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1 Abstract

Colorectal cancer (CRC) has a high mortality rate which can be decreased by early detec-
tion and intervention. Patients with inflammatory bowel disease (IBD) are at heightened
risk of developing CRC and thus undergo regular surveillance, but recognition of premalig-
nant (precancerous) changes is difficult and inaccurate due to inflammation. These issues
can further be exacerbated based on colonoscopy operator differences, such that many
changes are missed.

Recognition of pre-cancerous lesions can reasonably be improved by machine learning
techniques by highlighting suspicious lesions for endoscopists during screenings. Novel
imaging techniques such as chromoendoscopy further provide superior detection rates,
and may be used in combination with AI.

It shall now be investigated whether ML techniques can also be utilized in the support
of colonoscopies in IBD patients, increasing accuracy and improving treatment outcomes.

2 Background

Colorectal cancer (CRC) is one of the leading causes of death worldwide [1], where early
detection plays a major factor in treatment outcomes [2, 3, 4]. The risk for patients
with inflammatory bowel disease (IBD) to develop CRC is increased so that it accounts
for approximately 15% of all deaths in IBD patients [5]. As such, patients with IBD
undergo regular colonoscopy surveillance. However, the quality of colonoscopies is lower
for detecting pre-cancerous tissues in IBD patients as the changes can arise in mucosa
that is visually indistinct from surrounding mucosa [6]. Further, due to its molecular
biology, altercations may occur more rapidly or in an unconventional sequence compared
to patients without IBD [6].

In addition, quality of colonoscopy varies by operator [7]. Especially novice endo-
scopists overestimate their accuracy of clinical competence [8] and may benefit from tar-
geted interventions.

One approach to increase detection rates is the utilization of AI-based diagnosis. Initial
studies have shown that colonoscopy with AI increases the detection rate of adenomas
and polyps compared to colonoscopy without AI [9, 10, 11], and that this improvement is
especially strong in non-experts in the field of colorectal polyp classification in comparison
to experts [12].

In another approach, chromoendoscopy is used to highlight subtle mucosal changes
during colonoscopy by dyeing tissues with indigo blue colour. This technique improves
the sensitivity of detecting neoplasia in IBD patients [6], and offers the potential to improve
specificity as well. By enhancing endoscopic characterization of lesions, fewer and more
targeted biopsies may be performed.

It shall now be investigated whether these improvements achieved through the ap-
plication of chromoendoscopy and AI support can also be applied to patients with IBD,
improving the detection rate of pre-malignant changes at colonoscopy. Video data will be
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analyzed by means of deep learning classification to identify pre-cancerous or cancerous
tissues.

The research question is: ”Can the use of AI support at endoscopy increase detection rates
of pre-malignant lesions in patients with IBD?”

3 Description of Tasks

Video datasets of individuals undergoing IBD surveillance colonoscopy are being acquired
in a cooperation between Ersta sjukhus, Akademiska sjukhus, and Göteborg sjukhus. The
primary objective of the thesis is to propose a deep learning model classification algorithm
to recognize pre-cancerous changes, which can be used during colonoscopies to support
endoscopists, thereby improving detection accuracy.

It is expected to fulfill following objectives through the project to be implemented:

T1. Conduct a critical review of existing machine learning algorithms used in colonoscopy
and in IBD surveillance

T2. Perform an in-depth study of technologies used to develop and compare performances
of differing deep learning models

T3. Design a pre-processing pipeline filtering frequently misclassified images such as those
containing endoscopic instruments and blood from the dataset provided to the mod-
els

T4. Construct one or several deep learning architectures and tune hyperparameters

T5. Evaluate overall performance of the proposed system

T6. Complete the report

4 Methods

The pre-processing of data as well as the machine learning model training and evaluation
will be done in python. Literature research will be conducted using PubMed, IEEE, Sco-
pus, and Google scholar. The structure of the literature review shall follow the PRISMA
guidelines [13]:
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Figure 1: The PRISMA process for literature review [13]

5 Relevant Courses

Courses at Uppsala University (Master’s level)

• 1DT054 - Project CS

• 1DL073 - Natural Computation Methods for Machine Learning

• 1TD396 - Computer-Assisted Image Analysis I

Courses at TU Braunschweig (Bachelor’s level)

• Bachelor’s thesis: Identification and Application of Artificial Intelligence Methods
for Automated Annotation of Seismocardiographic Datasets

• Generation of Biosignals and Medical Images1

• Introduction to Machine Learning

• Medicine 2 (Pathology)

• Medicine 1 (Anatomy)

1Can be found listed in transcript of records, not in the bachelor’s certificate, as it was taken in addition
to the credit requirements of the bachelor’s studies.
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6 Delimitations

This project may include...

M1. Privacy-preserving ML methods such as federated or split learning depending on
available data storage and processing environment

M2. Real-time image stream analysis

This project shall not include...

X1. A Grad-CAM (Gradient-weighted Class Activation Mapping) to visualize regions
strongly impacting the decision-making process of the ML

X2. A graphical user interface intended for non-technical users

7 Time Plan

This thesis work is expected to be done in 20 weeks, beginning in the fourth week of
January 2024. The completion is aimed to be in the first week of June 2024, upon a public
presentation regarding the result as well as revision of the report based on the comments
by the audience and reviewer. The time allocation spent will be as follows:

• (T1, T2) Literature review (2 weeks)

• (T3) Data preparation and pipeline construction (2 weeks)

• Design of an algorithm to extract unwanted images

• Design of an image sampling and loading pipeline

• (T4, T5) Training and evaluation of models (8 weeks)

• Data validation and hyperparameter tuning

• (T4, T5) Perform interpretability analysis to see if the models can be improved (4
weeks)

• Explore the possibility of using multi-output systems to return feature-based
classification as well as image-based classification

• (T6) Writing the report (6 weeks)

The graphical representation of the timeline can be found below:
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