RT-CDM: Extending OMOP-CDM for
Tomography Imaging Data

Varvara Kalokyril, Haridimos Kondylakis?!, Stelios Sfakianakis!, Katerina Nikiforakil, Simone Mazzetti2-3, Nikolaos
y y

Tachos? Dimitrios |. Fotiadis*, Konstantinos Mariast, Manolis Tsiknakis?

1. Motivation

* Clinical experts defined all , , , and

» The largest dataset of anonymized prostate cancer (PCa) mpMRi data that needed to be collected
images worldwide » Existing approaches on the domain were reviewed along

> Develop robust Al vendor-specific and vendor-neutral Al models with existing (oncology extension,

for 9 PCa clinical scenarios radiology extension)
with the current OMOP-CDM model » |terative discussions between clinical experts and Al

model experts (defined a set of needed to

be addressed)

» Locate datasets for UC1 or to develop a Lesion Segmentation,

Vendor Specific (e.g. Siemens) model:
* For patients with gleason score >= 3+3 and PIRADS>=3, retrieve all the T2w Axial
DICOM series from a Siemens scanner with slice_thickness<=3 and their 3. Contribution
corresponding lesion segmentations.

Use cases mapped along the prostate cancer management continuum Our prOPOSed mOdGI:

1. Incorporates standardized attributes for the most important
i - e DICOM tags as well as measurements derived from medical images
| o DI 1R for three types of tomography imaging

Synchronous
metastasis

Low risk PCa

CO @ 2. Extends the model for registering and processes
© \8} 7 3. Allows for utilizing direct on medical images and all levels
_— e of the hierarchy of the Radlex lexicon for useful

9 Predicting the best treatment with low side effects/toxicity d a t a

Side effects

DETECTION CHARACTERIZATION/STAGING TREATMENT POST TREATMENT

e.g., a lesion is a PI-RADS score=4 could be derived by exploiting the ontology,
patient timeline . . . . . . .
— if lesion characteristics were coded by using Radlex annotations - enabling an
uc uc2 ucs3 uc4 ucs uUcCe ucz uce . . . o o . .
O G © O ® - a a %, image to be associated with specific lesion descriptors.

with high aggressiveness of metastatic histopathologic recurrence after recurrence after side effects in active surveillance treatment with low
accuracy characterization cases correlation prostatectomy radiotherapy and toxicity programs side effects/toxicity

DICOM Metadata Imaging Study linags Coration RSNAV S e
COLUMN EXAMPLE .
Tag Name Value RadlLex
imaging_study id 7654326 :
(0010,0020} Patient D 1422784 nerson_id 1422784 COLUMN EXAMPLE
me s e procedure_occurrence_id 1284758
|II:I:I:LF,EI:LI:., _..Jd':.- Date UL L8 Eare_S.:e_.d 97451785 curation Id :'2 488/
(0008,1030) Study Description MRI PROSTATE W WO CONTRAST radiology_study_date 2022-08-28 source_imaging_series_id 6787546
' ' protocol_concept _id 3047494 p g
- 103E} - e T N - - source imaging study id /6 26
'.EEEE,_Eﬁ:., Series Description & _SpC_IsT_aXial oo _:IrIJSZ-::I:e ﬁafufa[:_]rer_qaﬁ]e SIEMEMS MR SE”ES QUrce . imaging “y ‘ ¢ :\% i: .
(0008, 0060] . - manufacturer_ mode Skyra derived _imaging_series_id 5836754
'.l.-l.-l.-L:_ul.-Jl.-_. vioQa .':r' vl ._ " _ = : ;
number_of_images 2485 S il curation function motion correction
(0012,0015 Body Part Examined PELVIS number of series 3 imagine series id 6737546 s = . ! AAARNILLAL
o : T . e sa= - - curation method MANUA
OMOP-CDM < RT-CDM > radiology_study source _id 1.3.6.1.4.1.58108.1.738.. person id 1422734 x 7 OHDSI
(0018,0050) ce Thickne . : MBI DR ATE WA WA ) - ; “ura n software AN\
Oncology Ext 10018,0050) sliee Thickness L5 radiology_study_source_name MRI PROSTATEW WO ... echo type concept id RID10746 —* Spinecho curation_software AUV =
(0008,0070) Manufacturer SIEMENS tissue_contrast_concept_id  RID10735 —»T2 weighted curation software version 3.1 'mage AnnOtat'on
e Ima in Series repet :..3’._: me JEEE curator id 567 _
Imagin (0008,1090) e ”j'jr'_fr' HHEE Skyra ging echo_time 101 COLUMN EXAMPLE
ging Name magnetic_field strength 1.5
Person COLUMN EXAMPLE S - S : i
Stud e S S rre frequency_matrix 256 annotation id (PK) 3789764
(0018,5100 atient Position o - S
prssEeasl S - maging_series _id 6787546 Yo el . : LRy S 22
. _ - ) JEG_I'.' - R pNase_matrix ource imaging study id(FK) 7654326
(0020,000D) Study Instance UID 1.3.6.1.4.1.58108.1.738.. = e diffusion_bvalue e e BN R AN
B _ - ) o imaging_stuay_iq 7654326 temporal_reso ution 0 source imaging series id (f K) 6787546
(0020,000E) Series Instance UID 1.3.6.1.4.1.58108.1.262... radiology_series_date 2022-08-28 derived imaging series id 5896888
F 0012 00201 Scanning Sequence cF protocol_concept g 3047434 » MR Prostate WO and W contrast IV annotation datetime 2023-02-01
o2 le | L L] e B == WS JC A o |j" + = ) 110317 . .
Condition Procedure |mag|ng _1’_::_13”._7_[_ n:epn._ d, - ) ZJ:F_:; S Mag-netu: Resonance Imaging annotator id (EK) 5674532
Seri (0020,0011) Series Number 4 anatomic_region_concept ic RID2507 » pelvis SN
Occurrence occurrence erles ! :lEI:.'E'I:_:I'JSIZI'J'I_E'J'II:'ECIZ_.d RID10421 » supine| ) annotation status FINAL
|0020,1041) Slice Location 53.455810546875 patient_orientation_concept id  RID10463 » feet firs Provider annotation anatomic location RID351 » transition zone of prostate
, - . . R anatomical plane RID10579 axialpli i satigy el i e AT NOARTIRN i
(0028,0030) Pixel Spacing 0.6640625,0.6640625 - - o * COLUMN EXAMPLE maging_observation RID38780 > lesion
series_number < ANLIA
[ . i R clice I !U e 15 annotation method MANUAL
(0018,1050) Spatial Resolution 0.937% slice_tnickness 1 F 3 -
' ) slice_location 53.4558105468 75 user_id 5674532 annotation software name Quibim Annotation
(0008,0008) mage Type ORIGINAL', 'PRIMARY r-:-;-.-'__'.:::al:".g 0.6640625 name _ ﬂﬂlCEj Smith _ annotation software version v.1.2
00150057 Maeme el St i column spacing 0.6640675 contact info asmith@hospital.com annataMon raview statis
B LG, UG VidETTELUIL FIETU SLTETIEL . - = . . . . W/ 3 ! - Y LA LUS
' - - - spatial_resolution 0.9375 organization The A hospital SRR o SRS VA (2
. d 1I0Lati0} eviewel C \
(0018,1310) Acquisition Matrix 256, 0,0, 192 pixel_data_characteristics ORIGINAL ti Radiologist ‘
Measurement : : : (0018,1310) 9 256, 0, 0, 192 Bl expertise 8 snotation: veiisar datstirvig
MR Series CT Series PET Series patient_exam_characteristics PRIMARY : annotation_review_datetime
(0018,9087) Diffusion b-value ) R ‘ years_of_experience 10
LM ! . e num_images 24
(0020.0110} Temporal Resolution 0 series_description_source value T2 spc rst_axial ob
[ ] [ ] (]
= Data rrom more than 9,600 with more than 69,000 series and 5,600,000 images
¢ ’ y y ’ ’
° ° ° ®
on Prostate Cancer acquired from the ProCAncer-| plattorm have already been integrated using the RT-CDM extension
“Lesion size,  “Site of wp| “Gleason Primary “Gleason Secondary
Bl Vici " . PI-RADS ry
: - “Baseline Visit- easuremen largest dim.”  tumor” coqpe™  Pattern Grade 47 Pattern Grade 37
Collection of patients with confirmed PCa at biopsy and/or prostatectomy View Optional [':'.a—-nel - v . N e Collection of patients with contimmed PTa a1 bispsy Saa/or proiatectsmy Virw Optioral| || Saew - L H
o Fields R Person Visit Occurrence Baseline Visit Imaging _— e ] Pronpectrvs Field Value Value Value Value Value
inica = . — -
Field Value Field Value Value S — - — measurement id 50 60 70 80 90
B Jood foa ol S E50 Eree Jnq ) o B0 Ratio £38) Ooee = facehne person_id 1 visit_occurrence_id | 488651177 2 fzs s e fE| o person_id 1 1 1 1 1
7.2 23 319 104772021 (15 - " N . e=ptl _ [1a] “Primnary malignant -
L age st haselne: Td Ba t t d
el 7. [empty] Ls]] gender_concept id _ person_id L 1 Condition_Occurrencencoplasm of prostate’ measremer ;DHCEP -
- - PREVHELEE Ao nescksmy : value as concept id
[J Biopsy before MRI e 4090166 visit end datetime person_id | b 10 3
EX - L Lusions _ condition_concept_id unit_concept_id
o . =] MR Penithoe Dane | 10372020 [us] Dy aher Baseling PEA: 10 BE - - .
- “Digital examina- “Multiparametric cund!t!un oL = visit_occurrence_id
SSSSSS . ” " LieH ” i " B ] - | [—— - - )
Procedure_Occurrence tion of rectum MRI of prostate Biopsy of prostate Prostatectomy e S i C?I:Idltlﬂﬂ_t'y'pﬂ_c?ni:ept_l measurement source value diam1l location pi_rads gleasonl | gleason2
[+] MRI Pasitive Date: | 10/27/2021 [[75] Days after baseline PSA: 20 ] Broctabeciomy Perlormad visit_occurrence_id
SR S — . Field Value Value Value Value | _| cendition source value aslon value_source_value 10 BRPZpl 4 4 3
| Biopsy Herforme | Biopsy Positive yPe: | Systematic - T rT— v _ _ ) B _ inex ) )
procedure occurrence id 100 300 400 e = e Loceden Ro| ¥ | T PR el Gleseced| | | modifier_of_event_id
e PR - w | os lmweme o o o Js s s . : : :
[v] Prostatectomy Perform: person_id 1 | . - I | | | 1 | modifier_of _field concept_id
procedure concept id
Mal:::::;m‘l Mal::]{:ﬂ?mz IE:::I} Location X Y rad PI-RADS Gleason1 Gleason2 :_r;:[e;n procedure_datetime e — ||'I'Iﬂgll'lg_serlES MR=SE|'|E5
10 0.61 BRPZp 0 0 0 4 4 3 ® prDCEd ure_type_conce pt_id m;mmxamﬁmmE:TMMW Locwtion med Glaanon Sonee hasad on liopey Field Value Field Value
i : imaging_series_id 2357890 imaging_series_id 2357890
modifier concept_id L [— = =
visit_occurrence_id persan_id ] person id :
imaging_study id 12345 echo type concept id
Lesions Coordinate Systerm: | Pixel s |: ar - u = - = . .
T e Score based on Bi Free prostate specific Imaging_Study radiology series date 21/01/2000 tissue_contrast concept_id
rowvigde 2as0n »Core, dation a volume 5 on Fro SCLomTy. 52 1DCaton a 23a50n ore 52d on CIPsY. L e - ” i . . L~ -—- - — —
e e e e o e et Measurement Total PSA level antigen level Free:total PSA ratio Field Value e e repetition_time
Lesion location based on:  Prostatectomy Field Value Value Value imaging_study_id 12345 protocol_concept_id echo time 101
measurement_id 10 20 30 ) person_id . anatomic_region_concept id magnetic_field_strength 1.5
“On DRE of prostate  “MRI scan “Biopsy result person_id L 1 L Observation procedure occurrence id slice thickness frequency matrix
CO"ditiDﬂ_OCCUI’I’E“CE abnormality detected” abnormal” abnormal” measurement_concept id Field Value Cﬂnditiﬂn=ﬂccurrgn£‘iﬂ=‘|d FIEl.iEHt_PDEitiGﬂ_EDHEEPt_id FII'IES-E' matrix
Field Value Value Value measurement date observation_id 2222 care_site_id patient orientation concept id diffusion_bvalue
condition occurrence id 1000 2000 3000 measurement_type_concept_id person_id 1 imaging_study_date anatomical plane concept id temporal_resclution 0
person_id 1 1 1 value_as_concept_id - - - observation_concept_id protocol concept id series_number
d't'_ t id value as number 7.2 2.3 31.9 observation datetime _ Manufacturer name Siemen slice location
condition_concept_i unit_concept i [ sea2  ssa2  ss54 | observation_type_concept Manufacturer_mocel row Spacing 661
condition start date measurement source Eﬂ'ncept id 0 0 0 observation source value numher_uf_images 2 Cﬂlumn_ﬁpacing 0.664
condition e concept_id . — = cbservation_event_id her of seri _ - - -
It _type_ HEIE visit_occurrence_id 3 == = R e : I spatial_resolution _
condition status concept id : obs_event field concept | imaging_study_source_id 3.6.1.4.1,58108,1.7389 pixel data characteristics
visit_occurrence_id measurement_source_value PSA Total PSA Free PSA Ratio imaging_study_source_name| MRl PROSTATE W WO . e o e SRIMAT
condition source value DRE positive |MRI positive| Biopsy positive || value source value 7.2 2.3 31.9 number_of images 4

lInstitute of Computer Science, Foundation of Research and Technology Hellas, Nik. Plastira 100, Heraklion, 70013, Crete, Greece
> Department of Surgical Sciences, University of Turin, Corso Dogliotti, 14, 10126 Turin (TO), Italy

3 Radiology Unit, Candiolo Cancer Institute, FPO-IRCCS, Strada Provinciale, 142 - KM 3.95, 10060 Candiolo(TO), Italy
* Biomedical Research Institute, Foundation of Research and Technology Hellas, University Campus of loannina, 45110, loannina, Greece

roCAncer-|

This project has received funding from the European Union’s Horizon 2020
Research and innovation programme under grant agreement No 952159




