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I.  Overview

The Common Terminology for Adverse Events (CTCAE) Version 3.0 is a coding system for reporting adverse events that occur in the course of cancer therapy.  It was derived from the Common Toxicity Criteria (CTC) v2.0 and is maintained by the Cancer Therapy Evaluation Program (CTEP) at the National Cancer Institution (NCI).  The purpose of this report is to assess the CTCAE with respect to the Vocabulary Criteria established by the Vocabulary and Common Data Elements (VCDE) Workspace, which is working to establish standards for the NCI's Cancer Biomedical Informatics Grid (caBIG).  Standards, such as standard terminologies, that satisfy the VCDE Workspaces criteria will be recommended for use among the caBIG participants.

A requisite first step in evaluating a terminology is to define what constitutes the terminology.  The CTCAE is more of an instruction set for coding clinical data than it is a traditional controlled terminology.  Nevertheless, data represented with the CTCAE themselves constitute an finite, innumerable set of terms that are intended to convey information unambiguously – one working definition of a controlled terminology.  One attempt to codify the terms that can be generated from the CTCAE can be found in the NCI Thesaurus (NCIT - a collection of terms brought together into a single concept-based thesaurus), in which the NCI has generated precoordinated terms for each permutation of the CTCAE Adverse Events and Grades that could be assembled (i.e., postcoordinated) to represent clinical data.  The result of this precoordination is a set of well-formed terms that constitute a more conventional controlled terminology.  Section II of this report examines the original CTCAE and comments on the relevance of the Vocabulary Criteria for evaluating the original CTCAE.  Section III examines the NCIT construction of the CTCAE with respect to its ability to represent the intended meaning and functionality the original CTCAE.

Section IV of this report will then describe the evaluation of the NCIT construction of the CTCAE with respect to Understandability, Reproducibility and Usability.  Sections V-XII of this report will describe evaluation of each of the other Vocabulary Criteria (Quality of Documentation, Maintenance and Extensions, Accessibility and Distribution, Intellectual Property Considerations, Quality Assurance and Quality Control, Textual Definitions, Community Acceptance, and Reporting Requirements) as they relate to the combination of the original and NCIT forms of the CTCAE.  The report closes with summary and conclusions in Section XIII.

II.  The CTCAE and the NCIT Construction

The core of the CTCAE is a set of 1,058 Adverse Events AEs, which correspond to clinical findings (Lymphopenia, Nausea, Glaucoma, etc.).  These AEs are organized into 28 Categories (e.g., Blood/Bone Marrow, Gastrointestinal, and Ocular/Visual) and can be used to record patient findings when combined with a Grade term.

A.  Grades

In general, there are five Grades: 1 (Mild AE), 2 (Moderate AE), 3 (Severe AE), 4 (Life-Threatening or Disabling AE) and 5 (Death Related to AE). The meanings of each Grade depend on the AE to which they are being applied.  For example, Grades associated with Lymphopenia correspond to different lymphocyte counts (Greater than 800/mm3 for Mild – 1; 500-800/mm3 for Moderate – 2, etc.), while those associated with Nausea are qualitative (Loss of Appetite Without Alteration in Eating Habits for Mild – 1; Oral Intake Decreased Without Significant Weight Loss, Dehydration or Malnutrition for Moderate – 2; etc.).  Not all Grades can be used with all AEs.  For example, glaucoma could never be considered so severe that it could be a directly attributable cause of death, so the AE Glaucoma cannot be paired with Grade 5 (Death).

B.  Supra-Ordinate Terms

Some of the AEs are grouped together within Categories by Supra-Ordinate (or "Select") terms.  These terms are not used for coding; they simply specify that AEs grouped together share a common set of Grade terms.  For example, in the Cardiac Arrythmia Category, the Supra-Ordinate term Ventricular Arrhythmia subsumes nine specific AEs (Bigeminy, Idioventricular Ryhthm, PVCs, Torsade de Pointes, Trigeminy, Ventricular Arrhythmia NOS, Ventricular Fibrillation, Ventricular Flutter, and Ventricular Tachycardia).  Each of these nine AEs can be combined with each of five Grade terms (1 – Asymptomatic, 2 – Non-Urgent, 3 – Symptomatic and Incompletely Controlled, 4 – Life-Threatening, and 5 – Death).  Other arrhythmia AEs may have some or all of these Grade terms as well, but not necessarily (e.g., it would be meaningless to combine the AE Vasovagal Episode with Grade 1 – Asymptomatic).

C.  Additional Information in the Published Version

Several other pieces of information are included in the CTCAE that might be considered to represent relationships among terms in the CTCAE.  Navigation Notes are used to point to other areas in the CTCAE where related terms might be found.  For example, the AE Vasovagal Episode has a Navigation Note indicating that the AE Syncope (which is a finding that typically occurs with vasovagal episodes) can be found in the Neurology Category.  Remarks provide definitions and other clarifying information.  For example, the AE Diarrhea is associated with the Remark "Diarrhea includes diarrhea of the small bowl or colonic origin, and/or ostomy diarrhea."  Also Consider notes provide suggestions for other, usually related AEs that might cooccur.  For example, the CTCAE suggests that, when coding the AE Nausea, the coder Also Consider the AEs Anorexia and Vomiting.

The CTCAE provides a variety of other coding instructions that explain how the AEs and their Grades should be used for coding clinical findings.  However, unlike Navigation Notes, Remarks and Also Consider, these are not readily characterized as terms or relationships among terms within a controlled terminology and will not be considered further in the evaluation of the Understandability, Reproducibility and Usability of the CTCAE.

D.  Possible Representations of the CTCAE as a Formal Terminology

When attempting to view the CTCAE coding system from the perspective of a controlled terminology, one must come to some understanding of the various units of discourse that are typically found in a controlled terminology: terms, hierarchical relationships, nonhierarchical relationships (with or without semantics), and textual (i.e., uncontrolled and/or unstructured) content.  Some of the CTCAE features fall neatly into familiar roles: Categories, Supra-Ordinate terms and AEs can all correspond to terms that are related through hierarchical relationships, although only close scrutiny can determine if these are "is-a" (i.e., superclass-subclass) relationships.

The characterization of Grade terms provides several options.  The simplest would be to consider that there are only five "generic" Grade terms (Grade 1 through Grade 5) and that the terminology would specify (for example, through a semantic relationship "has-grade") which AEs can be associated with which Grade.  So, for example, Nausea would have relationships to all five Grades, while Vasovagal Episode would have relationships to only four Grade terms (Grade 2 through Grade 5).  While this approach provides the most compact form for representing the CTCAE as a terminology, it has the disadvantage of losing the context specific meanings of the Grades.  So, for example, there would be no immediate way to represent that Grade 2 has one meaning when applied to Nausea (Oral Intake Decreased…) and another when applied to Vasovagal Episode (Present without Loss of Consciousness).  It is retain these meanings by applying them to the specific AE-Grade relationships, rather than to specific Grade terms.  However, in most representational systems, this requires "reifying" the meanings as separate terms (or concepts) and then relating the new relationship-as-concept to each AE and Grade term, thus destroying the compactness of the "generic Grade" approach.

A second approach would be to characterize the Grade terms as findings in their own right and relating them to the appropriate AEs with semantic "has-grade" relationships.  So, for example, Grade 2 - Oral Intake Decreased… would be a term that could be related to Nausea (and any other AEs that has this meaning for the Moderate form), while Grade 2 - Present without Loss of Consciousness could be associated with Vasovagal Episode.  The reuse of Grade terms in this way would be particularly useful for the AEs grouped under the same Supra-Ordinate terms.  Care would need to be taken, however, that whenever such Grade terms were "re-used" in this way, that their meaning was the same in all cases.  Arguments might arise, for example, about whether the term Grade 4 – Disabling has the same meaning when used with the AE Insomnia as when it is used with the AE Fracture.  Even more problematic is the AE Death, which is related to 734 AEs; some would likely argue that Grade 5 – Death associated with the AE Seizure, for example, has a different meaning than Grade 5 – Death associated with the AE Nausea. 

A third approach to the representation of Grades as terms is to considered each Grade term to be a true subclass of its corresponding AE.  Thus, we might have terms such as Grade 5 – Death due to Seizure and Grade 5 – Death due to Nausea. This is, in effect, a precoordination of the AEs and Grades into all allowable combinations.  This has the advantage of simplifying the structure of the terminology – everything is now a hierarchical is-a relationship; software for coding needs only to show parent-child relationships, rather than deal with mix-and-match allowable combinations of AEs and Grades.  The disadvantage of the "precoordination approach" is that it produces the largest possible version of the terminology, due to combinatorial explosion.  However, given that there are 1,058 AEs, the theoretical maximum number of precoordinated terms is 5,290 – not a large set when compared to other specialized terminologies such as ICD9-CM, LOINC, MeSH and RxNorm.

E.  Other Semantic Considerations
When examining the meanings of the Grade terms, there are many cases where their semantics are rich enough that they might themselves be represented with controlled terminologies and structures.  For example, the Grade term Loss of Appetite Without Alteration in Eating Habits (associated with the AE Nausea) might be further represented as being the conjunction of two other findings, Loss of Appetite and No Alteration in Eating Habits.

Another consideration in assessing the CTCAE from a terminology perspective is the semantics of the terms in the hierarchical relationships.  Sometimes, the terms will clearly all be of the same semantic type, and is-a relationships are appropriate.  For example: "Ventricular Arrhythmia is-a Cardiac Arrhythmia" and "Bigeminy is-a Ventricular Arrhythmia" appear to be semantically correct (depending on how we represent Grade terms, we might include "Asymptomatic Bigeminy is-a Bigeminy" in the hierarchy as well).

In other places, the semantics become less clear.  For example, in the Category Gastrointestinal (findings), we find the Supra-Ordinal term Fistula subsuming AEs such as Ileum and Jejunum. The statement "Ileum is-a Fistula" is not semantically consistent.  We would need to resolve our perspective either by considering some other relationship semantics, such as "Ileum is-site-of Fistula", or considering the true meaning of the AE Ileum to be Ileum Fistula.  The statement then becomes the semantically consistent "Ileum Fistula is-a Fistula".

The remaining information in the CTCAE might also be viewed from the perspective of a traditional controlled terminology.   The Also Consider and Navigation Note annotations correspond to nonhierarchical intra-terminology relationships, since they point specifically from particular AEs to AEs located elsewhere in the CTCAE. The Short Names and Navigation Notes represent textual information, corresponding to synonyms and definitions, respectively.

The manner in which the CTCAE is viewed has direct bearing on how it can be evaluated with respect to the Vocabulary Criteria.  For example, one must first determine what constitutes a term before one can determine whether the term is concept oriented.  In particular, the decisions about how the Grades should be represented will have an effect on whether that will be susceptible to redundancy (if they are replicated throughout the terminology) and ambiguity (if they are reused in multiple places in the terminology).  

How the terminology is represented will affect how it is used which, in turn, can affect how it performs with respect to the Vocabulary Criteria.  For example, if patient data are to be coded using a postcoordination of AEs and Grades (as opposed to having precoordinated AE-Grade terms), will it be possible to have redundant postcoordinations?  The encoding of dynamic procedural knowledge as static terminologic knowledge is not straightforward and beyond the scope of the Vocabulary Criteria.

III.  The NCIT Construction of the CTCAE

The CTCAE, as published, clearly lacks some features of a typical terminology, such as unique identifiers that are distinct from the term names, thus failing the "nonsemantic concept identifier" test.  The measurement of other criteria will depend a great deal on the degree to which one interprets the operational guidelines in the CTCAE reference material in ways that will be favorable or unfavorable with respect to the Vocabulary Criteria.  The fact that many choices can be made in providing a terminology perspective, suggests that multiple evaluations are needed – one for each perspective.  Even if we limit the representation of Grades to three possibilities (as in Section II.D) and the representation of Supra-Ordinate terms to two (as in Section II.E), we are left with six different arrangements, each of which might fare differently when held up to the Vocabulary Criteria.

By including the CTCAE in the NCIT, the NCI has crystallized the information in the CTCAE into a terminologic form.  Terms are represented explicitly and terminologic information is either included through explicit interterm relationships, included as textual information, or excluded.  The semantics of the CTCAE that would otherwise be left to the interpretation of the user are thus made explicit, for better or worse, in the NCIT construction.  The evaluation of the CTCAE conducted in this study will now focus on the NCIT construction.

A. Information Available from the NCIT

The NCIT is available in several forms, including "flat", Extensible Markup Language (XML), and Web Ontology Language (OWL).  The flat version provides tab-delimited records, showing the NCIT unique identifier, the preferred name, the parent term or terms, and synonyms, in the form: 

C57213<tab>CTCAE_Grade_1_Nausea<tab>Nausea_Adverse_Event<tab>CTCAE Grade 1 Nausea|Grade 1 Nausea

The XML version provides substantially more information:

<conceptDef>

<name>CTCAE_Grade_1_Nausea</name>

<code>C57213</code>

<id>57213</id>

<namespace>NCI</namespace>

<primitive/>

<kind>Findings_and_Disorders_Kind</kind>

<definingConcepts><concept>Nausea_Adverse_Event</concept></definingConcepts>

<definingRoles></definingRoles>

<properties>

<property><name>Preferred_Name</name><value>CTCAE Grade 1 Nausea</value></property>

<property><name>Semantic_Type</name><value>Finding</value></property>

<property><name>Synonym</name><value>CTCAE Grade 1 Nausea</value></property>

<property><name>Synonym</name><value>Grade 1 Nausea</value></property>

<property><name>FULL_SYN</name><value><![CDATA[<term-name>CTCAE Grade 1 Nausea</term-name><term-group>PT</term-group><term-source>NCI</term-source>]]></value></property>

<property><name>FULL_SYN</name><value><![CDATA[<term-name>Grade 1 Nausea</term-name><term-group>PT</term-group><term-source>CTCAE</term-source>]]></value> </property>

<property><name>ALT_DEFINITION</name><value><![CDATA[<def-source>CTCAE</def-source><def-definition>Loss of appetite without alteration in eating habits</def-definition>]]> </value></property>

</properties>

</conceptDef>

The OWL format provides the same information as the XML information, in a more compact form:

<owl:Class rdf:ID="CTCAE_Grade_1_Nausea">

<rdfs:label>CTCAE Grade 1 Nausea</rdfs:label>

<code>C57213</code>

<rdfs:subClassOf rdf:resource="#Nausea_Adverse_Event"/>

<Preferred_Name>CTCAE Grade 1 Nausea</Preferred_Name>

<Semantic_Type>Finding</Semantic_Type>

<Synonym>CTCAE Grade 1 Nausea</Synonym>

<Synonym>Grade 1 Nausea</Synonym>

<FULL_SYN><![CDATA[<term-name>CTCAE Grade 1 Nausea</term-name><term-group>PT</term-group><term-source>NCI</term-source>]]></FULL_SYN>

<FULL_SYN><![CDATA[<term-name>Grade 1 Nausea</term-name><term-group>PT</term-group><term-source>CTCAE</term-source>]]></FULL_SYN>

<ALT_DEFINITION><![CDATA[<def-source>CTCAE</def-source><def-definition>Loss of appetite without alteration in eating habits</def-definition>]]></ALT_DEFINITION>

</owl:Class>

For the purposes of this evaluation, the CTCAE information was extracted from the OWL version (for convenience).  A total of 5,617 terms were extracted and summarized into a simpler plain text form:

Code: C57213

Label: CTCAE Grade 1 Nausea

Preferred_Name: CTCAE Grade 1 Nausea

Subclass_Of: Nausea Adverse Event|C57839

Semantic_Type: Finding

Definition: Loss of appetite without alteration in eating habits

Synonym: CTCAE Grade 1 Nausea|NCI

Synonym: Grade 1 Nausea|CTCAE

Note that the NCIT Code for each Subclass_Of term and the source for each Synonym have been appended for indexing purposes.

B.  The Hierarchy of the NCIT Construction

The NCI has created its own hierarchical terms under which the CTCAE terms are organized.  The single common root for the hierarchy is Adverse Event, which is a child of Finding by Cause, which, in turn, is a child of Finding.  The CTCAE terms are organized into two subclasses of Adverse Event.  One subclass is Adverse Event by Outcome and Action Criteria or Severity, which is the parent term for the five terms corresponding to the five CTCAE severity Grades, as well as two additional NCI terms, Serious Adverse Event and Non-serious Adverse Event.  None of these seven terms have descendants.

The other subclass of Adverse Event that subsumes CTCAE terms is Adverse Event by CTCAE Category, which subsumes the 28 CTCAE Categories.  In addition to the two subclasses for grouping the CTCAE terms, Adverse Event subsumes six other terms: Adverse Reaction, Expected Adverse Event, Unexpected Adverse Event, Adverse Event by Cause, Recurring Adverse Event, and Persistent Adverse Event.  One of these six terms, Adverse Event by Cause has four descendants in the NCIT hierarchy; the other five do not.

The relevant top part of the NCIT Hierarchy can thus be depicted as follows (where "*" indicates CTCAE terms and "+" indicates descendant terms not shown)"

C3367: Finding
.  C36291: Finding by Cause
.  .  C41331: Adverse Event
.  .  .  C41332: Adverse Reaction
.  .  .  .  C8279: Long-Term Effects Secondary to Cancer Therapy in Children
.  .  .  .  C8283: Skin Reaction Secondary to Radiation Therapy
.  .  .  .  C4808: Late Effects
.  .  .  .  .  C3665: Late Radiation Injury
.  .  .  C41333: Expected Adverse Event
.  .  .  C41334: Unexpected Adverse Event
.  .  .  C52681: Adverse Event by Cause
.  .  .  .  C50493: Child Intoxication With Breast Implant Material Ingredients
.  .  .  .  C50643: Lumbar Puncture Headache
.  .  .  .  C50735: Rupture Due To Stress From Capsular Contracture
.  .  .  .  C50788: Unexpected Postoperative Refraction
.  .  .  C53087: Recurring Adverse Event
.  .  .  C53091: Persistent Adverse Event
.  .  .  C52680: Adverse Event by Outcome and Action Criteria or Severity
.  .  .  .  C41335: Serious Adverse Event
.  .  .  .  C41336: Non-serious Adverse Event
.  .  .  .  C41338: Mild Adverse Event *

                              Synonym: "CTCAE Grade 1"

.  .  .  .  C41339: Moderate Adverse Event *

                              Synonym: "CTCAE Grade 2"

.  .  .  .  C41340: Severe Adverse Event *

                              Synonym: "CTCAE Grade 3"

.  .  .  .  C41337: Life Threatening or Disabling Adverse Event *
                              Synonym: "CTCAE Grade 4"

.  .  .  .  C48275: Death Related to Adverse Event *

                              Synonym: "CTCAE Grade 5"

.  .  .  C53781: Adverse Event by CTCAE Category

.  .  .  .  C53782: Adverse Event Associated with Allergy and Immunology * +

.  .  .  .  C53783: Adverse Event Associated with Blood and Bone Marrow * +

.  .  .  .  C53784: Adverse Event Associated with Cardiac Arrhythmia * +

.  .  .  .  C53785: Adverse Event Associated with Coagulation * +

.  .  .  .  C53786: Adverse Event Associated with Constitutional Symptoms * +

.  .  .  .  C53787: Adverse Event Associated with Death * +

.  .  .  .  C53788: Adverse Event Associated with Dermatology and Skin * +

.  .  .  .  C53789: Adverse Event Associated with Growth and Development * +

.  .  .  .  C53790: Adverse Event Associated with Hemorrhage and Bleeding * +

.  .  .  .  C53791: Adverse Event Associated with Infection * +

.  .  .  .  C53792: Adverse Event Associated with Metabolic and Laboratory Abnormalities * +

.  .  .  .  C53793: Adverse Event Associated with Ocular and Visual Systems * +

.  .  .  .  C53794: Adverse Event Associated with Pain * +

.  .  .  .  C53795: Adverse Event Associated with Pulmonary and Upper Respiratory Systems * +

.  .  .  .  C53796: Adverse Event Associated with Secondary Malignancy * +

.  .  .  .  C53797: Adverse Event Associated with Sexual and Reproductive Function * +

.  .  .  .  C53798: Adverse Event Associated with Surgery and Intra-Operative Injury * +

.  .  .  .  C53799: Adverse Event Associated with Syndromes * +

.  .  .  .  C53800: Adverse Event Associated with the Ear and Auditory System * +

.  .  .  .  C53801: Adverse Event Associated with the Endocrine System * +

.  .  .  .  C53802: Adverse Event Associated with the Gastrointestinal System * +

.  .  .  .  C53803: Adverse Event Associated with the Heart in General * +

.  .  .  .  C53804: Adverse Event Associated with the Hepatobiliary System and Pancreas * +

.  .  .  .  C53805: Adverse Event Associated with the Kidney and Genitourinary System * +

.  .  .  .  C53806: Adverse Event Associated with the Lymphatic System * +

.  .  .  .  C53807: Adverse Event Associated with the Musculoskeletal System and Soft Tissue * +

.  .  .  .  C53808: Adverse Event Associated with the Nervous System * +

.  .  .  .  C53809: Adverse Event Associated with the Vascular System * +

In the NCIT construction of the CTCAE, one term has been created for each Adverse Event, Grade and, where they occur, Supra-Ordinate term.   The arrangement of terms under each Category term is either two-level (Adverse Event and Grade) or three-level (Supra-Ordinate Term, Adverse Event, and Grade).  For example, part of the hierarchy of terms under the Category Adverse Event Associated with Cardiac Arrhythmia is represented as (with "+" indicating some or all children not shown):

C53784: Adverse Event Associated with Cardiac Arrhythmia +

.  C53844: Ventricular Arrhythmia Adverse Event
.  .  C54774: Bigeminy Adverse Event
.  .  .  C54785: CTCAE Grade 1 Bigeminy
.  .  .  C54816: CTCAE Grade 2 Bigeminy
.  .  .  C54848: CTCAE Grade 3 Bigeminy
.  .  .  C54879: CTCAE Grade 4 Bigeminy
.  .  .  C54910: CTCAE Grade 5 Bigeminy
.  .  C54933: Idioventricular Rhythm Adverse Event +

.  .  C54936: Premature Ventricular Contraction Adverse Event +

.  .  C54946: Torsade de Pointes Adverse Event +

.  .  C54947: Trigeminy Adverse Event +

.  .  C54949: Ventricular Arrhythmia Adverse Event NOS +

.  .  C54950: Ventricular Fibrillation Adverse Event +

.  .  C54951: Ventricular Tachycardia Adverse Event +

.  .  C54953: Ventricular Flutter Adverse Event +

.  C54935: Palpitations Adverse Event
.  .  C54790: CTCAE Grade 1 Palpitations
.  .  C54821: CTCAE Grade 2 Palpitations
.  C54948: Vasovagal Episode Adverse Event
.  .  C54834: CTCAE Grade 2 Vasovagal Episode
.  .  C54865: CTCAE Grade 3 Vasovagal Episode
.  .  C54896: CTCAE Grade 4 Vasovagal Episode
.  .  C54927: CTCAE Grade 5 Vasovagal Episode
In this example, Ventricular Arrhythmia Adverse Event is a Supra-Ordinate term that subsumes nine Adverse Event terms, each of which have five Grade terms beneath them (shown only for Bigeminy Adverse Event), in effect being "great grandchildren" of their respective Category terms.  When an Adverse Event term is not grouped under a Supra-Ordinate term, the Adverse Event term is an immediate child of the Category term, and the Grade terms are arranged as "grandchildren" of the Category term (see, for example, the arrangements of the Adverse Event terms Palpitations Adverse Event and Vasovagal Episode Adverse Event).  Note that Adverse Event terms only subsume Grade terms as specified by the CTCAE.  Thus, Palpitations Adverse Event has only two Grade terms beneath it (since the CTCAE does not consider palpitations to ever be more severe than "Moderate") and Vasovagal Episode Adverse Event has only four (since the CTCAE does not consider that vasovagal episodes can ever be "asymptomatic").

C.  Naming Conventions for CTCAE Terms in the NCIT Construction

In addition to providing unique identifiers for each CTCAE term, the NCIT provides "fully specified names" for each term.  These names do not, by themselves, convey the entire meaning of the terms, but they do at least clarify the intended semantic categories of the terms, and they are unique across the set of all CTCAE terms in the NCIT (indeed, they are unique across the entire Thesaurus).  Thus, while the CTCAE document specifies Category terms such as "Cardiac Arrhythmia", the NCIT provides the name "Adverse Event Associated with Cardiac Arrhythmia".  The NCI follows this pattern of appending the prefix "Adverse Event Associated with" to each of the Category names in the CTCAE.  Similarly, the Adverse Event term names are created by appending the suffix "Adverse Event" to the Adverse Event names in the CTCAE (e.g., Bigeminy Adverse Event).

This clarification of semantics is especially helpful where Supra-Ordinate terms appear and the meanings of the Adverse Event terms are implied by the Supra-Ordinate term.  For example, the Category "Gastrointestinal" has Adverse Events such as "Stomach" that are arranged under Supra-Ordinate terms such as "Fistula, GI".  The NCIT provides these with names such as "Adverse Event Associated with the Gastrointestinal System", "Stomach Fistula Adverse Event", and "Gastrointestinal Fistula Adverse Event", respectively.  Note also that abbreviations such as "GI" are expanded.

As noted above, the NCIT provides separate Grade terms under each Adverse Event term for each severity that is allowed by the CTCAE – the NCI has thus taken the "precoordination" approach.  The names for Grade terms are derived from the Adverse Event to which they refer, with the form "X Adverse Event" has the Grade terms "CTCAE Grade n X", where "X" is the specific Adverse Event and "n" is a number from 1 to 5.  A slight exception to this rule are the four Grade terms (1-4) under Pulmonary Artery Intra-Operative Injury Adverse Event (C59076); in these cases, the word "CTCAE" is not included in the name: Grade 1 Pulmonary Artery Intra-Operative Injury (C59020), Grade 2 Pulmonary Artery Intra-Operative Injury (C59021), Grade 3 Pulmonary Artery Intra-Operative Injury (C59020), and Grade 4 Pulmonary Artery Intra-Operative Injury (C59020).

D.  CTCAE Content in the NCIT Construction

1.  Codes and Semantic Types

Each term was found to have exactly one Code (the unique identifier assigned in the NCIT) and one Semantic_Type (which has the value "Finding" for all of the CTCAE terms).

2.  Labels and Preferred_Names

Each term also has one Label and one Preferred_Name.  Usually, the Label and Preferred Name are identical, except that the Label uses blanks to separate words, while the Perferred_Name uses underscores; e.g., "Palpitations Adverse Event" has the Preferred_Name "Palpitations_Adverse_Event".

The OWL version of the NCIT uses an "ID" parameter to provide the unique identifier for each term.  This is usually identical to the Preferred_Name, but occasionally there are subtle differences.  For example, the ID of for the term with code C59142 is:

 Brain_or_Spinal_Cord_Infection_Adverse_Event_Documented_Clinically_or_Microbiologically_ with_Grade_3_or_4_Neutrophils

while the Preferred_Name is:

Brain_and_Spinal_Cord_Infection_Adverse_Event_Documented_Clinically_or_Microbiologically_ with_Grade_3_or_4_Neutrophils
Similarly, the ID for the term with code C59038 is:

Lingual_Intra-Operative_Injury_Adverse_Event

while the Preferred_Name is:

Lingual Nerve Intra-Operative Injury Adverse Event

3.  Subclass_Of Relationships

All but one of terms has a single parent, following the hierarchical arrangement described above.  The exception is Death Related to Adverse Event (C48275), which is the term corresponding to the generic "Grade 5" severity term.  As described in section III.B, above, it has the parent Adverse Event by Outcome and Action Criteria or Severity; it is also listed as a subclass of Death (C28554), which is a non-CTCAE term that is present in the NCIT from other sources (FDA and CDISC).

4.  Synonyms

Each CTCAE term in the NCIT is generally associated with at least two unique Synonyms (although some have as many as 10).  Usually, one synonym is the name from the CTCAE document and one is the name created by the NCI as described in section III.C, above.  In some cases, the NCI provides additional variations on the term name.  So, for example, the term CTCAE Grade 1 Other Allergy and Immunology (C54745) has three synonyms: "Grade 1 Allergy/Immunology – Other" (from the CTCAE), "CTCAE Grade 1 Allergy/Immunology – Other" (from NCI),  and "CTCAE Grade 1 Other Allergy and Immunology' (also from NCI).

In some cases, no CTCAE synonym is included in the OWL file; thus there is no way to tell from the 

NCIT that the term is actually part of the CTCAE.  For example:

<owl:Class rdf:ID="Non-Myocardial_Visceral_Arterial_Ischemia_Adverse_Event">

<rdfs:label>Non-Myocardial Visceral Arterial Ischemia Adverse Event</rdfs:label>

<code>C56739</code>

<rdfs:subClassOf rdf:resource="#Adverse_Event_Associated_with_the_Vascular_System"/>

<Preferred_Name>Non-Myocardial Visceral Arterial Ischemia Adverse Event</Preferred_Name>

<Semantic_Type>Finding</Semantic_Type>

<Synonym>Non-Myocardial Visceral Arterial Ischemia Adverse Event</Synonym>

<FULL_SYN><![CDATA[<term-name>Non-Myocardial Visceral Arterial Ischemia Adverse Event</term-name><term-group>PT</term-group><term-source>NCI</term-source>]]></FULL_SYN>

</owl:Class>
<owl:Class rdf:ID="Photosensitivity_Adverse_Event">

<rdfs:label>Photosensitivity Adverse Event</rdfs:label>

<code>C58005</code>

<rdfs:subClassOf rdf:resource="#Adverse_Event_Associated_with_Dermatology_and_Skin"/>

<Preferred_Name>Photosensitivity Adverse Event</Preferred_Name>

<Semantic_Type>Finding</Semantic_Type>

<Synonym>Photosensitivity Adverse Event</Synonym>

<FULL_SYN><![CDATA[<term-name>Photosensitivity Adverse Event</term-name><term-group>PT</term-group><term-source>NCI</term-source>]]></FULL_SYN>

5.  Definitions

Four of the five generic Grade terms (Grades 1-4) have two Definitions in the CTCAE.  For example, Life Threatening or Disabling Adverse Event (C41337) has these two Definitions:

Any adverse event that places the patient, in the view of the initial reporter, at immediate risk of death from the adverse event as it occurred, i.e., it does not include an adverse experience that, had it occurred in a more severe form, might have caused death.

A type of adverse event that requires major or urgent therapeutic intervention and endangers the life of a research participant. This event may cause permanent damage and present substantial disruption of a person's ability to conduct normal life functions.

The fifth Grade term, Death Related to Adverse Event (C48275) has only one Definition:

The termination of life as a result of an adverse event.

Each of 4,477 specific Grade terms has a single definition.  In general, the Definitions reflect the text criteria from the published version of the CTCAE.  For example, CTCAE Grade 4 Ventricular Fibrillation (C54898) has the Definition:

Life-threatening (e.g., arrhythmia associated with CHF, hypotension, syncope, shock)

and CTCAE Grade 3 Hearing Patients with or without Baseline Audiogram and Enrolled in a Monitoring Program (C54971) has the Definition:

Adult only: Threshold shift of >25 - 90 dB, averaged at 3 contiguous test frequencies in at least one ear Pediatric: Hearing loss sufficient to indicate therapeutic intervention, including hearing aids (e.g., >=20 dB bilateral HL in the speech frequencies; >=30 dB unilateral HL; and requiring additional speech-language related services)

All of the Grade 5 terms have the simple Definition:

Death

Only one of the Grade terms, CTCAE Grade 4 Ileum (C58933) (in addition to missing "Intra-Operative Injury" from its name), has no Definition, although based on the Definitions for similar terms, it should probably be:

Life threatening consequences; disabling

None of the Category terms nor Supra-Ordinate terms has a Definition.  Only one Adverse Event term has a definition - Bigeminy Adverse Event (C54774) has the Definition: 

Premature heartbeats alternating regularly with normal beats. It can be associated with hypoxia, ischemia, acute myocardial infarction, and medication overdose.

This Definition shows a source of "NCI", rather than "CTCAE".

6.  CTCAE Information Not Included in the NCIT Construction

No other information from the published version of the CTCAE, including Remarks, Also-Considers and Navigation Notes, is evident in NCIT construction.  

E. Summary of the NCIT Construction of the CTCAE as a Formal Terminology

In general, the NCI has done a reasonable, consistent job of converting the CTCAE into a formal terminology and representing it in the NCIT.  The decision to treat the hierarchical relationships among the CTCAE terms as "is-a" relationships appears reasonable, and the "fully specified names" adhere to the semantic implicit in such a hierarchy.  The precoordination of the Adverse Events with their appropriate Grades simplifies the structure of the terminology without undue combinatorial explosion.  The names chosen, however, are not very descriptive.  For example, the fourth grade of Vasculitis Adverse Event is CTCAE Grade 4 Vasculitis, rather than something that conveys actual meaning of the severity, such as "Vasculitis, Steroids Indicated".

A number of minor inconsistencies have been noted above, such as Adverse Event terms that don't have "Adverse Event" in their name (a total of 12 in all were found), Grade terms that don't have "CTCAE" in their names, terms without CTCAE source synonyms, a missing definition, and discrepancies between IDs, labels and preferred names.  A complete audit of the CTCAE should easily rectify these problems.  They do not represent structural or semantic errors.

One change that might be considered is to include the NCI codes with Subclass_Of relationships.  Using a name as the ID is somewhat inconvenient and can cause problems with indexes and lookups, especially when the ID differs from the Preferred_Name.

The NCI might consider adding CTCAE Remarks as text values, similar to the Definitions.  Also-Consider and Navigation Note information could also be included as nonhierarchical semantic information.  For example, Fever Without Neutropenia Adverse Event (C55331) might include (in its OWL format):

<REMARK><![CDATA[<rem-source>CTCAE</rem-source><rem-remark>The temperature measurements listed are oral and tympanic.</rem-remark>]]></REMARK>

<rdfs:alsoConsider rdf:resource="#Allergic_Reaction_and_Hypersensitivity_Adverse_Event_Including_Drug_ Fever"/>

<rdfs:navigationNote="#Hot_Flashes_or_Flushes_Adverse_Event"/>

or, perhaps:

<REMARK><![CDATA[<rem-source>CTCAE</rem-source><rem-remark>Use % decrease only when baseline is <LLL (local laboratory value)</rem-remark>]]></REMARK>

<rdfs:alsoConsider rdf:resource="#C54736"/>

<rdfs:navigationNote="#C55804"/>

Altogether, the CTCAE contains 78 Remarks, 101 Also-Considers, and 57 Navigation Notes.

IV.  Evaluation of Understandability, Reproducibility, Usability (URU) of the CTCAE

As noted above, the published version of the CTCAE does not form a proper finite set of explicit, enumerated terms.  Rather, it describes such a set but leaves to the user the task of extracting the actual terms from the descriptive material.  The set of terms extracted from the CTCAE and embodied in the NCIT forms such an explicit, finite set and is therefore much more amenable to formal evaluation along the lines of terminology criteria.  This evaluation is described below.  Each section includes a summary statement as to whether the CTEP version of the CTCAE and/or the NCIT version of the CTCAE meets the criterion.  In some cases, NCIT is considered to meet a criterion if the CTCAE provides supporting documentation that could be used by NCIT.

A.  Purpose and Scope – CTEP Meets; NCIT Meets

The purpose of the CTCAE is clearly stated in the CTCAE v3.0 Online Instructions and Guidelines: 
The purpose of the CTCAE v3.0 is to facilitate the evaluation of new cancer therapies, treatment modalities, and supportive measures and to standardize reporting of AEs across groups and modalities.  The CTCAE v3.0 and its associated grading criteria are very specific. Although more individual AEs are included than prior versions, the number of events a patient experiences will not change. During the CTC v2.0 to CTCAE v3.0 revision process, care was taken to ensure that, wherever possible, each AE represented a single clearly definable clinical entity. In most instances, the CTCAE v3.0 provides an AE term and grade that more precisely describes the event, or provides a term for AEs heretofore unclassifiable. The compilation of AEs used to describe an incident provides a more complete characterization of the events that occur; they do not necessarily indicate more toxic interventions. The goal of the CTCAE v3.0 is to facilitate and improve the descriptions of AEs that do occur.
 

The scope of Adverse Events (AEs) is defined in the official CTCAE publication: 

An AE is any unfavorable and unintended sign (including an abnormal laboratory finding), symptom, or disease temporally associated with the use of a medical treatment or procedure that may or may not be considered related to the medical treatment or procedure. An AE is a term that is a unique representation of a specific event used for medical documentation and scientific analyses. Each AE term is mapped to a MedDRA term and code. AEs are listed alphabetically within CATEGORIES.

Additional details are provided in the CTEP Powerpoint presentation "Responsible Adverse Event (AE) Reporting: Finding Appropriate AE Terms".

B.  Vocabulary Content Coverage – CTEP Meets; NCIT Meets

The terms in the CTCAE are clearly focused on adverse events of all types.  An attempt is made to provide complete coverage of the domain by dividing the domain into distinct categories.   Some categories achieve completeness through partitioning of the physical anatomy (for example, GI fistula events are enumerated for each section of the GI tract, from the oral cavity to the anus).  Other categories achieve completeness by providing an "Other" event that allows users to specify particular events that are not explicitly covered.  While "Other" terms are generally to be discouraged (see subsection I, below), they technically provide for domain completeness.  The CTCAE does not include a term for "Other Adverse Event from Other Category", so completeness of the category coverage is not assured.

Two papers describe the consensus process and biologic basis for the development of the CTCAE.
,
  Two papers describe evaluations of the CTCAE, one that is consensus-based,
 and one that is based on an empiric study of actual coding.
  Both studies conclude that domain coverage is appropriate, although neither attempts a systematic study by, for example, attempting to code a set of patient records.

My review suggests that content coverage is complete.  In part, this is due to the use of "Other" terms.  So, for example, although the Metabolic/Laboratory category only includes increases and/or decreases of 23 substances, all others can be coded with Metabolic/Laboratory – Other (Specifiy, ______).  The degree to which users must resort to "Other" terms to accommodate their data is not reported.

 Similarly, the many actual adverse events will be covered by more generic CTCAE terms.  For example, fracture of any bone is covered by Fracture, while hypoesthesia, hyperesthesia and hypesthesia are all covered by the Neuropathy: Sensory terms.  The question of whether these distinctions are clinically relevant from the standpoint of adverse event reporting is beyond the scope of this evaluation.

In summary, the CTCAE appears to have good coverage; whether it provides complete coverage with minimal reliance on "Other" terms would require a formal study beyond the scope of this evaluation.  Of note, the structure of the CTCAE (and its representation in the NCIT) does not limit the ability of the terminology to cover the domain.

C.  Concept Orientation – CTEP Does not Meet; NCIT Meets

Based on my complete review of the CTCAE, each term in the NCIT corresponds to a single meaning, thus satisfying the nonvagueness and nonambiguity requirements.  Evaluation of the nonredundancy requirement is less straightforward.  There are no examples where the same name is used for multiple terms, so there is no homonymy.  However, determining redundant meanings requires more in-depth analysis.

I approached the search for redundant meanings by reviewing each adverse event and considering whether it might appear in alternative categories.  For example, many of the Grade criteria for terms in the Endocrine and Blood/Bone Marrow categories are expressed as laboratory findings.  However, a review of the Metabolic/Laboratory category failed to identify any redundant events.

There are two clear areas where the CTCAE approaches redundancy.  First is the case of "Other" terms.  For example, a user might use Metabolic/Laboratory – Other (Specifiy, ______) to indicate a decrease in serum haptoglobin, rather than the term  Haptoglobin Adverse Event.  There are no clear coding rules in the primary documentation (and no Remarks or Navigation Notes) to help steer the user away from such errors.

A second case of near-redundancy is can be found in the Death category.  This category contains four Adverse Event terms that could be misused to code patient deaths, rather than the Grade 5 terms.  In this case, however, a Remark (in the published version of the CTCAE) makes clear when these Death Adverse Event terms should be used in lieu of Grade 5 terms.

In summary, the NCIT construction of the CTCAE provides a concept-oriented view with respect to nonvagueness, nonambiguity and, to the extent I was able to evaluate, nonredundancy.  In addition, the NCIT construction provides for explicit representation of synonyms.  It should be noted, however, that the names chosen for the terms are not very descriptive.  Proper understanding of term meaning requires the use of the "Definition" field for each of the Grade-level terms.

D.  Concept Permanence – CTEP Probably Does Not Meet; NCIT Meets

The notion of concept permanence relates to two requirements: that concepts are never deleted and that the meanings associated with their identifiers are never changed.  Since the meaning is often represented by the concept's preferred name, operationally this means that the names of a concept cannot be changed in any way that changes the associated meaning.

For the published version of the CTCAE, changes in names were common in the initial published version and were corrected.
  No further changes to the published version of the CTCAE are planned,
 so the concepts, for better or worse, will remain unchanged and therefore permanent.  However, the approach used to update from the CTC v2.0 to the CTCAE v3.0 was decidedly nonpermanent, as terms were dropped and meanings of grades were altered significantly.

Terms included in the NCIT are each mapped to a unique identifier that is associated with a specific meaning.  These identifiers can be retired but are never deleted.  The terms associated with the identifiers can be changed in ways that do not alter their meaning.  If a term name is altered in a way that alters its meaning, it will be assigned to some other – perhaps, newly created – identifier.

In summary, the CTCAE may or may not choose to pursue concept permanence.  The NCIT does adhere to concept permanence.  Until the CTCAE changes, this issue is moot.

E.  Nonsemantic Concept Identifiers – CTEP Does not Meet; NCIT Meets

The published version of the CTCAE does not use identifiers, but the NCIT construction does use them.  They are nonhierarchical, not limited in size or structure, and are never reused.  Unfortunately, the OWL and XML versions use preferred names for cross-referencing, rather than identifiers.  This could lead to problems if a name is changed without changing all references to that name.

F.  Polyhierarchy – CTEP Does not Meet; NCIT Partially Meets

The published version of the CTCAE is arranged as a strict hierarchy.  The NCIT allows for multiple hierarchies but takes almost no advantage of this ability.  The one exception is Death Related to Adverse Event (C48275) which has two parents: (Adverse Event by Outcome and Action Criteria or Severity (C52680 – a CTCAE term) and Death (C28554 – a term from CDISC and FDA).  Clearly, many of the Adverse Event terms could be similarly linked to additional parents outside of the CTCAE.  However, the real question is whether CTCAE terms should have multiple parent links with each other.

As noted in section III.B, the NCIT construction includes one term for each of the five Grades, grouped under Adverse Event by Outcome and Action Criteria or Severity (C52680).  Since each of these five terms is represented as an Adverse Event (as opposed to a Grade) and since the CTCAE Event-Grade precoordinations are also Adverse Events, it would be correct to include each of the 4,477 Event-Grade terms as children of one of the five generic Grade terms.

Additional hierarchical representations might be included as well, to assist users with navigation to the appropriate terms.  Examples include all those situations with the potential for redundancy in the terminology; eg., inclusion of all of the Blood/Bone Marrow terms that are expressed as laboratory findings might be also included in the hierarchy under Metabolic/Laboratory terms.

Thus, the NCIT would allow inclusion of polyhierarichical information, but the CTCAE does not include such information.  Addition in the NCIT would require separate effort.

G.  Formal Definitions – CTEP Does not Meet; NCIT Does Not Meet

Formal definitions require explicit relationships among controlled terms that express the meanings of terms, sufficient to distinguish them from each other.  Neither the published version nor the NCIT version of the CTCAE includes such definitions.  While such definitions might provide to be challenging for some terms (such as Nausea), other terms could be created using additional terms from the NCIT (for example, CTCAE Grade 4 Vasculitis might be defined by the pair of relationships is-a Vasculitis Adverse Event and is-associated-with Ischemic Changes).  

H.  Explicitness of Relations – CTEP Probably Does not Meet; NCIT Meets

The relationships among terms (like the terms themselves) in the CTCAE are not explicitly stated; however, the relationships in the NCIT are all explicit is-a relationships.

I.  Rejection of Not Elsewhere Classified (NEC) Terms – CTEP Does not Meet; NCIT Does Not Meet

As noted above, the CTCAE includes "Other….(Specify,_____)" terms to provide closure over each Category.  These terms can be problematic if, for example, other terms are later added to the category – the meaning of the "Other" term would then change in a subtle way.  Ideally, the concept would be retired and a new "Other" concept would be created; however, the difference in meanings between the old and new concepts would be unclear (without explicit references to all the other terms not subsumed by each "Other" term).  Note that "Not Otherwise Specified" (NOS) terms, while often confused with "Other" (or "Not Elsewhere Classified" or "NEC") terms are not problematic.

The desire to provide terms whose meanings do not drift, while providing domain coverage, can be addressed by using more generic terms plus free-text modifiers provided by the user.   The arrangement used by the CTCAE is similar to this approach.  While not ideal, the requirement that the "Specify" field be completed at least provides a way to capture the nuance, unlike systems such as ICD9-CM.

J.  Multiple Granularities – CTEP Meets; NCIT Meets

The requirement for representing the severity of adverse events limits the use of the CTCAE to the actual Grade-level terms.  Higher levels of granularity are present, however, and could be used for summarization and abstraction.

K.  Multiple Consistent Views – CTEP Meets; NCIT Meets

Given that the CTCAE is a strict hierarchy, there is only one view and thus no risk of multiple inconsistent views.  However, if polyhierarchical information were included in the NCIT, the OWL (and XML) structure would guarantee that multiple views would be consistent, since all information about each concept is represented only once.

L.  Context Representation – CTEP Does not Meet; NCIT Does Not Meet

The CTCAE does not represent any application structure and therefore does not include information about how its terms would relate to applications.

M.  Graceful Evolution – CTEP Does not Meet; NCIT Meets

Although the NCIT has a graceful mechanism for handling changes to its constituent terminologies, the CTCAE itself is not updated and there are no current plans to update it.  At present, all proposed changes are filed as "To Be Reviewed", without further action.9  If and when such changes occur, the mechanism by which it would happen is undefined.  Certainly, as noted in section IV.D, the history of the change from the previous version to the current one was not graceful.

N.  Recognize Redundancy – CTEP Does not Meet; NCIT Does Not Meet

This desideratum generally requires formal definitions in order to allow auditing of redundant representations of the same meanings.  As noted above, it is possible to use the "Other" terms and the Death category terms in inappropriate ways.  The CTCAE instructions explain how to prevent this, but now how to detect it once it has happened.

V.  Quality of Documentation

A.  Statement of Intended Use – CTEP Meets; NCIT Meets

As noted in Section III.A, this criterion is met by published documents.1,2,3
B.  Availability of List of Concepts, Terms and Definitions – CTEP Does not Meet; NCIT Meets

The CTCAE publication is in a PDF form and, as such, is not amenable to extraction of terms lists.  The NCIT publishes ASCII files in various formats ("flat", XML and OWL) from which CTCAE terms can be extracted, although this must be done based on the presence of a string with source="CTCAE".

No definitions are provided for the Category and Adverse Event terms.  However, these terms are probably readily understood by most users of the CTCAE.

The criteria for each Grade term for each Adverse Event (or set of Adverse Events grouped by a Supra-Ordinate term) are present in the published version of the CTCAE.  The criteria are included in the NCIT as "Definitions" for the Event-Grade precoordinations.  In general, they can only be considered definitions when combined with the preferred name of the term or of the parent term.   For example, the "Definition" of the term C54777 is "Asymptomatic, intervention not indicated" – hardly a true definition, unless combined with the term name "CTCAE Grade 1 Asystole", to be "Asymptomatic asystole, intervention not indicated".

The relatively unhelpful names of Event-Grade terms in the NCIT are unfortunate, because their use will require that the "definitions" be available to those who would code patient data with these terms.  Improvement in the term names to something more meaningful (such as "CTCAE Grade 1 Asystole, Asymptomatic, intervention not indicated") might be carried out in an automated manner, but problems will arise when the criteria are very long.  For example, automated concatenation of the preferred names and "definitions" would yield the following name for the concept with NCIT code C54971:

CTCAE Grade 3 Hearing Patients with or without Baseline Audiogram and Enrolled in a Monitoring Program, Adult only: Threshold shift of >25 - 90 dB, averaged at 3 contiguous test frequencies in at least one ear Pediatric: Hearing loss sufficient to indicate therapeutic intervention, including hearing aids (e.g., >=20 dB bilateral HL in the speech frequencies; >=30 dB unilateral HL; and requiring additional speech-language related services)

A hybrid approach (automated concatenation with subsequent manual editing) to creating more descriptive term names may be possible.

C.  Documentation Descriptions – CTEP Meets Some; NCIT Meets All

1.  Structure and Organizing Principles – CTEP Meets; NCIT Meets

The published version of the CTCAE provides a "Quick Reference" page that explains all the components of the terminology and the rules for coding.  The NCIT provides no additional documentation.

2.  Use of Concept Codes/Identifiers – CTEP Does not Meet; NCIT Meets

The published version of the CTCAE does not use codes or identifiers.  The NCIT provides them.

3.  Use of Semantic Relationships – CTEP Does not Meet; NCIT Meets

The published version of the CTCAE does not contain formal relationships, and has only textual descriptions of relationships in the Also Considers and Navigation Notes.  The NCIT includes only the is-a hierarchical relationships.

4.  Formats in which it May Be Obtained – CTEP Does not Meet; NCIT Meets

CTEP publishes the CTCAE as a PDF file, with no documentation about file format.  The NCI distributes the CTCAE as part of the NCIT.  Brief documentation of the various file formats is available in a "read me" file, posted with the files on the FTP site.

5.  Restrictions on Use – CTEP Meets; NCIT Meets

There are no restrictions on the use of the CTCAE.

6.  Relationships/Links/Mappings to other Terminologies – CTEP Meets; NCIT Meets

CTEP provides mappings from CTCAE codes to MedDRA version 9.0.  Instructions and mapping tables are available at: http://ctep.cancer.gov/guidelines/codes.html.  The NCIT provides mappings when terms are synonymous.   The mappings are in the form of term names, not codes.  Currently, the NCIT has 16 mappings from CTCAE terms to CDISC terms, 2 mappings from CTCAE terms to FDA terms, and 8261 mappings from CTCAE terms to NCI terms.

D.  Documentation of New Versions – CTEP Meets; NCIT Meets

CTEP provides documentation describing the changes from CTC v2.0 to CTCAE v3.0.8,10  There are currently no plans to create new versions of the CTCAE.9
E.  Documentation of Methods for Extending the Terminology – CTEP Does Not Meet; NCIT Meets

There are currently no plans to create new versions of the CTCAE.9
F.  Description of Methods and Tools for Acquisition and Application – CTEP Meets; NCIT Meets

Extensive documentation on use of the CTCAE, including tools for term look-up, is available on the CTEP Web site at: http://ctep.cancer.gov/reporting/ctc_v30.html

Topics include:

· Common Terminology Criteria for Adverse Events v3.0 (CTCAE) (PDF) (Publish Date August 9, 2006): CTCAE v3.0 includes Adverse Events applicable to all oncology clinical trials regardless of chronicity or modality.

· CTC/CTCAE Dictionary and Index: The CTCAE Dictionary is a web-based application to assist in locating appropriate adverse event terms from both CTC v2.0 and CTCAE v3.0.

· Responsible Adverse Event (AE) Reporting: Finding Appropriate AE Terms: The Responsible Adverse Event (AE) Reporting: Finding Appropriate AE Terms is a Power Point slide presentation to provide an overview of AE related information and illustrates the search capabilities of the tools available from the CTCAE v3.0 and CTC v2.0 websites.

· CTCAE v3.0 Online Instructions and Guidelines (Updated August 9, 2006 to include MedDRA v9.0): An instructional tool providing detailed guidelines regarding the use of the CTCAE and the changes made from CTC v2.0.

· CTCAE v3.0 Frequently Asked Questions (Updated June 30, 2006 to include MedDRA v9.0): Answers to commonly asked questions regarding the CTCAE v3.0, MedDRA, changes from CTC v2.0, and others.

· CTCAE v3.0 Notice of Modifications (PDF) (Publish Date August 9, 2006): The Notice of Modifications details the revisions made to the CTCAE v3.0 since its initial publication on March 31, 2003.

· CTCAE Implementation (PDF) (Updated June 30, 2006 to include MedDRA v9.0): A guideline for CTCAE v3.0 accommodation in databases. 

The NCIT Web site provides some description of file acquisition at: ftp://ftp1.nci.nih.gov/pub/cacore/EVS/NCI_Thesaurus

VI.  Maintenance and Extensions – CTEP Does Not Meet; NCIT Meets

There are currently no plans to create new versions of the CTCAE.9
VII.  Accessibility and Distribution – CTEP Partially Meets; NCIT Meets

The CTCAE is freely available from CTEP in a variety of formats, including the official document, and several indexes.  No structured, machine-comprehensible format is available from CTEP.

As noted in Section III.A, above, the CTCAE is contained in the NCIT that, in turn, has a number of distribution formats including "flat", XML and OWL.  NCIT concepts have terms mapped to them; when those terms are CTCAE terms, they are marked as having the source "CTCAE" in the XML and OWL files, but not the flat file.  Extracting CTCAE terms from these files requires either searching for terms with "CTCAE" in the name or (in the OWL and XML files) the source="CTCAE".  As noted in section III.C, a few of the Event-Grade terms, and all of the Adverse Event terms lack "CTCAE" as part of their names.  Also as noted in section III.D.4, there are a few cases where CTCAE concepts exist in the NCIT but the associated CTCAE terms (with source="CTCAE") are missing from the files.  Thus, complete extraction of the subset of CTCAE from the NCIT is somewhat challenging.

CTEP does provide browsing tools for the CTCAE that are quite easy to use, such as the CTC/CTCAE Dictionary and Index (http://safetyprofiler-ctep.nci.nih.gov/CTC/CTC.aspx).  The NCIT provides a browser (http://nciterms.nci.nih.gov/NCIBrowser/Dictionary.do) but does not support browsing of just the CTCAE content.

VIII.  Intellectual Property Considerations – CTEP Meets; NCIT Meets

All CTCAE materials from CTEP, including information from its own distributions and from the NCIT, are considered to be in the public domain.9
IX.  Quality Assurance and Quality Control – CTEP Partially Meets; NCIT Meets

CTEP originally created the CTCAE as a result of an expert review of CTC v2.0 by a consensus panel.4  A subsequent review was performed and updates were made.8  These two steps constituted good quality assurance.  However, there is no on-going maintenance process or attempt to evaluate the suitability of the CTCAE to determine where improvements or extensions might be warranted.9
When the CTCAE was added to the NCIT, a careful audit was made to assure that the representation of the CTCAE information was true to its original intent.  A second analysis was done after the CTCAE was published as a "release candidate" for the NCIT.  Once published, the NCI has a mechanism in place to keep the NCIT terminologies up to date and fix any reported problems.11
X.  Textual Definitions

As noted in III.D.5, the published version of the CTCAE provides no definitions for its Categories or Adverse Event terms, but does provide descriptions of the criteria used to characterize the various Grade terms associated with each Adverse Event term.  The NCIT includes these descriptions as definitions, although they are not complete (as discussed above).  Thus, both versions of the CTCAE fail to provide true textual definitions for all terms.  Nevertheless, to this practicing internist, the descriptions provide sufficient information to understand the intended meanings of the Grade terms.  I have therefore considered the available descriptions to compare them to the formal requirements for textual definitions.  Some typical examples are:

CTCAE Grade 1 AV Block Second Degree Mobitz Type I: Asymptomatic, intervention not indicated

CTCAE Grade 1 AV Block Second Degree Mobitz Type II: Asymptomatic, intervention not indicated

CTCAE Grade 2 AV Block Second Degree Mobitz Type II: Non-urgent medical intervention indicated

CTCAE Grade 3 AV Block Second Degree Mobitz Type II: Incompletely controlled medically or controlled with device (e.g., pacemaker)

CTCAE Grade 4 AV Block Second Degree Mobitz Type II: Life-threatening (e.g., arrhythmia associated with CHF, hypotension, syncope, shock)

CTCAE Grade 5 AV Block Second Degree Mobitz Type II: Death

CTCAE Grade 2 Hearing Patients with or without Baseline Audiogram and Enrolled in a Monitoring Program: Threshold shift or loss of >25 - 90 dB, averaged at 2 contiguous test frequencies in at least one ear

CTCAE Grade 1 Hypertension: Asymptomatic, transient (<24 hrs) increase by >20 mmHg (diastolic) or to >150/100 if previously WNL; intervention not indicated Pediatric: Asymptomatic, transient (<24 hrs) BP increase >ULN; intervention not indicated

CTCAE Grade 4 Metabolic or Respiratory Acidosis: pH <7.3 with life-threatening consequences

CTCAE Grade 2 Serum Hypercalcemia: >11.5 - 12.5 mg/dL >2.9 - 3.1 mmol/L Ionized calcium >1.5 - 1.6 mmol/L

CTCAE Grade 4 Disseminated Intravascular Coagulation: Laboratory findings, life-threatening or disabling consequences (e.g., CNS hemorrhage, organ damage, or hemodynamically significant blood loss)

CTCAE Grade 1 Leukoencephalopathy Radiographic Findings: Mild increase in subarachnoid space (SAS); mild ventriculomegaly; small (+/- multiple) focal T2 hyperintensities, involving periventricular white matter or <1/3 of susceptible areas of cerebrum

CTCAE Grade 4 Biliary Tree Hemorrhage: Life-threatening consequences; major urgent intervention indicated

CTCAE Grade 4 Other Vascular: Life-threatening; disabling

CTCAE Grade 2 Fallopian Tube Infection with Normal Absolute Neutrophil Count or Grade 1 or 2 Neutrophils: Localized, local intervention indicated

A.  Bronze Level Compatibility

1.  Stated in the singular  – CTEP partially meets; NCIT partially meets

Yes – see examples above.

2.  Describe what the concept is; not what it is not  – CTEP partially meets; NCIT partially meets

Yes – see examples above.

3.  Descriptive phrases or sentences  – CTEP partially meets; NCIT partially meets

Yes – see examples above.

4.  Contain only commonly understood abbreviations that are defined in the terminology  – CTEP partially meets; NCIT partially meets

Generally yes.  Frequent abbreviations are "GI", "IV", "WNL", "ULN", "CNS" – see examples above.

5.  Expressed without embedded definitions  – CTEP partially meets; NCIT partially meets

Yes – see examples above.

6.  Avoidance of self-referential definitions  – CTEP partially meets; NCIT partially meets

Yes – see examples above.  However, definitions are typically refinements of Adverse Event terms, for which no definitions are provided.  So, for example "CTCAE Grade 4 Biliary Tree Hemorrhage" is defined as "Biliary Tree Hemorrhage: Life-threatening consequences; major urgent intervention indicated".  The meaning of "Biliary Tree Hemorrhage" itself is not defined.
B.  Silver Level Compatibility

1.  Describe the essential nature of the concept  – CTEP partially meets; NCIT partially meets

Yes – see examples above.

2. Concise, precise and unambiguous  – CTEP partially meets; NCIT partially meets 

Generally, yes.  However, some parts of definitions may themselves be ambiguous.  For example, although used frequently, "major urgent intervention" is not explicitly described.  So, for example, would biliary tree hemorrhage requiring transfusion of 10 units of blood be considered Grade 3 ("Transfusion, interventional radiology, endoscopic, or operative intervention indicated") or 4 ("major urgent intervention indicated")?

3.  Avoidance of rationale, functional usage or procedural information  – CTEP partially meets; NCIT partially meets

Yes – see examples above.

4.  Consistent terminology and logical structure  – CTEP partially meets; NCIT partially meets

Yes – see examples above.

5.  Description logic relationships to other terms in the terminology  – CTEP doesn't meet; NCIT doesn't meet

No – not included.

C.  Gold Level Compatibility

1.  Use of caBIG registered standards  – CTEP doesn't meet; NCIT doesn't meet

No – no standard terminologies are used in the definitions.

XI.  Community Acceptance

A.  Accepted as a De Facto Standard? – CTEP Meets; NCIT Meets

Since the NCI requires use of the CTCAE for reporting adverse events, the CTCAE is in fact a mandated standard and is necessarily accepted. 

B.  No Other Community Standards? – CTEP Partially Meets; NCIT Partially Meets

Because MedDRA is also used for reporting adverse drug events, there is some desire to find one single system for reporting.  However, because the CTCAE can be mapped to MedDRA, users can at least record adverse events in oncology trials using a single standard.

C.  Used on Large Body of Relevant Data? – CTEP Meets; NCIT Meets

Yes – the CTCAE is required for reporting adverse events to the NCI.

D.  No Other Terminologies with High Use? – CTEP Does Not Meet; NCIT Does Not Meet

No – MedDRA is widely used as well.

E.  Nothing Controversial? – CTEP Partially Meets; NCIT Partially Meets

The limited published data on the use of the CTCAE suggests that it works well.  The need to use MedDRA for non-oncologic adverse events and the lack of a mechanism for updating the CTCAE remain as issues.

XII.  Reporting Requirements – CTEP Meets; NCIT Meets

The NCI requires the use of the CTCAE for reporting adverse events occurring in all oncology clinical trials.   

XIII.  Summary and Conclusions

A.  Overview

When viewed in its entirety, the CTEP version of the CTCAE is not a controlled terminology, since it lacks a finite, enumerated set of well-defined terms.  Rather, it is a system for coding medical data that results in controlled statements about patient findings.  Typical criteria for evaluating terminologies, therefore, are difficult to apply.  On the other hand, the NCIT has reified the CTCAE concepts to express them as precoordinated terms that, when taken as a set, can be treated as a typical controlled terminology.

The expression of the CTCAE in the NCIT loses or obscures some of the information available in CTEP's publication of the CTCAE.  Notably, the Also Consider, Navigation Notes, and Remarks are not included in the NCIT and the names chosen for the precoordination of Adverse Events and Grades are fairly uninformative.  Nevertheless, the NCIT captures the essentials of the CTCAE and allows it to be evaluated using terminologic criteria.  Whereas the CTEP version of CTCAE does not meet most of the criteria evaluated, the NCIT version does quite well.

To a large extent, the reason for success of NCIT has more to do with the NCIT's overall adherence to good terminology practices, rather than the inherent attributes of the CTCAE. For example, the NCIT's units of discourse are its concepts (which are assigned unique, nonsemantic identifiers, and to which terms are applied), it has a structure that supports hierarchical and non hierarchical relationships, and it has a concept-oriented editorial policy.  Meanwhile, the CTCAE contributes its coverage of the domain, its documentation, and the quality control that was applied to its original version and subsequent single modification.  Given that the terminology criteria have now (in this document) been applied to a version of the CTCAE, the question now arises as to whether this version is of sufficient quality to use for standardization of patient data.  In general, the answer is "yes".  However, this evaluation has revealed several areas that could use improvement.  Some of these are the responsibility of CTEP, which provides the input to the NCIT, and some are related to how the CTCAE is represented by the NCIT.

B.  Areas for Improvement in the CTCAE

1.  Evaluation of Content Quality

Although an effort was made initially to establish high-quality content in the CTCAE, few "post-marketing" evaluations have been done to determine whether the CTCAE content is adequate to cover the intended domain and whether the meanings of the terms are clear enough to support high inter-coder agreement when using it.  Some such studies should be done by independent reviewers in order to establish the true credibility of the CTCAE's content coverage.

2.  Responding to User Needs

Some sort of update process should be instituted to incorporate changes and additions provided to CTEP by CTCAE users.  An expert panel should review the changes prior to their implementation and the effects of the changes should be monitored after implementation.

3.  Use of "Other" Terms

Although the "Other" terms are in violation of the "Reject NEC" criterion, their use has practical advantages.  As long as the "Specify______" blank is filled in, and the data are maintained, they provide a way to code data that is not very different from using the parent term (in this case, a Category term) with a modifier.  However, the use of these terms should be monitored by the NCI (a) to assure that they are being used appropriately and (b) to identify places where they are used frequently, suggesting possible additions to the findings explicitly included among the CTCAE Adverse Events terms.

4.  Improved Definitions

The definitions in the published version of the CTCAE, and included in the NCIT, meet all Bronze level, and most Silver level, criteria for terms that have them.  However, CTEP should include text definitions for the Adverse Event and Supra-Ordinate terms as well.  Where possible, terms drawn from other NCIT terminologies should be used.

5.  Reconciliation with MedDRA

Users of the CTCAE must often report their adverse events to the FDA as well, using MedDRA.  This often requires duplicate coding.  The users best interests would be better served if the two terminologies could be reconciled in some way so that coders would use a single, combined terminology.  The NCIT might be an appropriate medium in which to accomplish this unification.  The solution would require more than simply positioning CTCAE and MedDRA terms together in a single hierarchy; one-to-many and many-to-many nonhierarchical relationships would be needed as well, to account for instances where CTCAE terms represent syndromes of multiple findings.

C.  Areas for Improvement in the NCIT

1.  Resolution of Minor Inconsistencies

My analysis uncovered small numbers of inconsistencies in preferred name construction, mismatches between preferred names and labels, and inclusion of CTCAE terms in the NCIT.  These will be enumerated and sent to the NCI for correction.

2.  Improvement in Event-Grade Names

Some change should be made to the preferred names of the Event-Grade concepts in order to better convey their meaning.  A user might guess that CTCAE Grade 2 Vasovagal Episode refers to a mild, symptomatic episode but would then infer that CTCAE Grade 2 Palpitations are also mild and symptomatic, leading to the conclusion that CTCAE Grade 1 Palpitations refers somehow to an asymptomatic episode of palpitations (a logical impossibility).  These uniform Event-Grade names become even less helpful for terms that have specific criteria included in their definitions.

CTEP and NCIT should work together to create more meaningful names that avoid verbosity.  For example, the following terms could be renamed as shown:

C54790: CTCAE Grade 1 Palpitations 
→  CTCAE Grade 1 Palpitations Present
C54821: CTCAE Grade 2 Palpitations 
→  CTCAE Grade 2 Palpitations with other Symptoms
C54834: CTCAE Grade 2 Vasovagal Episode
→  CTCAE Grade 2 Vasovagal Episode, no Consciousness Loss
C54865: CTCAE Grade 3 Vasovagal Episode
→  CTCAE Grade 3 Vasovagal Episode with Consciousness Loss
C54896: CTCAE Grade 4 Vasovagal Episode
→  CTCAE Grade 4 Vasovagal Episode, Life Threatening
C54927: CTCAE Grade 5 Vasovagal Episode
→  CTCAE Grade 5 Vasovagal Episode Causing Death
C55678: CTCAE Grade 1 Edema of the Limb
→  CTCAE Grade 1 Limb Edema 5-10% Limb Discrepancy 

C55679: CTCAE Grade 2 Edema of the Limb 
→  CTCAE Grade 2 Limb Edema >10-30% Limb Discrepancy
C55680: CTCAE Grade 3 Edema of the Limb 
→  CTCAE Grade 3 Limb Edema >30% Limb Discrepancy
C55681: CTCAE Grade 4 Edema of the Limb 
→  CTCAE Grade 4 Limb Edema Progression to Malignancy
C55682: CTCAE Grade 5 Edema of the Limb 
→  CTCAE Grade 5 Limb Edema Causing Death
3.  Addition of Coding Knowledge from CTCAE

As noted in Section III.E, the NCIT should consider including the CTCAE's 78 Remarks, 101 Also-Considers, and 57 Navigation Notes as nonhierarchical semantic information.  

4.  Polyhierarchy

The NCIT includes many terms outside the CTCAE that are nevertheless related to the findings that occur as adverse events in cancer trials.  While the CTCAE-specific hierarchical relationships included in the NCIT are important, including these other relationships is important for providing true integration of terminologies.  For example, if a user wants to code the finding "vasovagal syncope" and finds (the MeSH term) Vasovagal Syncope (C35120), it would be appropriate to find Vasovagal Episode Adverse Event (C54948) beneath it in the hierarchy.
5.  Nonhierarchical Semantic Relationships

The knowledge engineering required to relate CTCAE terms to other terms through nonhierarchical relationships may be difficult in some cases and trivial in others.  Trivial cases might included relationships inherited through the addition of new parent terms in the NCIT (as per Section XIII.C.4, above).  More difficult cases would require some manual mapping, for example to map all the locations of GI fistulae to the various organ sites.  Other cases would require modeling to an extent that is likely beyond the available resources of the NCIT or CTEP but might be carried out by interested informatics researchers as part of their own knowledge engineering efforts (such as those working with the National Center for Biomedical Ontologies).

6.  Formal Definitions

The creation of formal definitions would be a desirable improvement in the NCIT version of the CTCAE but would necessarily await the addition of polyhierarchy and nonhierarchical semantic relationships, as above.  Such definitions, in turn, would support criteria such as context representation and redundancy detection.

7.  Improvements to Terminology Distribution

The NCIT is to be applauded for providing the various formats for distribution of its content.  While various users will always want specific features (for example, specific attributes to be included in the flat file), several general changes should be considered.

a.  Cross-references to other NCIT concepts should include the concept ID.  Using the preferred name as the pointer is at least problematic for those who would attempt to index NCIT information using the (sometimes very long) preferred names.  More serious problems arise if the names of concepts change and the pointers become invalid as a result.

b.  Terminology-specific extracts should be available.  Ideally, these might be generated dynamically by a user requesting a particular terminology and format.  However, static, terminology-specific, format-specific files could be made available as well through subdirectories on the NCIT FTP site.

D.  Conclusions

In conclusion, the CTCAE as represented in the NCIT does a reasonable job of meeting the caBIG-VCDE requirements for controlled terminologies.  This is due to a favorable combination of CTEP's documentation and content coverage with the NCIT's good terminology practices.  Most areas needing improvement can be remedied with relatively little effort (compared to the effort needed to add the CTCAE to the NCIT in the first place).  However, developing on-going maintenance policies and procedures for the CTCAE and its reconciliation with MedDRA will be require significant commitment by both CTEP and the NCIT.
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