TREAT®

Implementering af innovativ Al-lasning med
antibiotikabeslutningsstotte i klinisk praksis



Who are we?

- Our dynamic team is focused on development and implementation of specialized healthcare IT solutions (SaMD)

Hasserisvej Aalborg,
Denmark
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Mads Lause Mogensen w.sc, ph.n.
Chief Executive Officer (CEO) m
mm@treatsystems.com

Treat Systems is a dynamic and innovative Danish SME focused on developing certified healthcare software
solutions including decision support, machine learning (ML) and artificial intelligence (Al).


mailto:mm@treatsystems.com

The Challenge of the “Super bugs”

- The microbiological battle toughens

* Antimicrobial resistance is one of the world’s most pressing public health threats and
will in 2050 kill more people than cancer
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Two Available Software Products

- Highly configurable modules can be combined in numerous ways

’\mm 24 AT

TREAT Lab™

Supporting diagnostic- and antimicrobial stewardship in
the clinical microbiology laboratory

TREAT Essential™

Personalized and rational antimicrobial therapy
with immediate decision support

An Antimicrobial stewardship tool helping A Diagnostic stewardship tool for the
clinicians to select the most rational microbiological laboratories that Identifies
antimicrobial therapy at point of care populations for whom rapid diagnostics

are cost-effective

TREAT

*Solutions are software as a medical device and comes in native languages and can be used as stand alone or OEM solution SYSTEMS



Core functions and modules

- Integration of personalized, locally calibrated decision support and antimicrobial stewardship in real-time.

Pilot in Region South

Pilot in Region North

TREAT-AbxAdvisor

Supports the implementation of rational antibiotic

use through decision support /
(Users: Clinicians prescribing antibiotics)

-

TREAT-
Essential

~

/

12

* TREAT-InspectionTool

- l I . Reviewtool for past and current patient-specific
infection episodes

(Users: Clinicians prescribing antibiotics/Stewardship Team)

N

TREAT-Worklist

Live dashboard with alerts and an overview containing all
infection-relevant information for the stewardship team

(Users: Stewardship Team)

]
|
| | ° °
=y HHEH TREAT-Antibiogram
é Easy search in the institutional antibiogram for
—— specific drug-bug combinations

(Users: Microbiologist)

TREAT-ReportingTool

Provides easy access to clinical performance and KPIs for the
antimicrobial stewardship team and hospital management.

(Users: Stewardship team and hospital management)




How TREAT Systems integrates into the clinical workflow

Day 1 Day 2 Day 3

Hospital Admission

Vital signs ‘ ' ‘ ‘ ‘ ‘
Biochemistry .1 .‘ .‘

- Gram .
Positive . Species
stain

Microbiology culture ® ® 00 @

Antlblotlc treatment ' Empirical treatment ' Semi-final treatment ' Final treatment

TREAT Essential uses all
available data to suggest a
rational treatment
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TREAT Essential

(Antibiotic Decision)

surveillance/stewardship tool order
and education
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TREAT utilization (ISS)

TREAT Essential are used as }

ISS: Infection Severity Score; PON: Point-of-Need; MDx: molecular diagnostics; Biochemistry: e.g. CRP, Albumin, Lactate, etc.; Vital signs: e.g. Heartbeat, Temperature, etc., AST: Antibiotic Sensitivity Testing



Integration and data requirements

- Database structure suitable for collection and processing of BIG data

Laboratory information Clinical health data
(Middleware and LIS) (Electronic health record)
Biochemistry Treatments (Abx/J01...)
Microbiology Vital parameters

e

Background information

< SNOMEDCT 1CD-10
I.QLNC/ i, wewemagovicoio Clinical Notes

medcom

Patient demographics

Integration
engine

Notification Decision
module engine

Database

engine

Graphical user
interface

TREAT-Essential is a web-based on prem solution; the graphical user interface can easily be accessed at any computer on the hospital network. Individual elements of the TREAT-Essential solution are also
available as APlIs, facilitating deep integration within existing clinical modules.

Technology used TREAT

TREAT-Essential is a web-based solution coded in Angular, .Net Core and C# development language. Front end: HTML, TypeScript compiled to JavaScript and SCSS compiled to CSS. SYSTEMS



An example of the TREAT-AbxAdvisor

- Decision support on pathogen distribution, local susceptibilities and the rational antibiotic treatment

Generates personalized antimicrobial
advice bedside calibrated to local
resistance levels and guidelines even
before microbiological results are
available.

The solution provides overview of
infection relevant information

The solution automatically calculates
the severity of the infection

It only requires the diagnosis to be
input by the clinician, along with
some intelligent follow up questions
about symptoms and findings and
background information.

If the doctor wants explainability of
the advice the “Advanced decision
support” can be expanded

Explanation of the Infection Severity Score (ISS)

Mild Moderate . Severe . Critical

Parameter impact on severity

Evidence for severe condition
Urea 106.9 mag/dl

CRP 31.9 mg/dl
Hematocrit 0.29
Total bilirubin 19.0 pmaol/l
Creatinine 2.60 mg/dl
32.0g/l
Yes
13.0 x 109/l
Respiratory rate 20 /min
Active cancer Solid
Heart rate £8.0 bpm

Diabetes Orally treated
Evidence against severe condition
Flatelets 203.0 x 109/

Heart failure No
Cognitive status Normal

Temperature 374C

X




Suggested pilot installation at the emergency ward

- Improves empirical coverage and reduces consumption of broad-spectrum antimicrobials

The overall implementation and pilot project:

A successful pilot was ensured:

p
e |[ntuitive and useful

software

Customer
satisfactory hEE Reduce Abx ]

Implementation,
Calibration,

Installation/test
(4 months)

p
* 10% reduction in the

~N

number of broad-
spectrum prescriptions,
defined on the Watch
list of the WHO AWARE
program.

Pilot
(6 months)

-
* 10% increase in patients

~N

receiving covering
empirical antibiotic
treatment for
pathogens identified via
blood cultures

Evaluation
(2 months)

performance

p
* 30% increase in

empirical antibiotic
treatments prescribed
according to the
hospital’s antibiotic
guidelines

Guideline
compliance

p
* 10% decrease in direct

cost associated with
antibiotic treatment

Decreased

costs

~N
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Results from Region north

What did we achieve?




User experience - Interview

- Summary of users' experiences with TREAT-Essential, along with the constructive suggestions provided to further improve the system.

Negative feedback Suggestions for improvement

e Some of TREAT's recommendations ¢ |t would be beneficial if TREAT could

Positive feedback

e A great initiative and highly relevant

for reducing the use of broad-
spectrum antibiotics.

It's smart to have all infection-relevant
information on one page, with clear
indicators of values outside the normal

range.

It's fascinating to observe how
bacterial distribution changes across
different diagnoses.

Interesting to see how treatments
cover various bacteria.

| find TREAT easy to use, and it doesn’t
take much time—it's nice to receive
automatic notifications, even though
the pop-up appears a bit too often.

The system works exceptionally well—I
have experienced no technical issues.

A helpful support tool that provides
clear explanations of the effects of
different treatments.

seem odd and do not always align with
our guidelines e.g. for pneumonia.

In the initial weeks, the system was
very slow to open, but this has
improved over time.

| rely solely on the hospital's guidelines
and do not wish to use TREAT.

| feel somewhat uncertain about
whether | should follow TREAT's
recommendations.

| am unable to log into the system at
all.

An annoying pop-up keeps appearing
repeatedly.

automatically retrieve vital
parameters, eliminating the need for
manual entry.

It would be convenient if TREAT could
automatically fetch CAVE (allergy
information).

A "confirmation" feature when
treatment is approved would be
useful, allowing users to write
comments and provide feedback to the
system.

A diagnosis option labeled
"Unknown/Unclear Focus" is missing
and would be helpful.



Cohort description

- In total, 1,185 patients were included in the analysis, having been assigned a TREAT diagnosis and possessing sufficient data to calculate antibiotic recommendations.

N Patients, (%) 1185 (100.0%)

Age, mean (range) 71 (18-104)

Sex (female), n (%) 530 (44.7%)

Place of acquisition, n (%) Diagnoses - Counts

Community 1170 (98.7%) 500 <488

Nursing home 4 (0.3%)

Hospital 10 (0.8%)

Vitals/Lab data 400

CRP 111.0 (45.5-196.0)

Creatinine 1.0(0.7-1.3)

Albumin 33.0(30.0-37.0)

Total Bilirubin 0.6 (0.5-1.0) 300

Urea 40.2 (27.6-61.4) =

WBC 12.3(9.0-16.1) 5

Platelets 238.0(188.0-310.0)

Neutrophils 9.7 (6.8-13.3) 200

Lactate 1.2 (0.8-1.9)

Temperature 37.7 (37.0-38.3)

Respiratory rate 20.0(18.0-25.0)

Sa02 0.9 (0.9-1.0) 100

HR 101.0 (99.0-110.0) <

SBP 117.0(111.5-149.0) 4

DBP 75.5 (73.0-90.0 I.m B 2 8 7 7 6 5 4 4 3 32 2 2 2
Microbiology samples, n unique patients (%) 0 - -
Blood culture 1170 (98.7%) g 2 :g 8 68 2 8 & 2 f% 2 § £ B ;% 2 2 8 -g 2 T ©
Urine culture 875 (73.8%) 9 § % 32 8 8 é g g E g 2 i é 3£ ¢g°? I3 s E L 5
ENT culture 528 (44.6%) gggzﬁgggg—ogggfggggggﬁggg
LRT culture 383 (32.3%) E_%ﬁggkl{gwﬁgﬁgg E.,g'aﬁigggéi
Skin and soft tissue culture 186 (15.7%) £ -E a 2 3 E 5 E 3 é % 5 £ - £
CSF culture 74 (6.2%) fé 352 Ej L w 8 E 2 @ z 5 2
Treatment, n (%) 5 £ 00O 2 g -“-é e 8 £ § e} 2
Antimicrobial therapy 971 (81.9%) E%{ 2 2 z @ E“
Monotherapy 687 (70.8%) & 8 2 E:

Combination therapy 284 (29.2%) “ 5 @] =

Outcome, n (%) & %

Significant MDI 195 (16.5%) Diagnosis

Bacteremia 146 (12.3%)

Local only 49 (4.1%)

Positive BC 151 (12.7%)

Positive Local 303 (25.6%)

30-day mortality 124 (10.5%)
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Empirical Coverage of Patients with Significant Microbiology

p=0.009
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- TREAT vs. clinicians vs. guidelines, categorized based on whether patients have bacteremia.
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Summary of Pilot testing

- Clinical results

Empiric coverage
+12.3% more patients
recieved appropriate
empiric therapy
(+14.4% in prior 10,000-
patient trials)

Reduced broad-spectrum Guidelinecompliance
use . u Potential increase of +31.4% if

-20.7% overall, incl. -59% for ﬁ u TREAT suggestions are followed

WHO "Watch-drugs” (baseline 18.1%)
(-38.1% in earlier trials)

Lessons from the users:
« Overall positive feedback minor technical issues; high engagement from clinicians
» For the full benefit we need full integration with excisting systems

* Good ideas for future development



Return on investment for Region North Danmark (1000 beds)

- TREAT-Essential is highly cost-effective for both the hospital and for the society

» Costs: Servers, Project Management, Calibration, Integration/IT Infrastructure, Training, Software License, Support and Maintenance
Benefits: Shorter hospital stay, Fewer readmissions, Medication savings and Years of life saved

Time to return of investment
(Full production)
7,000,000
ROI society: 1392%
6,000,000

5,000,000

4,000,000

3,000,000 Details can be found here:

2,000,000

1,000.002 ”/

-1,000,000

Benefit-Cost

ROI hospital: 318%

TREAT-Essential

Months

—— Total society Benefit-Cost Total hospital Beneft-Cost _

Estimates are based only on patients with bacteremia (i.e. 10% of patients suspected of having infections). Savings are expected to be much higher due
to fewer ICU admissions, time saved by the stewardship team during rounds, the impact of better infection triage and home care, less promotion of
future multidrug-resistant pathogens, and training of junior doctors not included in the business case.




Core functions and modules

- Integration of personalized, locally calibrated decision support and antimicrobial stewardship in real-time.

TREAT-Worklist

Live dashboard with alerts and an overview containing all
infection-relevant information for the stewardship team

(Users: Stewardship Team)

TREAT-AbxAdvisor @

Supports the implementation of rational antibiotic
use through decision support

(Users: Clinicians prescribing antibiotics)

N
| TREAT-Antibiogram

Easy search in the institutional antibiogram for

""'-‘\
\ E Sse n t i a I / @ fﬁ:%{gﬂgstﬁ;ug combinations

2 -

* TREAT-InspectionTool

- l I . Reviewtool for past and current patient-specific
infection episodes

(Users: Clinicians prescribing antibiotics/Stewardship Team)

TREAT-ReportingTool

Provides easy access to clinical performance and KPIs for the
antimicrobial stewardship team and hospital management.

(Users: Stewardship team and hospital managment)




TREAT-Worklist

- Binds all infection-relevant information together for the specialist

The Worklist acts as a dashboard for the
experts at the hospital, giving an overview of
all patients receiving antibiotics treatment, as
well as those for whom antibiotics should be
considered.

It provides an opportunity to review guideline
compliance, usage of restricted antibiotics and
to monitor high—risk patients.

The Worklist puts the hospital’s stewardship
team in full control.

W As-Worklist

Patient Id
929499-DEMO

765069-DEMO

474677-DEMO

844496-DEMO

DEMO 4829

009412-DEMO

665314-DEMO

303759-DEMO

470010-DEMO

825506-DEMO

274174-DEMO

951882-DEMO

347067-DEMO

455468-DEMO

570764-DEMO

607738-DEMO

748363-DEMO

482429-DEMO

520523-DEMO

Add patient

DS-Worklist
Name s
Sepsis with unknown source Demo
Patient

Pancreatitis - Infected Demo Patient
Sepsis with unknown source Demo
Patient
Meningitis - Community acquired
Demo Patient
DEMO 35077 DEMO 13025

Pneumonia Demo Patient
Covid-19 Demo Patient
Dx Not Set Demo Patient
Pyelonephritis/Urosepsis Demo
Patient

Pneumonia Demo Patient

Erysipelas Demo Patient

Acute cystitis Demo Patient
Pyelonephritis/Urosepsis Demo

Patient
Pneumonia Demo Patient

Pneumonia Demo Patient

Pyelonephritis/Urosepsis Demo
Patient

Pneumonia Demo Patient

Pneumonia Demo Patient

Covid-19 Demo Patient

Antibiogram
Age - | Gender -
69 Female
76 Female
77 Female
45 Female
Male
80 Male
73 Female
82 Female
9% Male
92 Female
49 Male
82 Male
57 Female
84 Male
63 Female
62 Male
59 Female
77 Male
83 Female

Statistics
Admission  ~
16/06-2025
17/06-2025

16/06-2025

17/06-2025

17/06-2025

17/06-2025

17/06-2025

16/06-2025

18/06-2025

18/06-2025

16/06-2025

16/06-2025

17/06-2025

17/06-2025

17/06-2025

17/06-2025

17/06-2025

16/06-2025

AbxAdvisor

LOS
2

0

Department
Infectious Diseases F
(Internal)
Infectious Diseases F
(nternal)
Acute Ward
(Acute/Emergency)
Accident/Emergency
(Acute/Emergency)
AUH Emergency Department
(Acute/Emergency)

Accident/Emergency
(Acute/Emergency)
Emergency Department
(Acute/Emergency)
Accident/Emergency
(Acute/Emergency)
Accident/Emergency
(Acute/Emergency)
Acute Ambulatory Care
(Acute/Emergency)
AUH Emergency Department
(Acute/Emergency)

Emergency Department
(Acute/Emergency)
Accident/Emergency
(Acute/Emergency)
Acute Ambulatory Care
(Acute/Emergency)

Infectious Discases F
(intemal)

AUH Emergency Department
(Acute/Emergency)

Emergency Department
(Acute/Emergency)
Acute Ward
(Acute/Emergency)
Acute Ward
(Acute/Emeraency)

4/72‘/'6 .

Demo system, not for clinical use

Antibiotics
PipTa IV
Amoxi PO

PenV PO
Cftria IV

Pip /Ot/ bs

PipTa IV
PenV PO

Cipro IV
Amoxi PO
Amoxi PO

PenG IV
PenV PO
Cloxa IV
Fluox PO
PipTa IV

PipTa IV
Amoxi PO
Doxyc PO
Roxit PO

Ampi IV
PenG IV

Genta IV
Amoxi PO
Ampi IV
PenV PO

PenG IV

Amoxi PO

0

/C"o

Micrabiology

Escherichia Coli

Risk  Inspection tool
[543

I~
8

L}

Enterococcus sp.
Candida albicans
*anding fra hud og slimhinder
~dida albicans
aureus
aus

/b /Ogy

Klebsiella

Enterococcus Faecalis

Haemophilus
Haemophilus
Haemophilus
Haemophilus

Streptococcus Viridans

Streptococcus Viridans

Streptococcus Viridans
Haemophilus

b

b

7}/;9@@

/No treatment
uplicated treatment
Duplicated

Ala re

A\Superfluous treatment

/A\Drug-bug mismatch

282

-
-

v

Last update time: 10:27




TREAT-InspectionTool

- Supports reviewing of the temporal course of an infectious episode

e With Treat-Essential's |nSpeCti0n TOOI, the DEMO 4829 | DEMQ 35077 DEMO 13025

specialist team and clinicians prescribing fls T
o p . . . .o . . i Skadestue 402
antibiotics can review specific infectious §|2 T
episodes in detail. e eprne
Psykiztrisk Sygehus Sengeafsnit 57
O odtmpen
. . . Kirurgisk afdeling 2
* The episode history includes a complete
overview of antibiotics treatments, R
microbiology, vital parameters, biochemistry, P Sy S
hematology, blood gases and liver function e
indicators. g e s
B S e B s
E Other
; ® M Staphylococcus aureus © Local sample taken
% . ™ staphylococcus aureus . Blood sample taken
..E . M staphylococcus aureus >F< Negative resultr
g . P Candida 3 Positive Microbiology
5 [ ] M Candida a
[ ] M Tilblandin
Unknuwn. ™ Ente
. Throat.
: 6 Hours 12 Hours 1 Day 1 Week
@ sh?wgmnh anév)v:\us
e .nJTC:-m
g = O
z
5
2
w0




TREAT-Antibiogram

- Real time antimicrobial resistance surveilance

Microbiologist and infectious disease specialist
can review and monitor antimicrobial
resistance rates in real time for specific

. . Ef AS-Worklist DS-Worklist Antibiogram Statistics AbxAdvisor Demo system, not for clinical use
departments, time period, age groups etc. ooy e —— T —r ot v
[ V| fan v| [AIDepartments | [ v [ v| [18/06-2024 o] [18/06-2025 o]
Age group Morphology Antibiotics interval
[ V| fan v| [ v [vearly | >80% | 20-80% [I< 20% [ < 30
* Using the instituti | antibi m tarti : i
sing the institutional antibiogram as a startin ) s |z :
3|8 R g H
H H H < 2 3 2 0
- 2 | 3 g 5 s 3 g2 | =5
point, TREAT-Essential adjusts for whether a P12 e alzlol2 5252 2|2 8 |calalelale|d|ola|8 2|2 2|2 a|a|a|t|E|5(8|8 8¢
2|3 2 | g & 9 s | 3 g 2 a|la |2 || |§ | |35 § | 2 | 3 S | &5 |5 |3 5 8 3 5 | 5 |2 F
: ’s inf . . : h ital T 85| g (5|8 2L gL 3 E E | 9| |8 |E L8 |88 |8 s8¢ = |5 |Y |35 F ¢33 |3|5%
— f— =z = 5] £ = S = = = 2 = 5 o} ) ] g 3 3 E 1 a [} = ] 8 1] o r a 3. et = hic g Z 3 =
patient’s Intection Is community— or hospita A A R N A NN RN A A AN NN RN A
g | 2 5 3 5 g
H 5 = 3 By = 3
= o o
acquired, and whether they have recently 5 Bl 5
rece |Ved a nt' mICro b 1a I t reat[ ne nt . Escherichia Coli 0% 62% 4| 62% |63% 4 94% | 92% |76% 4|94% 4| 98% (29% Al 97% [96% 4| 100% | 100% | 100% 92% 100% 9% | 97% 71% | 86% | 79% | 0%
n:1874 5 n:6s7 n26 595 n:1638 n217 454 ni665 n575 n:639 n:1743 ns73 nl n:565 ns7 n1791 ni n78 n; 1866 n:g2 50 n:1274 ns
Klebsiella 1% | 0% | 0% | 88% | 84% | 79% | 81% | 92% | 23% | 86% | 85% | 100% | 100% | 100% 92% 2% | 97% 2% | 92% | 84%
n:340 196 2 n154 n277 ns6 109 n:176 n;144 n:167 n:309 nil44 nl n;138 n30 n321 n:24 n:337 n:24 13 n:1%0
° Th H H t' h I I | t h Proteus 0% 32% | 40% | 30% | 61% | 74% | 63% 39% 100% | 100% 95% 100% | 97% 92% | 100% | 64% | 0%
is innovative approach also allows the | e | e | o T | || | o L il el ol
. . ol e ol e . Pseudomonas 0% 0% 100% | 0% | 0% enzyme inhibitor b | 27% 93% 100% | 28% 0% [100% | 89% 0% | 0% | 0%
likelihood of susceptibility to antibiotics not o Il - | - - [ - I - o .
. . el epe Citrobacter 0% 0% | 0% | 0% | 94% | 92% | 59% 0% % | 52% 94% | 86% | 0% | 89% 71% | 86% 100% 93% | 0%
|nc|uded | n Sta nda rd Susce ptlbll |ty test panels m79 1 mas | n3 | m40 | mes | nm3 | nz 5| m3s m32 | n7 2 | m7e n7 | maz s mas | n1
-
Acinetobacter 0% 0% 6 100% 100% | 25% 100% | 100%
to be estlmated n4 nz nii u n:3 ni1 n:4 i n:3
Haemophilus 67% 77% 5% 6% % 100% | 100% 100% 0% | 74%
n:51 n51 n44 ni43 n49 4 n2 n2 47 n:10 n:3g
Enterobacter 0% 3% 0% | 96% | 100% | 0% o | 10% 100% | 73% | 100% | 96% 100% | 99% 100% | 100% | 87% | 0%
n:gl L5 n67 n53 nis2 n:27 n:20 2023 2024 2025 0 n4s n:47 n:26 n:l niso. n:25 nys m1 n9 n30 n1
Meningococcus 100%
nii nl
Moraxella 0% 0% 100% 100% 100% 100%
n2 n2 ni n2 n2 n2 n2
Salmonella 83% 100% | 0% |100% | 0% | 100% | 100% | 100% | 100% | 100% 100% | 100% 63% | 67% 100% 100% | 100%
n:9 né ni2 nl n6 n1 n:3 n3 n2 n7 n:3 n2 n:3 n:g n:6 n2 n2 n1
Gonorrhoeae 100% 60% 100%
n:10 n:10 n:10 né b
L] — ] »
Intended use
The institutional antibiogram is intended to provide ic ion level ir fon for surveillance and/or infection control. The institutional antibiogram is not intended for the benefit of individual patients, or to diagnose, prevent, monitor; predict or treat.
Methodology
%S is calculated by dividing the total number of samples with the result S by the total number of samples with the resuits S, I or R for the drug-bug combination in question, following the removal of duplicates. For each patient, only the first isolate of a given species is included for the analysis period. Where the analysis period spans multiple years, the
first isolate of a given species per patient per year is included.
Significant changes in susceptibility rate are computed using Fisher's exact test for two most recent trend intervals within the selected date range, even if the selected date range spans more than two trend intervals."
Interpret with caution
Calculations are based on reported S/I/R from the microbiology laboratory and are not recalculated where there has been a change in breakpoint. Significant changes in susceptibility should be interpreted with caution after first determining whether breakpoints were adjusted over the period of interest.
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So why is the pilot not

transferred into
production?

v' Danish developed decision support on a highly relevant topic
v' CE marked SaMD
v' Real time access to data
v' Good business case
v' Proven clinical results in clinical practice

- N




The region would rather like to have their own Excel sheet

- showing medication
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