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SUMMARY The inter- and intra-observer reproducibility of three grading systems for breast cancer

has been analysed: those of the World Health Organisation, of Black, and of Hartveit. In addition,
the components forming the basis of these grading systems were analysed separately with regard to
reproducibility and interrelationship. In this analysis, degree of differentiation was also included as

a parameter.
The grading systems of WHO and of Black gave a stratification of the material into three cate-

gories of tumours, but that of Hartveit did not. All three systems had a low inter- and intra-observer
reproducibility.

Truncated component analysis indicated that the grading systems of WHO and of Black are

closely related to each other and to the 'nuclear lobulation' component of Hartveit's system. The
components 'pleomorphism', 'mitotic frequency', and 'hyperchromasia' of the WHO system were

closely interrelated. Descriptors such as 'differentiation' and 'tubule formation' were interrelated
but acted in a different direction from the others.

It is surprising that few of the many suggestions for
the classification and grading of breast carcinoma
have been analysed with regard to intra- and inter-
observer reproducibility. This paper analyses the
subjective grading of breast cancer suggested by
the World Health Organisation (WHO) (Bloom and
Richardson, 1957; Scarff and Torloni, 1968),
Black and Speer (1957), and Hartveit (1971) in
order to determine: (a) intra- and inter-observer
reproducibility; and (b) interrelationships between
the different parameters forming the basis of these
grading systems.
Any valid grading of breast cancer must use

uniform diagnostic criteria which can be applied
consistently by individual observers. Moreover, the
grading should correlate with survival.
Some authors who have analysed the signifi-

cance of nuclear atypia have not confirmed that it is
important in regard to the prognosis (Kister et al.,
1969). Others have expressed scepticism concerning
the value of prognosis based on histological features
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in connection with breast cancer (Evans, 1933;
Warren et al., 1933; Richards, 1948; Lewison et al.,
1953; Ackerman, 1954; Sternberg, 1958). Most
grading systems have considered the nuclear mor-
phology of the tumour cell population as important,
but in some, other factors have also been evaluated
such as histological structure, manner of growth,
and extent of lymphocytic infiltration.
The concept that the nuclear morphology of

tumour cells could have implications ior their
biological behaviour is due to von Hansemann
(1893), and his studies have been the starting point
for many grading systems of carcinoma. He con-
sidered the mitotic rate in the tumour and the
occurrence of abnormal mitoses as important
characteristics (Hansemann, 1892) and concluded
(Hansemann, 1902) that the higher the degree of
anaplasia, the greater the tendency of the tumour
to metastasise. Broders (1940) introduced a grading
system for squamous carcinoma of the lip and then
proposed a system for the microscopic grading of
breast cancer. Salomon (1913) studied the relation
between the clinical course of breast cancer and
morphological alterations and found that the degree
of anaplasia was of prognostic importance.
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Greenough (1925) stressed the importance of
cytological as well as histological changes in the
tumour, and this method was modified by Patey
and Scarff (1928) and Bloom and Richardson
(1957).
The WHO grading system analysed in this study

is founded on the system introduced by Bloom and
Richardson (1957), combining cytological and
histological criteria. Their system referred to the
earlier publication of Patey and Scarff and conse-
quently to that of Greenough. Black and Speer
(1957) presented a grading system based on cellular
atypia. Hartveit's system (1971) was based on an
assessment of factors such as nuclear crowding,
lobulation, and relative diameter as well as an assess-
ment of cell borders. Other histological factors were
examined by Haagensen (1933) to analyse the value
of such factors in the prognosis of breast cancer.
Delbet and Mendaro (1927) classified breast tumours
according to cell type and growth, while Gricouroff
(1948) reported a grading system based on a com-
bination of evaluation of degree of differentiation,
type, and the way the tumour invaded surrounding
tissues in addition to the cohesion of the tumour
cells. Hultborn and T6rnberg (1960) claimed, as
Gricouroff (1948), that the manner of growth of
the tumour was the most important criterion for
obtaining an 'individualised group prognosis'. The
present study concentrates entirely on different
methods of histological grading as suggested by the
World Health Organisation, Black, and Hartveit.

Material and methods

The present work is part of a study aimed at in-
vestigating possible correlations between epidemio-
logical factors and morphological subgroups of
breast cancer. Material was collected from 179 of
181 consecutively occurring breast cancer cases in
four Swedish counties during a period of five months.

SPECIMEN PREPARATION, FIXATION, AND
STAINING
A slice of 3 mm thickness was taken from the middle
part of the tumour and fixed in Carnoy's solution.
This slice was selected so that it represented an
entire cross-section of the tumour and included the
surrounding area. Sections were stained with van
Gieson, haematoxylin-eosin, Azan-Heidenhain, Al-
cian green, PAS with and without diastase digestion,
for elastin according to Voerhoff, and with methyl-
green pyronin.

GRADING OF HISTOPATHOLOGICAL SECTIONS
The tumour specimens were graded according to
three methods: WHO (Bloom and Richardson,

Bjorn Stenkvist, et al.

1957; Scarff and Torloni, 1968), Black and Speer
(1957), and Hartveit (1971). Thus the following
factors were evaluated in each tumour on two
different occasions, after a six-month interval, by
two observers:

World Health Organisation (Scarff and Torloni,
1968)

Tubule formation: This was rated as marked (1
point), moderate (2 points), and absent (3 points).

Mitotic rate: This was evaluated at x 400 magnifi-
cation and counted as less than 2-3 mitoses per
field, 2-3 mitoses per field, and more than 2-3
mitoses per field.

Hyperchromatic nuclei: The number of hyper-
chromatic nuclei was evaluated in the same way as
the number of mitoses.
The number of mitoses and hyperchromatic fig-

ures were added together; < 2-3 per field were given
1 point, 2-3 gave 2 points, and > 2-3 gave 3 points.

Pleomorphism: This was evaluated at x 400 magnifi-
cation and categorised as few (1 point), moderate
(2 points), or abundant irregular nuclei (3 points).
The points allocated for each of the above-men-

tioned criteria were added together to form three
grades: grade I with a total of 3-5 points; grade II
6-7 points; and grade III 8-9 points.

Black (Black and Speer, 1957)
This method followed the published criteria and
subdivided the tumour into those containing many
(N = 0-1), moderate (N = 2), and few (N = 3-4)
abnormal nuclei.

Hartveit (1971)
Each factor was determined at a magnification of
x 400.

Cell borders: These were subdivided into clearly
defined, partly defined, and undefined.

Nuclear crowding: This was also subdivided into
three categories, depending on the abundance of
crowded nuclei.

Nuclear lobulation: This was subdivided into three
categories, from absent to marked. To fulfil the
criteria of lobulation, the nuclear membrane had to
divide the nucleus into segments with a diameter of
less than one-third of that of the nucleus. The
lobulation was considered to be marked if there were
several segments of several nuclei in each field of
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vision. This definition differs from that described by
Hartveit and was introduced as it was considered
to be more precise and easy to follow.

Nuclear diameter: This was divided into more than
one-half, equal to one-half, and less than one-half
of the total diameter of the cell. It was estimated in
areas of the tumour with well-preserved nucleus and
cytoplasmic borders.

Hartveit's parameters gave rise to a number of
combinations from 3111 (type I) to 1333 (type III).
All intermediate types (79 alternatives) were cate-
gorised as type IT.

DIFFERENTIATION
We think it is important to emphasise that dif-
ferentiation and tubule formation are not synony-
mous since degree of differentiation is correlated
with various descriptors, in addition to tubule
formation, such as duct formation and acinus or
lobule formation irrespective of tumour class and
nuclear grade.

STATISTICAL METHODS
To measure the inter-observer and intra-observer
variability many alternatives are available. One, the
easiest to grasp and therefore the most appealing,
is to compute the percent equal assessments.
However, this measure must be interpreted with
caution. If one category is very frequent in the two
judgments to be compared, the percent equal
judgments will automatically be high, even if there
is statistical independence. The percent will also
depend on the number of alternatives. In summary,
a low value would be an indication of poor agree-
ment even if a high value might be misleading.
Another possibility is to compute a correlation

coefficient. If interval information is used, as is the
case in this study, the normal product moment
correlation coefficient should be used. For ordinal
cases, the Spearman rank correlation coefficient is
the normal choice. If only nominal information is to
be considered, Tschuprow's coefficient (Tschuprow,
1925, 1939) is a good choice. When the number of
categories is equal for two judgments it will coincide
with Cramer's V (1945). In this case all variables had
the possible levels, denoted by 1, 2, 3, which will be
considered as lying on an interval scale. Therefore
the product moment correlation coefficient has been
chosen.
A third alternative would be to test some hypo-

thesis about the judgments, normally that they are
independent of each other. In this case a X2-inde-
pendence test (Siegel, 1956) may be applied. It is
also possible to test whether the correlation coeffi-
cients mentioned above are significantly different

from 0, if the scale is interval, and the normal
distribution assumption is applicable.
When measuring the degree of similarity between

two variables, the three above-mentioned cor-
relation coefficients may be applied. The deter-
mination coefficient = the correlation coefficient
squared is a measure of the proportion of the total
variance which is mutual for the two variables
compared. This may also be a suitable measure. If
more than two variables are to be considered at the
same time, a truncated component analysis (Gorsuch,
1974) may be utilised in order to estimate the main
factors. In that method the correlation coefficient
is used as the scalar product between those normal-
ised vectors that correspond to the variables. That
linear subspace of dimension 2 which explains most
of the variance will be considered.
When studying our values of the product moment

correlation coefficients, it is suitable to consider that
for all variables a three-step scale was selected.
Even if true scores had been used, the trichoto-
misation will affect the correlation. In many cases
the scores used are doubtful, since not all four
judgments agreed. It is not possible to be certain
about the effect of these errors. However, it is most
likely that both of them tend to decrease the abso-
lute value of the correlation coefficient.
We tested the material with respect to all

the above-mentioned methods, since none of the
methods was preferred unequivocally.

Approximatedfinal score
In cases of disagreement between observers, that is,
when at least three out of four readings were not
identical, the tumour was given the grade in which it
was placed by the pathologist who had the best
average consistency in that particular grading
system. This was called the 'approximated final
score'.

Strictfinal score
When the two pathologists agreed in three or all
four of the observations, the tumour was regarded
as belonging to that particular grade. The others were
defined as not possible to grade.

Results

GRADING ACCORDING TO WHO
The inter- and intra-observer variability is illus-
trated in Table 1. There is a high variability of both
the grading methods as a whole and their individual
components. With the exception of assessment of
hyperchromasia (which is even worse), the con-
gruency of assessments is between 60 and 77 %,
and in all instances the product moment correlation
coefficient is less than 070.
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Table 1 Piroduct moment correlation coefficients (A), number ofcomparedpairs (B), and two-tailed P values ofthe
independence hypotheses (C) illustrating the inter- and introa-observer variability ofgrading according to WHO and the
componentsforming the basis of this grading system

Inter Intro I Intra 2 Equal assessments (%)

Inter Intra 1 Intra 2

Pleomorphism A 0 537 0 548 0 602
B 164 169 165 59-8 59-8 67 3
C 0 000 0000 0 000

Hyperchromasia A 0-255 0-551 0 210
B 165 173 165 37 0 52 6 77 6
C 0 001 0.000 0-007

Mitoses A 0-456 0 557 0-577
B 165 173 165 64 2 65.3 77.0
C 0-000 0-000 0C000

Tubuleformation A 0-519 0 697 0 510
B 165 174 165 600 63-8 71 5
C 0000 0w00 0000

WHO grade A 0-563 0-598 0-562
B 166 174 166 506 58 6 61 4
C 0 000 0000 0000

The P values should be interpreted with some caution as the normal distribution assumption is not realistic.

The four variables on which the WHO grading
is based were analysed with a truncated component
analysis. The two first principal components were
calculated (both eigenvalues > 1) (Fig. 1). Pleo-
morphism, hyperchromasia, and mitotic frequency
have an almost equal direction and strength whereas
tubule formation seems not to correlate with the
others.

GRADING ACCORDING TO HARTVEIT
Table 2 shows the values of the product moment
correlation coefficients between the components

10 & Tubule formation

0-5

-10 -05 05 10

M toes

Pl eomorphism
- 0 5 Hyperchromasia

-l.0

Fig. 1 Truncated component analysis ofthe components
forming the basis ofthe WHO grading system. The arrows
are proportional to the strength and direction ofeach
parameter. Obviously 'mitoses, pleomorphism, and
hyperchromasia' are closely relatedparameters whereas
'tubule formation' is a parameter unrelated to the others.
(Eigenvalues 2 18-0-80-0 57-0 45.)

forming the basis of the grading system of Hartveit.
The reproducibility of most factors is low or absent.
The truncated component analysis based on the

approximated final score of the four variables shows
(Fig. 2) that each parameter acts as a descriptor in a
different direction, which explains why all tumours
but one end up in the same category, namely, type
II (Table 4). Thus the grading system of Hartveit
allows no possibility of categorising the tumours.
However, the parameter 'nuclear lobulation' was
an exception in having an ability to structure the
tumour material into categories at a low but signifi-
cant reproducibility.

GRADING ACCORDING TO BLACK
Table 3 indicates that grading according to Black
has a reproducibility comparable to that of WHO,
that is, low but significant. It also illustrates another
method (chi-square and Tschuprow's coefficient) of
analysing the reproducibility.

PERCENTAGE DISTRIBUTION OF TUMOURS
ACCORDING TO THE GRADING SYSTEMS
TESTED
Table 4 illustrates the ability of the respective
systems to divide the tumour material into cate-
gories. It is seen that the Hartveit system does not
separate the tumours at all, and that the WHO
system divides the tumours into three almost equal
groups.
With the requirement that at least three out of

four assessments have to be equal (Table 5). one
can see that the group of unclassifiable tumours,
according to WHO and Black, has grown to 34O%
after only four assessments.

982 Bj&rn Stenk vist, et al.
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Analysis of reproducibility of subjective grading systems for breast carcinoma

Table 2 Product moment correlation coefficients (A), number ofcomparedpairs (B), and two-tailed P values ofthe
independence hypothesis (C) illustrating the inter- and intra-observer variability ofthe componentsforming the basis of
Hartveit'sgrading system

Inter Intra 1 Intra 2 Equal assessments ('%)

Inter Intra I Intra 2

Cell borders A 0 357 0-284 0-290
B 165 173 165 255 532 57-6
C 0000 0000 0000

Nuclear crowding A 0-171 0-370 0-261
B 164 173 165 110 83-2 564
C 0-028 0 000 0 001

Nuclear A 0 394 0527 0-421
lobulation B 164 1 165 47-6 54 7 71-5

C 0.000 0.000 0.000
Nuclear diameter A 0-083 0 009 0-043

B 162 163 165 25-9 22-7 41-8
C 0-294 0905 0583

Figure 3 illustrates the relationship between the
grading systems of WHO and Black and the most
reproducible component of the Hartveit system
(nuclear lobulation) by truncated component analy-
sis based on seven variables, namely, grade, pleo-
morphism, tubule formation, mitotic rate, grade
according to Black, lobulation according to Hartveit,
and differentiation. Two eigenvalues were above 1.
According to the Kaiser and Caffrey (1965) criterion,
only two components were thus calculated. Also the
scree test (Gorsuch, 1974) should have given two
components. Therefore the two-dimensional struc-
ture achieved by the component analysis will
illustrate the interrelationships in a suitable way. In
addition, the degree of differentiation (low, medium,
high) is included. It can be seen that both the grading
systems and lobulation act equally in the same

direction, whereas differentiation (as tubule for-
mation) is an unrelated phenomenon. In Table 6,
all factor values are included, some of which are
illustrated in Figure 3. From this table one can also
see that the factor loadings indicate that WHO and
Black gradings seem to describe the same abnormal-
ities as does assessment of mitotic frequency,
pleomorphism, and lobulation (Hartveit). Dif-
ferentiation and tubule formation, on the other hand,
seem to describe another type of tumour abnormality
and in another direction in the coordinate system.

Discussion

This study has not involved the diagnosis of malig-
nancy. It has been designed exclusively to analyse
the reproducibility of subjective morphological

0 5

-l 0 -05

-uclear diameter

-0-5

Nuclear
lobulation

Cell borders

cro1d-n0

N ucl ea r crowding

-1 0

Fig. 2 Truncated component analysis ofthe components
in Hartveit'sgradinzg system. Theparameters are ofequal
strength but act in different directions. (Eigenvalues 1 41-
IJ06-0-81-0*70).

Table 3 Inter- and intra-observer reproducibility of
nuclear grading according to Black

Inter Intra 1 Intra 2

P value of chi square test 0 0000 0 0000 0°0000
Tschuprow's coefficient 0-162 0-169 0 221
% Equal assessments 59-9 57 3 66 5

Table 4 Distribution oftumour grades according to
WHO, Black, and Hartveit after determination ofan
average offour assessments andgiving the grade as the
assessment closest to the average(percentages in
parentheses)

WHO I, Black: WHO II, Black: WHO III, Black:
N = 3-4, N = 2, N = 0-1,
Hartveit type I Hartveit type II Hartveit type III

WHO 70 (39 8) 59 (33 5) 47 (26 7)
Black 25 (14-2) 95 (54-0) 56 (31-8)
Hartveit 1 (0-6) 175 (99 4) 0 (0)
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Table 5 Distribution oftumour grades andnumber ofunclassifiable tumours, with the requirement that at least 3/4
assessments were equal(percentages in parentheses)

WHO I, Black: WHO II, Black: WHO III, Black: Unclassifiable
N = 3-4, Hart ieit N =2, Hartveit N= -01, Hartveit
type I type II type III

WHO 47 (26 7) 39 (22 2) 30 (17-0) 60 (34-1)
Black 8 (4 5) 63 (35 8) 46 (26-1) 59 (33 5)
Hartveit 0 (0) 175 (99 4) 0 (0) 1 (0 6)

grading of breast carcinoma. Few such studies have
been published.

In analysing Black's grading system, Cutler et al.
(1966) found that the most experienced observer
reached 700% of equal assessments on two different
readings of the slides. Less experienced observers
agreed only 470% and 60% of the time. However,
all three observers found a significant correlation
between survival and nuclear grade. They made no
further statistical evaluation of their data, but the
percentage of similar assessments was about the
same as in the present study. In our opinion, it is
questionable whether such percentages, especially
the low-product moment correlation coefficients,
reflect 'reasonable consistency'. We believe that the
consistency values show that the grading in the
individual case is of limited or no importance. This
view was also held by Schi0dt (1966) after his

1*

0 5

-10 -0 5

-0.5

Differenti ation

WHO
10

0 5
Lobulation (Hartveit)
Black

analysis of the grading system of Bloom and
Richardson (1957).
The truncated component analysis of Hartveit's

parameters indicates that these are pairwise almost
inversely related to each other. When they were

weighed together therefore it is not surprising that
all tumours turned out to belong to type II. In
her analysis of the reproducibility of the system,
Hartveit (1971) found 94% agreement in her material.
When we typed our material we found 100%
agreement but no possibility of stratifying the
tumours into groups. However, nuclear lobulation,
the most reproducible parameter in our hands,
stratified the material to about the same extent as

grading according toWHO and Black.
The truncated component analysis indicates that

the overall WHO grading, and especially its com-

ponents, mitotic frequency, hyperchromasia, and
pleomorphism, are closely related to one other, as

well as to the grading method of Black and the
component 'nuclear lobulation' of Hartveit.

Nuclear grade and degree of tumour differentia-
tion separated the material into different groups
best. It is, however, necessary to develop more

refined methods which will allow an objective and
reproducible characterization of the individual
tumour cell population as belonging to one single
type. This is necessary before a proper evaluation
can be made of how these two parameters contri-
bute to a clinically and therapeutically meaningful
separation of the patients into different groups.

This work was supported by NIH/NCI contract
number NOI-CB-53968.

-1-0

Fig. 3 Truncated component analysis ofthe grading
systems ofBlack, WHO, and the component 'nuclear
lobulation' ofHartveit. All these are closely relatedamong
themselves but unrelated to 'differentiation', which (as
'tubuleformation') acts rather independently in another
direction. (Eigenvalues 3-63-1J19-0-69-0-59-0-43-0-26-
0 20.) Theparameters pleomorphism, mitoses, and tubule
formation, also analysed in this component analysis, are

not included in thefigure for illustrative reasons. See
Table 6.

Table 6 Strength and direction ofthe seven factors in the
component analysis illustrated in Figure 3

Facto

Grade (WHO) 0-889 0-042
Pleomorphism 0 801 -0 284
Mitototic frequency 0-749 -0117
Tubule formation 0575 0-565
Grade (Black) 0-834 -0 171
Lobulation (Hartveit) 0 763 -0083
Differentiation 0-186 0 859

.~~~~~~~~~~~~~
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