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OHDSI is a Global Success



Collaborations in Scholarship

• More than 600 peer-reviewed studies 
relating to OMOP or OHDSI 
tools/methods/best practices have been 
published over the last decade

• Most papers have multiple authors, and 
OHDSI continues to see a rise in new 
authors collaborating on studies



The Secret Sources

Community

Reproducibility
Standardization

Open-
Source

Open-
Science

Scale



Journey to Evidence Streamlined with Standardization

Treatment 
pathways

Incidence rate 
analysis

Self-controlled 
case series

Comparative 
cohort design

Patient-level 
prediction

Standardized analytics

Cohort definition:
a specification to 

identify the set of 
persons satisfying one 
or more criteria for a 

duration of time

Impactful results

Hripcsak et al
PNAS 2016

Li et al
BMJ 2021

Lane et al Lancet 
Rheumatology 2020

Suchard et al
Lancet 2019

Williams et al
BMC MRM 2022

Standardized data

Source 1 CDM

Source 2 CDM

Source 3 CDM

T, {E}

T, O

T, C, O

T, O

T, O

Standardized inputs



Data Standardization: OMOP CDM



Open-Source Community

• 262 Repositories

• 30 M+ lines of code

• 681 Developers

• 31 organizations

• 47,672 commits

• 2,838 GitHub Forks

• 4,168 GitHub Stars

• 5,547 GitHub Subscribers



OHDSI Methods and Research

7

Three ideas
1. LEGEND Principles 2. Objective Diagnostics 3. Standardized software

Open-source 
software



Reproducibility and Trust

Patient-level data 
in source 
system/schema

Reliable 
evidence
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Patient-level 
data in CDM

A Common Data Model enables 
standardized analytics to generate 

reliable evidence.

Question
at hand

Different 
geographics

Different data

Different
timing

Different 
interventions

Different 
methodologies



Large-scale evidence generation across a network of databases (LEGEND)

Examining one target-comparator
pair at a time

Modify the design until significant 
results are foundNot using appropriate methods

to control for bias

* Pre-specified fixed design and dissemination of 
the results regardless of the estimates (avoid 
publication bias)

* Systematic process across all research questions

* Large-scale: looking at thousands of target-
comparator pairs at a time

* Use of best practices: LSPS, extensive diagnostics, 
negative and positive controls

Some current practices across the broader research community

Towards Reliable Evidence …



Publish all results

Run on multiple databases

Select multiple target and comparator cohorts,
for example, all drug in a drug class

Carefully design the study, including 
sensitivity analyses

Some of the LEGEND Principles Step-by-Step

Spend a lot of time on diagnostics:
propensity score balance, covariate balance, 

calibration plots etc.



LEGEND in practice



OHDSI Scales
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• US Insurance databases
• IBM® MarketScan® CCAE
• IBM® MarketScan® MDCD
• IBM® MarketScan® MDCR
• Optum© Clinformatics®
• Japanese insurance databases
• Japan Medical Data Center
• Korean national insurance databases
• NHIS-NSC
• US EHR databases
• Columbia University Medical Center
• Optum© PANTHER®
• German EHR databases
• QuintilesIMS Disease Analyzer (DA) Germany

Theoretical Observed (n>2,500)

Single ingredients 58 39

Single ingredient comparisons 58 * 57 = 3,306 1,296

Single drug classes 15 13

Single class comparisons 15 * 14 = 210 156

Dual ingredients 58 * 57 / 2 = 1,653 58

Single vs duo drug comparisons 58 * 1,653 = 95,874 3,810

Dual classes 15 * 14 / 2 = 105 32

Single vs duo class comparisons 15 * 105 = 1,575 832

Duo vs duo drug comparisons 1,653 * 1,652 = 2,730,756 2,784

Duo vs duo class comparisons 105 * 104 = 10,920 992

… … …

Total comparisons 2,843,250 10,278

Outcomes of interest 58 58

Target-comparator-outcomes 2,843,250 * 58 = 164,908,500 587,020

Negative control outcomes 76 76

Target-comparator-neg controls 2,843,250 * 76=216,087,000 769,476

Positive control outcomes 76* 3=228 228

Target-comparator-pos controls 2,843,250 * 228=648,261,00 662,484

Total comparisons 864,348,000 1,431,960

Total 864,348,000 * 9= 7,779,132,000 1,431,960 * 9=12,887,640 



Why is oncology any different than the 

rest of medicine?



Problem 1: Cancer is a rare disease



Problem 1: Cancer is a rare disease

55% are 
adeno

1% have MET ex14 
mutation 

55% are 
adeno

70% are 
metastatic 
NSCLC 

85% are NSCLC 

2,000,000 
cases

1,870,000 
cases

1,309,000 
cases

719,950 
cases

7,200 

cases



Problem 2: Cancer needs detail

“What is the Overall Survival or Progression-free Survival of patients with  
metastatic Non-small Cell Lung Cancer with confirmed MET exon 14 
skipping who received oral capmatinib as first line?“
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Problem 3: No standards

There are no common or even good terminologies

Concept Category

Non-small Cell Histology ICDO, SNOMED

Lung Anatomical site ICDO, SNOMED

Metastatic disease Tumor attribute

MET exon 14 skipping Genomic Variant CiVIC, OncoKB, ClinVar, NCIt, CAP, LOINC, SNOMED

First line treatment Treatment Episode

Capmatinib Regimen RxNorm, HemOnc



Problem 3: No standards
Vocabularies are badly curated

• Lymph Node Status: 

– Lymph Node Status

– Nodal Status: Para-Aortic, Mediastinal, Pelvic, 
Femoral Inguinal and Distant (Mediastinal, 
Scalene)

– LN Status:  Femoral-Inguinal, Para-Aortic, Pelvic

– Clinical Status of Lymph Node Mets

– Clinical Status of Lymph Nodes

• Lymph node size: 

– LN Size

– Size of Lymph Nodes

• Mets at DX-Distant LN

• LN Distant: Mediastinal, Scalene

• Adenopathy

• Nodal Stations Involved

• Laterality

– Laterality

– LN Laterality

– Regional Lymph Node – Laterality



The OHDSI Oncology Working Group 

Has Worked on the Solution

• Oncology Network

• Oncology Module for the OMOP CDM

• Example studies



OHDSI Oncology Network
Data from many institutions can be analyzed together

Network Partner

Network Partner
Network Partner

Network Partner

Research
institution

Claims
Claims

EHR
EHR

Network Partner Network Partner
Network Partner

Network Partner

EHR
EHR

EHR
EHR

Network 
sample



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



OMOP Oncology: Cancer Disease Model1

Diagnostic 
Modifiers

Diagnosis

Condition

Histology Topology

Stage Grade ExtensionDimensionMetastasisMargin Biomarker

+

Cancer Disease Model

Cancer Diagnosis: Base Diagnosis + Diagnostic Modifiers



Abstracted chemotherapy regimens rarely available

Cisplatin+Gemcitabine (GC)+Bevacizumab
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



OMOP Oncology: Cancer Episode Model

Episodes

✔ Continuous periods of disease or treatment with distinct clinical meaning 

✔ Composed of multiple events

✔ Essential for conducting cancer research 

✔ Obtained directly from source data (e.g., registries) or algorithmically derived

• Parent Episode: 

– Overarching disease episode: Covers the entire cancer duration

• Children Episodes: 

– Disease dynamic (remission, stable, progression)

– Disease extent (confined, invasive, metastatic)

3



Cancer Episode Model: Schematic Patient Journey

2L discontinuation

Hospitalization
Palliative care 
Hospice
Death

1L discontinuation

Metastatic disease Progression

1L therapy

Diagnosis Progression

Biomarker 
evaluation 2L therapy

Episodes

Metastatic

Disease Dynamic

1L treatment (regimen, cycle) 2L treatment

Disease Extent

Treatment

Lung Cancer

P PP

Model allows addressing a variety of questions, including 
but not limited to: 

• Overall survival

• Progression free survival

• Time to treatment discontinuation

• Time to next line of treatment 

• Predictive and prognostic value of specific biomarkers



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



Genomic Variants are not Features

• Genomic markers need to be turned into features of an analytical 
dataset:

Without features, epidemiological methods cannot work

Met exon 14 skipping mutation

• Splice region variant
• Chromosome 7q31.2
• Exon 14 missing
• Location 116411884-116411895

Feature 1 Feature 2 Feature 3 Feature 4 Feature 5 Feature 6 Feature 7 Feature 8 Feature 9 Feature 10 Feature 11 Feature 12

Person 1

Person 2

Person 3

Person 4

Person 5

Person 6

Person 7

Person 8 1

Person 9

Person 10

Person 11

Person 12

Person 13 1

Person 14

Person 15

Person 16

Person 17 1

Person 18



OMOP Genomic

19k coding genes

121k variants

OMOP 
Genomic

632 genes

OMOP Genomic is built from relevant sources

… by 

• Combining public repositories

• Deduping them



Oncology module enables observational 
cancer study in a network setting



.. with speed, at scale

• Incidence
• Prevalence
• Tumor burden
• Tumor evolution
• Screening utility
• Biomarker significance
• Mortality
• Response rate
• Overall survival
• Progression-free survival
• Treatment utilization 
• Adherence to guidelines
• Uptake of new treatments 
• Utilization of new tests

In populations with..
• Stage
• Grade
• Dimension of tumor
• Extension of tumor
• Tumor margin
• Remission, stable or progressive disease
• Regimen
• Lines of therapy
• Diagnostic biomarker
• Prognostic biomarker
• Predictive biomarker

We can study

Disease
biology

Prognosis

Utilization

Tx outcome

Diagnosis



Don’t create your own data 
model



Building the Future of Observational Cancer 
Research Together

Open Research Network at scaleOpen Research Network at inception


