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a b s t r a c t

Background: Ongoing research into inflammatory conditions raises an increasing need to evaluate im-
mune cells in histological sections in biologically relevant regions of interest (ROIs). Herein, we compare
different approaches to automatically detect lobular structures in human normal breast tissue in digi-
tized whole slide images (WSIs). This automation is required to perform objective and consistent
quantitative studies on large data sets.

Methods: In normal breast tissue from nine healthy patients immunohistochemically stained for dif-
ferent markers, we evaluated and compared three different image analysis methods to automatically
detect lobular structures in WSIs: (1) a bottom-up approach using the cell-based data for subsequent
tissue level classification, (2) a top-down method starting with texture classification at tissue level ana-
lysis of cell densities in specific ROIs, and (3) a direct texture classification using deep learning technology.

Results: All three methods result in comparable overall quality allowing automated detection of lob-
ular structures with minor advantage in sensitivity (approach 3), specificity (approach 2), or processing
time (approach 1). Combining the outputs of the approaches further improved the precision.

Conclusions: Different approaches of automated ROI detection are feasible and should be selected
according to the individual needs of biomarker research. Additionally, detected ROIs could be used as a
basis for quantification of immune infiltration in lobular structures.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Lobular structures are the functional units of the resting
mammalian breast that further differentiate into milk-producing
glands during lactation. The normal anatomical structures are
important because breast cancer and premalignant lesions origi-
nate in these epithelial structures and there is evidence that the
transition between ductal and lobular structures may be particu-
larly susceptible to oncogenic events [1]. In addition to studies on
the origins of cancer, the detection of ducts and lobules is also
relevant for an inflammatory condition referred to as lymphocytic
lobulitis (LLO), which has been observed in the adjacent tissue
around breast cancer and in prophylactically removed breast tissue
without any evidence for cancer in BRCA1/2 mutation carriers
[2,3]. This phenomenon is not yet well understood and decipher-
ing its possible link with hereditary breast cancer may lead to

better disease understanding, new prognostic indicators, or novel
treatment options. In order to perform an objective, repeatable,
and statistically reliable quantitative study of LLO on large data
sets, the ability to automatically detect relevant structures in his-
tological slides is necessary. We refer to ducts and lobules as
lobular structure in the following.

Nowadays, such slides can be routinely digitized; the resulting
whole slide images (WSIs) can be processed by automated image
analysis techniques with the aim to detect lobular structures and to
quantify cell numbers [4,5]. Many works are based on detecting and
automatically counting cells for cancer diagnosis, grading, and
prognosis [6–8]. However, to give more insight to the pathologist, it is
necessary to evaluate immune cells beyond estimation of their
density, for example by object-based recognition of spatial patterns
and interactions at high resolution [9]. Thus, our objective is to pave
the way for identifying and classifying cells in those areas in image
that are most relevant, like lobules in breast cancer and LLO, finally
enabling methods to characterize the spatial distribution of different
subtypes of immune cells in relation to these larger image objects.

In general, lobular structures are composed of dense areas of
epithelial cells in tubular structures, normally with a clear contrast
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to the lobular stroma. However, lobules can be very different in
size, shape, and texture depending on their functional stage (e.g.,
phase of the menstrual cycle), the degree of immune cell in-
filtration, and also appear differently according to the used stain-
ing method (see Fig. 1).

Cancer growth adds to this complexity of tissue structures and
makes manual or automated lobule detection even more chal-
lenging. As about 75% of invasive breast cancer cases are of ductal
type and detection of lobular type is more difficult by mammo-
graphy [10], it is important to distinguish between ducts and lo-
bules in this context, but we do not provide a way to make this
distinction. As a preparatory work before delving into the struc-
tural complexity of cancer-affected tissue, we focus on normal
breast tissue of healthy patients in order to evaluate and compare
three different image analysis methods to automatically detect
epithelial structures including ducts and lobules in im-
munohistochemically (IHC) stained WSIs. Evenwithout solving the
cancer-related challenges, the work addresses an important de-
mand because the evaluation of LLO may lead to new biomarker
patterns with diagnostic and prognostic value. From a technolo-
gical point of view, the task of defining regions of interest (ROI) for
further analysis tackles a problem that occurs frequently in med-
ical image analysis: the limited availability of experts to perform
large-scale manual annotation due to restricted resources of
trained pathologists remains an important bottleneck for progress.
In the context of LLO, this is evident because the statistical base for
experimental evidence has been limited by the available time for

pathologists who have to manually select every lobule and therefore
could so far only annotate small data sets [11,12]. Thus, overcoming
the limitations of manual annotation of WSIs by automation is
highly desirable. This work builds on previous work [13], where
detection of normal lobules in the vicinity of breast cancer was
optimized for the purpose of analyzing nuclear expression of es-
trogen receptor (ER) or progesterone receptor (PR). Grote et al. de-
tected lobules on several segmentation layers using textural, geo-
metric, and relational features, as well as solid tumor using textural
features. Other tissue classification techniques have supported the
study of pathologies like odontogenic cysts [14] and various cancers
[15,16]. The identification of general biological structures has re-
ceived comparatively little attention, although graph-based ap-
proaches exist for unsupervised top-down tissue categorization [17]
and bottom-up biological object identification [18].

A machine learning algorithm describes how to identify pat-
terns in existing data (learning) and uses this acquired knowledge
to make predictions on new data [19]. A deep learning algorithm is
a machine learning algorithm that can learn a hierarchical de-
scription of the data with multiple sublevels of nonlinear features
[20]. In recent years, a type of deep learning architecture opti-
mized for 2D data called convolutional neural networks (CNNs)
[21] have provided state-of-the-art results in various applications
of machine learning-based image analysis, from general scene la-
beling [22] to cancer classification [23] and mitosis detection [24].

After presenting our data set and evaluation criterion, we will
describe three methods that were developed in the context of

Fig. 1. Top row shows a large lobule with sparse branching in two different stainings (left: ER, right: CD8). Bottom row shows a small lobule with dense branching (left: ER,
right: CD8). Scale bars are 0.5 mm.
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