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SUMMARY In a prospective study the predictive value of a multivariate morphometric prognostic
index was evaluated in 195 patients with primary breast cancer who had not been treated with any

form of chemotherapy or hormonal treatment. The presence or absence of distant tumour recur-

rence combined with the scores of the prognostic index were compared with the survival curves

predicted in a previous study. The value of the presence of lymph node metastases, number of
positive nodes, tumour size, mitotic activity index, and oestrogen receptor status in prediction of
prognosis were also investigated.

In agreement with the results of the previous retrospective study, the prospective use of the index
had the strongest predictive prognostic value, followed by the mitotic activity index. Statistical
analysis showed that the actual prognoses of 43 of the 195 patients (22%) were more accurately
determined by the prognostic index rather than by using the presence of the lymph node metastases
as the classifying variable.
The prognostic index is consistently reproducible by different technicians; it is a reliable method

of predicting distant recurrence of tumour and hence the prognosis of patients with primary breast
carcinoma. It provides more prognostic information than the presence of lymph node metastases
alone, and the index should be incdrporated in routine pathology reports.

Several clinical trials have suggested that adjuvant
systemic treatment in addition to radiotherapy dimin-
ishes the mortality of patients with primary breast
cancer.1 - 3 Complete cure, however, has not yet been
achieved. This is partly due to the fact that the admin-
istration of adjuvant treatment is mainly based on the
finding of lymph node metastases considered at this
time to be the best guide to prognosis.45 The use of
this prognosticator has been criticised, for either
undertreatment or overtreatment can result,6 and this
may have negatively biased the results of the above
mentioned studies. Consequently, many attempts
have been made to identify better prognostic factors
to select those patients who require or who will
especially benefit from adjuvant treatment.69
The oestrogen receptor content has been regarded

as an independent prognostic factor," l but recently
this has been questioned.12- 14 It seems that if
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patients with oestrogen receptor positive tumours
develop distant metastases they do so later than
patients with oestrogen receptor negative tumours,
but that the prognosis in the end is the same in both
groups of patients.

In a previous paper 271 patients with primary
ductal breast cancer were investigated retro-
spectively.15 The mitotic activity index was the stron-
gest single prognostic factor. Survival analysis with
Cox's regression model pointed to three features: the
mitotic activity index, tumour size, and the lymph
node status (whether or not there was metastatic
tumour spread). The combination of these three fea-
tures in a multivariate assessed prognostic index was
the strongest indicator of prognosis. In terms of five
year survival the prognostic index compared with
lymph node status alone provided more accurate
information for 20% of the patients.
The above mentioned results were obtained in a

research setting on retrospective material, and it was
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questionable whether routine application would pro-
vide similarly good results. In 1980, therefore, a pro-
spective routine study was started on entirely different
patients. Furthermore, the validity of the prognostic
index was investigated to predict the likelihood of
distant recurrence.

Material and methods

PATIENTS
The patients included in this study were presented to
the hospitals affiliated with the pathology laboratory
of the Stichting Samenwerking Delftse Ziekenhuizen
between July 1 1980 and December 31 1983. All
patients had undergone surgery for primary breast
carcinoma (T N xMo) of the "not otherwise
specified" ductal type'6; they were not known to have
had other overt disease at the time. Eighteen patients
with inadequate follow up were excluded. Of the orig-
inal 261 patients initially considered, 243 (93%) were
available for assessment. In addition, 34 patients who
had received adjuvant chemotherapy (n = 24) or hor-
monal treatment (n = 10), or both, and 14 patients
presenting with local recurrence during the follow up
period were excluded from statistical analysis. The
mean age of the remaining 195 patients was 60 years
(median 60, range 29-87); the mean tumour size was
2 6cm (median 20 cm, range 0 4-15cm). One hun-
dred and nineteen patients had no lymph node metas-
tases and 76 had lymph node metastases. These data
fell in the same range as described in other larger
series"7 18 so the material can be regarded as repre-
sentative. As in the retrospective study,15 patients
with axillary lymph node metastases or centrally
located tumours, or both, were treated with local and
regional radiotherapy. The minimum follow up time
was 13 months (maximum 57 months, mean 32
months).

ASSESSMENT OF RECURRENCE
In accordance with the World Health Organisation
recommendations" recurrence of disease (reap-
pearance of known lesions or development of new
lesions) was accepted if microscopically confirmed, or
if a combination of clinical, radiological, scin-
tigraphic and biochemical data were conclusive. Only
distant metastases were regarded as "recurrence".

Local recurrence (defined as recurrence of the
tumour in the same breast, the axillary adipose tissue,
or the overlying skin, or a tumour of the other breast)
occurred in 14 patients. To preclude any dispute as
to whether local recurrence should be considered
as a true recurrence or as a treatment failure these
14 patients were excluded from further statistical
evaluations.

PATHOLOGICAL FEATURES
The size of the primary tumour (the maximum
diameter on pathological examination) was recorded.
Samples of the primary breast tumour were taken for
microscopical analysis (including morphometry) and
oestrogen receptor content analysis. The axillary
adipose tissue was extensively sampled, and blocks of
the primary tumour and all of the available lymph
nodes were fixed for 24-48 hours in 4% buffered for-
malin and subsequently embedded in paraplast.
Every effort was made to include the periphery of the
primary tumour in the section. Representative tissue
sections (4 im thick) were stained with haematoxylin
and eosin. The tumours were classified according to
the WHO classification that is, ductal, lobular,
medullary and others.'6

MORPHOMETRIC METHODS
Details of morphometry and theoretical background
have been described elsewhere,20 -23 and for their
application to breast cancer the reader is referred to
earlier publications,9 24-26 especially to one retro-
spective study,'5 where the method is described com-
prehensively. Briefly, morphometry was performed
on standard haematoxylin and eosin stained paraffin
sections which included the centre and the periphery
of the tumour. The multivariate prognostic index'5
takes the following form: MPi = 0 3341 x the square
root of the mitotic activity index; + 0 2342 x the
tumour size in centimetres; - 07654 x the lymph
node status (negative = 2, positive = 1).

OESTROGEN RECEPTOR CONTENT
To determine the oestrogen receptor content of the
primary tumour the biochemical assay, as described
by the EORTC Breast Cancer Cooperative Group,
was used.27 Values of I1 fmol/g protein and above
were regarded as positive and those below 11 fmol/g
protein as negative. Of the 195 patients studied,
assessment of oestrogen receptor was possible in 122
patients (in 63 patients not enough material was
present or the material was inappropriate for sam-
pling). Of these, 83 were oestrogen receptor positive
and 37 oestrogen receptor negative. The results on
two patients were borderline.

STATISTICAL ANALYSIS
All the analyses were computed using the BMDP
package (sections P2D, P4F, and PIL).28 Detailed
data description, including frequency distribution,
minimum, mean, median and maximum, per cent and
cumulative per cent were computed for all features.
The actuarial recurrence rates of different values of
each feature were computed using Kaplan-Meier sur-
vival curves. For continuous features, all the patients
were dichotomised in numbers proportional to the
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Table 1 Contingency tables with distant recurrence as
dependent variable ofprognostic index, lymph node status,
tumour size and mitotoc activity index (figures in parentheses
are numbers per cent)

Distant recurrence

Yes No Total

Prognostic index < 060 10 (8) 112 (92) 122
Prognostic index > = 0 60 27 (37) 46 (63) 73

Lymph node negative 15 (13) 104 (87) 119
Lymph node positive 22 (29) 54 (71) 76

Tumour size = < 2cm 13 (13) 91 (87) 104
Tumour size > 2 cm 24 (26) 67 (74) 91

Mitotic activity index < 9 10 (9) 101 (81) 111
Mitotic activity index > = 9 27 (32) 57 (68) 84

number of patients with negative or positive lymph
nodes, or subdivided further using the same criteria as
described previously.'5 The proportional size of the
subgroups for each feature was similar to those found
in the earlier study'5: these were therefore adopted.

Differences between the curves were analysed using
the Mantel-Cox test. P values below 0 05 were
regarded as significant.

Results

The prognostic index score ranged from -15 to 3-6
(mean = 0 4). Patients with a low score (< 0-6) had a
better prognosis than patients with a higher (> 0 60)
prognostic index score. As the prognosis is a function
of the prognostic index, the lymph node status, tu-
mour size, and the mitotic activity index, contingency
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Fig 2 Recurrencefree curves oflymph node negative
(n = 119) and lymph node positive (n = 76) patients with
breast cancer.
tables of the prognosis and these four features are
given (table 1).

Fig I shows the dichotomised prognostic index. Af-
ter 48 months of follow up the actuarial recurrence-
free rate was 88% in patients with a low prognostic
index (n = 122) and 50% in patients (n = 73) with a
high prognostic index (Mantel-Cox test, p < 0 001).
This result is better than the use of lymph node status
as the only prognostic feature: fig 2 shows that the
actuarial recurrence free rate of the lymph node nega-
tive patients (n = 19) and positive patients (n = 76)
was 80% and 62%, respectively (Mantel-Cox test,
p < 0-05).

Fig 3 shows the Kaplan-Meier recurrence free
curve of the mitotic activity index. The mitotic activ-
ity index once again was the best single prognos-
ticator.
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Table 2 Contingency table with distant recurrence as
dependent variable ofprognostic index and lymph node
status*

Distant recurrence
Prognostic Lvmph node
index status Yes No Total

< 060 (-) 8 91 99
< 060 (+) 2 21 23
> = 060 (-) 7 13 20
>= 060 (±) 20 33 53

Total 37 158 195

*Note the (20 + 23 =) 43 patients for which the lymph node status
and the prognostic index indicate a different prognosis.

To illustrate the power of the prognostic index
compared with that of the lymph node status the 195
patients were analysed in four groups: (A) low prog-
nostic index and lymph node negativity; (B) low prog-
nostic index and lymph node positivity (C) high
prognostic index and lymph node negativity and (D)
high prognostic index and lymph node positivity.
Groups A and D included most of the patients. The
patients in groups B and C were the most interesting,
however, because these groups determined the power
of either the prognostic index or the lymph node
status.

Table 2 shows that only two of the 23 lymph node
positive patients with a low prognostic index (8 7%)
developed a recurrence, a percentage similar to that in
low prognostic index, lymph node negative patients
(eight of 99 or 8-1%, Mantel-Cox test, p = 0-77). The
same is true for patients with either lymph node nega-
tivity and positivity and a high prognostic index score
(seven of 20 or 35%, and 20 of 53 or 38%, re-
spectively, Mantel-Cox test, p = 0 85). The prognos-
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Fig 4 Recurrencefree curves ofoestrogen receptor negative
(1) (n =37) andpositive (n = 83) patients.

tic index was a more powerful prognosticator than
the lymph node status and gave better information on
patients' prognosis in 43 (22% of all 195) patients.

Fig 4 shows the Kaplan-Meier curves of the oe-
strogen receptor positive and negative tumours. The
prognostic importance of this factor was unquestion-
ably not as good as that of the prognostic index.

Discussion

In a previous study using multivariate analysis it was
found that the combination of the mitotic activity in-
dex, the lymph node status, and the size of the tumour
had a much stronger prognostic value than lymph
node status alone.15

Using the Jackknife method, the predictive value of
the prognostic index in a set of patients can be simu-
lated. As such, an internal control is not the best sta-
tistical technique for evaluating the predictive value
of a rule; in this study the prognostic power of the
index was evaluated on a totally new group of pa-
tients, and a high prognostic value of the index was
found.
One of the main differences between this and the

previous study is that in this study recurrence rather
than survival was taken as the dependent variable.
This was done for two reasons: firstly, the follow up
was relatively short and results could be obtained af-
ter a shorter period of time; and secondly, recurrence
of disease is commonly used as an indication to begin
further treatment, and it is therefore necessary to
know whether the prognostic index is a useful method
of predicting distant recurrence. The results indicate
that the prognostic index is, indeed, an accurate pre-
dictor of distant recurrence and a better prognos-
ticator than the lymph node status or any of the other
investigated prognostic factors.
Of special interest are the 43 patients who had ei-

ther a low prognostic index and lymph node metasta-
ses or a high prognostic index without lymph node
metastases, as these subgroups most effectively show
the benefit of the prognostic index. These patients
would have been classified as having a good or poor
prognosis using lymph node status, but using the
prognostic index score the classification would have
correlated much more closely with actual outcome.
Two additional facts support the value of the prog-

nostic index as a reliable and reproducible method. In
the present study absolute "blind" determination of
the prognostic index was ascertained because the
study was prospective and assessed routinely. The as-
sessments were performed over three and a half years
by seven different technicians, and this procedure un-
doubtedly has introduced some interobserver vari-
ation. Nevertheless, the predictive value of the
prognostic index was similar to that obtained in the
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retrospective study,15 and this indicates that routine
assessment of the prognostic index is reproducible
and is, indeed, of high prognostic value.

Earlier publications have suggested that the oe-
strogen receptor content is an independent prognostic
factor.'0 ' As discussed in other more recent studies,
however,12-14 in the long term the prognostic
difference between oestrogen receptor positive and
negative tumours decreases. In this study a similar
pattern was found, supporting the finding that there
was no prognostic importance in long term follow up
(fig4).

In spite of the considerable gain in prognostic accu-
racy (22%) a 100% prediction was not obtained, and
further studies are necessary to gain more informa-
tion on the cell biology of breast tumours. To con-
clude, the prognostic index is an inexpensive and
readily assessable indicator of the prognosis of indi-
vidual patients with primary breast cancer. Because
only standard haematoxilin and eosin tissue sections
are necessary, this technique can be incorporated as a
routine procedure in most pathology institutes.

This study was financed by grant 28-735 from
Praeventiefonds.
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