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Aims: To create and use a geometrical model for sentinel lymph node (SLN) histopathology in breast
cancer.

Methods: The model involves a spherical metastasis randomly situated in an SLN. Two extreme situations
are taken as the starting points. In one of these, the metastasis is seen in its largest dimension, whereas in
the other it is only just visible, approximating O mm in size. Intermediate positions are analysed, with
different metastasis sizes and different distances between the levels assessed by histology.

Results: The findings suggest that sections taken 1 mm apart afford a reasonable means of identifying
almost all mefastases measuring > 2 mm (referred to as macrometastases here). For nearly all
micrometastases to be identified correctly according to the current TNM definitions (that is, metastases
> 0.2 mm), a step sectioning protocol with levels of 250 um or 200 um would be adequate.
Conclusions: SLNs are the most likely sites of nodal metastasis. Macrometastases are of recognised
prognostic relevance so that all should be identified, preferably correctly as macrometastases; an
assessment of levels 1 mm apart appears satisfactory and sufficient for this aim. SLNs also offer an ideal
method for the study of the significance of micrometastases; for this, step sections separated by 200 or

250 pum are a good choice.

lymphogenic metastasis in breast cancer, as suggested in

numerous reports since the publication of the milestone
paper by Giuliano et al.' This has been substantiated by
studies involving a similarly detailed histopathological
investigation of both SLNs and non-SLNs.”” SLN biopsy
may lead to the upstaging of patients with breast cancer in a
considerable proportion of cases, depending on the depth of
investigation.® Most of the metastases revealed by a more
detailed investigation are micrometastases (with an upper
inclusive size of 2 mm) or isolated tumour cells (ITCs, with
an upper inclusive size of 0.2 mm), as defined by the TNM
classification,” but some may be larger.' ®

Because most of the prognostic information relating to
nodal status stemmed from the assessments of standard
single haematoxylin and eosin stained sections of the lymph
nodes, it is obvious that most of the metastases identified
were larger than micrometastases. (These will be referred to
here as macrometastases.) Such metastases are associated
with the worse prognosis attributed to the node positive
status.

Micrometastases are defined in various ways in the
literature,” but the most common definition is that intro-
duced by Huvos and colleagues'>—an upper limit of 2 mm.
This is the size adopted in the TNM classification of breast
tumours, which has also recently been associated with a
lower non-inclusive size limit of 0.2 mm.” "' Anything below
this size (and with no metastatic activity) is referred to as an
ITC, and is not regarded as nodal involvement for staging and
treatment purposes.” ' '* In most publications before 2002,
the range of micrometastases includes the current ITC
category. Their prognostic relevance is uncertain and debated.
In his often quoted review, Dowlatshahi suggested that only
larger studies with a substantial follow up have demon-
strated a worse prognosis for patients with micrometastases.”
However, a recent study, in which there was such a follow up
and which was subjected to multivariate analysis, revealed
that the prognosis of patients with occult metastases (many

S entinel lymph nodes (SLNs) are the most likely sites of

of which should have been called micrometastases at the
time of Dowlatshahi’s review’) disclosed by immunohisto-
chemistry (IHC) was no worse than that for patients without
nodal involvement."

"If one considers the consequences of nodal staging, it is
not only the identification of the nodal cancer cells that is
important, but also the classification of this nodal
involvement into the categories of isolated tumour cells,
micrometastasis, and macrometastasis’’

Methods for the pathological investigation of SLNs vary
considerably; in general, the more sectioning levels investi-
gated, the more ITCs or metastases can be identified.®® ** If
one considers the consequences of nodal staging, it is not
only the identification of the nodal cancer cells that is
important, but also the classification of this nodal involve-
ment into the categories of ITC (pNO), micrometastasis
(pN1mi), and macrometastasis (pN1). For example, a
metastasis diagnosed as a micrometastasis in one section
may be graded as macrometastasis at a deeper level, but only
if this deeper level is also investigated. The differentiation
between micrometastases and macrometastases may not
seem important from the point of view of staging (both are
NI1), but owing to the debated prognostic relevance of
micrometastases, and suggestions in the literature that they
may not be associated with further echelon lymph node
metastasis, this distinction might be important for decisions
about locoregional treatment.

The European working group for breast screening pathol-
ogy has reviewed current data to allow the formulation of the
European guidelines for SLN specimens,® and has accepted
that a minimum standard of SLN assessment should aim at
the identification of all macrometastases,” an aim that is not

Abbreviations: IHC, immunohistochemistry; ITC, isolated tumour cell;
SN, sentinel lymph node
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Figure 1 The model of sentinel lymph node step sectioning and detection of a metastasis of a given size. Mefastases are represented by circles.

Single horizontal lines relate to secﬁoninngrotoco| A (sectioning levels equalling the cutoff size of a given category—for example, 2 mm for
fi

micrometastases—and also the diameter o

he metastasis in this specific example), whereas the double line relates to the additional sectionini|eve| in

protocol B (sec'rionin? levels equalling half the category defining the cutoff size, and also the radius of the metastasis in this example), which also
includes the planes of protocol A. The numbers at the bottom denote specific situations: numbers 1 and 3 are two extreme positions, whereas number 2
reflects the position midway between the extremes. The seﬁmenr joining the centres of the metastases in situations 1 and 3 shows the ﬁossib|e positions

of the centre of a metastasis between the extremes. The t

ick segments in situations 2 and 3 represent the observed dimension of #

e metastasis as

revealed by both protocol A and B, whereas the broken segments in situations 1 and 2 refer to the dimension of the metastasis as disclosed by the
additional levels of protocol B. In situation 2, ris the radius of the metastasis, pr is the proportion of the radius separating the plane of the section from
the centre of the metastasis, (1 — p)ris the distance between the plane of the section and the edge of the metastasis, and a is half the length of the thick
seé;meni (the identified size of the metastasis). Note that a is also the length of one of the perpendicular sides of the rectangular triongsie with further
sides pr and r, and that pr is equal to r/2 in situation 2 (for further details, see the text).

achieved with all current protocols.'” It has also been
suggested that it would be optimum for micrometastases to
be identified also.

This article describes a geometrical model for the identi-
fication and adequate characterisation of SLN involvement,
on the basis of which a better method can be recommended
for the SLN work up.

METHODS AND RESULTS

A model relating to the probability of identifying a lymph
node metastasis of given size by different step and/or serial
sectioning methods was reported earlier.”” This model
assumed that metastases were spherical and randomly
distributed in the SLN, and for convenience only a single
metastasis was hypothesised, because this is often the case.
The same assumptions are used in the current model.

A metastasis measuring 2 mm in diameter will first be
considered because this is the upper limit of the micro-
metastasis category, and anything larger would be graded as
a macrometastasis. Theoretically, a spherical metastasis of
this maximum size could be identified by serially sectioning
the SLN at a distance of 2 mm (sectioning level A), if we
consider that the thickness of a section is 5 um. However, in
one extreme situation this metastasis would be identified as a
2 mm metastasis, whereas in the other extreme situation it
would be almost completely missed, and identified at best as
an ITC (fig 1, situations 3 and 1, respectively.) Between these
extremes, the micrometastasis could be identified as having
any size between just over 0 mm and 2 mm.

The centre of the metastasis shown in fig 1 can be
anywhere on the segment joining the centres of the circles in
situations 1 and 3. If we consider the triangle with sides a, pr,
and r, the 2a long thick segment represents the size of the
metastasis as measured in sectioning plane A. This length can
be determined on the basis of Pythagoras’s theorem as:

2a = 2[r" = (pr)*1'? (1)

and can be plotted against the length of segment pr as shown
in fig 2.

With sections at a distance of 1 mm (r, protocol B in fig 1),
the two extreme positions of the metastasis will be shown by
diagrams 1 and 2 in fig 1. The metastasis will be identified
with its maximum dimension in the first case (the broken
segment in position 1) and with smaller dimensions in the
second (the thick and broken segments in position 2). If the
centre of the metastasis is moved in either direction from
position 2 along the segment joining the centres of circles 1
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and 3, one or the other of the thick or broken segments in the
sectioning level B planes will increase. In this case, the size of
the metastasis will be identified as anything between 2 mm
and 1.73 mm, as shown in fig 2.

Because the precision of tumour and metastasis dimension
measurements in microscopy is often to the nearest 100 pm,
a macrometastasis would have a maximum dimension of
2.1 mm or above. For the same model of sectioning at 2 mm
or at 1 mm, the extreme positions of this metastasis are
shown in fig 3 and the measurable dimensions of the
metastasis are illustrated in fig 4. The lowest apparent sizes of
a metastasis with a diameter of 2.1 mm with different
stepwise sectioning procedures can also be read off the graph.
The segment pr in position 2 in figs 1 and 3 is always half way
between the levels assessed—for example, a step sectioning
protocol with levels separated by 500 pm will identify a
metastasis of 2.1 mm in diameter as a metastasis between
2.1 mm and 2.04 mm (with this last figure corresponding to
the value of the graph at x = 0.25 and to the lowest
apparent size; this rounds down to 2 mm), whereas a step
sectioning protocol with levels separated by 250 pm would
identify the same metastasis as a 2.1 mm metastasis (if we
round up all values to the nearest 100 pm). Therefore, the
smallest macrometastasis would always be identified as a
macrometastasis with this last step sectioning procedure. For
these calculations, pr in equation 1 can be replaced by d/2,

2.00 1.99 1.96 191 1833

Apparent size of metastasis (mm)

0 | | | | | | |
0O 01 02 03 04 05 06 07 08 09 1

Length of segment pr (mm)

0.00

Figure 2 Observed sizes of a 2 mm diameter metastasis as measured
in the plane of section A as a function of the length of segment pr from
fig 1, when the distance between the sections is 2 mm. Situations 1 and 3
in fig 1 correspond to the points at the right and left edges of the graph,
respectively, whereas situation 2 at the middle is highlighted by ﬁ1e
broken segment.
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Figure 3 Model of a macrometastasis just over 2 mm in diameter (2.1

mm in the example) in distinct, special situations. Displacement of the circle

representing the metastasis along the segment joining the centres of circles 1 and 3 (positions with minimum and maximum measured sizes on
sectionin? planes A, respectively) from position 2 towards either position 1 or position 3 results in a larger measured size of the metastasis at sectioning

level B. If segment pr is half the stel;(nwise distance in sectioning r)rotoco|
micrometastases), segment 2a (thick segment in position 2) wou

B, and consequently a quarter of the category cutoff value (2 mm for

d be the lowest apparent size of the given metastasis with sectioning protocol B. For

details, see fig 1 and the text. The distance between the sectioning levels is 2 mm in protocol A and T mm in protocol B.

where 4 is the distance between sectioning levels. This would
result in the equation below:

2a = 2[7 — (d2)1"? (2).

Table 1 illustrates the possibilities of misinterpreting a
macrometastasis as a micrometastasis as reflected by its size
and the different step sectioning protocols. Protocols with
sectioning levels separated by more than 2 mm are also
listed, because lymph nodes are sometimes sliced with this
degree of precision, and slices of 3 mm are not rare in
practice. As shown in table 1, slices larger than 2 mm may
miss some of the macrometastases, as indicated in connec-
tion with the probability model of Meyer."”

For micrometastases, the reasoning is very similar.
According to the current TNM classification, the size of
micrometastases ranges from > 0.2 mm up to 2 mm.” "
Accordingly, if one wishes to detect these metastases as
micrometastases and not as ITCs, on analogy with the earlier
considerations, the lower cutoff value of 0.2 mm may be
applied for this category. Table 2 shows the possibilities of
misinterpreting a micrometastasis as something smaller than
this category. The possible misinterpretation of macrometas-
tases as micrometastases has been referred to in connection
with table 1.

DISCUSSION
Because SLNs are the most likely sites of lymphogenic
metastasis and the nodal status is an important prognostic

25—
2.10 2.09 2.06 2.01

Apparent size of mefastasis (mm)

0 | | | | | | | | | J
0O 01 02 03 04 05 06 07 08 09 1

Length of segment pr (mm)

Figure 4 Observed sizes of a 2.1 mm diameter metastasis as
measured in the plane of section A as a function of the length of segment
pr from fig 3, when the distance between the sections is 2 mm. Situation
1 in fig 3 is shown by the point at the right edge of the graph (0.64 mm
lowest apparent size), situation 3 with the maximum size identified is
represented at the left edge, and situation 2 at the middle is highlighted
by the broken line. With a sectioning distance of 1 mm, the apparent
size can vary between 2.1 mm and 1.85 mm (broken line).

factor in breast cancer, the investigation of SLNs must be
more detailed than that of unselected lymph nodes from the
axilla. The prognostic relevance of micrometastases is still
disputed in the literature, and thus the identification of
metastases larger than this (> 2 mm) should be the
minimum standard in SLN histopathology. This target is
not attained by many of the currently used histology
protocols. However, it is not enough simply to identify a
macrometastasis as nodal involvement; in the optimum
situation, we should be able to categorise it as a macro-
metastasis.

With the model described here, all macrometastases can be
correctly identified as such if the step sectioning protocol
allows the examination of levels separated by 250 pm
(table 2) (this is like the protocol we apply at our
institution®). On the other hand, a protocol that has a
workload 25% of this (the examination of levels separated by
1 mm) permits the recognition of all macrometastases
measuring > 2.2 mm, and its error rate therefore seems
acceptably low. Levels separated by 1 mm can be easily
assessed by a combination of slicing SLNs into parallel pieces
2-3 mm in thickness, and then step sectioning them. Because
only a minority of macrometastases fall into the range from
> 2 mm up to 2.2 mm, and even some of these can be picked
up as macrometastases by chance, this protocol can be highly
recommended on the basis of the model used.

"“Sentinel lymph node biopsy seems an ideal tool for the
study of prognosis related to micrometastases”’

Although nodal micrometastases are not fully recognised
to have relevant prognostic value, they are classified as pN1
in the TNM system, and hence an optimum staging should
aim to identify them. SLN biopsy seems an ideal tool for the
study of prognosis related to micrometastases. It is evident
that this would involve a much greater workload, and the
protocol recommended above for macrometastases (1 mm
between levels) can adequately classify only those micro-
metastases measuring > 1.1 mm (equation 2; value not
shown in table 2) on the basis of the model; smaller
metastases would be identified as micrometastases only by
chance. This is why a smaller distance between the levels
assessed should be considered for step sectioning. Table 2
suggests that a distance of 200 pm between levels would not
lead to the classification of micrometastases as ITCs, and
even a 250 pum step sectioning protocol would have only a
small rate of error and misclassify some of the 0.3 mm
metastases as ITCs.

Previous studies in which prognostic relevance was
associated with micrometastases did not generally use a
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Table 1 Lowest apparent sizes of spherical metastases of given diameters with step
sectioning at given distances

Metastasis size (diameter in mm)

Distance between sections 2.0 21 22 23 24 25 26 27 28 29 3.0
3 mm 0 0 0 0 0 0 0O 0 O 0 O
2.5 mm 0 0 0 0 0 0 07 1.0 1.3 1.5 17

2 mm 0 (ITC) 06 092 1.1 13 15 17 1.8 2021 22

1 mm 1.7 18 20|21 22 23 24 25 26 27 28
0.5 mm 1.9 20 |21 22 23 24 26 27 28 29 30

0.25 mm 20 21 22 23 24 25 26 27 28 29 30
0.2 mm 2.0 21 22 23 24 25 26 27 28 29 30
0.15 mm 20 21 22 23 24 25 26 27 28 29 30

The cells that are below the stepped line correctly identify the macrometastases in the column headings as such,
whereas the cells above this line can identify them as micrometastases or miss them altogether, although by chance
they can also find them and categorise them correctly. The value O (ITC) suggests that a metastasis with a diameter
equal to the distance between the levels could be seen at least as an ITC, because the thickness of the sections is not
accounted for in this model; however, this value rounds to O in the table. (For details, see Methods and Results

Cserni

sections.)
ITC, isolated tumour cells.

detailed histology protocol in which levels separated by 1 mm
or less were investigated. Accordingly, some of their micro-
metastases could have been larger, but not classified as such.

The smallest degree of SLN involvement is that by ITCs.
These are currently not considered metastases, and it is
recommended that they be ignored for treatment pur-
poses.® ' > Their identification is not and cannot be the aim
of a pathological protocol,'® " but more detailed protocols will
naturally identify them more frequently,® and they should be
adequately reported, as stressed by the European working
group for breast screening pathology."”

The conclusions formulated above have been reached on
the basis of a simple model, which can be criticised on several
levels. Although larger metastases are not infrequently
globoid, they are almost never exactly spherical, and all
pathologists have encountered irregularly shaped metas-
tases—for example, single cell pattern metastases of lobular
carcinomas. This criticism of the shape may especially hold
true for micrometastases, which are often seen along the
subcapsular sinuses. Nevertheless, it is felt that this is a good
approximation for macrometastases, and the suggested
protocol is a reasonable way of correctly identifying nearly
all metastases measuring > 2 mm as macrometastases.

We were perhaps the first to report that metastases are not
randomly distributed in SLNs,” and this observation has
recently been reinforced.” Metastases are preferentially
found around the inflow junction of the tumour draining

lymphatic channel; this can be discerned either intraopera-
tively*' by identifying the blue lymphatic itself, together with
the lymph node, or by picking up the area of the SLN with the
highest y counts by the probe. Alternatively, removal of the
SLN with the lymphatic itself allows identification of the
inflow point in the pathology department.”” This knowledge
may promote better use of the available resources.

The recommended protocols may seem very extensive, but
can be reduced. Macroscopically negative SLNs may be
halved or sliced for intraoperative assessment. We favour
imprint cytology,” ** but frozen sectioning can be equally
accurate.® Targeting the inflow point of the tumour draining
lymphatic vessel can make this assessment more reliable.* If
the lymph node is positive, confirmation by a section might
be sufficient. The availability of a few sections at steps of
1 mm for macrometastases, or at 200 or 250 pm for
micrometastases (depending on the aim of the studies, or
on the resources), may obviate the need for further sections
in the event of positive findings. Such a stepwise approach
may reduce the costs of a routinely applied intensive work up.
However, with a stepwise approach or less intensive
approaches, the identification of a small metastasis should
be confirmed at deeper levels to rule out a possibly larger size.

The reported role of THC is also controversial. We find it
very useful, as do many others."* * ** It may help with the
identification not only of ITC, but also of micrometastases,
and in a stepwise approach it may point to the tip of a larger

sectioning at given distances

Table 2 Lowest apparent sizes of spherical metastases of given diameters with step

Metastasis size (diameter in mm)

www.clinpath.com

Distance between sections 2.0 1.5 1.0 0.5 0.4 0.3 0.2 0.1
2 mm o(Tc) 0 0 0 0 0 0 0
1.5 mm 1.32 o(tc) O 0 0 0 0 0

1 mm 1.73 1.12 o(Tc) 0 0 0 0 0
0.5 mm 1.94 1.41 0.87 0 (ITC) 0 0 0
0.25 mm 1.98 1.48 0.97 0.43 0.31 0 0
0.2 mm 1.99 1.49 0.98 0.46 035 022 O 0
0.15 mm 1.99 1.49 0.99 0.48 037 026 0.13 0
0.1 mm 2.0 1.50 0.99 0.49 0392 0.28 0.17 0
0.05 mm 2.0 1.50 1.0 0.50 0.40 030 0.19 0.09

The cells that are below the stepped line correctly identify micrometastases as such. (For details, see table 1.)
ITC, isolated tumour cells.
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Take home messages

o Sentinel lymph nodes (SLNs) are the most likely sites of
nodal metastasis

® Macrometastases have prognostic relevance and aill
should be identified, preferably correctly as macro-
metastases—levels taken 1 mm apart should be
sufficient for this

® SINs are also suited to studying the prognostic
relevance of micrometastases—step sections taken
200 or 250 pm apart are ideal for this purpose

metastasis. The detection of nodal involvement by means of
IHC has been reported to be associated with the involvement
of further echelon lymph nodes in around 10% of cases.
Thus, the use of THC should not be discouraged, but care
should be taken when the results are interpreted, not only
because of the well recognised potential pitfalls, but also
because of the harm that can result from unduly upstaging
breast cancers."”

In summary, on the basis of a simplified model of SLN
metastasis, it is suggested that SLNs should be investigated at
intervals of 1 mm to establish a reasonably reliable status
without metastases measuring > 2 mm, and the levels
assessed should not be separated by more than 200-250 pm
if micrometastases are to be identified. Obviously, this last
sectioning protocol would be the one recommended in
clinical practice, if both macrometastases and micrometa-
sases were to be identified.
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