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Drug-Drug Interaction Annotation schema

Entities
Drug Class
Drug classes are assigned based on different characteristics: chemical ingredients, administration method, mechanism of action, and the target organ or target anatomical system. Any of these categories is a drug class and can include one or many individual drugs or substances.
Drug
A drug is a chemical substance administered for medicinal purposes. Drug names can be generic (chemical name of the substance) or brand names. 
Substance
Substances refer to any material entities that are not drug or drug classes. These include foods, nutritional supplements and other things that can be found in the environment.
Span
Span refers to a span of text that:
· provides  information about an interaction (context for interaction, severity of interaction, strength of evidence) 
· is a fragment of text associated with an entity 
· is an antecedent to an anaphor that refers to an event
Expression
An expression is a span of text containing an anaphor. The anaphora may refer to an entity or an event represented by a span.

Relations
Drug class member relationships
· Drugs are linked to classes with a “hasDrugMember” relation. 
· Drug classes are linked to parent classes with a “hasClassMember” relation.
· Substances are linked to classes with a “hasSubstanceMember” relation.
Anaphora relationships
· Expressions containing an anaphora are linked to their antecedent with a “Coreference” relation.  The antecedent must be an entity (drug, drug class, substance, Span, or Expression). 

Fragment relationships
· Fragmented parts of an entity are connected by the “hasFragment” relation.

Drug Interaction Events

Interactions are biochemical or physiological changes on the human body caused by the concomitant action of two or more chemical components. Interactions can occur between drug classes, drugs, and substances. Interactions should not be confused with side effects or drug actions. 
Caution Interaction
Caution interactions are general precautions about the use of two entities together without specific mention of an effect. 
Increase Interaction
Increase interactions indicate higher levels or increased effects of the object drug in the system as a result of the precipitant drug.
Decrease Interaction
Decrease interactions indicate lower levels or decreased effects of the object drug in the system as a result of the precipitant drug.
Specific Interaction
Specific interactions indicate specific effects resulting from the interaction.
All drug interaction event types contain the Interaction Indicator as well as entities in the following roles: 
· Object of interaction (mandatory) 
The object of interaction is a drug class, drug or a substance whose effect is altered by the precipitating entity.  The object entity is linked to the interaction indicator with a “hasObject-Argument” relation.
· Precipitant of interaction (mandatory) 
The precipitant of interaction is a drug class, drug, or substance that alters the pharmacological and/or other action of the object entity.  The precipitant entity is linked to the interaction indicator with a “hasPrecipitant-Argument” relation.
· Context for Interaction (optional)
The context is a population characteristic or event for which the drug interaction was observed.  Context is a property of the interaction and qualifies the patient, not the drug. The Context for Interaction Span is linked to the interaction indicator with a “hasContext-Argument” relation.
· Strength of Evidence (optional)
The strength refers to the scientific research evidence for the interaction. The Strength of Evidence Span is linked to the interaction indicator with a “hasStrength-Argument” relation. 
· Severity of Interaction (optional)
The severity is reserved for contraindicated interactions.  The Severity of Interaction Span is linked to the interaction indicator with a “hasSeverity-Argument” relation.

Annotation Guidelines 
· Annotate events in all SPL sections but the first one (description). 
· Annotate entities and relations only if they play a role in an event.             
· Annotate only drugs, drug classes and substances mentioned explicitly as being taken or administered, not blood or serum levels.  
· With the exception of sentences missing objects and/or precipitants of the interaction event due to anaphora or ellipsis, annotations for an event cannot cross sentence boundaries. Do not borrow terms from other sentences, unless it is a drug name, drug class or substance and anaphora is not available or cannot be used because information about the object and the precipitant will be lost. Strength of evidence and the context for interaction should only be captured if they are in the same sentence with the interaction. If the interaction sentence does not contain the object drug or the precipitant drug, link the closest occurrence from the preceding text.
· Do not annotate sentences that only mention one drug unless:
· it is very clear that two drugs are being discussed (e.g. there is a section header)
· terms are present that imply the administration of two drugs (e.g., co-administration, combination, concomitant, concurrent, potentiation, both drugs).
· If an entity includes a period, annotate the text span up to and including the period, and use the BRAT add fragment option to annotate the remainder of the text span.
· Do not use the notes field in Brat unless necessary for clarifications during the validation process.

Entities
Drug classes
A useful rule of thumb to differentiate between a drug class and a drug is that a drug class is usually in plural (e.g. antihistamines).
Drug Class examples:
· Beta-adrenergic blocker
· Inhibitors of CYP3a4
· HMG-CoA reductase inhibitors that are cyp3a4 substrates
· Agents that attenuate alpha-adrenergic function
· Laxatives
· ganglionic or peripheral adrenergic blocking drugs (will split with post-processing)
· Class I or Class III antiarrhythmic agents (will split with post-processing)
· neuromuscular blocking agents (curare-like and depolarizing) (will split with post-processing)

Drugs
· Drug forms (also known as dose forms in RxNorm) are annotated, while drug doses are not. 
· If more than one occurrence of the same drug is present in a sentence, annotate the occurrence that is the object or the precipitant of the interaction. Link the two occurrences with a “Coreference” relation if needed to understand the role of the drug in the interaction.
· Annotate drug combinations as a drug.
Examples:
· saquinavir plus ritonavir
· lopinavir plus ritonavir
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Drug form examples:
· oral macrolides
· sustained-release verapamil
· timolol eyedrops
· intravenous administration of LASIX
· inhalation anesthetics
· nitroglycerin ointment
Substances
Substance examples:
· grapefruit juice
· alcohol
· potassium-containing salt substitutes
Context for interaction 

Context for interaction examples:
· elderly
· diabetic patients
· pregnant patients
· sodium depleted patient
· patients who have heart failure
· compromised renal function
Strength of evidence 
· Must include a specific type of study and/or number of patients referenced.
· Do not annotate named studies (e.g. DIAMOND trial) that do not provide any additional information.
· Interactions observed in animal studies should be annotated.
Strength of evidence examples:
· randomized clinical trial
· report of two patients
· randomized placebo study
· 3 of the 8 patients
· in a small number of patients
· in isolated cases
· one study in six subjects
· case reports
· animal studies

General mentions of studies should not be annotated as Strength of Evidence. Examples that do not get annotated:
· clinical trial
· literature reports
· clinical data
Severity of Interaction
Use to annotate the level of caution. Contraindicated is regarded as the highest level, meaning that the two drugs should not be used together at all.
NOTE: If no other interaction terms are available, the same span of text may be used for the interaction and for severity.

Severity of interaction examples:
· Concomitant use of verapamil is contraindicated.
· Inhibitors of renal cationic secretion are contraindicated with TIKOSYN.
· Except in life-threatening situations, avoid this combination.

Interactions
· Annotate each occurrence of an interaction, even if an interaction is mentioned several times.
· Annotate each interaction separately even if they are close together in the text and are separated by coordination or punctuation, e.g.; reports of myopathy/rhabdomyolisis.
· Do not include drug names in the span of text referring to the interaction.
Examples:
· increase systemic dofetilide exposure
· reduce lithium's renal clearance
· lower peak serum furosemide concentrations
· potentiate their toxicity
· Do not include the resulting numbers or percentages of increased or decreased interactions.
Examples:
· Cmin of R-verapamil increased by 40%
· can increase serum digoxin levels by 50% to 75%
· has been shown to increase dofetilide plasma levels by 58%
· the pharmacodynamic effect increased by 197%
· The object for interaction is usually the drug label drug for specific interactions and caution interactions unless the description of the interaction specifically and clearly refers to a different drug/substance being affected. 
Example:
· Verapamil significantly counteracted the effects of quinidine on AV conduction 
· The object for interaction is the drug/substance whose effect is altered by the precipitating entity for increase interactions and decrease interactions.
·  When specific interactions are discussed at a general level and then a more specific term is noted, often in parentheses, annotate the more specific term only.
Examples: 
· Drugs that interfere with the metabolism or renal elimination of dofetilide may increase the risk of arrhythmia (Torsade de Pointes).
· Increased sensitivity to the effects of lithium (neurotoxicity)
· Do not annotate a general caution interaction if a more specific interaction is present in the same sentence unless it there is a contraindication interaction (caution) in which case both should be annotated. 
Examples:
· Inhibitors of this isoenzyme (e.g., …..) should be cautiously co-administered with TIKOSYN as they can potentially increase dofetilide levels
· LASIX should not be used concomitantly with ethacrynic acid because of the possibility of ototoxicity
· Co-administration of drugs prolonging the QT interval (such as certain phenothiazines, tricyclic antidepressants, certain macrolide antibiotics, and Class I and III antiarrhythmics) is contraindicated because of the potential risk of Torsade de Pointes-type ventricular tachycardia.
· Concomitant use of ketoconazole as well as other potent CYP 3A inhibitors such as itraconazole, voriconazole, ritonavir, clarithromycin, and nefazodone is contraindicated because exposure to dronedarone is significantly increased.
· When specific interactions are discussed at a general level and then illustrated with more specific examples, annotate both the general description and the specific symptoms.
Examples:
· Nitritoid reactions (symptoms include facial flushing, nausea, vomiting, and hypotension) have been reported rarely in patients....
· may result in deterioration of renal function, including possible acute renal failure
· There have been reports of excessive bradycardia and AV block, including complete heart block, when the combination…
· Drug class and drug class members – sometimes both the drug class and its members are mentioned.
· When the drug class members only serve as examples of the class and are not exhaustive, use the drug class to annotate the interaction, and use the drug class member relationship to link the class members to the drug class.
Examples: 
· reported with inhibitors of CYP3A4 (e.g., erythromycin, ritonavir)
· drugs that are actively secreted via this route (e.g., triamterene, metformin, and amiloride) should be co-administered
· ‘e.g.’ can be replaced with: ‘for example’, ‘such as’,  ‘including’, ‘like’, ‘as in’
· When the interaction involves only some (but not all) members of the drug class, use the drug class members to annotate the interaction, and use the drug class member relationship to link the class members to the drug class.
· Examples:
· drugs that are combined P-gp and CYP3A4 inhibitors (ketoconazole, ritonavir, clarithromycin, erythromycin and fluconazole), increases in rivaroxaban exposure
· Use of potassium-sparing diuretics (spironolactone, triamterene, amiloride) or potassium supplements concomitantly with
· [bookmark: _GoBack]use of NATRECOR with drugs affecting the renin-angiotensin system (i.e., angiotensin receptor blockers and/or angiotensin-converting enzyme inhibitors) or other afterload reducers
· Avoid including modal verbs in the annotated span unless necessary to retain meaning of the interaction (should, could, would, might).
· Do not annotate the reason for or the explanation of the mechanism of interaction.
Example:
· Literature reports indicate that coadministration of indomethacin may reduce the natriuretic and antihypertensive effects of LASIX (furosemide) in some patients by inhibiting prostaglandin synthesis.
· The management of the results of a drug-drug interaction should be annotated as a caution interaction.  It is permissible to have two caution interactions in a sentence.
Example:
· There may be a need for dose adjustment of moexipril and/or the discontinuation of the thiazide diuretic.
· There may be a need for dose adjustment of moexipril and/or the discontinuation of the thiazide diuretic.
· Dosage reduction of Lotensin and/or discontinuation of the diuretic may be required.
· Dosage reduction of Lotensin and/or discontinuation of the diuretic may be required.
· Limit the dose of simvastatin in patients on verapamil to 10 mg daily.
· Antidiabetic drugs (oral agents and insulin) - dosage adjustment of the antidiabetic drug may be required
· Generally, do not annotate after the phrase “secondary to” or before the phrase “consequently to” (mechanism of interaction).
Examples: 
· Concomitant use of cyclosporine and LASIX is associated with increased risk of gouty arthritis secondary to LASIX-induced hyperurecemia and cyclosporine impairment of renal urate excretion
· There is evidence that treatment with phenytoin leads to decrease intestinal absorption of LASIX, and consequently to lower peak serum furosemide concentrations
· If a sentence has anaphora to specify an interaction, and the only additional information for the interaction is a context, do not annotate.
Example:
· This is more likely to occur in patients with preexisting renal impairment.
Caution Interaction
Use to annotate spans of text indicating general precautions about the use of two entities together without specific mention of an effect. 
Caution interaction examples:
· should be withheld 
· Betapace AF should be administered cautiously 
· The use of TIKOSYN in conjunction with other drugs that prolong the QT interval has not been studied and is not recommended. 
· Except in life-threatening situations, avoid this combination
· must be used with caution
· should be observed closely
· Do not co-administer aliskiren with Azor
· Limit the dose of simvastatin in patients
· Monitor renal function periodically in patients
· Closely monitor blood pressure, renal function and electrolytes in patients
Increase Interaction
Use to annotate spans of text indicating increase of plasma levels, overall (not a specific) side effects, pharmacological action or physiological effects of the object drug. Indication of intensity should not be included in the span. Toxicity of a drug is an increase interaction.
Increase interaction examples: 
· Verapamil may increase blood alcohol concentrations and prolong its effects
· Verapamil may increase blood alcohol concentrations and prolong its effects
· verapamil may potentiate the activity of neuromuscular blocking agents 
· LASIX and these other drugs may result in elevated serum levels of these drugs and may potentiate their toxicity
· LASIX and these other drugs may result in elevated serum levels of these drugs and may potentiate their toxicity
· could increase systemic dofetilide exposure
· has been shown to increase dofetilide AUC by 103%
· diuretics because they reduce lithium's renal clearance
· prolongs recovery from the neuromuscular blocking agent vecuronium
· inhibitors of CYP3A4 (e.g., erythromycin, ritonavir) causing elevation of plasma levels of verapamil
· Oral administration of nitroglycerin markedly decreases the first-pass metabolism of dihydroergotamine
· Lithium toxicity has been reported in patients receiving lithium concomitantly
· may experience salicylate toxicity
Decrease Interaction
Use to annotate spans of text indicating decrease of plasma levels, overall (not a specific) side effects, pharmacological action or physiological effects of the object drug. Indication of intensity should not be included in the span.
Decrease interaction examples: 
· Methotrexate …… may reduce the effect of LASIX
· colesevelam hydrochloride reduces the systemic exposure and peak plasma concentration of olmesartan
· colesevelam hydrochloride reduces the systemic exposure and peak plasma concentration of olmesartan
· and consequently to lower peak serum furosemide concentrations
· inducers of CYP3A4 (e.g., rifampin) have caused a lowering of plasma levels of verapamil
· Therapy with rifampin may markedly reduce oral verapamil bioavailability
· Phenobarbital therapy may increase verapamil clearance
· The administration of guanfacine …… reportedly resulted in significant reductions in elimination half-life and plasma concentration.
Specific Interaction
· Use to annotate spans of text indicating specific effects resulting from the interaction.
Specific interaction examples:
· because of possible additive effects on atrioventricular conduction or ventricular function 
· because of possible additive effects on atrioventricular conduction or ventricular function
· concomitant use of verapamil and quinidine resulted in significant hypotension 
· has led to increased bleeding times greater than observed with aspirin alone 
· verapamil may result in additive negative inotropic effect
· concomitant therapy with Betapace AF because of their potential to prolong refractoriness
· antihypertensive effect of angiotensin II receptor antagonists, including olmesartan medoxomil may be attenuated
· with emphasis on preparations that may affect the pharmacodynamics of Betapace AF
· can increase the risk of bradycardia
· administration of sucralfate and LASIX tablets may reduce the natriuretic and antihypertensive effects of LASIX
· administration of sucralfate and LASIX tablets may reduce the natriuretic and antihypertensive effects of LASIX
· respectively and consequently in a 25% reduction in the bradycardic effect at rest
· case reports of patients who developed increased BUN
Specific interactions that present as a disease, sign or symptom could have a qualifier as part of the name.  In these cases the qualifier should be included in the annotation, e.g.: significant bradycardia, severe pre-eclampsia. (If in doubt, check in the UMLS for disease terms).

Relations
Anaphora
Anaphor is an expression referring to something mentioned earlier in the text.
· If the antecedent is an interaction event, also annotate the text as a Span.
The anaphora “such an effect” in line 242 refers to “reduction in blood pressure” in line 241.  In this case, the antecedent is an interaction event.
· An expression (entity) cannot be linked to an interaction event.  It must be linked to another entity via a “Coreference” relation.
· Annotate the interaction in line 241 as a SPAN in addition to the interaction annotation.
· Annotate the anaphora in line 242 as an expression and also as an interaction, using the same interaction indicator as above.
· Link the expression to the SPAN with the “Coreference” relation.
· Annotate the interaction in line 242 per the above guidelines.
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The text “other drugs” in line 120 refers to “drugs that undergo tubular secretion” in line 119.  In this case, the antecedent is an entity (drug class).
· Annotate the anaphora in line 120 as an expression
· Link the expression to the entity with the “Coreference” relation
· Annotate the interaction in line 120 using the expression instead of the drug class
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The text “they” in line 73 refers to “inhibitors of this isoenzyme” in line 73, which refers to “Inhibitors of the CYP3A4 isoenzyme” in line 72.  In this case, the antecedent is an entity (expression).
· Annotate the second anaphora in line 73 as an expression
· Link the second expression to the first expression with the “Coreference” relation
· Annotate the interaction in line 73 using the second expression

[image: ]
Fragments
· An expression cannot have the same full or partial span of text as an entity.  If an expression text span is also a part of an entity text span, annotate the entity without the text span in common.  Annotate the expression in the normal fashion.  The expression is linked to the entity with a “hasFragment” relation.
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· An entity cannot have the same full or partial span of text as another entity.  If entity text span 2 is in the middle of entity text span 1, annotate the text span before entity 2 as entity 1.  Annotate text span 2 in the normal fashion.  Annotate the text span after entity 2 as Span.  The Span is linked to entity 1 with a “hasFragment” relation.
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