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I. Background 
 

1. Challenges related to representation of cancer diagnosis in source data 
Cancer diagnosis is usually recorded in two sources: Cancer/Tumor Registries and 
electronic medical records (EMR). In Tumor Registries, cancer diagnoses are 
abstracted from pathology reports and EMR. Pathology-based diagnosis is coded in 
ICD-O representing a combination of cancer histology and topography. ICD-O is 
considered a gold standard to annotate cancer diagnosis. EMR-based diagnosis is 
coded in ICD-9/10. Although diagnosis in Cancer Registries is most accurate and 
granular, in most (non-SEER) states it is only recorded for the first cancer 
occurrence and not recorded for recurrent cancer. In EMRs, cancer diagnosis is 
recorded as regular billing diagnosis using ICD-9/10 coding that is less granular than 
ICD-O. Therefore, tracking of cancer diagnosis at the same level of granularity 
throughout the course of disease is a serious challenge. 
 
Identifying cancer occurrences is another challenge because, with the exception of 
SEER states that explicitly record cancer recurrences, they are not available in a 
structured form in EMRs. Patterns of ICD9/10 diagnoses after initial diagnosis do not 
reliably track the recurrence status of a patient’s cancer diagnosis. 

 
2. Challenges of cancer diagnosis representation in OMOP CDM 

Since in the source data cancer diagnosis is represented in ICD-O for the first 
occurrence and in ICD-9/10 for all occurrences, the challenge is to connect these 
two representations. OHDSI’s standard for diagnosis representation is SNOMED. 
ICD-9 and ICD-10 have been successfully mapped to SNOMED. One challenge is to 
validate existing mappings between ICD-O and SNOMED CT and propose new 
SNOMED CT coding to cover all the existing ICD-O histology and topography 
combinations. The other challenge is to reconcile SNOMED diagnosis resulted from 
mappings from ICD-O and ICD-9/10. 
 
Explicit cancer occurrence representation is critical to support observational analysis 
in cancer. Currently, Condition_Era is the best structure to contain cancer 
occurrence data. However, current OMOP conventions for deriving condition eras 
will not work for deriving cancer occurrences and will need to be extended.  
 

3. Cancer staging, grade, and other cancer specific attributes representation 
 
In addition to cancer histology and topography, there are other cancer features that 
define cancer diagnosis and determine outcomes and treatments. Similar to 
histology and topography, these features are abstracted from pathology reports into 
Cancer Registries for the first cancer occurrence (with the exception for SEER states 
where all cancer occurrences are recorded in Cancer Registries). Unlike histology 
and topography, these additional features are rarely available in EMR in a structured 
form. They may be present in pathology systems. Deriving and reconciling one 
“clean” set of cancer attributes for each cancer occurrence is critical and 
challenging. 
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Currently, there is no designated table in OMOP CDM to store additional condition 
attributes/modifier.  
 
From the vocabulary stand point, there are many of cancer diagnosis attributes 
covered in LOINC and SNOMED CT. The challenge is to create a set of these 
concepts for each cancer diagnosis (e.g. breast, lung, etc.). There is an ongoing 
initiative to create and align these sets with the ICCR (International Collaboration on 
Cancer Reporting) data sets. However, at this point, it has only covered a few 
cancer types. 
 
 

II. Overall Approach 
 
• Cancer diagnosis  

– In our current approach, we define cancer diagnosis as a combination of 
histology (morphology) + topography (anatomy) 

• Diagnosis modifiers 
– Features like stage (pathological and clinical), grade, laterality, foci, and 

some others, are represented as diagnosis modifiers and formally linked 
to diagnosis 

– These features are measured when a patient is first diagnosed and also 
(possibly) for each cancer recurrence 

– Repeated measurements of the same modifier (lymph node invasion) may 
be recorded 

– Different modifiers may be recorded on different dates 
• Cancer recurrences 

– Cancer occurrences are represented as condition eras 
– First cancer occurrence and further recurrences may be derived 

algorithmically post ETL or extracted from the source data directly. If this 
information is available in the source, it should be persisted and override 
the derived one. This mixed approach is new to OMOP 

– Algorithmic derivation of recurrences would not be the same as current 
condition era derivation 

– There should be one set of “verified” cancer modifiers associated with 
each recurrence 
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III. Representing cancer diagnosis as histology and 
topography combination 

 
The International Classification of Diseases for Oncology (ICD-0)1 is a dual-axis 
vocabulary used to identify cancer topography (anatomic site) and histology 
(morphology) to track and report cancer incidence, survival and mortality.  
 
The topography code describes the anatomical site of origin of the neoplasm. The code 
always has a prefix of “C”, followed by a three digit number that indicates the site (two 
digits) and the subsite (one digit), separated by a decimal point. Example: C18.4: the 
C18 indicates that the site is the colon and the 4 indicates that the sub-site is the 
transverse colon. 
 
The histology code describes the characteristics of the tumor itself, including its cell type 
and biological activity. The code is composed of four digits that indicate the cell type or 
histology and one digit that indicates the behavior. The first four digits are separated 
from the last (behavior) digit by a forward slash (/). The behavior digit can be: 0 
(benign), 1 (uncertain behavior), 2 (carcinoma in situ), 3 (malignant, primary site), 6 
(malignant, metastatic site), 9 (malignant, uncertain whether primary or metastatic site), 
Examples: Squamous cell carcinoma in situ, NOS = 8070/2, Adenocarcinoma, NOS = 
8140/3, Carcinoma, NOS = 8010/3. 
 
Each combination of these two dimensions, histology and topography, rolls up to a 
unique cancer diagnosis. For example, Carcinoma, NOS (8010/3) and ‘Unspecified part 
of bronchus or lung’ (C34.9) rolls to ‘Carcinoma of the lung’. However, there is no single 
code to annotate this unique cancer diagnosis. National Cancer Institute (NCI) 
Surveillance, Epidemiology, and End Result Program (SEER) provide validation lists for 
“coherent” topography/morphology or site/histology combinations2.  
 
To represent cancer diagnosis, the combination of histology and topography, in the 
OMOP CDM Condition domain (Condition_Occurrence) without changes of the existing 
structure, we propose to perform a pre-coordinated collapse of the ICD-O axes, 
histology and topography, to a single OMOP originated concept representing unique 
cancer diagnosis and preserve linkages between these single codes and the ICD-O 
axes in the OMOP vocabulary3.  
 
Our proposed approach will support adherence to the OMOP CDM/Vocabulary 
conventions: 

● One required _concept_id field will be populated in the corresponding domain 
table, Condition_Occurrence. 

● Vocabulary-related attributes are stored in a vocabulary data model in a uniform 
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way 
 
If a new proper SNOMED code is created, the OMOP-originated concept can be easily 
replaced by it. 
 
A similar mapping approach is used for representing LOINC/HL7 clinical note types and 
CDO ontology in the OMOP CDM NLP tables. 
 
 
Detailed implementation 
 
1. Create pre-coordinated source (non-standard) concepts in the Concept table 

representing unique cancer diagnosis by collapsing the two ICD-O axes, histology 
and topography into unique concepts using SEER validation lists 
https://seer.cancer.gov/icd-o-3/. For example, a new pre-coordinated concept 
derived by collapsing ‘Adenocarcinoma, NOS’ (8140/3) and ‘Sigmoid colon’ (C18.7) 
will be ‘Adenocarcinoma of sigmoid colon’ (8140/3- C18.7): 

 

Field Record 

concept_id 36517865 

concept_name Adenocarcinoma of sigmoid colon 

concept_code 8140/3- C18.7 

vocabulary_id ICDO3 

  
2. Create mapping between the new pre-coordinated source concept and a standard 

SNOMED concept ‘Adenocarcinoma of sigmoid colon’ (301756000) in 
Concept_Relationship table 
 

Field Record 1 Record 2 

concept_id_1 36517865 4200514 

concept_id_2 4200514 36517865 

relationship_id Maps to Is mapped to 

 
3. Each pre-coordinated SNOMED concept is linked to morphology/histology (‘Has 
associated morphology’) and anatomic site/topography (‘Has finding site’) in the 
Concept_Relationship table thus supporting analysis along those axes: 

 

https://seer.cancer.gov/icd-o-3/
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concept_id_1 concept_id_2 relationship_id 

4200514 4290838 Has associated 
morphology 

4200514 4244588 Has finding site 

  
Where 4290838 represents a SNOMED concept of ‘Malignant adenomatous neoplasm 
– category’ and 4244588 represents a SNOMED concept of ‘Sigmoid colon structure’. 
 
4. Detailed ETL instructions are provided in the Appendix. 

 
 

IV. CDM Extension 
 

1. ERD 
 

 
New table and fields are highlighted in red. 
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2. Representing cancer recurrences as condition eras 
 
CONDITION_ERA 
 
Cancer condition eras represent cancer occurrences derived algorithmically or extracted 
directly from the source data.  
 
Add the following columns to the CONDITION_ERA table: 
 
Field Required Type Description 

condition_era_recurrence_flag yes varchar(1) This flag indicates if 
the Condition Era 
record represents 
first cancer (‘N’) 
occurrence or 
recurrence (‘Y’). 

condition_era_type_concept_id yes integer A foreign key to the 
predefined Concept 
in the Standardized 
Vocabularies 
reflecting method of 
the era derivation 
(e.g. algorithmic, 
source records, 
etc.). 

valid_start_date yes date The date when the 
Condition Era 
record was created. 

valid_end_date No date The date when the 
Condition Era 
record was no 
longer valid/used. 
The field is 
intended for 
preservation of the 
Condition Era 
records that may no 
longer be used. 

 
Conventions 
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• Each cancer era record is flagged as first occurrence or recurrence in 
condition_era_recurrence_flag. 

• Occurrences/Recurrences are either derived algorithmically or extracted from the 
source data directly. If information about cancer occurrence comes directly from 
the data source, it will be first ETLed into Condition_Occurrence and 
Cancer_Modifier: cancer diagnosis (histology & topography) will be recorded in 
Condition_Occurrence and cancer recurrence number will be recorded in 
Cancer_Modifier. Then, it will be extracted into Condition_Era from these two 
tables. If cancer occurrence/recurrence information is not available in the source, 
cancer condition era may be derived from multiple OMOP tables based on 
cancer specific rules.  

• Algorithmic derivation of cancer recurrences will not be the same as condition era 
derivation of other diseases. For example, change in treatment may be an 
indirect indicator of a recurrence. 

• condition_era_type_concept_id captures a method of derivation cancer era. 
There are three major categories of the derivation of the era records: Cancer 
Registry Direct, Pre-ETL Algorithmic (algorithmically derived in the source), and 
Post-ETL Algorithmic (algorithmically derived from OMOP tables).  

• condition_era_type_concept_id concepts for cancer era belongs to a specialized 
concept domain or class, TBD. A library of cancer era derivation algorithms may 
be created in the future.  

• Multiple condition eras for the same cancer occurrence/recurrence derived using 
different methods can be stored. Provenance is a critical attribute of these 
records. Invalid/unused versions are indicated by valid_start_date and 
valid_end_date. 
 

3. Representing cancer diagnosis features as diagnosis 
modifiers 

 
CANCER_MODIFIER – new table 
The CANCER_MODIFIER table contains cancer diagnosis modifiers, e.g. stage, grade, 
lymph node involvement, tumor size, and others (numeric or categorical) obtained 
through laboratory tests, imaging, and pathology reports. 
Field Required Type Description 

cancer_modifier_id yes integer A unique identifier 
for each Cancer 
Modifier 

cancer_modifier_event_id yes integer A foreign key 
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identifier to the event 
(e.g. Condition 
Occurrence, 
Condition Era) record 
for which Cancer 
Modifier is recorded. 

cancer_modifier_domain_id yes varchar(20) The concept 
representing the 
domain of the Cancer 
Modifier event, from 
which the 
corresponding table 
can be inferred that 
contains the entity for 
which Cancer 
Modifier is recorded 
(e.g. 
Condition_Occurrenc
e, Condition_Era). 

person_id yes integer A foreign key 
identifier to the 
Person whose 
Cancer Modifier is 
recorded.  The 
demographic 
details of that 
Person are stored 
in the PERSON 
table. 

cancer_modifier_concept_id yes integer A foreign key to the 
standard Cancer 
Modifier concept 
identifier in the 
Standardized 
Vocabularies. 

cancer_modifier_type_concept
_id 

yes integer A foreign key to the 
predefined Concept 
in the Standardized 
Vocabularies 
reflecting the 
provenance from 



 
OHDSI Oncology Diagnosis Representation Proposal 

where the Cancer 
Modifier record was 
recorded. 

cancer_modifier_date yes date The date when the 
Cancer Modifier 
was recorded. 

cancer_modifier_datetime yes date The date and time 
when the Cancer 
Modifier was 
recorded. 

operator_concept_id no integer A foreign key 
identifier to the 
predefined Concept 
in the Standardized 
Vocabularies 
reflecting the 
mathematical 
operator that is 
applied to the 
value_as_number. 
Operators are <, 
<=, =, >=, >. 

value_as_number no float A Cancer Modifier 
expressed as a 
numeric value (e.g. 
number of 
lymphatic nodes 
involved). 

value_as_concept_id no integer A foreign key to the 
Standardized 
Vocabularies of a 
Cancer Modifier 
represented as a 
Concept (e.g., 
positive/negative, 
present/absent, 
low/high, etc.). 
 

unit_concept_id no integer A foreign key to a 
Standard Concept 
ID of Cancer 
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Modifier Units in the 
Standardized 
Vocabularies (e.g. 
Tumor Size in cm). 
 

diagnostic_method_concept_id no integer A foreign key to a 
Standard Concept 
ID in the 
Standardized 
Vocabularies 
representing 
diagnostic method 
used to identify 
Cancer Modifier 
(e.g. 
Immunostaining). 
 

provider_id no integer A foreign key to the 
provider in the 
PROVIDER table 
who was 
responsible for 
diagnosing/recordin
g the Cancer 
Modifier. 

visit_occurrence_id no integer A foreign key to the 
Visit in the 
VISIT_OCCURREN
CE table during 
which the Cancer 
Modifier was 
recorded. 

cancer_modifier_source_value No varchar(50) The Cancer Modifier 
name as it appears in 
the source data. This 
code is mapped to a 
Standard Concept in 
the Standardized 
Vocabularies and the 
original code is 
stored here for 
reference. 
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cancer_modifier_source_concept
_id 

No integer A foreign key to a 
Concept in the 
Standard 
Vocabularies that 
refers to the code 
used in the source. 

unit_source_value No varchar(50) The source code for 
the unit as it appears 
in the source data. 
This code is mapped 
to a standard unit 
concept in the 
Standardized 
Vocabularies and the 
original code is 
stored here for 
reference. 

value_source_value No varchar(50) The source value 
associated with the 
content of the 
value_as_number or 
value_as_concept_id 
as stored in the 
source data. 

 
 
 
Conventions 

• Cancer_Modifier records are similar to Measurements in that they require a 
standardized test or some other activity to generate a quantitative or qualitative 
result.  

• However, Cancer Modifiers are not independent measurements but modifiers 
which add specificity to cancer diagnosis recorded in Condition_Occurrence or 
Condition_Era. For example, LOINC 44648-4 'Histologic grade' may modify 
cancer diagnosis of “Tubular carcinoma” recorded in Condition_Occurrence. 
Therefore, cancer_modifier_event_id and cancer_modifier_domain_id are 
mandatory fields indicating respectively the event (e.g. Condition Occurrence or 
Condition Era) record for which Cancer Modifier modifies and the domain of the 
Cancer Modifier event (e.g. Condition_Occurrence or Condition_Era). 
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• Repeated modifier records (lymph node invasion) may be associated with one or 
multiple condition occurrence records.  

• Modifiers for the same condition record may be recorded on different dates.  
• One set of “verified” cancer modifiers is recorded in Cancer_Modifier and 

associated with the first cancer occurrence and, if exist, recurrences recorded in 
Condition_Era. This set is derived post ETL from Cancer_Modifier records 
extracted from the source data. 

• Cancer Modifiers are stored as attribute value pairs, with the attribute as the 
Cancer Modifier Concept and its respective value. The value can be a Concept 
(stored in value_as_concept), or a numerical value (value_as_number) with a 
Unit (unit_concept_id). Cancer Modifier always have a value recorded either in 
value_as_number or in value_as_concept_id, or in both fields. The Unit is 
optional even if a value_as_number is provided. 

• Valid Cancer Modifier Concepts (cancer_modifier_concept_id) belong to the 
'Cancer Modifier' domain. 

• Valid Concepts for the value_as_concept field belong to the 'Meas Value' 
domain. 

• The operator_concept_id is optionally given for relative Cancer Modifier 
measurements where the precise value is not available but its relation to a 
certain benchmarking value is. For example, this can be used for maximal size of 
a tumor. 

• The meaning of Concept 4172703 for '=' is identical to omission of a 
operator_concept_id value. Since the use of this field is rare, it's important when 
devising analyses to not to forget testing for the content of this field for values 
different from =. 

• Valid Concepts for the operator_concept_id field belong to the 'Meas Value 
Operator' domain. 

• The Visit during which the observation was made is recorded through a reference 
to the VISIT_OCCURRENCE table. This information is not always available. 

• The Provider making the observation is recorded through a reference to the 
PROVIDER table. This information is not always available. 

 
Vocabulary extension to represent cancer modifiers 
 
1. The following new concepts should be added to the vocabulary: 

• Domain “Condition Modifier” 
To annotate condition modifier concepts 

• Class “Cancer Modifier” 
To annotate cancer modifier concepts 

• Concept types: “Cancer Registry”, “Pathology Report” 
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To represent provenance of cancer data 
 
2. Standardized terminology from Nebraska Lexicon Project 

We recommend leveraging standard terminology developed by Nebraska Lexicon 
Project 4. This initiative intends to implement CAP (College of American 
Pathologists) Protocol Templates5 by providing terminology binding between LOINC 
and SNOMED CT. The majority of the associated terminology development is 
modeled within SNOMED Observable entity hierarchy. Coded LOINC observables 
are linked to SNOMED value sets. Terminology sets have been completed by 
clinical and genomic biomarkers for breast and colorectal cancers.  
 
For other cancer types, we will be choosing LOINC-SNOMED concepts to represent 
terms in CAP Protocol Templates. We will also collaborate with the University of 
Nebraska Medical Center in this effort. Once Nebraska vets terminology for the new 
cancer types, we will make the needed replacements in the OMOP vocabulary. 
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Appendix 
 
ETL instructions for mapping ICD-O to SNOMED 
 
COMPLETE ICD-O SOURCE CODES 
Cancer diagnoses are usually represented by a combination of ICD-O-3 histology and 
topography codes. To map this combination to SNOMED follow these steps: 
 

1. Transform diagnosis SOURCE VALUE 
a. Histology code. In the source, it is normally formatted like this: 8070/3, where 

8070 is histology type and 3 is tumor behavior. If histology type and behavior are 
stored separately, concatenate them to get one histology concept, e.g. 8070/3. 

b. Topography code. the source, it is normally formatted like this: C50.2. Be aware 
of the dot. if the source doesn't have the dot, insert it after the 3d character: C502 
-> C50.2. If the source code contains only 3 characters, the dot is not required: 
C50 -> C50. 

c. Source value. Concatenate histology code and topography code using hyphen: 
8070/3-C50.2. This value will be stored in the 
CONDITION_OCCURRENCE.CONDITION_SOURCE_VALUE field. 

 
2. Extract value of diagnosis SOURCE CONCEPT ID 

Concept ID for the combined histology/topography code is stored in the CONCEPT 
table. The following SQL shows how to extract its value for the above example: 

SELECT CONCEPT_ID 
FROM CONCEPT 
WHERE CONCEPT_CODE = ‘8070/3-C50.2’  
 AND VOCABULARY_ID = ‘ICDO3’ 

 
The resulting value 36517865 will be stored in the 
CONDITION_OCCURRENCE.CONDITION_SOURCE_CONCEPT_ID field and will be 
used in mapping to a standard SNOMED code (next section). 
 

3. Extract value of STANDARD CONCEPT ID  
Source concept ID of the combined histology/topography code is mapped to a standard 
concept ID in the CONCEPT_RELATIONSHIP table. The following SQL shows how to 
extract its value for the above example: 
 

SELECT CONCEPT_ID_2 
FROM CONCEPT_RELATIONSHIP 
WHERE CONCEPT_ID_1 = 36517865 
 AND RELATIONSHIP_ID = 'Maps to' 

 
The resulting value [36517865] will be stored in the 
CONDITION_OCCURRENCE.CONDITION_ CONCEPT_ID field. 

 
 
INCOMPLETE ICD-O SOURCE CODES 
In some cases when the source data are incomplete, apply the following approach. 
 

1) Tumor behavior is not known 
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Use 1 (uncertain behavior) to making your code complete: 8070 -> 8070/1 
 

2) Topography is unknown.  
Use mappings from this file https://seer.cancer.gov/tools/conversion/ICD03toICD9CM-
ICD10-ICD10CM.xls (last 3 tabs of this file) to obtain topography if you have ICD-10 
code for this diagnosis. Note, if you have long ICD-10CM code, you need to cut it off to 
have only 5 symbols (including dot): C50.211 -> C50.2 
In case when a patient has several cancer diagnoses, use ICD-10 from the date closest 
to the ICD-O histology date. 

 
 

https://seer.cancer.gov/tools/conversion/ICD03toICD9CM-ICD10-ICD10CM.xls
https://seer.cancer.gov/tools/conversion/ICD03toICD9CM-ICD10-ICD10CM.xls

