
J Clin Pathol 1991;44:416-418

Prognostic value of proliferative activity in lymph
node metastases of patients with breast cancer

P J van Diest, E Matze-Cok, J P A Baak

Abstract
Whether the proliferative activity of dis-
tant metastases could be predicted by
the proliferation in axillary lymph node
metastases was investigated in 304
lymph nodes metastases of 52 patients
with breast cancer who had not received
adjuvant treatment.
The standard deviation of the mean

mitotic index (MI)-the average number
of mitoses per field in 10 high power
fields-was of the best prognostic valve in
univariate survival analysis. None of the
classic (volume % epithelium and
stroma) or morphometric features
(nuclear area, nuclear axis ratio. shape
factors) provided significant results. In
Cox regression analysis a multivariate
combination of the mean MI, the SD of
the mean MI, and the maximum MI
emerged, which provided a satisfying
means of differentiating patients with a

good (68% survival) and a poor (28%
survival) prognosis.

Proliferation variables derived from
axillary lymph node metastases of
patients with breast cancer can predict
the clinical course of distant metastases.
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Lymph node response is the most widely used
indication for adjuvant treatment in patients
with breast cancer as it is generally recognised
to be the best high risk indicator. About 40%
of patients with lymph node metastases,
however, are still alive five years after diag-
nosis,' which indicates that those with positive
lymph nodes can be further subdivided into
patients with favourable and unfavourable
prognoses, respectively.

Several studies have tried to find additional
prognostic factors for lymph node positive
patients with breast cancer in either the
primary tumour or lymph node metastases.
The addition of tumour size and the mitotic
activity index (MI) of the primary tumour to
lymph -node response27 has been shown to
improve prognostic prediction in lymph node
positive patients. Maehle and Skjaerven
reported that the presence of efferent vascular
invasion in positive lymph nodes was an

unfavourable sign,8 and Linden et al showed
that a combination of morphometric features
from the primary tumour and lymph node
metastases had additional prognostic value in
lymph node positive patients.9
To our knowledge, no study has so far

described the prognostic value of proliferation

variables derived from lymph node meta-
stases. The aim of this study, therefore, was to
evaluate whether proliferative activity of dis-
tant breast cancer metastases could be predic-
ted by the degree of proliferation in axillary
lymph node metastases compared with classic
and morphometric lymph node variables.

Methods
A total of 52 patients with invasive breast
cancer metastatic to the axillary lymph nodes,
diagnosed between 1971 and 1981, were
included in this study. All patients were
treated with radical or modified mastectomy.
Postoperative regional radiotherapy was given
in all cases, and none of the patients received
any form of adjuvant systemic treatment.
Mean age at the time of diagnosis was 57-3
years (range 27-84). The median follow up for
all patients was 84 months (range 18-215),
and the median follow up of the surviving
patients was 121 months (range 59-215).
Table 1 summarises the clinical data of the
patients.
Lymph nodes were identified in the fresh

axillary dissection preparation, fixed in neutral
buffered formalin, and embedded in paraffin
wax. Sections (4 jgm thick) were cut and
stained with haematoxylin and eosin. All
identified lymph nodes were reviewed and all
lymph nodes containing metastatic breast
cancer cells were further considered for all
patients. The total number and percentage of
lymph node metastases were registered.
Patients had, on average, 6-1 positive lymph
nodes (range 1-33). In total, 304 lymph node
metastases were thus evaluated.

In all positive lymph nodes of each case the
most cellular area containing the highest
density of mitotic figures was chosen, exclud-
ing areas with necrosis and many non-malig-
nant cells: an area of about 0 5 x 05 cm was
marked. In this area mitotic counting and
nuclear measurements were performed.

Table I Clinical and typical pathological data

Age (years) Mean 57-3
Range 27-84

Hormonal state Premenopausal 22
Postmenopausal 30

Tumour size (cm) Mean 4 0
Range 08-10-0

Tumour type Ductal* 44
Lobular 8

Number of positive nodes Mean 6-1
Range 1-33

Percentage positive nodes Mean 42-5
Range 4-7-100

*Or combinations
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Mitotic figures were counted in 10 con-
secutive high power fields (HPF) at x 400
magnification using a x 40 objective with an
aperture of 0-75 and a field diameter of
450 jum, starting at the spot in the
measurement area with the highest density of
mitotic figures. Criteria to identify mitoses
have been described elsewhere.'0 To cope with
metastases smaller than 10 HFP the number
of mitoses counted was normalised to the
average number of mitoses per field (the
mitotic index) (MI). All positive lymph nodes
of all patients were assessed. The following
statistics were calculated for each patient:
mean MI (MIm.,.); SD of mean MI (SD
MIme.,); maximum MI (MI.); minimum MI
(MI n); and MI range (MIm, -MImiJ.
The volume percentages of epithelium

(VPE), stroma (VPS), and lumen (VPL) were
assessed by point counting on a projection
microscope at a magnification of x 200 using a
42 point Weibel grid (line length 15 mm). The
whole measurement area was considered in
each case, regarding only tumour stroma as
stroma and lumina as such in cases of clear
tubulus formation. The percentages of points
falling within each compartment were taken as
the volume percentages. In cases of
micrometastases, point counting was per-
formed at x400 magnification to obtain an
adequate sample size. A sample size of less
than 100 points was considered inadequate,
and 15 lymph nodes were rejected from fur-
ther analysis for this reason. Three more
nodes had to be discarded because of the poor
quality of the section, leaving 286 lymph
nodes. On average, 552 points (range 102-
1137) were counted for each positive lymph
node. The following statistics were calculated
for each variable (VPE, VPS, VPL): mean,
SD, maximum, minimum and range.
For nuclear morphometry, the lymph node

with the highest MI was chosen for each case.
Measurements were performed using an
interactive digitising video overlay system
(PRODIT, Promis Software, Almere, The
Netherlands) at a final magnification of x 3000.
Nuclei were selected according to the so-called
raster method'"-that is the systematic sam-
pling of the entire marked area-up to a sample
size of 100 or the maximum number of malig-
nant nuclei. For each case, the mean and SD of
the nuclear area, nuclear axis ratio, and nuclear
form factor were calculated.
For statistical analysis, survival time (defined

as the time between data ofoperation and death
from recurrent disease) was used as a follow up
variable. Univariate survival analysis was
performed according to the Kaplan-Meier
method. For continuous variables, cutoffs were

Table 2 Univariate survival analysis data for significant variables

Variable No of cases* % Survival p-Value Mantel-Cox

SD MI. <017 12 75 0 01 91
<0 91 19 42
>0-91 13 23

MirXue <0 55 15 73 0-02 7-6
<24 13 31
22-4 17 35

*Cases with one positive node excluded

C.
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p=0-01
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Figure I Survival curves for subgroups of lymph node
positive patients with different SD values MI,,,,.

chosen in such a way that the patients were
divided into two or three groups of roughly the
same size. Differences between the curves were
analysed using the Mantel-Cox test, with p
values below 0 05 regarded as significant.

Multivariate analysis was performed with
the Cox regression model to evaluate the
additional prognostic value of the features. All
tests were carried out with the BMDP statis-
tical package using the program's life tables
(Pl1) and survival analysis with covariates
(P2 1).

Results
Of all the statistics taken from the classic and
quantitative variables only SD MImeax, and the
MIrange were significant in univariate survival
analysis. Table 2 provides the statistical results
for SD MImea and MIrange. Figure 1 shows the
survival curves for subgroups with different
values of the SD MImean,

In the Cox regression analysis the following
multivariate combination of the MImean3 SD
MImean, and maximum MI emerged:
MVAR = 1.0826* MIme, + 2-9998*

SD MImean - 1 2066* MIma
This combination was further tested in
univariate survival analysis. A cutoff of 0-25
provided a significant differentiation ofpatients
with a good (MVAR of <0-25, 68% survival)
and bad (MVAR 20-25, 28% survival) prog-
nosis (p = 0-0013, Mantel-Cox 10-4). Figure 2
shows the survival curves for these groups.
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Figure 2 Survival curvesfor subgroups of lymph node
positive patients with different values ofMVAR.
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Discussion
Of all the variables evaluated in this study, only
the SD of the mean MI and the MI range
showed prognostic value in univariate analysis.
A multivariate combination of three prolifera-
tion variables (mean SD, and maximum lymph
node MI) adequately discriminated between
patients with a relatively favourable and
unfavourable prognosis and a long term
survival of 68% and 28%, respectively. It is
difficult to find a biological explanation for this
multivariate combination, but it may be that a
high variation in proliferative activity among
different lymph nodes of the same patient
indicates a genetic instability that heralds a
poor prognosis. Neither the other quantitative
variables nor the classic lymph node factors
were of any additional prognostic value.
Altogether, this points to the intriguing pos-
sibility of predicting the behaviour of distant
metastases by studying axillary proliferative
activity in lymph node metastases of patients
with breast cancer.
Linden et al showed that a combination of

nuclear axis ratio of the primary tumour and a
randomly selected lymph node metastasis had
additional prognostic value in lymph node
positive patients.9 The nuclear axis ratio of the
lymph node metastases alone had no prognostic
value in this study. Maehle described the
prognostic value ofmean nuclear area oflymph
node metastases, giving no details on what
lymph node had been selected.8"213 In this
study the prognostic value ofmean nuclear area
could not be confirmed. How the prognostic
value oflymph node variables derived from this
study compare with primary tumour character-
istics from a prognostic point of view will be
investigated.
An interesting finding from this study was the

wide variety in proliferative activity among
lymph node metastases in the same patient.
One patient with 14 lymph node metastases had
an MI ranging from 05 to 9-9 in different
positive nodes. This shows that the quan-
titative phenotype of axillary lymph node
metastases from the same patient may be very
different. Because tissue processing was stan-

dardised and the local circumstances were
similar for all axillary lymph nodes, this may
indicate that lymph node metastases could be
derived from different clones in the primary
tumour.

In conclusion, proliferation variables
obtained from axillary lymph node metastases
of patients with breast cancer have prognostic
value and could therefore predict the behaviour
of distant metastases in such patients.
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