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Cancer Burden
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Cancer registries improve disease detection 
and treatment because they…

§ Identify cancer trends and high-risk groups

§ Help set priorities for health resources and programs

§ Advance clinical and health research

Cancer Surveillance



Motivation
• Cancer registries 

report cancer 
statistics essential for 
healthcare resource 
and intervention 
planning. 

• Manual processes 
result in considerable 
lag time in national 
cancer statistics 
reporting

• Cancer landscape in 
Africa is unclear
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Cancer Coder
Problem
• Challenging for 

Health officials to 
understand the 
impact of cancer in 
the country and 
allocate resources 
accordingly.

• Real time statistics 
required to drive 
cancer policy  



Research Objectives
• Use ML/DL to automatically assign topography and 

morphology codes to free text pathology reports

• Investigate how medical concept extraction can 
improve accuracy of doing automatic report coding

• Investigate how Graph Neural Networks can used 
to improve accuracy of automatic report coding 

Near term Impact
• Increase speed and accuracy of cancer report 

labelling

• More consistent and less subjective coding can be 
performed

• Automated cancer classification system

Cancer Coder
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External Partners

Partners

National Cancer Registry

South Africa

Internal Partners

IBM Research Yorktown Lab



Data & Pre-Processing 
Pipeline
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Pathology Report
Challenges
• Structured and unstructured text reports

• Multilingual reports

• Duplicate reports, sometimes with different 
labels

• Highly imbalanced classes



Data Pre-Processing
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All path. reports

Duplicate removal

Filter short reports 
(<20 words)

Language detection 
& filtering

634K

513K

480K

410K

Focus on 3 cancers

Cancer-type Breakdown

Train (313K)
2012-2015

Valid (52K)
Jan-Jun 2016

Test (45K)
Jul-Dec 2016



Topography-Morphology Hierarchy
…

…

Cancer 
Type/Site

Topography

Morphology



EvaluationMachine LearningFeature 
Engineering

Cancer Coder Pipeline
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NCR Report 
Database

Cleaning:
Stopwords
Numbers

Punctuation
Rare/Freq. 

words

Concept 
Extraction

UMLS Codes

Embeddings
TF-IDF

Cancer-Type Classifier 
(XG-Boost)

Brst Crvcl Prst

Cancer-Specific 
Classifier (ST/MT-CNN)

Top. Morph.

Topography & Morphology Classifier (MT-CNN)

Brst Crvcl Prst Morph.Top.

Report

Accuracy

Confidence

Keywords

…

Graph-Based NN

Data Preprocessing

Duplicate 
Removal

Language 
Detection

AFR ENG

Add “afr” 
language tag

Data 
Split

Ongoing



ML for Cancer-Site Classification 
and Topography & Morphology 
Coding
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Related work
• Automatic extraction of cancer 

registry reportable information from 
free-text pathology reports using 
multitask convolutional neural 
networks. Alawad, M et al.,(2020)

• Deep learning for automated 
extraction of primary sites from 
cancer pathology reports. Qiu, J et 
al., (2018). 

Motivation 

• ICD-0 is hierarchical in 
nature

• Hierarchical 
classification has not 
been explored for ICD-0 
classification

Method
• All models employ Text Filtering TF-IDF and word 

embeddings
• XGBoost model first level classifier identifying 

cancer type
• Specialized Multi-task CNN models are  second 

level classifiers identifying primary tumour site and 
cell origin 

Hierarchical Classification for ICD-O Classification
Top down Multi-task Convolutional Neural Network Ensemble for ICD-0 classification  

Structure of topography code

Structure of morphology code Cancer Type
Classifier

Breast cancer

Cervical  cancer

Prostate cancer
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Cancer Specific Model Exploration
Cancer 

Type
ICD-0 

Classes
Model

Variant
Classification F1 Micro F1 Macro Accuracy

Breast 8 Multi-task 
Multiclass CNN Topography 0.86 0.43 0.86

Breast 8 Multi-task 
Multiclass CNN Morphology 0.87 0.61 0.87

Cervical 3
Multi-task 

Multiclass CNN Topography 0.95 0.65 0.95

Cervical 8
Multi-task 

Multiclass CNN Morphology 0.88 0.83 0.88

Prostate 3 Multiclass CNN Morphology 0.93 0.73 0.93



Pilot Study

15

Next steps 

Incorporate  medical 
domain knowledgeFeature Engineering 



• Provide real time 
cancer statistics

• Provide clinically 
relevant cancer 
coding and statistics 
platform that is not 
currently available

• Improved healthcare 
resource and 
intervention planning
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Future Impact
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Cancer Guidelines Navigator, 
Future Applications &
IBM Service Corps
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Goal
Help improve 

access to high-
quality cancer 

care and 
treatment in Sub-
Saharan Africa

https://www.alliedagainstcancer.org/



https://www.alliedagainstcancer.org/

IBM Cancer Guidelines Navigator: Reference system for 
NCCN Harmonized Guidelines

An online tool 
that provides 

African oncology 
professionals with 
interactive access 

to the NCCN 
Harmonized 

Guidelines for 
Sub-Saharan 

Africa

Enter clinical info of patient



https://www.alliedagainstcancer.org/

IBM Cancer Guidelines Navigator: Reference system for 
NCCN Harmonized Guidelines

An online tool 
that provides 

African oncology 
professionals with 
interactive access 

to the NCCN 
Harmonized 

Guidelines for 
Sub-Saharan 

Africa

Recommend relevant 
treatment options from NCCN



• We built a structured reporting tool for anatomical 
pathology reports (SRAP)

• New law in Paraguay: all hospitals to submit cancer 
reports to the Cancer Registry in structured form 
(paper or electronic)

• Cancer Registry planning to hire human coders
because pathologists aren't expected to enter ICD-
10 codes

• Ministry of Health and National Cancer Institute 
(INCAN)

• SRAP + Cancer Coder would be an impactful 
solution for Paraguay

IBM Service Corps Paraguay



Thank you

Waheeda Saib
Applied Research Scientist 
WSaib@za.ibm.com
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