Identifying Drug Interaction Effects on Myopathy at the ATC Group Level
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1. BACKGROUND 3. RESULTS

Mining high-order drug-drug interaction (DDI) induced adverse drug effects (ADEs) from Selected combinations of antecedent and consequents for ATC code combinations were
electronic health record (EHR) databases is an emerging area, and very few studies have analyzed and top odds ratio findings were reported (Table 1 and Table 2).
explored the relationships between DDls.
The combination of the ATC codes most present in the odds ratio top findings are shown
We previously studied a novel pharmacovigilance problem for mining directional drug in Table 1. The top finding SO1H, SO1A --> SO1H, SO1A, A02B is a two ATC code
interaction effect on myopathy [1] using the FDA Adverse Event Reporting System combination of local anesthetics and combinations with antibiotics which when a drug in
(FAERS) database. the AO2B group representing drugs for Peptic Ulcer and Gastro Osteophageal Reflux
disease is added produces a drug-drug interaction that leads to a substantial increase in
Given over 1,500 FDA approved drugs, the number of candidate directional ADE effects the risk of myopathy odds ratio = 43.093. This means that the myopathy risk for patients
between two drug combinations could be prohibitively huge, and many of these drug taking the combination of local anesthetics, combinations with antibiotics, and Peptic
combinations have zero or very few occurrences in the data. Ulcer and Gastro Osteophageal Reflux disease is 43.093 times higher than that for patients

taking only local anesthetics and combinations with antibiotics.
Since different drugs could share similar pharmacological and other properties, grouping

similar drugs together and performing group-level analysis instead of drug-level analysis
could dramatically reduce the problem dimensionality, boost the drug-group combination
occurrences in the data, and yield high-level and interpretable results.

Table 1: OR Top 15 Findings All ATC Combinations Table 2: Top 15 OR Results for 1 ATC Code = 2 ATC Code
ATC Code Antecedent ATC Code Consequent Odds Ratio Antecedent ATC Code | Consequent ATC Code | Odds Ratio

SO01H,S01A S01H,S01A,A02B 43.093 VO3A VO8C,VO3A 16.077
JO1A,J01R,R03A JO1A,J01R,R03A,A02B 20.791 DO6B D06B,NO6A 15.643
VO3A,CO3E,RO3A,NO6A VO3A,CO3E,R03A,NO6A,A02B | 20.295 V08C VO8C,\VO3A 10.5369
RO5C,J01M,R03A RO5C,J01M,R03A,A02B 20.062 BO3X V08C,B03X 10.3946
RO3B,NO5A,C09B,N0O3A RO3B,NO5A,C09B,NO3A,A02B | 19.931 D06B D06B,A02B 10.110
RO3D,NO5C,NO5A,NO3A RO3D,NO5C,NO5A,NO3A,A02B | 19.907 V08C V08C,BO1A 9.6488
G04B,CO3E,N0O5C,C09B G04B,CO3E,NO5C,C09B,A02B | 19.898 V08C V08C,B03X 9.0679
AO04A,C07F,NO5B,C09B AO4A,C07F,N0O5B,C09B,A02B | 19.663 JO1C JO1C,M03B 8.606
JO1M,C09X,N0O5B JO1M,C09X,N0O5B,A02B 19.615 RO2A RO2A,M05B 8.5184
C01D,A06A,N02B C01D,A06A,N02B,A02B 19.397 V08C V08C,CO7F 7.7568
CO3D,R05D,CO7F C03D,R05D,C07F,A02B 19.029 V08C V08C,C09B 7.5718
A10A,RO6A,M01A A10A,R06A,M01A,A02B 18.421 BO1A V08C,BO1A 7.3581
BO3X,R01A,CO7F BO3X,R01A,C07F,A02B 18.301 NOS5A RO2A,NO5A 7.3291
VO3A V08C,B03X,VO3A 18.275 MO1A RO2A,M01A 6.9336
VO3A VO8C,V03A,B01A 17.706 V08C V08C,A02B 6.8942

Therefore, in this work, we propose to perform high order directional ADE effect analysis

at the group level, using the Anatomical Therapeutic Chemical (ATC) classification system.
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We employed the 3"-level ATC codes to define drug groups using their shared therapeutic

properties. Each drug group was re-annotated as a new drug, and its interaction with other

drugs and/or drug groups was treated just like individual drugs.

Figure 2. Drug network N

The analysis was applied to the FAERS data (between Q4 2012 and Q2 2015), which were visualization. Significant &

de-duplicated and standardized using the AEOLUS pipeline [2]. Using the frequent itemset odds ratios associated RN ® &
=\

[EY
w
[EY
w

[EEY
S
[y
B

[HEY
(%2}
[y
(%2

mining FP-Growth implementation, we analyzed frequent ATC combinations in FAERS. with baseline = two ATC Z/ o

JO1F

combinations are shown
As shown in Figure 1, we estimated the odds ratio (OR) of the directional myopathy risk by the edge’s

from taking ATCC, to taking ATCC, U ATCC,, where both ATCC; and ATCC, are frequent. transparency within the o >

VO3A /

network. The hub
(A) T- EAERS Dataset surrounding VO8C, the
4,788,126 recorded cases nub at RO2A, and the
nub at HOS5A are
‘ nighlighted and warrant
further analysis.

(B) Tw : Myopathy (C) FP Growth on T min_sup =300 .

129,656 recorded cases Returns 215,000 Frequent Itemsets
Single code: 189; Two codes: 6,629; 4- CONCLU SIONS

Tam : Non-Myopathy Three codes: 47,204; Four codes: 89,079;

Five codes 57,634, Six codes 13,440; Seven codes 825; ] ] ] ] . i .
4898,406Tecarded cases Greatar ST Eighteades: 0 The directional drug interactions capture the ADE risks introduced by additional drugs

taken on top of a set of baseline drugs. These patterns provide novel and valuable
‘ l pharmacovigilance knowledge with potential to impact clinical decision support.

(D) FP Growth on T, min_sup = 12 (E) Counts Table = {T N Tnm} We proposed an innovative computational framework to perform high order directional
Returns 16,957,706 Frequent Itemsets RetUmE 131970 UniguE Frequent itemsets ADE effect analysis at the group level, where the Anatomical Therapeutic Chemical (ATC)

Single code: 184; Two codes: 7,411; Three codes: 89,719; e e ———— codes were employed to define drug groups using their shared therapeutic properties.
Four codes: 462,620; Five codes: 1,251,986; Six codes: 36,068: Four codes: 56,222: Five odes: 28,561 Six

2,048,065; Seven codes: 2,221,783; Eight codes: 1,828,973, , ST, . . : .
A A S PR codes: 4,908; Seven codes: 187; Eight codes: 0
NG oA AOZ O T Te 0 des LA0I T8 Elev Gl ¢ ol g dOur resE Its |nd|catfe]c that ATC Ievlel groupmgs aIIovI; I;cl)r t;\ rgeteo: Ozlmaly5|s -OT| w;te;estmi
1,600,128; Twelve codes: 1,539,025; Thirteen codes: L —— rug subgroups, offering a new lens to interpret s that could potentially lead to the

1,253,442; Fourteen codes: 852,740; Fifteen codes: dlscovery Of pre\”ously unknown rela“onsh'pS.
480,625; Greater than Sixteen codes: 334,836

Organized Counts Table / Our study has shown that by reducing all the complete ATC codes in the DDI data to a
(F) ATC Code combination (ATCC) lower level, it is possible to investigate myopathy-inducing DDIs from a broader chemical
scope than the traditional individual-drug analysis.

ATCC, = (ATG,;,... ,ATC)

Further biological and chemical analysis on our findings of myopathy-inducing group
ATCGC, = (ATGyy,... ,ATC,) interactions could yield valuable insight on those respective groups and DDIs. In
particular, these identified ADE signals are at higher-level and potentially easier to
manage than those discovered at the individual level.

ATTG; = (ATG,,..., ATG , ATG,4, ..., ATC,)
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Figure 1. The workflow for mining drug interaction effects at the ATC group level. Acknowledgements: Supported in part by 1S 1827472 and IS 1622526.




