THE POWER OF ARTIFICIAL INTELLIGENCE
IN THE HANDS OF THE PATHOLOGIST

If you’ve attended any digital pathology or medical imaging meetings over the past couple of years, you have
heard artificial intelligence or deep learning mentioned at least once. If you are not a computer scientist, algorithm
engineer or image analyst, you might be wondering how these tools differ from all the other image analysis and
pattern recognition tools that have been used in digital pathology for years. In this white paper, we will demystify
this emerging technology with a bit of background, explain its potential applications in pathology and discuss
how the HALO AI™ platform is making this powerful technology accessible to the pathology community.

FIRST, A QUICK PRIMER ON AI
You will often hear people using the words artificial
intelligence, machine learning, deep learning, and neural
networks interchangeably. While they are all related,
they are not the same thing. Before launching into the
details of Indica Labs’ new deep learning platform HALO
AI, it might be helpful to clarify these terms and explain
how traditional HALO® image analysis tools, such as the
tissue classifier module, fit into the overall picture. If you
prefer to dive feet first into HALO AI, you can move on to
the next section.
When most people hear Artificial Intelligence or ‘AI’, they
envision fantastical machines that have all the thinking,
reasoning, and even feelings of humans. It goes without
saying that this is not the level of AI that we are talking
about in the context of digital pathology. The AI we are
talking about is focused on specific tasks which, in the
case of digital pathology, is primarily tissue classification.
Tissue classification has almost unlimited applications
in digital pathology – separate two tissue classes for

analysis (tumor from stroma, or glomeruli from tubules,
as two examples), differentiate normal and malignant
tissue, identify metastatic cells in lymph nodes, detect
lesions in the liver, and the list goes on.
Machine learning is a type of AI in which algorithms ‘learn’
for themselves from data we feed into them, rather than
being ‘hard-coded’ like other image analysis algorithms.
Since its inception, the HALO image analysis platform
has employed a type of machine learning algorithm called
a random forest classifier for tissue classification. This
algorithm uses a decision tree approach to choose how
pixels should be classified based on training examples
provided by the user. The random forest classifier is very
fast and works well for most routine classification tasks,
but it has one limitation — it does not handle extreme
variability well. As you are painfully aware, we encounter
variability even under the best conditions in pathology.
This is especially true when tissue is diseased or has
some abnormal pathology, such as cancer or kidney
disease. Therefore, some of the more exciting clinical

Figure 1. HALO AI is integrated fully into the HALO interface and uses the same workflow a our Tissue Classifier module, as follows: 1)
users create tissues classes according to their specific application, 2) HALO annotation tools are used to draw training regions, 3) after ‘Start
Training’ is initiated, the user can see progress in the viewer using the real-time window, and 4) individual annotations can be reviewed and
deleted from the review panel.

use-cases for machine learning in pathology are beyond
the scope of the random forest classifier.
Because of this limitation, Indica Labs continued to
test new approaches for tissue classification and this
eventually led us to neural networks (or neural nets
for short), another type of machine learning algorithm.
As the name implies, neural nets ‘mimic’ the neuronal
organization found in biological systems – a network
of interconnected artificial neurons working together
to solve problems. The neural net concept has been
around for many years, but the algorithms were too
computationally demanding for practical use. The advent
of GPU changed all of this. Neural networks could be
trained with larger volumes of data and could be many
layers deep – thus, the birth of deep learning. A specific
type of deep neural net algorithm underpins the HALO
AI platform, as explained in the next section.

INTRODUCING HALO AI
HALO AI is the result of years of effort by the Indica
Labs’ Research & Development team, whose goal was to
build a tool that could decipher and assess the complex
patterns of histologically stained tissues, in a similar
way to the brain of the pathologist. HALO AI utilizes a

type of deep learning algorithm called a convolutional
neural network (CNN), which is ideally suited for tissue
classification in digital pathology. The CNN algorithm
can be trained on large data sets, improves with more
training and interaction and, most importantly, can handle
the variability that runs rife in diagnostic pathology.
It is key to emphasize that HALO AI is much more than
a deep learning algorithm. It is an entire workflow
designed to make adoption easy and fast, so that the
pathology community can benefit from this technology
in the near term.

A USER-FRIENDLY, COLLABORATIVE
INTERFACE FOR HALO AI USING HALO AND
HALO LINK™
While deep learning is exciting, the black box interface
provided with most platforms is a daunting prospect
for anyone outside the computer science department.
In order to put this powerful technology into the
hands of the pathologist and realize its full potential
in digital pathology, HALO AI is integrated seamlessly
into the user-friendly HALO image analysis platform
using the existing tissue classifier module interface

Figure 2. HALO AI accessible through the browser using HALO Link. Users can share slides with collaborators and collaborators can add
training regions to classifiers using annotation tools provided within the browser-based HALO Link viewer. Once training is started, users
can sign into HALO Link to review 1) individual training regions, 2) the classification error rate associated with each region, and 3) the overall
classification error over time visualized graphically.

(Figure 1). Pathologists use HALO’s state-of-the-art,
flexible annotation tools to provide training examples
to HALO AI and start the training in one click. Review
training sets and modify the training image resolution
on the fly while you view the progress of training in the
real-time window.
One of the key considerations for deep learning
is training data – the more images and the more
annotations you have to work from, the more robust
the classifier. Collaboration between pathologists or
translational research groups is key to advancing deep
learning in digital pathology quickly. To facilitate this
interaction between research groups, HALO AI is also
fully integrated into our browser-based, collaborative
image management system, HALO Link. Studies are
assigned to remote pathologists who then participate
in building HALO AI classifiers by providing their own
images to the project and drawing training annotations,
nothing required except internet access and a browser
(Figure 2). There is also an option to display error rates
alongside individual training annotations, so users get
immediate feedback on how their training annotations
are performing in real-time.

HALO AI UP TO THE CHALLENGE
HALO AI was put to the test earlier this year in the
Camelyon17 Challenge Organized
by Diagnostic
Image Analysis Group (DIAG) and Department of
Pathology of the Radboud University Medical Center,
the aim was to create a fully automated method to find
breast cancer metastases in whole slide scans of lymph
node, classify each lymph node into one of four stages
(negative, isolated tumor cells (itc), micrometastases, or
macrometastases), and combine these results across
five sections per patient to give a tumor level stage. This
is a challenging and time consuming task for human
and machines alike. Whole slide scans of lymph node
sections can be several giga pixels in size, so finding
regions of interest requires extensive searching. Single
tumor cells and micrometastases are easily missed even
by the most well trained eye.
A classifier was built with HALO AI using annotated
images provided by the Camelyon challenge, including
160 images with tumor annotations and about 370
negative images. After extensive training, the resulting
classifier was tested on lymph node slides from 100
breast cancer patients. HALO AI scored third overall

Figure 3. Analyzing lymph nodes to identify breast cancer metastases in Camelyon17 Challenge. The H&E whole slide images were analyzed with the HALO AI classifier, 5 slides per patient. Tumor cells were found in the boxed area of the tissue. The markup image from HALO
AI classifier is shown to the right with tumor cells highlighted in red and normal lymph node tissue in yellow.

among 32 accepted teams and ranked highest among
all commercial entries. An example of a classification
mask identifying metastases in a region of lymph
node is shown in Figure 3. Full details, methods, and
results for the Challenge can be found on the website
(https://camelyon17.grand-challenge.org/results/).
This Camelyon17 challenge demonstrated the power
of deep learning in digital pathology and identified an
important application for HALO AI in histopathology, but
we know that we have barely scratched the surface with
this technology. In collaboration with customers such
as the University of Cambridge Laboratories, we are
discovering new applications for HALO AI in all tissue
types and areas of translational research, including
oncology, metabolism, toxicology, transplant science
and beyond.

“We strive to push technical boundaries in order to
meet the needs of clients,” commented Indica Labs
CEO, Steven Hashagen. “In the past several years,
deep learning technology has come to the forefront in
computer science circles. Now, Indica Labs is pleased to
be moving this technology out of the computer lab and
into the hands of the pathologist, where its true potential
in pathology can be realized.”
Please note that HALO AI has specific hardware
requirements which differ from HALO. Please contact
your Indica Labs representative for further details.
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