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“ Treatment trajectories in hematology / oncology gniveRsiTY OF
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— Not enough to consider one line of treatment! .

Treatment-free
observation
Treatment-free
observation
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Adapted from Niemann, Blood, 2020
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Treatment outcomes UNIVERSITY OF
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— Efficacy AND toxicity AND lenght matter! .

Treatment balance

Sum of
efficacy

Sum of
all AE’s

Duration
of AE

o T Sy
‘Time on treatment
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Niemann, Blood, 2023
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What we mean by having more data ONTVERSITY OF
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Traditional Approach

Risk-5cores only use
a snap-shot of a
Patient EHR with a

few variables for all Variables (d)

patients
‘ H /
Data-Driven Approach . '
Data-Driven models use all .
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most relevant parts for each A0S
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Courtesy of Rudi Agius



PANCLARE eromesemer== Building a standardized health data resource

Encoding/Mapping

* Medication/Rx using ATC codes

* Dxusing ICD10 codes ‘ 90%
» Pathology using SNOMED/ICD-0-3 codes

e Biochemistry using NPU codes o M o P
* Microbiology using MORG codes

* Location using SHAK codes

N

Danish Society for EHD

o)

Nephrology
Hematology

6000
5000

N
r‘fg 1 . 4000
a7

3000

DANISH

| 'l ' - 89 PECIONS
-’-‘1 P [ ' .

PRESENTED
VISUALLY

Immunology Pharmacology

b

Microbiology ' . Pathology

Briehgel et al., medRxiv, 2024
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Your patient’s disease trajectory? ONTVERSITY OF
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Clinicians needed to define clinical meaningful outcome  corsxmicey @ &

Infections are more dangerous than treatment in CLL

—> 30 day mortality 10%

o

q —

. . —> 1 year mortality 11%
o —— Infection
O Te}
§ 51 —— Treatment
% o Death Patients who have
.% .
E * high risk of infection
£ « _ * high risk of early CLL treatment
- o
O

S | — an unmet need

S | | | — | |
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Years after diagnosis
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Andersen et al, Haematologica, 2018
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Modelling Reqistry Data and Molecular Data

—over time or at fixed time points
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CLL
Diagnosis

3-months
post-diagnosis
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Unique Events

Bag-Of-Words Modelling of patient’s
previous history of Blood Cultures /
Microbiology / Pathologies / Diagnosis
are modelled using frequency distribution

Modelling of time-distributions
of infection instances

A

Date of Infection

Modelling the distribution of LABKA values

For each patient, the time-series of 200 lab tests
are modelled using various statistical descriptors
capturing changes over time
throughout the patient’s history

Lab Test Value

<&

<

Date of Lab Test >

in the values

Modelling the
distribution of LABKA
time-points aka

modeling the decision
making processes in the
doctors' offices.

Date of Lab Test

v

10,000 Features

UNIVERSITY OF
COPENHAGEN @

2-Year Predictive Window

Agius et al., Nat Comm, 2020
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UNIVERSITY OF

Explainability and Trustworthyness LV 0
— Personalized risk factors and confidence of prediction

CLL-TIM’s prediction
Giiooss < Vekie M (1)

Hemoglobin - Value Mean (7yr)
Let:koéytes - Value Max (1yr)
Binet Stage A
Leukocy’tesl - Va'lue l\iax '(ém)
2." 0.47

Top high-risk contributors
—

-3.04h SR 4.1k

~ Beta-2-Microglobulin - Value Mean (1yr)

—

Transferrin - Value Min (1yr
(yn) Top low-risk contributors

Smudge cells - Valué Max (1yr) '
Mean No. of Days Between Infections (7yr) ]
1GHV unmutated
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Agius et al., Nat Comm, 2020
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Standardized, open source data formats warranted

UNIVERSITY OF
COPENHAGEN

Data source Official name (abbreviation) Dataset name Primary variable Key mapping
RKKP Danish National Lymphoma Registry (LYFO) LYFO Date_treatment 1st_start patientid
Danish National Multiple Myeloma Database (DaMyDa) MM Date_treatment _1_start MPB patientid
Danish National Chronic Lymphocytic Leukemia Register (CLL) CLL Date_treatment patientid
SDS Register of Pharmaceutical Sales (LSR) EPIKUR atc patientid
KOKLIR natisntid

SP

Data source

EPR/SP

Official name

Data set name

Description

Format

Raw data variable names

Contains administered in-hospital pharmacological (w/ ATC codes) and non-pharmacolocial medicine |Long; |PAT_KEY; PAT_ENC_CSN_KEY; TAKEN_TIME; ATC; MEDICATION_ID; SIG; ZC_MED_UNIT_name;

AdministreretMedicin Administreret Medicin including drug name (e.g. PARACETAMOL FILMOVERTRUKNE TABL. 500 MG) and date-time. UTF-8 |ZC_ADMIN_ROUTE_name; MEDICATION _NAME; MAR_ACTION_C; NAME
PAT_KEY; PAT_ENC_CSN_KEY; ORDER_MED_ID; PEND_ACTION_C; ORDER_STATUS_C;

Contains prescribed in-hospital pharmacological (w/ ATC codes) and non-pharmacolocial medicine Long; |IS_PENDING_ORD_YN; IS_HELD_ORDER_C; HV_DISCRETE_DOSE; ORDER_START_TIME;
OrdineretMedicin OrdineretMedicin including drug name (e.g. PARACETAMOL FILMOVERTRUKNE TABL. 500 MG) and date-time. UTF-8 |ORDER_END_TIME; MEDICATION_ID; NAME; ATC

Contains pre-hospital and in-hospital admisisons, discharges and transfers (ADT) with name of PAT_KEY; DEATH_DATE; EVENT_TYPE_NAME; EFFECTIVE_TIME; HOSPITAL_AREA_NAME_IN;

department/hospital, date-time and corresponding active ICD10 diagnosis codes. AFDELING_NAME; ID_NAME; HOSPITAL_AREA_ID; KONTAKT_START_LOCAL_DTTM;

Further contains vital status. Long; |KONTAKT_END_LOCAL_DTTM; HOSPITAL_AREA_NAME_OUT; ADMISSION_TYPE; PATIENT_CLASS;
ADTHaendelser ADT_Haendelser Caveat! Contains major registration bias before and after implementation of LPR3 on 2 Feb 2019 UTF-8 |CURRENT_ICD10_LIST_A; CURRENT_ICD10_LIST B

Contains cleaned information on in-hospital admisisons, discharges and transfers with name of

department/hospital, date-time but without any corresponding ICD10 diagnosis codes. Long;
Flytningshistorik Flytningshistorik Caveat! Contains major registration bias before and after implementation of LPR3 on 2 Feb 2019 UTF-8 |PAT_KEY; Tidspunkt; Hospital; Overafdeling; Afsnit; Heendelse; PAT_ENC_CSN_KEY

PAT_KEY; Aktionsdiagnose; DX_NAME; RESPIRATORSTART; RESPIRATOREND; ICU_STAY_START;

Contains cleaned information on ICU admission, discharges and transfers with name of ICU_STAY_END; REGION_NAME; OVERAFDELING_NAME; OVERAFDELING_ID; ICU_DEP;

department/hospital, date-time and corresponding ICD10 diagnosis codes. Long; |AFSNIT_NAME; AFSNIT_KORTNAVN; AFSNIT_ID; ICU_STAY_START; ICU_STAY_END;
ITAOphold ITAOphold Caveat! Contains major registration bias before and after implementation of LPR3 on 2 Feb 2019 UTF-8 |RESPIRATORSTART; RESPIRATOREND; resp_YN

Long;
AktiveProblemlisteDiagnoser Aktive_Problemliste_Diagnoser|Contains active in-hospital diagnoses and corresponding ICD10 codes with date-time. UTF-8 |PAT_KEY; CURRENT_ICD10_LIST; DX_NAME; NOTED_DATE
Long; |PAT_KEY; PAT_ENC_CSN_KEY; SKSKode; DX_NAME; Start date of diagnosis; Kontaktdato;

BehandlingskontakterOgDiagnoser Behandlingskontakter _diagnose{Contains any active in-hospital diagnoses and corresponding A or B ICD10 codes with date-time. UTF-8 |DiagnoseType

Contains information on time-date for any perform test such as central lab biochemistry,

POC test, ECG and radiology. The corresponding NPU code, value and unit is available for central lab Long; |PAT_KEY; PAT_ENC_CSN_KEY; PROC_NAME; EXTERNAL_NAME; COMPONENT;
AlleProvesvar AlleProevesvar biochemistry, whereas most non-biochemistry results simply refer to other modules. UTF-8 |SPECIMN_TAKEN_TIME; RESULT_TIME; ORD_VALUE

Contains information on hem/onc treatment plans such as Rituximab, R-CHOP, or Velcade with Long; |PAT_KEY; Plan ID; Plan navn; Protokol navn; Plan type; Status; Behandlingslinje; Behandlingsmal;
Behandlingsplaner_dell Behandlingsplaner _dell corresponding line of therapy, start and end dates. The plan ID links information to Tx_plan 2 UTF-8 |Planlagte serier; Plan start dato; Plan afbrudt dato; Afbrudt rsag; Behandlingsstartdato; Behandlingsslutdat

Contains information on describing each cycle of treatment for each hem/onc treatment plan. The plan |Long;
Behandlingsplaner_del2 Behandlingsplaner_del2 1D links information to Tx_plan 1 UTF-8 |PAT_KEY; Plan ID; Serie navn; Serie nummer; Serie status; Serie start

Contains infomation on any type of microbiology result with date-time including PCR tests for

respitatory virus, HBV, EBV, CMV, atypical pneumonia, VZV, and faecal virus as well as results on

cultures performed on sputum, BAL, blood, urine, and faeces. Further, contains information on plasma

titers for agens such as HBV, EBV, CMV and Asp. gallactomannan and antimicrobial P-concentrations. Long; |PAT_KEY; Best./Ord. ID; Type; Komponentnavn; Proveresultat; Provetagningstidspunkt;
Bloddyrkning_dell Bloddyrkning_dell The Best/Ord ID links information to Microbiology results 2, 3, and 4. UTF-8

Prgvesvarstidspunkt
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Brieghel et al., medRxiv, 2024



C-Index

50 years of Prognostic Models for CLL

R? = 0.0022
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Data

Infrastructure / Mentality

0.2 —e— MNIST —%— ImageNet

0.0

20 years of Modelling in NLP and Vision

—+— GLUE

— SQuAD 2.0

—4— SQUAD 1.1 —— Switchboard

2000

2005

Responsibility for Patient Data = Privacy Protection + Utilization/Exploitation

2010 2015

2020

We need to be somewhere here

Target Patient
Cohort 1

Target Patient

Cohort 2

We need to crowd-source patient data
1) Introduce Competition: if you have data

— Invite researchers to work on it

Target Patient
Cohort (Public

Access)

Target Patient
Cohort 2

(Public Access)
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@Visjournal @Notater Konsul.. Detalje... @Beh«‘

Show medical record

Treatment contacts

Notes

Laboratory Results

Rad

Deploying data-driven hematology

UNIVERSITY OF
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-

- &  # M | [@ Hematology snapshot ’E]CLLA[-model

& Prediction from CLL-TIM Algorithm

Risk assessment (low/high): Low
Confidence of prediction (low/high): Low
Date of prediction: 14JUN2022

Risk factor high 1:
Beta-2-microglobulin, mean (1 year)

Risk factor high 2:
Creatinine — date, mean (7 years)

Risk factor high 3:
Absolute Lymphocyte Count, min (7 years)

Risk factor high 4:
Leukocyte — last date (7 years)

Risk factor high 5:
Hemoglobin, mean (7 years)

Risk factor low 1:
Platelet count, change (1 year)

Risk factor low 2:
Leukocyte count, max (3 months)

Risk factor low 3:
Binet stage A

Risk factor low 4:
Hemoglobin, min (7 years)

Risk factor low 5:
IGHV: mutated or unknown

h

— need to automatize and visualize in context! .
Clinical Y4 SQL Server h
Environment o
_ ﬁ
Data input from Chronicles Nightly
Laboratories Data
and Clinicians Transfer
m S Python / R
Environment
Model Output
Reporting
Chronicles
U ~_ y
13

Agius et al., NPJ dig med, 2024
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DALY-CARE
Thil
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STAGE 2: Model Evaluation

DALY CARE
Test data

Trained
Models

Adverse Events Predictions PR-AUC, MCC,
KM Curves
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Implementing Data-driven medicine UNIVERSITY OF

COPENHAGEN @

Provide open, competitive access to health data!

Define high impact clinical outcomes to model!

Merging secondary and primary use of health data!

Communicate — data scientists AND physician researchers!

Implement into the clinic

15
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