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Learning Objectives

Understand the complexities of systemic anticancer therapy 
(SACT) and name several approaches to standardly represent 
SACT.

Appreciate the challenges of coordinated representation of 
complex temporal events and discuss several complementary 
approaches to temporal resolution.

Learn about how patterns of SACT in real-world practice change 
over time, and how these changes relate to the understanding of 
the overall landscape of cancer treatment and prognosis.
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State of the art, 1965-2011
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HemOnc.org is a knowledge base aiming to capture 
all standard of care systemic anticancer treatment.

2022 page views 

1,428,842

By the numbers

1037 primary content pages

310 disease-specific pages

>1,000,000 lines of content

>7000 primary references

>4000 context-specific 

regimens

50 members of editorial board
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Global Reach
181 countries/territories
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69.57%

2.33%

2.07%

1.77%

1.43%

1.01%

25k-30k visitors/month



Going from 
Knowledge Base 
to Ontology
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Condition

Study

First author
Middle 
author

Last author
Title

Componen
t

Supportive 
medications

Regimen

HemOnc Regimen Model (simplified)

Was studied 
in

Local therapy

Antineoplastics

Journal
Year

Study GroupHas study 
group

Context PMID

URL
Modality

Warner et al. J Biomed Inform 2019 https://doi.org/10.1016/j.jbi.2019.103239

H
as…

co
m
p
o
n
en

t

Reference

Evidence BaseObservations

Trial ID

Concepts: 95,242 Relationships: 290,5272023-06-07

https://doi.org/10.1016/j.jbi.2019.103239


HemOnc has more content than other existing 
publicly available terminologies/ontologies.

Terminology
Maps to 

Drugs

Disease 

Context

Treatment 

Context
Modality

Link to 

Evidence

Number of 

regimens

SNOMED-CT Yes1 No No No No 6

SEER*Rx Yes1 No No Yes No 516

NCI Thesaurus Yes1 Yes No No2 No 1021

HemOnc Yes Yes Yes Yes Yes 3737*

1Antineoplastics; HemOnc also maps to supportive medications
2In some cases, modality can be inferred
*As of 2023-06-07; includes 1494 regimen “stubs” which are not yet completely defined



HemOnc is available to you!

https://dataverse.harvard.edu/dataverse/HemOnc/

http://athena.ohdsi.org/vocabulary/list

Retrospective research (any user) Non-commercial user (any use)

Any user (subset focused on drugs & diseases)

https://dataverse.harvard.edu/dataverse/HemOnc/

Commercial user (full ontology)

Contact us for further details: licensing@hemonc.org

https://dataverse.harvard.edu/dataverse/HemOnc/
http://athena.ohdsi.org/vocabulary/list
https://dataverse.harvard.edu/dataverse/HemOnc/


You can reach me at:

jeremy_warner@brown.edu

jwarner@hemonc.org
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Panelist Introductions

Asieh Golozar, MD, MPH, PhD
Global Head of Data Science at Odysseus Data Services, Inc. 
Professor of the Practice & Director of Clinical Research at the OHDSI Center, Northeastern University

Travis Zack, MD, PhD
Hematology/Oncology Fellow
University of California, San Francisco

Georgina Kennedy, PhD
Maridulu Budyari Gumal (SPHERE) Cancer Clinical Academic Group
Ingham Institute for Applied Medical Research

Timothy Churches, MBBS, MPhil
University of New South Wales
Ingham Institute for Applied Medical Research
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Detecting Systemic Anticancer Therapy 
Regimens from temporal drug exposures –

the OHDSI experience 



OHDSI community
We’re all in this journey together…

OHDSI Collaborators

• 3,266 collaborators

• 80 countries

• 21 time zones

• 6 continents

Open community 
data standards
(OMOP CDM)

Methodological 
research

Open-source 
development 
(OHDSI tools)

Clinical evidence 
generation

OHDSI Data Network

• 435 data sources
• 347 EHRs
• 34 registries 
• 30 administrative claims

• 41 countries
• 928 million unique patient records
(12% of the world’s population)



Why is oncology any different than 

the rest of medicine?



Schematic Cancer Patient Journey

2L discontinuation

Hospitalization
Palliative care 
Hospice
Death

1L discontinuation

Metastatic disease Progression

1L therapy

Diagnosis Progression

Biomarker 
evaluation 2L therapy

• Overall Survival 
• Symptom Endpoints 
• Disease-Free Survival/Event-Free Survival 
• Objective Response Rate 
• Complete Response 
• Progression Free Survival/Time to Progression 



Cancer is Complicated

1. Cancer is rare
2. Cancer is complicated
3. No Terminologies



The OHDSI Oncology Working Group 
Has Worked on the Solution

• Oncology Network

• OMOP Oncology Module



OMOP CDM: Oncology Module

Cancer Disease Model

Cancer Diagnosis: Base Diagnosis + Diagnostic Modifiers 

(One-to-many connection between them)

Cancer Treatment Model 

Composite Level (Treatment Episodes) or Individual Level (standard OMOP)

Cancer Episode Model

Continuous periods of disease or treatment with distinct clinical meaning 

Composed of multiple events

Essential for conducting cancer research 

Solves all problems of oncology research

1

2

3



Cancer Disease Model

Cancer Diagnosis: Base Diagnosis + Diagnostic Modifiers

Cancer Treatment Model 

Composite Level (Treatment Episodes) or Individual Level (standard OMOP)

Cancer Episode Model

Overarching disease episode

Disease dynamic (remission, stable, progression)

Disease extent (confined, invasive, metastatic)

Cancer Disease Model: Terminologies
Solves all problems of oncology research

1

2

3

ICD-O Cancer Modifiers + OMOP Genomics

HemOnc

De novo vocabularies



Abstracted chemotherapy regimens rarely available

Cisplatin+Gemcitabine (GC)
21-day cycle for up to 6 cycles

Metastatic non-
squamous NSCLC

Cycle 5 Cycle 6Cycle 4

C

G G

C

G G

C

G GAvailable in the data

Regimen 1

Cycle 2 Cycle 3Cycle 1

C

G G

C

G G

C

G G

B B B B B B

Needed for research but 
mostly not available

OMOP Oncology: Cancer Treatment Model 2



A patient’s medical record can be treated as a 
temporal sequence of events

• Apply sequence alignment methodologies to infer regimens from discrete events

• Sequence alignment:

– Standard for assessing biological sequence homology.

– Established approach in bioinformatics and has been applied to other domains, 
including sequences of temporal events. 

– A combination of recursive dynamic programming and a scoring matrix guarantees 
optimal alignment 

• Two classic algorithms for sequence alignments: 

1. Needleman-Wunsch (NW)

2. Smith-Waterman (SW)

• Traditional NW and SW do not incorporate 
missing events, treatment delays, protocol 
deviation and relative time between events

• Extensions of both NW and SW incorporates 
relative timing information have been used 
to extract chemotherapy regimens with high 
accuracy



ARTEMIS: A Modified Smith-Waterman algorithm
accounts for missing events, treatment delays, protocol deviation and relative time between events 

Alignment Result: 0.C-7.C-15.C-7.A-0.B-0.C-7.A-7.D-7.E-7.E
_._-__-__-__-7.A-0.B-0.C-7.A-7.D

Substitution matrix 𝑆 𝑥𝑖 + 𝑦𝑗 =
+1, 𝑥𝑖 = 𝑦𝑗
−1.1, 𝑥𝑖 ≠ 𝑦𝑗

TRi,j= 

0, 𝑖𝑓 𝐷(𝑖, 𝑗) = 0

TRi,j−1, 𝑖𝑓 𝐷 𝑖, 𝑗 = 1

Tri−1,j+txi, 𝑖𝑓 𝐷 𝑖, 𝑗 = −1

TCi,j= 

0, 𝑖𝑓 𝐷(𝑖, 𝑗) = 0

TRi,j−1+tyi, 𝑖𝑓 𝐷 𝑖, 𝑗 = 1

Tri−1,j, 𝑖𝑓 𝐷 𝑖, 𝑗 = −1

Di,j= 

0, 𝑖𝑓 𝐻(𝑖, 𝑗) = 0
−1, 𝑖𝑓 𝐻(𝑖, 𝑗) = 𝐻(𝑖 − 1, 𝑗) − 𝑔

1, 𝑖𝑓 𝐻 𝑖, 𝑗 = 𝐻 𝑖, 𝑗 − 1 − 𝑔

Hi,j= max 

0
Hi−1,j−1 + 𝑆 𝑥𝑖 + 𝑦𝑗 − 𝑓 𝑡𝑥𝑖 + 𝑇𝑅𝑖

− 1, 𝑗 − 1 +
𝑇𝐶𝑖

− 1, 𝑗 − 1

𝐻𝑖 − 1, 𝑗
− 𝑔

𝐻𝑖, 𝑗 − 1 −
𝑔

∀ 𝑖𝜖 1,𝑚 , 𝑗𝜖 [1, 𝑛]

User input: 

Alignment parameters: ቎
gap penalty (g)

maximum temporal penalty
loss function



Modified Temporal Smith-Waterman
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2
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ARTEMIS - Method Flow Chart



Placeholder for Travis Zack slides
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Mapping and semantic harmonization of 
Australian and US SACT protocol definitions
MEG STEVENS, TIMOTHY CHURCHES, LEO COLEMAN, SHELLEY RUSHTON, 
JULIA SHINGLETON, AISLING KELLY, HUAI-HSUAN TSENG, GEORGINA KENNEDY

Senior Research Fellow

Maridulu Budyari Gumal (SPHERE) Cancer Clinical Academic Group

Ingham Institute for Applied Medical Research

Georgina Kennedy

@gkenno
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Australian context: eviQ

Free, online resource of cancer treatment protocols and 

treatment information developed for the Australian context

National program

Embedded into clinical practice and used in every cancer centre 

across Australia

Primary audience: health professionals

Secondary audience: patients and carers

eviQ.org.au



Intranet cancer treatment 
protocol resource 

developed by  Professor 
Robyn Ward, used across 3 

Sydney hospitals

2000 - 2004

Cancer Institute NSW 

assumed responsibility.

Website built and launched 

as 

CI-SCaT*

2005

Rebranded as eviQ 

eviQ.org.au

Increased functionality and 

content

2009

Nationally endorsed as the 

preferred source of 

evidence-based cancer 

treatment information in 

Australia

2010

National eviQ program

MOU with each state and 

territory

2013

eviQ Program History

*Cancer Institute's Standard Cancer Treatments Program (CI-SCaT) 



202 countries

6 calculators

448, 084 Australian 

users

166% increase in total 

monthly users since 

2018

123

Patient information 

sheet

1064

Treatment protocols

331, 437 

International users 

2018 = 22%

2022 = 44%

162
Clinical resources

eviQ usage and reach 2022

• Guidance not a guideline

• Not mandated

• Editorially independent 

• Complies with Australia’s regulatory and reimbursement 

process i.e., TGA/PBS

• Variation may be appropriate

• Oncology

• Haematology

• BMT

• Radiation oncology

• Cancer genetics



• Assess real-world treatment effectiveness

• Quality indicators to assess appropriateness of treatment patterns 

• Determine future treatments

Why is it important to identify lines of therapy?



Why is it hard to identify SACT regimens in RWD?



CaVa Regimen Model: Computable Baselines



CaVa Regimen Model: Computable Baselines



Computable Baselines: Detect & Measure Variation



Harmonisation
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