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ABSTRACT

The active search for markers of prognostic impact and therapeutic response is of crucial importance in
oncology. The amount of stroma is a potential indicator with a significant impact on tumor growth. To solve
the problems linked to tumor heterogeneity and, hence, of quantization at the microscopic level, we
developed an image-analysis strategy dedicated to estimating the proportion of tumor connective tissue in
whole histological sections at low resolution. 2,700-dot-per-inch numerical images were acquired with a
calibrated slide scanner and automatically analyzed. We performed a quality control in order to evaluate the
efficiency of the proposed method of analysis at the selected resolution. The point-counting method and the
interactive drawing of stroma limits on equivalent mosaic microscopic images were "the gold standards."
The proportions of stroma estimated on microscopic images (magnification with a 4× objective corresponding
to 16,200 dots per inch) and on slide scanner images (2,700 dots per inch) through point counting stereology
or manual delineation were equivalent (p < 0.0001). The results obtained through automatic image processing
of scanner images were also close to the gold standard (95% correlation, p < 0.0001). The proposed method
makes it possible to estimate the stroma amount of ovarian carcinomas in whole histological sections with a
simple, fast, and low-cost acquisition device.
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INTRODUCTION

Several recent studies have emphasized that the
functional association between tumor cells and their
macro- and micro-environments plays an important
role in the tumoral process (Bhowmick et al., 2004;
Mueller and Fusenig, 2004). It is now well established
that a tumor can be considered like an organ, with
permanent interactions between tumor cells, stroma
cells, and the extracellular matrix, evolving during
the progression of the disease (Bissell and Radisky,
2001; Liotta and Kohn, 2001; Braga, 2002; Yamada
and Kemler, 2002). A better knowledge of these
interactions is fundamental for the development of
new therapeutic protocols (Matrisian et al., 2001) and
strategies aimed at overcoming tumor cell resistance
(Zhu et al., 1999). In this context, many efforts are
being made in order to appraise the mechanism of
tumor neovascularization and to develop an effective
therapy against angiogenesis (Sokoloff and Chung,
1998; Weiss, 2000; Hicklin et al., 2001; Kerbel and
Folkman, 2002). However, the tumor stroma is not
composed solely of blood vessels. It is a much more

complex tissue, often compared to the granulation
tissue developed during wound healing (Bissell and
Radisky, 2001) and composed of several cellular types
(including fibroblasts and myofibroblasts) involved in
the synthesis of the intercellular matrix, a reserve of
growth factor, and degradation enzymes (Song et al.,
2000; Seiki, 2002). Inside the stroma a transit of
inflammatory cells also takes place, enabling tumor cell
elimination as well as control of various events, such as
degradation of the extracellular matrix, vascularization,
and tumor progression (Kamate et al., 2002; Shacter
and Weitzman, 2002).

The stroma of solid tumors can be analyzed at
various levels, ranging from the molecular level up to
the macroscopic level, in order to study potential
prognostic factors. The volume percentage of stroma in
several locations, such as ovarian tumors, seems to have
a prognostic impact or ability to foretell the response to
treatment (Shapiro et al., 1992; Deering et al., 1994;
Katsoulis et al., 1995; Brugghe et al., 1998; Anttila et
al., 2000). Nevertheless, the complex morphology of
cancer and tissue heterogeneity constitute a major
problem when one wishes to quantify markers in
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histological sections (Konemann et al., 2000).
Estimations of stromal compartment are often obtained
in a manual or semiautomatic way, in restricted
microscopic fields, visually selected and considered
representative of the whole tumor section (Schipper
et al., 1991; Shapiro et al., 1992; Deering et al.,
1994; Katsoulis et al., 1995; Brugghe et al., 1998).
This approach presents several drawbacks: slowness
of the analysis, inter- and intra-observer variability,
and poor statistical significance because the microscope
makes it possible to view only a small part of the
section. The subjective choice of the areas analyzed
may provide spurious results if the sampling is not
performed correctly. It is often necessary to measure
numerous fields in order to obtain a reliable and
reproducible estimate, but the number of fields that
should be observed is highly dependant on the degree
of heterogeneity. Processing an image of the whole
histological section would provide an ideal solution.
However, the high cost and complexity of the devices
needed limits their introduction and distribution to
routine pathology departments.

The actual performances of numerical low-
resolution acquisition procedures, image-processing
strategies, and computer hardware allow an “in situ”
analysis of the whole histological section (Kim et al.,
2003; Krout et al., 2002; Chantrain et al., 2003). In
this context, the present article describes a simple,
inexpensive, and fast image-acquisition and automatic
image-processing method aimed at evaluating the
stromal compartment of ovarian tumors. The efficiency
of the proposed method is also established on the
basis of quality control of the chosen resolution
(scanner versus microscope) and method of analysis
(automatic procedure versus interactive estimation).

MATERIALS AND METHODS

CANCER SPECIMENS AND TISSUE
PREPARATION
Tissue samples were obtained from 20 surgical

specimens of human ovarian adenocarcinomas (serous
and mucinous types). Samples were fixed in buffered
formalin and embedded in paraffin. Then 5-µm-thick
histological sections were fixed on polylysine-coated
slides for histochemical staining.

STAINING
Histological sections were deparaffinized and

rehydrated, and then nuclei were stained with Mayer

hematoxylin (Biogenex, Menarini Diagnostics, Antony,
France) for 5 min. After washing in pH = 7 water for
15 min, the sections were dehydrated and the collagen
was stained for 30 min with saffron (Microm,
Francheville, France). Finally, the stained sections were
mounted in an Entellan mounting medium.

IMAGE ACQUISITION
A single numerical image of the whole

histological section of each specimen was recorded,
using a Nikon Super Coolscan 8000 ED slide scanner
(Nikon, Champigny sur Marne, France), provided
with a special medical slide holder (FH-8G1, Nikon,
Champigny sur Marne, France). The resolution used
was 2,700 dots per inch, 1 pixel covering an area of
88 µm2. Using this device and these specifications, it
is possible to scan a maximum tissue section area of
11 cm2, which corresponds to a numerical image of
4,890 × 2,550 pixels and requires 37 megabytes of
hard disc space. In the present study, tumor sections
had a mean area of about 2 cm², corresponding to 20
megabytes. The approximate scanning time needed per
image was 3 min, with an AMD Athlon XP1700
personal computer, provided with 256 megabytes of
random access memory. The true-color images (24
bits RGB color) were saved in uncompressed tagged
image file format (TIFF).

In order to compare stroma detection at scanner
and microscopic levels, a small portion of the scanner
image was selected and a microscopic mosaic image
of strictly the same region was built.

For this purpose, an automatic procedure was
developed in our laboratory to drive a fully automatic
microscope (Olympus AX70, Olympus, France)
coupled to a 3CCD video camera (Color Vision
Camera Module, Sony, France) and a frame grabber
(Matrox Meteor, 768 × 576 pixels). The software,
developed in Visual C++ (Microsoft Corporation,
Redmont, WA, USA), makes it possible to draw a
region of interest (ROI) onto the scanner image, to
choose a microscope magnification, and to start
acquisition of neighboring fields. The focus is set
automatically and a microscopic mosaic image is then
built (Thuillier et al., 2001).

In this study, 20 microscopic mosaic images were
obtained, corresponding to the relevant ROIs selected
on the scanner image for quality control. These images
were composed of an average of 12 microscopic fields,
corresponding to an area of at least 16 mm² (4 mm ×
4 mm, objective 4×, resolution of 16,256 dpi, 1 pixel
covering 2.44 µm2).
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STANDARDIZATION OF IMAGE
ACQUISITION
Using a special holder, the Nikon slide scanner

enables the user to directly scan histological glass
slides. However, if no adjustment were pre-established,
the intensity of the images obtained would be too
high and the colors would be of poor quality. The
scanner was calibrated with reference to the "Wide
Gamut RGB" International Color Consortium (ICC)
color-space profile for positive films (Adobe Systems
Incorporated, San Jose, CA, USA) before applying a
special setting for histological sections stained with
Mayer hematoxylin and saffron, using Nikon Scan
3.1 software (Nikon, Champigny sur Marne, France).
Using the "Curves" tools, pixels of gray images (red,
green, and blue components associated) exhibiting an
intensity of 128 to 240 gray levels were redistributed
between 0 and 255. Using the "Color Balance" tool, it
was possible to darken the slide scanner image. A
new relationship was obtained with a value of -40 for
brightness (scale between -100 and +100). To remove
the nuance of pink present on the image, we
decreased the values of the red component by 20
levels of gray. The acquisition profile was recorded
and used for all acquisitions.

AUTOMATIC ANALYSIS OF TISSUE
SECTIONS
Images of histological sections were analyzed

using an image-processing toolbox (Aphelion, ADCIS
S.A, Hérouville Saint-Clair, France). Operators were
chained as a macro-application, allowing a rapid,
reproducible, and easy-to-use image-processing routine.
The approximate processing time needed was one
minute for eight images.

An optional interactive procedure was added in
order to select tumor tissue and to discard normal
remaining tissue, mucus, and necrosis from the whole
histological section when needed. This optional step
may be used also to eliminate folds and artifactual
large color deposits.

Tissue detection. Adaptive thresholding (moment-
preserving thresholding according to Tsai (1985))
was used to detect the whole tissue section on the
blue component of the color image, which exhibits
the best contrast between tissue and background.

Collagen detection. In order to obtain yellow
pixels, the Hue-Saturation-Intensity color mode was
used (Novak and Shafer, 1992). Hue image is encoded

between zero and six for the six primary colors,
yellow ranging at one. Therefore, a fixed threshold
was settled on the hue image (between 0 and 1) in
order to obtain a binary image of the yellow pixels.

Stromal fraction computation. Logical "AND"
operators were then applied between the mask image
of the tumor and binary images of tissue and stroma
in order to finally compute the stroma-to-tumor ratio.

QUALITY CONTROL PROCEDURE
Two quality controls were performed: a quality

control of the interactive stromal-fraction estimation
at low resolution provided by the scanner (comparison
with the “gold standards”: point counting or manual
drawing at microscopic level) and a quality control of
the automatic image processing (comparison with
manual delineation of stroma limits) (Fig. 1).

The work was done on 20 ROIs of tumor
sections. Each detail was acquired with both the slide
scanner and the automatic microscope. We restricted
the quality control to a very small area of 16 mm2 on
average. A quality control of the whole section
(average of 2 cm2) would have meant a ten-fold
higher workload in order to create and stitch together
the mosaic image and to manually delineate the
stroma outlines; furthermore, it would have been
difficult to process the resulting 150 megabytes or
more of digital images. PaintShop Pro 7 (JASC
Software, Minneapolis, MN, USA) was used to draw
limits of stroma and tumor tissue, at zoom 1× for
microscopic mosaic images (70 min) and at zoom 5×
for scanner images (10 min). Estimation of the stroma
proportion was also achieved with a stereological
point-counting frame for microscopic mosaic images
(Brugghe et al., 1998). A minimum 100-point grid
was applied to each image with a 280 µm interval
between points. The first point was placed randomly.
Five stereological stroma proportion estimations were
carried out repeatedly for each image (10 min per
image). The Aphelion toolbox was used (ADCIS S.A,
Hérouville Saint-Clair, France) for automatic image
analysis and computation.

Pearson’s coefficients of correlation between the
results obtained at high- or low-resolution were
calculated, using Xlstat 6.1.8 (Addinsoft, France). P
values < 0.05 were considered statistically significant.
The error bars in Fig. 3 indicate the standard
deviation (SD) of the five different stereological
estimates of stromal fraction.
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Fig. 1. Presentation of the quality control strategy. The proportions of stroma obtained in scanner images were
compared to those yielded after interactive drawing and point counting on microscopic mosaic images
covering the same territories (comparison: 1). The values resulting from interactive drawing in the scanner
images were then compared to those obtained through automatic image processing (comparison: 2).

RESULTS

The use of a slide scanner provides low-resolution
virtual slides of ovarian tumors (i.e., images of the
whole histological sections, Fig. 2a) in a single step.
The selected acquisition resolution of 2,700 dpi
associated with bichromic staining of the tumor tissue
enables the user to easily identify the clusters of

tumor cells and the connective tissue compartment
(Figs. 2b, c, and d) visually or automatically and to
estimate the stromal fraction of the tumors.

On whole sections, the scanner makes it possible
to gain much acquisition time: 3 min versus 3 h for a
microscope (Table 1). Furthermore, the lower number
of pixels dramatically reduces the storage volume as
well as the processing time expense (Table 1).

Table 1. Comparison of time and hard disk space required to obtain an image of 0.16 cm² and an image of the
whole histological section with an automatic microscope and a slide scanner.

For an area of 0.16 cm² For a whole section of 2.00 cm²
Time § Hard disk space Time § Hard disk space

Scanner image 0.01 hr 0.5 megabytes 0.05 h 20 megabytes

Microscopical
mosaic image 0.25 h 15 megabytes 3.12 hrs* 186 megabytes*
§ With the systems presented in materials and methods; * Numbers obtained by interpolation.
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Fig. 2. A 2,700-dpi color image obtained after acquisition with the calibrated slide scanner. (a) This image
corresponds to the whole histological section of an ovarian carcinoma, stained with hematoxylin and saffron.
(b) Detail of image 2a (black box) at full resolution. Tumor structures can easily be recognized (stroma and
cancer cells). (c–d) Comparison between mosaic microscopic image and slide scanner image that preserves
color information and limits of structures.

The five stroma-proportion estimates obtained by
point counting on each microscopic mosaic image
were very close, and the proportions estimated using
interactive drawing on the microscopic mosaic
images were equivalent to the point-counting method.
The results obtained by both methods were taken as
reference values.

As a result, the proportions of stroma estimated
on the scanner images through interactive drawing

strongly correlated with the proportions estimated on
microscopic mosaic images, through either interactive
drawing or point counting (88%, p < 0.0001; 83%,
p < 0.0001; Fig. 3). Regarding scanner images, 13
cases out of 20 showed proportions of stroma close to
the values estimated by stereology and 17 cases out
of 20 values comparable with those obtained by
drawing on microscopic mosaic images. Only the
results of images 11 and 20 were notably different.
There was agreement in 90% of the cases.
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The non-relevance of images 11 and 20 was due
to a problem with saffron staining. This stain slightly
marked the cytoplasm of cancer cells, as was obviously
shown at the microscopic level but was impossible to
visually distinguish on the scanner image.

The proportions of stroma estimated on scanner
images through interactive drawing and image analysis
had a high (95%) coefficient of correlation (p < 0.0001;
Fig. 4). Fig. 5 shows the quality of image processing
when there was no spurious staining.

The standard deviation computed from the four
values obtained for each case through point counting,
interactive drawing (microscope and slide scanner),
and automatic image analysis was small, because it
ranged between 1% and 4% for 12 images out of 20
(images 1, 2, 3, 5, 6, 8, 9, 10, 13, 15, 16, 17) and
between 5% and 8% for 6 images (images 4, 7, 11, 12,
14, 19). For two images only (images 18 and 20), the
standard deviation reached 10% and 16%, respectively.

Fig. 3. Comparison of the stroma proportions obtained through interactive drawing on the microscopic image
and the equivalent scanner image. The proportions of stroma obtained through point counting are also
provided; these correspond to the mean of 5 estimates carried out on the same images (standard deviation in
vertical bars).

Fig. 4. Comparison between the proportions of stroma obtained on the scanner images through interactive drawing
and image processing.
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Fig. 5. Limits of automatically detected cancer stroma (in red) and tumor tissue (in blue) are superimposed
onto the color image acquired at 2,700 dpi, using the slide scanner. (a) This image corresponds to the whole
histological section shown in Fig. 2. (b) Detail of image 5a (black box) at full resolution.

DISCUSSION
The goal of the proposed method was to obtain a

single image of a whole histological section of a
tumor that can be analyzed by automatic image
processing. The proportion of stroma in ovarian tumors
can be assessed in a simple, fast, and inexpensive way.

Recording of scanner images of histological
sections has already been proposed by other authors
(Yang et al., 1998; Schmitt and Eggers, 1999; Castro
et al., 2000; Krout et al., 2002; Chantrain et al., 2003),

but to the best of our knowledge none of these
researchers have used it for quantification of stroma
proportion.

In order to easily identify the architecture of a
tumor, classical staining with hematoxylin, eosin, and
saffron must be modified. The staining of cytoplasm
with eosin was avoided in order to obtain only three
compartments on the image to be analyzed: background
in white, nuclei in blue, and stromal collagen in
yellow. This simplified bichromic staining procedure
is reproducible when staining time and concentrations
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are taken into account. In this study, 2 out of 20 cases
presented a non-specific staining of cytoplasm. This
observation points out the necessity of checking the
staining quality under the microscope before scanner
image acquisition and analysis.

Acquisition conditions have been optimized and
used for all images to insure restitution of the same
colors and equal intensity. The defined settings can
be saved, exported, and used with other slide
scanners from the same manufacturer. This is easier
than using the tedious and hazardous interactive
setting for microscopic image acquisition. The slide
scanner provides a homogeneous image illumination
that guarantees reproducibility of the results obtained
by automatic image processing. In addition, the use
of a commercially available toolbox for software
building makes the reproducibility and exportability
of the automatic image-processing protocol possible.
In our hands, the method presented here made it
possible to obtain an image of a whole histological
section in three minutes, versus more than three hours
for our automatic microscope, and used storage space
twelve times smaller than a 4× RGB virtual microscopic
slide. The system is also ten times cheaper than a
microscope equipped with an automatic moving stage
and a tri-CCD camera. The resolution obtained with
the scanner is six times smaller than the resolution
delivered by our microscope acquisition equipment,
but obviously sufficient to distinguish the architecture
of the tumor. The major drawback of the scanner
resolution used (2,700 dpi) is the impossibility of
precisely identifying cell categories and individualizing
their cytostructures, which may trigger measurement
errors in the case of spurious staining. Another problem
may be encountered when there is an important
inflammatory infiltrate. The corresponding areas may
be considered to be clusters of cancer cells.

Concerning the proposed image-processing
strategy, the user need only adhere to a fully
automatic protocol, apart from delineating tumor
tissue limits, when residual normal tissue exists and
must be discarded. All the other steps are automatic.
In the majority of the published protocols,
segmentation by thresholding is obtained through an
interactive setting on microscopic mosaic images
(Johansson et al., 2001) or scanner images (Chantrain
et al., 2003), which cannot guarantee intra- and inter-
observer reproducibility. In the present study, two
fixed thresholds were used. The choice of this
segmentation method is allowed because the scanner
provides homogeneous and steady illumination
conditions for all images, which guarantees good
reproducibility of the tumor tissue and stroma limit

extractions. Using this simple method, the areas of
stroma and tissues detected by automatic image
processing are equivalent to areas obtained through
interactive drawing or a point-counting estimation on
microscopic mosaic images. Nevertheless, it is
important to stress that this method gives only an
estimate of the stroma proportion, because some
areas of connective tissue may be too small to be
detected. Indeed, stroma may be considered a fractal
structure (Cross, 1997; Smolle, 1998) because for each
increasing resolution of a scanner or a microscope, one
will detect new regions of connective tissue. The
purpose of the method presented here is only to obtain a
reliable approximation of the quantity of stroma in a
tumor.

The slide scanner can be used also to automatically
evaluate immunolabeled vessels (Chantrain et al.,
2003; Kim et al., 2003) and nuclei (Elie et al., 2003)
through specific automatic image-processing protocols.
These simple and inexpensive approaches can
potentially help in swiftly and reproducibly identifying
biological markers of prognostic significance in
whole sections as well as in tissue arrays (Signolle et
al., 2003) of large tumor series.

In conclusion, the proposed method allows a
simple, fast, and reproducible estimation of the stroma
amount in ovarian carcinomas, in whole histological
sections. Nevertheless, the staining quality must be
checked under the microscope before performing
automatic image acquisition and processing.
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