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Mapping tumour tissue:
quantitative maps of
histological whole slide images

Histological imaging of tumour tissue
Immunohistochemistry (IHC) is the standard method
to assess tumour tissue on a micro-scopic scale.
IHC selectively highlights microscopic structures
in the tissue and yields quantitative information
that can be used to answer questions like: “How
many immune cells are present in a given tumour?’,
“How many tumour cells are actively proliferating?’,
or “How many blood vessels are present in the
tumour?” These questions are addressed by
histopathologists who visually observe regions of
immunostained slides of tumour tissue and count
structures of interest, for instance, cells or blood
vessels. In the clinic, this quantitative information
can be then used to estimate the prognosis of a
patient. For example, the number of blood vessels
in tumour tissue is a prognostic factor for colorectal
cancer patients [1].

Pathologists combine the excellent human
vision and pattern recognition skills of the brain
with an extensive training in tissue observation.
Traditionally, pathologists use only a microscope to
identify and assess structures of interest manually.
However, the limitations of manual procedures are
evident; besides the possibility of human error, the
dimensions of tissue slides in high magnification
are huge and it is not feasible to view the whole
slide nor manually visualise or count any objects of
interest. Therefore, microscopic structures such as
blood vessels are only quantified in a small fraction
of the entire tumour image [2]. However, tumour
tissue is highly heterogeneous and adjacent tumour
tissue areas may have very different properties [3].

This reflects a problem in traditional histopathology:

if we only quantify objects in a small part of the
whole image, we do not know how much the
distribution of these objects varies in the rest of the
image.

Quantitative approaches in digital
pathology
Digital pathology offers a solution to this problem.
In principle, it is possible to use computer-based
image analysis to automatically count objects
in huge images. Microscopic tissue slides can be
digitally scanned in high magnification to create
digital whole slide images (WSI). Then, we can use
automatic image processing procedures to extract
all structures of interest from the original image.
The digitisation of histological slides and the data
handling is a complex task that requires a cascade
of several steps [4-6]. Several commercial tools are

available that can be used to deal with and process
WSI. Also, as part of the “open microscopy” project
(www.openmicroscopy.org), various tools to handle
WSI have been developed: OMERO, a software
application capable of handling large WSI and
BioFormats, a programming library that can be used
by other applications such as Image) or Matlab to
read and write WSI files.

Regardless of which tool is used to extract
objects from WSI, the result is comparable: after an
image processing procedure we know how many of
these structures are present in a given image and
where exactly these structures are located. The
data on its own is not always useful, it needs to be
evaluated by a trained human observer who can
then extract clinically relevant information from this
data. Consequently, an important question in digital
pathology is the following: how can we efficiently
present quantitative information from a WSI to a
human observer?

Example: how to count blood vessels
in tumour tissue
In this work, we will give an example of how to
analyse quantitative data derived from a WSI. As
an example we will use the topic of blood vessel
density in human tumours. Blood vessels play an
important role in solid tumours as they supply
the tumour cells with oxygen and nutrients. Blood
vessels can be counted in immunostained images
and their density is inversely correlated to patient
survival in colorectal cancer and other cancer types
[1]: Thus, the questions of how exactly blood vessels
are distributed in tumour tissue might have relevant
implications for the clinic.

We assume that our starting point is a tumour
tissue stained by IHC so that blood vessels are of
a specific colour. We can then scan this slide and
feed the resulting WSI into a computer program that
performs object recognition and records the exact
position of each blood vessel within the tumour
tissue [7,8]. Given the resolution and size of a WS,
it is relevant to ask how do we then make sense of
this huge amount of data? The most straightforward
approach would be to use only the total number
of blood vessels and normalise them to the tissue
area. The result is a single number, e.g. 100 blood
vessels per mmz2. This simple approach is useful
to characterise the overall degree of angiogenesis
in tumours [9]. However, by breaking down all
measurements to a single number, we lose all
information about the spatial distribution of blood
vessels.
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Quantitative maps of tumour tissue
Another approach to visualise the blood vessel
distribution in tumour tissue is a map. In a map, each
object of interest is displayed, for example, in a two-
dimensional coordinate system. However, typically
we are not interested in individual objects, but in
distribution parameters on a higher scale, for instance,
local density of objects. Thus, instead of displaying
every single blood vessel in a tumour tissue section,
we can instead derive a quantitative map of the local
blood vessel density. In general, these maps represent
the spatial description of a feature of interest in a given
tumour. These type of quantitative maps enable us to
evaluate objects in large images and show the result to
a human observer. In Figure 1, the processing cascade
from tumour tissue to data analysis is shown.

In our case, we are interested in a quantitative
density map that displays the local density of blood
vessels (as represented by a numeric value) at each
location of the original WSI. Figure 2 shows an
example of a WSI stained for blood vessels with
CD34 and its corresponding blood vessel density as
calculated automatically with the algorithm described
in [7]. In the quantitative map of blood vessel density
(figure 2D), each point in the image is assigned a
colour that corresponds to the local blood vessel
density at this particular location. Another interesting
feature of quantitative maps of tumour tissue: The
data represented in the map can be analysed by means
of spatial statistics. For example, we can objectively
identify statistically significant areas of high object
density, i.e. hotspot areas (Figure 2D, Figure 1) [7].

Established applications of quantitative
maps

We have previously shown that quantitative maps

of WSl are useful to assess blood vessel distribution
[7]. Additionally, maps of tumour WSI have been
successfully applied in a number of other studies. For
example, they were shown to be useful to describe
the density of immune cells in solid tumours [10]. In
this case, the density of immune cells at the interface
between tumour metastasis and healthy tissue was
an excellent predictor of survival [11]. In breast cancer,
specific spatial distribution patterns of immune cells
were associated with different clinical parameters
[12]. Another study showed that it is possible to
assess many different antigens at once and, by image
registration, compare the co-localisation of these
antigens [13]. Alternatively, several antigens can be
assessed simultaneously by using multiplex staining [14].
Even more information about spatial characteristics
of histological slides can be acquired by a relatively
novel technology called Matrix-Assisted Laser
Desorption/lonisation Imaging Mass spectrometry
(MALDI IMS). This method has been used to measure
the concentration of specific molecules in each
location on a histological slide and produce a map
of the distribution of each molecule of interest [15].
Ultimately, morphological analysis of WSI could be
combined with MALDI IMS data and other “Omics”
technologies [16].

Volume 10 Issue 6 * January/February 2016

CANCER IMAGE ANALYSIS

tumor tissue immunostaining digitization

oA
=] |m=]

summary spatial statistics image analysis

Figure 1: Processing pipeline to create and analyse a quantitative map of a histological whole slide image. A piece

of tumour tissue is cut into slices, undergoes immunostaining and is digitized using a scanning microscope. Then, auto-
matic image analysis produces a continu-ous map of features of interest, which can be analysed by means of spatial
statistics.
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Figure 2: An example of a quantitative map: analysis of blood vessel hotspots in an image of a section through a col-
orectal carcinoma. A) Original whole slide image of a colorectal carcinoma, stained for the blood vessel marker CD34.
B) Enlarged detail showing blood vessels in brown. C-D) Result of automatic analysis: the region of interest has been
used to create a continuous map of blood vessel density. Black = low blood vessel density, yellow = high blood vessel
density. Five statistically significant hotspots have been detected (white arrow-heads).
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