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Goals

This model of neoplasms and related diseases addresses two basic needs:

1. To define, code, and retrieve neoplasms according to their essential aspects and criteria; and

2. To represent other associations important for clinical or research purposes, including normal values, prognostically significant features, and important diagnostic criteria found in only some cases.
Note: Different environments allow expressing different aspects of how concepts (and relationships) relate.  Outlined here are aspects relevant to at least one implementation environment, with notes where implementations differ. Ontylog DL terms are normally provided first, with differing terminology from Protégé and OWL in parentheses.
Relating Disease Concepts to Essential and Non-essential Characteristics

Essential characeristics – those which hold for all instances and subtypes – provide logically-enforceable, “definitional” criteria, and are important both to our understanding of cancer and to ensure the logical integrity of disease concepts.  
Non-essential characteristics – true in some, but not all, cases – can still “define” those cases as qualifying for the diagnosis, or provide suggestive, normal, or prognostically significant values of major interest to clinicians and researchers. Many unresolved issues remain about how to characterize this second set of characteristics, and how much should go in the terminology.  

1. Roles (properties) define logical relationships between concepts as true for those concepts and their is-a descendents (these are called properties in OWL and Protégé).  In Apelon DL, the specified value must be the specified class or one of its subclasses; in OWL and Protégé, complex classes (unions etc.) are also possible. Assertions which do not validly inherit to child concepts, or which relate a concept to other types of values (e.g. strings or numbers) are referred to here as associations or properties (see section 2).
Essential characteristics hold true for all instances and subtypes, and could be viewed as defining the core criteria for making the diagnosis.  While such assertions should remain true when inherited by child concepts, values will often be more narrowly restricted for particular subtypes, and a broad role relationship may be logically superseded by a more specific role.  Initial “essential” roles:

Role










Value Domain
Disease_Has_Associated_Anatomic_Site

<Anatomy>

Disease_Has_Primary_Anatomic_Site


<Anatomy>

Disease_Has_Metastatic_Anatomic_Site


<Anatomy>

Disease_Has_Normal_Tissue_Origin


<Anatomy: Tissue>

Disease_Has_Normal_Cell_Origin



<Anatomy: Normal Cell>

Disease_Has_Abnormal_Cell




<Abnormal Cell>

Disease_Has_Molecular_Abnormality 


<Molecular Abnormality>

Disease_Has_Cytogenetic_Abnormality 


<Molecular Abnormality: Cytogenetic Abnormality>

Disease_Has_Finding 






<Findings and Disorders: Finding>

Disease_Has_Associated_Disease



<Findings and Disorders: Diseases and Disorders>

Disease_Is_Stage 







<Property/Attribute: Disease Stage Modifier>

Disease_Is_Grade 







<Property/Attribute: Disease Grade Modifier>

(“Excludes” roles in Apelon, converted to negation in OWL & Protégé)
Disease_Excludes_Primary_Anatomic_Site

<Anatomy>

Disease_Excludes_Metastatic_Anatomic_Site
<Anatomy>

Disease_Excludes_Normal_Tissue_Origin

<Anatomy: Tissue>

Disease_Excludes_Normal_Cell_Origin


<Anatomy: Normal Cell>

Disease_Excludes_Abnormal_Cell



<Abnormal Cell>

Disease_Excludes_Molecular_Abnormality 

<Molecular Abnormality>

Disease_Excludes_Cytogenetic_Abnormality 
<Molecular Abnormality: Cytogenetic Abnormality>

Disease_Excludes_Finding 





<Findings and Disorders: Finding>

Non-essential characteristics are not true for all instances.  This meaning is conveyed to users by the May_Have role names.  Such relationships may nevertheless be very important in diagnosing patients, defining prognostic subsets, and describing normal values.  Inherited values should still remain true for all subtypes; if sometimes becomes never for some subtypes, it is preferable to assert only at applicable subtype levels (availability of negation could change this).

Role










Value Domain
Disease_May_Have_Normal_Tissue_Origin

<Anatomy: Tissue>

Disease_May_Have_Normal_Cell_Origin

<Anatomy: Normal Cell>

Disease_May_Have_Abnormal_Cell


<Abnormal Cell>

Disease_May_Have_Molecular_Abnormality 
<Molecular Abnormality>

Disease_May_Have_Cytogenetic_Abnormality
<Molecular Abnormality: Cytogenetic Abnormality>

Disease_May_Have_Finding 




<Findings and Disorders: Finding>

Disease_May_Have_Associated_Disease

<Findings and Disorders: Diseases and Disorders>

Role hierarchy indicates where one role specializes the meaning of another, more general role.  Roles relating disease to anatomy start with a general assertion of association, often at very high level (e.g. Skin Disorder and Skin), then add more specific primary/metastatic associations where appropriate for more specific concepts.  Two direct specializations of Associated_Anatomic_Site roles appear worth using in systems supporting role hierarchies:
Associated_Anatomic_Site
Primary_Anatomic_Site
Metastatic_Anatomic_Site
While Normal_Tissue_Origin and Normal_Cell_Origin might be viewed conceptually as further specializing these “Anatomic” roles, they could only work that way if we created large numbers of precoordinated, site-specific child concepts for tissues and cells.
The nature and extent of association are currently characterized by three distinctly named sets of roles:

Disease_May_Have indicates an association frequent enough to be of interest.
Disease_Has and Disease_Is indicate associations true for all instances and subtypes.
Disease_Excludes indicates the value occurs in no instances or subtypes.

While it would be possible to view both Has and Excludes as specializing a broader May_Have role
Disease_May_Have_
Disease_Has_
Disease_Excludes_
the Excludes role logically negates, or contradicts, the positive assertions, and current modeling avoids making positive role associations where any Excludes role would contradict it anywhere lower in the class hierarchy.  The role hierarchy is thus:

Disease_May_Have_
Disease_Has_
Disease_Excludes_
Qualification (restriction) characterizes the nature of a role relationship between concepts.  Currently used are:
All (allValuesFrom) restricts all values allowable for a concept to the specified range.  Thus, 


Germ Cell Neoplasm all Disease_Has_Normal_Cell_Origin Germ Cell

means that, for all instances and subtypes of germ cell neoplasms, all Disease_Has_Normal_Cell_Origin values must be either Germ Cell or subtypes of Germ Cell.  “All” allows for the empty set, i.e. no values at all.  To assert our intended meaning – that such a value is always present – each all assertion requires a miror some (it exists) or cardinality (e.g., minCardinality 1) assertion; as Apelon does not support cardinality, some is the obvious choice should we choose to do this.
Some (someValuesFrom) means at least one value exists from the specified range.  Thus, 


Burkitt’s Lymphoma some Disease_Has_Molecular_Abnormality MYC Gene Amplification 
means that, for all instances and subtypes of Burkitt’s Lymphoma, one or more values for Disease_Has_Molecular_Abnormality must be either MYC Gene Amplification or subtypes of it, but values outside of MYC Gene Amplification may also exist (in this case, several do).
Cardinality is not available in Apelon DL, and has not been used.

Negation is not available in Apelon’s DL, but is expressible in OWL and Protégé.  We are currently experimenting with translating Excludes roles into negated Has roles in these environments.
Other issues also need to be addressed.  Initially (to be extended):

Partonomy is the main form of specialization for many areas of anatomy, and it seems desirable that when a more specific part is specified, it should supersede an anatomically broader assertion.  Thus,
Defined vs. Primitive concepts: We are working to make all disease concepts “defined,” in the sense that each is adequately specified to distinguish it from all other concepts and all inferences made by the classifier will be correct.  This can be very little, or a great deal, and because of extensive polyhierarchy (multiple parentage) most characteristics are inherited, rather than directly asserted.  For example, Breast Neoplasm has no direct role assertions, but inherits all that could be asserted from its two parents:
Disease_Has_Associated_Anatomic_Site
Breast


(from Breast Disorder)

Disease_Has_Abnormal_Cell



Neoplastic Cell
(from Neoplasm)

2. Associations and Properties specify concept characteristics that do not get inherited by that concept’s is-a descendents.  Associations relate one concept to another.  Properties specify other types of values.
[to be continued]

Migration from Old to New Role Specs
Current disease role coding was based on misunderstandings with Apelon.  A transition is needed to correct this, and extensions would be useful to better express some aspects of disease-related information.  In the near future, at least, DTS users still cannot see role qualifications, negation is not available, and descriptively named distinct roles remain necessary.  Current modeling should be transformed initially as follows:

Essential positive role assertions – Disease_Has and Disease_Is – were previously all qualified as all.  This should be modified to become:

Some

Disease_Has_Associated_Anatomic_Site

All/Some
Disease_Has_Primary_Anatomic_Site

(some should be the default, partonomy an issue)
All/Some
Disease_Has_Metastatic_Anatomic_Site

(some should be the default, partonomy an issue)
All/Some
Disease_Has_Normal_Tissue_Origin

(some should be the default, partonomy an issue)
All


Disease_Has_Normal_Cell_Origin

All


Disease_Has_Abnormal_Cell

Some

Disease_Has_Molecular_Abnormality

Some

Disease_Has_Cytogenetic_Abnormality

Some

Disease_Has_Finding

Some

Disease_Has_Associated_Disease

All


Disease_Is_Stage

All


Disease_Is_Grade
I don’t know of any concepts for which this pattern is not currently correct, but we should check.  To complete the DL specification, every all assertion should have a complementary some assertion, to state that at least one such case exists (we need to decide if we want to bother doing this anywhere, and would need to filter out the duplicate entries in the DTS browser).
Essential Excludes roles are all qualified as all, and should all be changed to some.  The exclusion would always exist, and there is doubtless always something else you could also exclude if you cared to.  The question of how best to convert to negation is still open, perhaps complicated by the proposed changes in qualification of the positive roles.
Non-essential May_Have roles are problematic.  Apelon’s poss qualifier, applied to the definitional positive roles, come closest to the desired meaning of current usage: significant associations which validly inherit but are not true of all instances.  Unfortunately, it is not fully implemented, nor does it have equivalents in OWL or Protégé.  Apelon associations are a portable alternative for relating two concepts, but have weak, uninherited semantics – we would have to manually apply them to descendent concepts, and detect when they were superseded by related roles.
Role Relationships for 6,507 Neoplasms + 2,367 Related Disease Concepts
November 18, 2004 (04.11c UMLS baseline)
	Direct
	+Infer
	Role Relationship
	Relates Diseases to Concepts Within

	
	
	Essential Characteristics

	127
	7,023
	Disease_Has_Associated_Anatomic_Site
	<Anatomy>

	154
	2,984
	Disease_Has_Primary_Anatomic_Site
	<Anatomy>

	14
	36
	Disease_Has_Metastatic_Anatomic_Site
	<Anatomy>

	87
	5,737
	Disease_Has_Normal_Tissue_Origin
	<Anatomy: Tissue>

	158
	5,741
	Disease_Has_Normal_Cell_Origin
	<Anatomy: Normal Cell>

	204
	6,540
	Disease_Has_Abnormal_Cell
	<Abnormal Cell>

	60
	368
	Disease_Has_Molecular_Abnormality
	<Molecular Abnormality>

	25
	105
	Disease_Has_Cytogenetic_Abnormality 
	<Molecular Abnormality: Cytogenetic Abnormality>

	447
	2,051
	Disease_Has_Finding
	<Findings and Disorders: Finding>

	48
	184
	Disease_Has_Associated_Disease
	<Findings and Disorders: Diseases and Disorders>

	974
	1,038
	Disease_Is_Stage
	<Property/Attribute: Disease Stage Modifier>

	109
	455
	Disease_Is_Grade
	<Property/Attribute: Disease Grade Modifier>

	
	
	(“Excludes” roles in Apelon, converted to negation in OWL & Protégé)

	1
	1
	Disease_Excludes_Primary_Anatomic_Site
	<Anatomy>

	0
	0
	Disease_Excludes_Metastatic_Anatomic_Site
	<Anatomy>

	0
	0
	Disease_Excludes_Normal_Tissue_Origin
	<Anatomy: Tissue>

	7
	879
	Disease_Excludes_Normal_Cell_Origin
	<Anatomy: Normal Cell>

	21
	579
	Disease_Excludes_Abnormal_Cell
	<Abnormal Cell>

	15
	55
	Disease_Excludes_Molecular_Abnormality
	<Molecular Abnormality>

	9
	22
	Disease_Excludes_Cytogenetic_Abnormality 
	<Molecular Abnormality: Cytogenetic Abnormality>

	52
	505
	Disease_Excludes_Finding
	<Findings and Disorders: Finding>

	
	
	

	
	
	Non-Essential Characteristics

	1
	34
	Disease_May_Have_Normal_Tissue_Origin
	<Anatomy: Tissue>

	7
	57
	Disease_May_Have_Normal_Cell_Origin
	<Anatomy: Normal Cell>

	67
	243
	Disease_May_Have_Abnormal_Cell
	<Abnormal Cell>

	232
	1,815
	Disease_May_Have_Molecular_Abnormality
	<Molecular Abnormality>

	284
	1,676
	Disease_May_Have_Cytogenetic_Abnormality
	<Molecular Abnormality: Cytogenetic Abnormality>

	318
	905
	Disease_May_Have_Finding
	<Findings and Disorders: Finding>

	183
	513
	Disease_May_Have_Associated_Disease
	<Findings and Disorders: Diseases and Disorders>

	
	
	

	3,604
	39,546
	Total Role Relationships
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