.

13.

14.

15.

Aaltomaa S, Lipponen P, Eskelinen M, et al (1991) Prognostic
factors in axillary lymph node-negative (pN-) breast carcino-
mas. Eur J Cancer 27: 1555-1559

. Andersen KW, Mouridsen HT (1988) Danish Breast Cancer

Cooperative Group (DBCG). A description of the register of
the nation-wide programme for primary breast cancer. Acta
Oncol 27: 627-647

. Baak JPA, Dop H van, Kurver PHJ, Hermans J (1985) The val-

ue of morphometry to classic prognosticators in breast cancer.
Cancer 56: 374-382

. Baak JPA, Noteboom E, Koevoets JIM (1989) The influence

of fixatives and other variations in tissue processing on nuclear
morphometric features. Anal Quant Cytol Histol 11: 219-224

. Biesterfeld S, Noll I, Noll E, Wohltmann D, Bocking A (1995)

Mitotic frequency as a prognostic factor in breast cancer. Hum
Pathol 26: 47-52

. Bloom HJG, Richardson WW (1957) Histological grading and

prognosis in breast cancer. A study of 1409 cases of which
359 have been followed for 15 years. Br J Cancer 11: 359-377

. Clark GM, Dressler LG, Owens MA, Pounds G, Oldaker T,

McGuire WL (1989) Prediction of relapse or survival in pa-
tients with node-negative breast cancer by DNA flow cytome-
try. N Engl J Med 320: 627-633

. Clayton F (1991) Pathologic correlates of survival in 378

lymph node-negative infiltrating ductal breast carcinomas. Mi-
totic count is the best single predictor. Cancer 68: 13091317

. Delides GS, Garas G, Georgouli G, et al (1982) Intralaborato-

ry variations in the grading of breast carcinoma. Arch Pathol
Lab Med 106: 126-128

. Diest PJ van, Baak JPA (1991) The Morphometric Prognostic

Index is the strongest prognosticator in premenopausal lymph
node-negative and lymph node-positive breast cancer patients.
Hum Pathol 22: 326330

Diest PJ van, Baak JPA, Matze-Cok P, et al (1992) Reproduc-
ibility of mitosis counting in 2469 breast cancer specimens.
Results from the Multicenter Morphometric Mammary Carci-
noma Project. Hum Pathol 23: 603-607

Early Breast Cancer Trialists’ Collaborative Group (1992)
Systemic treatment of early breast cancer by hormonal, cyto-
toxic, or immune therapy. 133 randomised trials involving
31000 recurrences and 24000 deaths among 75000 women.
Lancet 339: 1-15, 71-85

Fisher B, Redmond C, Fisher ER, et al (1988) Relative worth
of estrogen or progesterone receptor and pathologic character-
istics of differentiation as indicators of prognosis in node neg-
ative breast cancer patients: findings from the National Surgi-
cal Adjuvant Breast and Bowel Project protocol B-06. J Clin
Oncol 6: 1076-1087

Gundersen HIG (1977) Notes on the estimation of the numeri-
cal density of arbitrary profiles: the edge effect. J Microsc
111:219-223

Gundersen HJG, Jensen EB (1985) Stereological estimation of
the volume-weighted mean volume of arbitrary particles ob-
served on random sections. ] Microsc 138: 127-142

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

269

Gundersen HIG, @sterby R (1980) Optimizing sampling effi-
ciency of stereological studies in biology: or ‘Do more less
well!”. J Microsc 121: 65-73

Hastie TJ, Tibshirani, RJ (1990) Generalized additive models,
Ist edn. Chapman and Hall, London

Helander KG (1983) Thickness variations within individual
paraffin and glycol methacrylate sections. J Microsc 132:
223-227

Jannik 1, Diest PJ van, Baak JPA (1994) Comparison of the
prognostic value of mitotic activity index (MAI), random MAI
(rtMAI), volume weighted MAI, and volume weighted rMAI in
breast cancer patients. Abstract presented at the 8th Interna-
tional Symposium on Diagnostic Quantitative Pathology, Am-
sterdam, September

Jensen V, Ladekarl M (1995) Immunohistochemical quantita-
tion of oestrogen receptors and proliferative activity in oestro-
gen receptor positive breast cancer. J Clin Pathol 48: 429-432
Jensen V, Ladekarl M, Holm-Nielsen P, Melsen F, Sgrensen FB
(1995) The prognostic value of oncogenic antigen 519 (OA-
519) expression and proliferative activity detected by antibody
MIB-1 in node negative breast cancer. J Pathol 176:343-352
Ladekari M (1994) The influence of tissue processing on
quantitative histopathology in breast cancer. J Microsc 174:
93-100

Ladekarl M (1995) Quantitative histopathology in ductal carci-
noma of the breast: prognostic value of mean nuclear size and
mitotic counts. Cancer 75: 2114-2122

Ladekarl M, Sgrensen FB (1993) Prognostic, quantitative his-
topathologic variables in lobular carcinoma of the breast. Can-
cer 72: 2602-2611

Laroye GJ, Minkin S (1991) The impact of mitotic index on
predicting outcome in breast carcinoma: a comparison of dif-
ferent counting methods in patients with different lymph node
status. Mod Pathol 4: 456-460

Mansour EG, Gray R, Shatila AH, et al (1989) Efficacy of ad-
juvant chemotherapy in high-risk node-negative breast cancer.
An intergroup study. N Engl J Med 320: 485~490

McCarty KS Jr, Barton TK, Fetter BF, et al (1980) Correlation
of estrogen and progesterone receptors with histologic differ-
entiation in mammary carcinoma. Cancer 46: 2851-2858
Rosen PP, Groshen S, Saigo PE, Kinne DW, Hellman S (1989)
Pathological prognostic factors in stage I (TINOMO) and stage
IT (TINIMO) breast carcinoma: a study of 644 patients with
median follow-up of 18 years. J Clin Oncol 7:1239-1251
Rosner D, Lane WW (1991) Should all patienis with node-
negative breast cancer receive adjuvant therapy? Identifying
additional subsets of low-risk patients who are highly curable
by surgery alone. Cancer 68: 1482-1494

Sahin AA, Ro J, Ro JY, et al (1991) Ki-67 immunostaining in
node-negative stage I/II breast carcinoma. Significant correla-
tion with prognosis. Cancer 68: 549-557

Siitonen SM, Kallioniemi O-P, Isola JJ (1993) Proliferating
cell nuclear antigen immunohistochemistry using monoclonal
antibody 19A2 and a new antigen retrieval technique has prog-
nostic impact in archival paraffin-embedded node-negative
breast cancer. Am J Pathol 142: 1081-1089

Simpson JF, Dutt PL, Page DL (1992) Expression of mitoses
per thousand cells and cell density in breast carcinomas: a pro-
posal. Hum Pathol 23: 608-611

Sokal RR, Rohlf FJ (1981) Biometry. The principles and prac-
tice of statistics in biological research, 2nd edn. Freeman, New
York

Spiessl B, Beahrs OH, Hermanek P, et al (1989) Breast tu-
mours In: UICC International Union Against Cancer (ed):
TNM atlas. [llustrated guide to the TNP/pTNM-classification
of malignant tumours, 3rd edn. Springer, Berlin Heidelberg
New York, pp 173-183

Start RD, Flynn MS, Cross SS, Rogers K, Smith JHF (1991) Is
the grading of breast carcinomas affected by a delay in fixa-
tion? Virchows Arch [A] 419: 475-477

Stenkvist B, Westman-Naeser S, Vegelius J, Holmquist J, Nor-
din B, Bengtsson E, Eriksson O (1979) Analysis of reproduc-



270

37.

38.

39.

40.

ibility of subjective grading systems for breast carcinoma. J
Clin Pathol 32: 979-985

Stierer M, Rosen H, Weber R (1991) Nuclear pleomorphism, a
strong prognostic factor in axillary node-negative small inva-
sive breast cancer. Breast Cancer Res Treat 20:109-116
Sgrensen FB (1992) Quantitative analysis of nuclear size for
objective malignancy grading: a review with emphasis on new,
unbiased stereologic methods. Lab Invest 66: 4-23

Theissig F, Kunze KD, Haroske G, Meyer W (1990) Histologi-
cal grading of breast cancer. Interobserver reproducibility and
prognostic significance. Pathol Res Pract 186: 732-736
Uyterlinde AM, Baak JPA, Schipper NW, Peterse H, Matze E,
Meijer CJL (1990) Further evaluation of the prognostic value

41.

42.

43.

of morphometric and flow cytometric parameters in breast-
cancer patients with long follow-up. Int J Cancer 45: 1-7
Verhoeven D, Bourgeois N, Derde MP, Kaufman L, Buyssens
N (1990) Comparison of cell growth in different parts of
breast cancers. Histopathology 17: 505-509

Winstanley J, Cooke T, George WD, et al (1991) The long
term prognostic significance of oestrogen receptor analysis in
early carcinoma of the breast. Br J Cancer 64: 99-101

World Health Organization (1982) The World Health Organi-
zation histological typing of breast tumors, 2nd edn. Am J
Clin Pathol 78: 806-816



