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Locating microcalcifications in breast histopathology
sections using micro CT and XRF mapping

Robert Scott,”’ Catherine Kendall,“* Nicholas Stone,’ and Keith Rogersb ,

Spectroscopic measurement of microcalcification chemistry holds great promise as a rapid,
quantitative, and non-invasive aid to diagnosis of early stage breast cancer. Previous work has
shown that carbonate substitution in hydroxyapatite is highly correlated to breast cancer grade.
A deeper understanding of the chemistry-pathology relationships is important in the
development of spectroscopic aids to diagnosis. However, investigation of calcification
chemistry is hampered by the difficulty of quickly and systematically locating
microcalcifications within tissue specimens. We have demonstrated two simple methods based
on micro-CT and XRF mapping which can achieve this in sections cut from wax embedded

breast tissue from diagnostic archives.

Introduction

Clinical need

Breast cancer is the single biggest cause of cancer deaths in
women worldwide,' and early detection is critically important
in reducing mortality. The principal clinical tool for early
detection is mammography, in which a suspicious pattern of
radiographically visible calcifications is frequently the earliest
diagnostic sign of breast cancer. In one recent study, 76% of
ductal carcinoma in-situ (DCIS) and 35% of small invasive
tumours (< 10 mm) were detected on the basis of calcifications
alone.” However, the presence of calcifications is common in
breast tissue, and mere detection is not sufficient;
discrimination is required. At present, the characteristics
employed to distinguish suspicious from benign calcifications
are based on radiographic appearance, such as size, shape, and
distribution. There are well developed rules for incorporation
these observations within a risk scoring system, such as
BI-RADS. * Even so, in the most recent published results from
the NHS England screening programme, only 19% women
recalled for further investigation following an abnormal
mammogram turn out to have cancer. * Apart from the cost of
these recalls, the psychological distress of a false alarm can be
considerable, and women with false--positive mammograms are
less likely to return for routine assessment.” There is a clear
clinical need to improve the positive predictive value of
screening.

One proposed addition to the diagnostic armamentarium which
may help to achieve this improvement is the use of vibrational
spectroscopy to probe the chemistry of calcifications. In
particular, the level of carbonate substitution in hydroxyapatite
has been shown to be significantly different between benign
and malignant calcifications,® and this level of substitution
decreases with increasing stage and grade of the cancer.’
Furthermore, it has proved possible to measure differences in
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the chemical composition of subsurface calcification analogues
in tissue, using a range of deep Raman spectroscopy
techniques.® ' This has the potential to add a new dimension
to the characteristics used in diagnosis.

Research on calcification chemistry is not just important for
improving diagnostic accuracy. There is emerging evidence that
breast cancer cells can play an active role in inducing
hydroxyapatite crystallisation, by expression of bone matrix
proteins,'’ and conversely that hydroxyapatite crystals in breast
tissue can promote mitogenesis, possibly leading to aggravation
of tumour growth.'”> Better understanding of calcification
chemistry may therefore give valuable insight into the
processes of invasion of breast cancer.

Technical challenge

Despite the importance of calcifications in breast cancer
detection, and their proposed association with tumour growth,
remarkably little detail is known about their chemical
composition, or how this relates to pathology. From our own
experience, we postulate that one of the reasons for this gap is
the difficulty of systematically and precisely locating
calcifications for analysis. Many chemical characterisation
studies have been based on microspectroscopic analysis of
histological sections. This analysis is generally conducted on
unstained thin tissue sections, since stains can interfere with the
measured spectra, and it is often difficult to identify a
calcification definitively from its visual appearance in the
absence of staining, particularly from a macroscopic view.

Radiography

The most direct method for locating calcifications within a
histological section is to take an X-ray image. Calcifications
contained within a thin histological section would be difficult
or impossible to locate in this way when mounted on a standard
microscope slide or on a typical substrate used for infrared (IR)
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spectroscopy, such as a calcium fluoride or barium fluoride
window. In principle, it is possible to take an X-ray image of
an adjacent histological section mounted on a thin radiolucent
substrate such as a polymer film. In order to obtain sufficient
contrast in a typical histological section of 3 to 8 um thickness,
it is necessary to use soft X-rays for imaging, ideally just above
the calcium k--edge at 4.0 keV. Both mounting on a polymer
film and the use of soft X-rays present practical difficulties. In
addition, some fragmentation and loss of calcifications can
occur on sectioning,'? which means that some calcifications
may be present in the spectroscopic section, but not in the
reference radiographic section, or vice versa.

Since taking X-ray images of the thin tissue section itself
presents some difficulty, another option is to radiograph the
whole specimen from which the section is to be cut. This is a
useful method for identifying which specimens contain
calcifications, prior to sectioning. Radiography of biopsy
specimens is routine in clinical practice. However, a single
radiograph cannot be relied upon to locate the positions of
calcifications in cut sections, since it gives no information on
the depth of these within the specimen. Additional
radiographic views can help, though overlaps can make
correlation of views difficult. A logical extension from taking
multiple views is to conduct a CT scan, which can give a
complete 3D view of the positions of calcifications in the
specimen. The reconstructed volume can be used to determine
the expected position of calcifications in the cut sections. This
was therefore chosen as one of the methods to explore in this
study.

Spectroscopy

An alternative approach is to create a spectroscopic map of
entire sections. With many spectroscopic techniques,
particularly infrared, mapping multiple samples at sufficient
resolution to detect calcifications can be very time consuming.
A more suitable technique is X-ray fluorescence (XRF), which
can relatively simply create a calcium map. As with X-ray
absorption imaging of thin sections, this cannot be conducted
on cut sections mounted on a typical substrate used for IR
spectroscopy. Calcium fluoride is obviously unsuitable as a
substrate for calcium imaging, and barium fluoride gives an
excessive background signal which makes detection of the
calcium signal difficult. As with CT, a simpler method is to
create a map of the block face from which sections are cut.
XRF images were taken as part of this study, not only to
investigate this as an alternative method, but as corroboration of
the presence and position of the CT--detected calcifications.

Coordinate registration

XRF and CT can be used qualitatively to relate calcification
position to tissue features. However, in order to relate the
positions quantitatively to coordinates within a section, it is
necessary to use fiducial markers. Various markers for aligning
histological sections in 3-D reconstructions have been proposed
since the early 20" century. One of simplest methods consists
of small parallel holes drilled through the tissue at right angles
to the surface.!* Various improvements have been suggested
such as use of a laser to drill the holes' or the use of markers
made from such exotic materials as cactus spines'® and
cuttlefish ink'”. In contrast to most studies on such marker
systems, the aim in this case is not to align serial sections, but
to register the positions of features in a histological section to
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an image slice taken through a CT volume or a block face XRF
image. Nonetheless, the general requirements identified in
earlier work still hold; the markers must be easy to cut, adhere
to the slide, and be visible in the required imaging mode.

The situation is simpler with many analyses of calcifications
within formalin fixed paraffin embedded (FFPE) breast tissue,
since cut sections are frequently not de-waxed. The reason is
that calcifications are held in place on the substrate by the wax,
and de-waxing can result in their loss. In addition, acquisition
of data from tissue embedded in paraffin can reduce the
incidence of dispersive artefacts.'® That means that simple
holes in the wax surrounding the tissue can be used as markers,
without disturbance to the tissue or the need to introduce
foreign materials into the block. That is the approach taken in
this study, though other marker systems proposed in the
literature could readily be substituted.

Materials and methods

Samples

Formalin Fixed Paraffin Embedded (FFPE) core biopsy breast
specimens were selected from the Gloucestershire Hospitals
NHS Foundation Trust diagnostic archive, based on the
presence of calcifications in the histopathology report. These
were screened by mounting the blocks in a Nikon Metrology
XT H225 CT system and imaging at 20 kV both perpendicular
and parallel to the face of the block. Following screening, 12
blocks were selected with significant levels of calcification at
or near the cut surface.

A minimum of three marker holes of 0.4 mm were drilled in
the selected blocks in a pattern surrounding the tissue. Care
was taken to ensure that the hole patterns did not have line or
rotational symmetry, to ensure that it was possible to determine
unambiguously the orientation of cut sections, and which way
up they had been mounted on the slide or substrate.

Two sequential microtome slices of 3 um were cut from each
block and mounted on @30 mm x 1 mm barium fluoride discs
(Crystran Ltd., Poole) and standard microscope slides
respectively. The latter underwent standard haematoxylin and
eosin (H&E) processing, and were used for reference.

CT scanning

The FFPE blocks were CT scanned in the Nikon XT H225
system at 30 kV, using 721 projections, and a geometric
magnification of 6.0 x, giving a voxel size of 33 um. The
volume was reconstructed using Nikon CT-Pro 3D software.
The reconstructed volumes were then processed using an
Imagel]' script. This involved cropping and rotating the
volume to define the z axis as perpendicular to the cut face and
the y axis parallel to the cutting direction, and applying a scale
using the calculated voxel size. The first complete image slice
from the face of the block was selected and used to determine
the position of the calcifications and the fiducial markers.
Ellipses were fitted to a thresholded image to determine the
marker positions, and the centroid used as the xy position of
each hole. The image was then thresholded again to isolate the
calcifications, and the centre of the mass of each output to a
text file.

This journal is © The Royal Society of Chemistry 2012
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X-ray fluorescence imaging

XRF imaging of block faces was conducted using a SII
NanoTechnology (now Hitachi) SEA6000VX. Mapping was
conducted at 15 kV, with a collimator size of 0.2 x 0.2 mm,
collection time of 50 ms per pixel, and at pixel size of 30 -
50 pum. Calcium Ko maps were overlaid on a white light
blockface image of the same area captured in the XRF scanner.
The machine was freshly calibrated with a test target to ensure
x-ray beam and visual image were accurately aligned.

Visible imaging

The list of hole and calcification positions generated by the CT
scans was used to determine the expected positions of
calcifications on the stage of a Perkin Elmer Spotlight 200
FTIR microscope. The positions of the holes were measured,
and the coordinate system of the CT--derived positions
transformed to give a least-squares best fit of the holes to their
measured positions.  This manipulation included scaling
coefficients parallel and perpendicular to the cutting direction,
as well as rotation and translation. The hole-centre positions
under the microscope were determined initially by eye, which
enabled the calculated coordinates to be entered directly into
the Perkin Elmer Spectrum Image software to drive the stage to
the calculated position of the selected calcification. White light
transmission maps of the specimens were also analysed to
determine the accuracy of the calculated positions.

Results

Qualitative results: A comparison of thresholded CT images
and XRF overlay images of typical specimens is shown in
Figure 1. It can be seen that there is very good qualitative
agreement in the position of calcifications relative to the tissue
outlines.
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CT section

Figure 1: Thresholded CT images and XRF overlay images of three
typical FFPE core biopsy breast specimens

(a) H&E stained, whole section

: 500 um
(d) Stained imaée of area outlined in b.
Calcifications are not apparent

(b) Unstained, whole section

(e) Unstained image of area outlined in b.
Calcification positions shown by arrows

(¢) Thresholded CT image showing
location of calcifications in red.

\ Figure 2: Standard H&E stained and
unstained tissue sections illustrate
the difficulty of identifying the
location of calcifications without the
aid of a CT image.

This journal is © The Royal Society of Chemistry 2012
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The benefits of CT and XRF localisation of calcifications are
illustrated in Figure 2. It is not obvious from inspection of
either the H&E slide (Fig. 2a) or the unstained tissue (Fig. 2b)
whether there are any calcifications present. In contrast the CT
image (Fig.2c) at the same magnification clearly shows the
location of the calcifications. Comparison with a magnified
view of the unstained tissue (Fig. 2e) enables these to be
located. Even in this view, it is doubtful that these features
could have been definitively identified as calcifications without
CT or XRF views. Examination of the same locations on the
H&E slide (Fig 2e) shows that in both cases, the calcifications
have largely been lost on processing.

Quantitative analysis: The calculated stretching coefficients
from the fitting algorithm revealed that the cut sections were all
slightly compressed in the cutting direction. The average
length change in this direction was -6.7% (95% CI -8.3%
to -5.2%). The average change perpendicular to the cutting
direction was small and not significant (-0.4%, CI -1.8% to
1.0%). The phenomenon of microtome induced section
distortion has been sporadically investigated over many
decades, and is reviewed by Jones er al®® As with the early
studies on the subject, compression occurred in the cutting
direction.

The transformed best fit hole positions were a median of 0.064
mm from the measured positions (max 0.22 mm). The
predicted position of 31 calcifications within the sections was
calculated and a comparison made to the centroid of the
corresponding calcification as measured from white light
transmission images using ImageJ. Calcification centroids
were a median distance of 0.12 mm from the location
calculated from the hole positions. Typical examples are
shown in Figure 3. With five calcifications, this distance
exceeded 0.25 mm (max 0.64mm). Four of those were in one
specimen, which contained a large linear calcification of
approximately 2mm long towards one side of the block, which
was disrupted on cutting and may have caused shear distortion
of the whole section.

Figure 3 — CT-derived coordinates of four calcifications overlaid on
a white light image of an unstained section

Discussion

Both CT scanning of tissue blocks and XRF mapping of the
block face proved invaluable for locating calcifications within
archive FFPE breast tissue specimens and relating this location
to a position on a cut section. In many cases, relating the
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position visually to the tissue outline is sufficient to locate the
calcifications. However, use of fiducial markers has been
shown to be capable of providing coordinate locations with
sufficient accuracy to locate the calcifications visually, despite
distortion of these thin tissue sections.

There are advantages and disadvantages to both methods. In
CT images, both tissue outlines and fiducial markers are clearly
visible, allowing the spatial relationships to be measured
directly. This can be seen in Figure 1. On the other hand, the
tissue outline is not directly visible in the XRF maps, requiring
an additional step of registering a visible block face image
accurately to the XRF map and overlaying the images.
However, fiducial markers could in principle be located directly
by XRF if they contain sufficient concentration of an XRF
detectable element (typically Z > 12).

Ideally these techniques should measure a thin layer within the
specimen which is representative of the microtomed section.
With CT, it is possible to select an image slice at an appropriate
depth beneath the block surface. Note that even though archive
blocks have been trimmed to expose tissue and diagnostic
sections previously taken, some facing is still necessary to clean
up the surface before the first complete and cohesive sections
can be taken. This is typically a few tens of micrometres
beneath the surface. Although this CT image slice is thicker
than the section thickness (33 um cf. 3 to 8 um), it is still
substantially ~smaller than typical dimensions of a
microcalcification. XRF derives the calcium signal from a
surface layer of the block, the thickness of which depends on
the attenuation of the overlying material. The linear attenuation
coefficients of calcium Ka radiation (3.7 keV) within breast
tissue and cortical bone (a reasonable analogue for breast
calcification) are 92 cm™ and 328 cm™ respectively.?' About
90% of the XRF signal therefore comes from the top 70 pm of
a microcalcification, though a 90% attenuated calcium signal
may be detected as much as 250 um below the surface of soft
tissue. XRF is therefore in theory more prone than CT to
detection of calcified tissue that over-lies or under-lies the cut
section, though in practice this did not appear to be a significant
problem.

Spatial resolution, sensitivity, and acquisition time for both CT
and XRF are an equipment-specific trade-off. In this case, the
resolution of the CT was limited by the specimen pixel size of
33 pm. The resolution of the XRF scanner used was limited by
the 200 pum minimum collimator size. However, segmentation
of closely spaced particles is not a priority in this application,
and the resolution of both CT and XRF scanners was adequate
for locating individual microcalcifications. Acquisition time
for CT in this study was approximately 30 minutes per
specimen, though further work has shown that this could be
halved with little sacrifice in image quality. Acquisition time
for XRF was longer, in the range of 45 to 90 minutes,
depending on specimen size; this is more difficult to reduce
without an unacceptable reduction in either sensitivity or
resolution. With this equipment, CT is a significantly quicker
technique.

Conclusions

A systematic and accurate method to identify the location of
microcalcifications in breast biopsy histopathology specimens
is of great assistance in studying the chemical composition of
these clinically important entities. Both the CT and XRF
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methods described proved effective of locating calcifications in
the surface of wax embedded tissue blocks. Locations could
easily be related either to the tissue outline within the wax
block or to a coordinate system defined by fiducial markers.
These can be matched to locations in microtomed sections,
enabling all calcifications present in the section to be studied.
Both techniques proved effective, though CT offers some
advantages in tissue and marker visibility, depth selectivity,
spatial resolution, and speed.
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