Why is it important?

Combining the ATC Drug Classification System with the Results and Validation

ATC, developed by the WHO, is the most commonly standard in . .
pharmacoepri)demi}cl)logy pharmacovigilance pharm};coeconomy and RXNOrm D rug NOmenCIatU re IntO d com prehenSIVe D rug Of all 4,964 ATC 5%-level concepts 3’(809 (;7%;;) are map)ped to RxNorm concepts.
: : ’ ’ ’ ] Among the mapped ATC codes, 518 (10.4% of the total) were unambiguous and
observational in the world. OMOP uses RxNorm as a standgrd for mgrketed OntOIOgy: Chal Ienges and ACh |evements covered any RxNorm concept containing that ingredient with no additional attribute
drbug protQUctls, fnc?! a (T,froAﬁ_s(\évzlk betlween ATCC??ddR?Norm IS essential for constraints, while the others underwent the above heuristic. Unmapped codes include
SlogrsirellonE]l sthelize | fig) tlezsiags Lzl Uo e Elle Eqpoilie. unapproved ingredients in the US (e.g. AOBAA06 etilamfetamine), combinations of
Currently, the link happens between ATC level 5 concepts and RxNorm Anna Ostropolets, MD', Hamed Abedtash, PharmD, PhD?, Peter Rijnbeek, PhD, Marcel de Wilde®, Alexander ingredients not marketed in a supported region (e.g. A10BD12 pioglitazone and
Ingredients. But this link is "greedy” and can result in gross Davydové, Olha Marushchak#, Christian Reich, MD5 sitagliptin), and ingredients with non-typical ROA (e.g. V10AA03 yttrium (90Y) silicate
misclassification, because route, dose and indication information implied in " Columbia University, New York City, NY, USA,? Eli Lilly & Company, Indianapolis, IN, USA, colloid).
the ATCS Concepts is lost in this crosswalk. Moreover, only simple mono- 3 Erasmus University Medical Center, Rotterdam, The Netherlands,? Danylo Halytsky Lviv Ngtional Medical University, :
ingredient ATC 5th Concepts are matched |eaving combinations and LVIV, Ukl‘aine, 5IQVIA, Cambl’idge, MA, USA, 6OdySSGUS Data SerVICGS, Cambl‘ldge, MA, USA NLM Crosswalks Comparlson
multicomponent drugs uncovered. i -to- i
P J Flegrtfjéfrr?éf\c'l'eCot/oe:T;Norm MAPPING  Lble 1. Our and NLP Our NLM
Process P P- approach comparison approach approach
_ Multi-component drugs
ATC Stru cture and Cha”enges From the original five-level ATC hierarchy, we sought to create two types of connections: y N . .
ATC 5t Jevel i N Complicated groups:
1. From the lowest level ATCS system to RxNorm Drug Products _// Z‘;‘; e \ uling. vaccines
Figure 1. ATC Classification structure. 2. From any level ATC to the relevant drug ingredients. o | | Adjusting for ROA
Connecting these ATC codes requires to not only match the active ingredient, but also the other attributes such as \ 8
indication, therapeutic usage, route of administration (which is closely related to dose forms) or drug strength , B RxNorm Clinical Drug
| o ) . | coverage
1st Level: ' o '/' ommon . r::;c ff
A Alimentary tract and metabolism Figure 3. Mapping of individual ATC 5th level \ T [ S /23,931 RxNorm concepts out of a total of 33,872
\ g PpPINng 2931 . __
T concepts : (71%) have an ATC ancestor of Clinical Drugs,
AO1 Stomatological preparations Pharmacological or Therapeutic rl?out.e can atlslo be | Figure 4. Mapping and ancestry relationships for ATC 1st — 5th |evel compared to the mapping provided by the NLM
AO1A Stomatological preparations / Chemical,3I:r>o;1|a_rer:1,g!::ological or preézéfazrgr?so e I dA;C JOI1CR03 hib COﬂCGptS - . _d . 5)271[7;)/0) It InEIUde nOt Ogly m0r1|0|ntgrdedlegt drugs,
Therapeutic ticarcillin and beta-lactamase inhibitor Ancestry relationships . ut also combinations and complicated an
AO1AB Antiinfectives and / o I4Ft>theveI: - Route can also be here: ROA: parentera NTC 17 C CARDIOVASCULAR SYSTEM All cardiovascular agents ambiguous groups (Table 1).
antiseptics for local oral treatment Teranct o local oral treatment ATC Substance ATC ROA ATC 20 |C09 AGENTS ACTING ON THE RENIN-ANGIOTENSIN SYSTEM Jrivevmisiptapiaiaiiviidesatitiiill Since the ATC hierarchy is not comprehensive, we do not expect to cover all drugs,
AO1AB23  minocycline 5" Level: Active ingredient + beta-lactamase| | _ticardillin arenteral S — T but our approach allows to automatically expand the mappings once ATC is updated
Full name: minocycline oral 1mg Chemical Substance o it clese (i e inhibitor : \ ACE INHIBITORS, PLAI isnopril  Hydrochlorotiazide amlodipine - - 0 '
arcae  |C00B ACEINHIBITORS, COMBINATIONS oo i elodioine Compared to the NLM-provided cross-maps, our approach yielded 93% overlap
e — (Figure 5), and covered 673 additional concepts as we also processed multi-
i CO9BA ACE lnhlbltors and dluretlcs o ACEnhibitors  Diuretice . .
ATc 4 ; - lisinopril Hydrochlorothiazide Component drugs and Comblnatlons
RxNorm Ingredients RxNorm Dose Forms | ‘7 ramipril piretanide
ATC drugs are classified into multiple levels (Figure 1) according to the main 10167 Subactam | | 10591 ::jzggg:: gzlsl:)t;?l;]ion ATC 5t co9BBoslisi‘n.opTi| andgiqregcs o rothiaside Validation on patient data
therapeutic use of the main ingredient. However, the same ingredient can be 1945213 Vaborbactam | oo™ Prefilled syringe etc. s ram'pr""“”dd'””““'“\
. . . . . - - 1603834 avibactam : N ramipril
used in different indications, oftgn requiring dnfferent drug forms an.d/or dru.g 207 Clanianst Mappmgrelat.onshm% " Ziz’ﬁ?o:imthmide We validated our approach on the IPCI database by comparing the number of records
strengths: Fo_r example,. the various th_erapeutlc purposes of prednisolone is oxalactam o e el DrigFor coded under an ATC code when using our approach versus G-Standaard RxNorm
reflected in differences in the formulation: '. i itsdesce/ndams codes assignment (Figure 7).
AO7EA01 - enemas and foams; S02BAO03 - otic forms. orm Drog Products iyerochiorthiide Ramipr el Tblt Our analysis included  Figure 7. Validation plot. X axis represent the number of
CO5AA04 - sup_positories; 8530§6 Cla.vulan?te 1 MG/ML / Ticarcillin 30 MG/ML Injectable p""‘ta“'dejnﬁatmh;ﬁ:':,ggjgzt;ffs CllnlCal Drug Forms records per an ATC code (a dot) using source data RxNorm
DO?AA03 ) toplcal f9rms; g?lgjztlloglglt:?ae::tlgl/Ticarcillin Injectable Solution [Timentin] etc. and ga_med 91 % COdeS aSSignment and Y aXiS represent the number Of
HO2ABO0G6 - oral and injectable forms; matching (3990 records gained using our approach.
R0O1ADO2 - nasal forms; concepts out of 4358)
S01BA04 - ophthalmic forms; Figure 5. Elimination process between our approach
Th i : : th After deriving combination and Some ATC classes that R Combination clple the manual.
e associated drug forms often are not explicitly defined at the 5" level, but need dose form attributes. the highest GG eahi e mapping. We missed
to be inferred from the ATC levels 2-4, Ilkely causing confusion. and most appropriat,e Rch?rm 1.From precise form to general: 5% of ATC-RxNorm
Ibuprofen is an example of division by high and low strength for different concepts are selected based on AO7EAO] prednisolone opic g%ﬁf:gllf?ﬁs t;_;g;‘ g;c)f?odwgs crosswalks, mainly
Indications: the Slmllarlty of attributes USing e : systemic forms ;xcluding those because of depreCated
MO1AEO1  ANTIINFLAMMATORY AND ANTIRHEUMATIC 1200 mg Parenteral [N SSnepsre gl c L. Pymene f. RxNorm concepts. We
CO1EB16 CARDIAC THERAPY 5 mg Parenteral RxNorm hierarchy is followed e i 2.From precigs:n:::lg in comboto  NEFNel dlicrepan(:les in
. prednisolone i : ATC 5! |level code
ATC also covers fixed combinations, which need to be linked to the correct dﬁwn to.SIijnd the dmipp;?g o S s st assignment for 4% of
drugs. The combinations can be defined between ingredients, and groups of all possible descendants. D07CA03 prednisolone — Popeeme records. Table 2
_ : descendants Over|ap we S antibiotics D07CA03 — to prednisolone and any
iIngredients : . 7 and antibiotics antibiotic excluding those already presents the examples
established a ranking system to mapped to VO3ABOS, £ di : 9
prioritize matching based on ATC  [A01ACS4 prednisolone, t T
Figure 2. Fixed combinations in ATC attribute complexity (Figure 4). combinations - . mapped to DO7CA03 and VO3AB05) eir analysis. | _ _ _
Table 2. Analysis of mapping discrepancies.
ATC com b| N ati(')n scéna riOS _ _ _ _ _ _ _ _ Source RxNorm concept  Our ATC assignment  G-Standaard ATC Comment
Briefly, defined component combinations come first (e.g., NO2AJ13 tramadol and paracetamol); combinations with | | assignment | -
G a ° G e broader groups second (e.g. NO2BE71 paracetamol, combinations with psycholeptics), and single-substance ATC Eﬂ'gf“;%‘i‘;giz:'luge?'°3 oL oLt impossible to distinguish
. — 5t concepts last (NO2BEO1 paracetamol). In this way, we eliminated pseudo-duplicates that might have been medroxyprogesterone GO03DA02 LO2AB02 We do not account for different daily
Single Combination of Combination of Combination of Combinations of assianed other ATC 5th-level codes acetate 200 MG Oral Tablet medroxyprogesterone medroxyprogesterone dosages, yet
ingredient A ingredient A + ingredient A + group A + group B Jllingredients within J : . ' . . . L . Sodium Hyaluronate 23 MO9AXO0 S01KAO1 The source does not account for ATC
ingredient B aroup B aroup A On the form level, we first defined all the Clinical Drug Forms that are applicable to an_ATC with a certain ingredient WEIIL TssEkble Salion | el st e S5 ROA (MO9AXO01 —ophth., SO1KAO1-
Ingredient Al and ROA (e.g. C02DA01 diazoxide, parenteral form) and mapped them to corresponding RxNorm Drug Products. parent) |
Ingredient A Ingredient A Ingredient A Ingredient A2 Ingredient A1 Second, we mapped the ATC concepts with the same ingredient but without defined ROA to the remaining RxNorm | Yromyein 9.2 MIs/ML LO1DCOS SO1XA Other. Our mapping is more precise
Ingredient B Ingredient B1 Ingredient B1 Ingredient A2 ST : : : : : phthalmic Solution mitomycin ophthalmologicals
5 | 5 Giort B9 | 5 Gt B0 o diont A3 Drug Products eliminating ones from the first step (e.g. VO3AHO1 diazoxide, no ROA defined). In this example,
nerecient nerecient bl C02DA01 was mapped to 374410 Diazoxide Injectable Solution and its descendants, and VO3AHO01 to 371788 _
: : Diazoxide Oral Capsule, 371789 Diazoxide Oral Suspension and 378824 Diazoxide Oral Tablet. Conclusion
Required links to RxNorm
Our semi-automated mechanism preserves the correct mapping between ATC and
All drugs with A~ BRAIl drugs with All drugs with All drugs with All drugs with o 00, COLUMBIA drugs, but also maintains a semantically correct assignment of ingredients. This
AtB Q:EL 2532, ﬁi:iéﬁl‘“iﬁm ﬁ;’;g' :11::23; . n— I Q V | /\”" COLUMBIA UNIVERSITY will allow OMOP vocabulary users to use ATC as the standard classification system
By ’ ODYSSEUS — - ° BIOMEDICAL INFORMATICS for drug products. We are currently working on the mapping to extend the mapping to
DATA SERVICES INC remaining ATC codes that will mostly cover indications and non-therapeutic agents

(e.g., media contrasts).



