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Outline

« Background (10min)
* What is Territory Kidney Care?
« A bit of clinical medicine, health informatics, and health economics

 Talk (15min)
« Background
 Methods
* Results
e Discussion

* Q&A / reflections (15min)
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Development and validation of algorithms 2
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disease and related chronic diseases
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Stage eGFR
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4 15-29 c
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5 under 15 or
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The clinical bit —
what is CKD?

 What is CKD? Mostly managed by GPs in
earlier stages

e Kidney failure requires KRT —
dialysis/transplant

* In NT, some Aboriginal communities >30%
CKD prevalence (10% national average)

* Rapid progression to KRT in First Nations
people (median age 50y)

* High cost of KRT (>$100k pp/py) + impact
on quality of life

Territory Kidney Care CDS aim to improve
early diagnosis and management


https://kidney.org.au/your-kidneys/what-is-kidney-disease/stages-of-kidney-disease
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Slowing CKD progression?
meds including
ACE-i
ARB Y
SGLT2-i
GLP1a

Maintain blood
pressure below
130/80 mmHg

Reduce
albuminuria

Slow decline
in eGFR

physical activity, diet Lower CVD Avoid further
diabetes —/\ risk damage to
cholesterol S s
hypertension

etc

From KHA, 2024


https://kidney.org.au/

The informatics bit — CDS

e Clinical
decision
support (CDS)
uses relevant
iInfo to improve
health-related

TO DIAGNOSE KIDNEY DISEASE

\
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decisions.”
s %
JAND RECOMMEND TREATMENT
* May be _ GATHERS THE SORTS AND

electronic PIECES INTERPRETS ®@
health record f‘ /\\ 7
(EHR)-based.

GP, hospital EHR-based User interface

EHR algorithms

*Ref: Osheroff et al, 2012
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SYSTEMATIC REVIEW Open Access

Barriers and enablers to implementing

and using clinical decision support systems
for chronic diseases: a qualitative systematic
review and meta-aggregation

Winnie Chen''®, Claire Maree O'Bryan’, Gilllan Gortbam', Kirsten Howard®, Bhavya Balasubramanya',
Patrick Coffey', Asanga Abevaratne’ andl Alan Cass'

https://implementationsciencecomms.biomedcentral.com/articles/10.1186/s43058-

022-00326-x
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The economics bit — CDS
cost-effectiveness

« Most papers mention $, but few
economic evaluations

Table 3.

Economic evaluation methods and maln results
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JOURNAL ARTICLE FEATURED
Design, effectiveness, and economic outcomes of
contemporary chronic disease clinical decision
support systems: a systematic review and meta-

analysis @
Winnie Chen &=, Kirsten Howard, Gillian Gorham, Claire Maree O'Bryan, Patrick Coffey,

Bhavya Balasubramanya, Asanga Abeyaratne, Alan Cass

Journal of the American Medical Informatics Association, Volume 29, Issue 10, October
2022, Pages 1757-1772, https://doi.org/10.1093/jamia/ocac110
Published: 11 July 2022  Article history v

https://academic.oup.com/jamia/article/29/10/1757/6639847
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GBPE1359 por QALY for risky peescribing module
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USDS511 T47 per QALY, USDSSY 142 per stroke
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Cost-Effectiveness of Clinical Decision ) Cheok or updates
Support to Improve CKD Outcomes
Among First Nations Australians

Winnie Chen'~, Kirsten Howard”, Gillian Gorham', Asanga Abeyaratne ', Yuejen Zhao”,
Oyelola Adegboye’, Nadarajah Kangaharan®, Sean Taylor'“, Louise J. Maple-Brown'"®,
Samuel Heard’, Mohammad Radwanur Talukder', Abdolvahab Baghbanian’,
Sandawana William Majoni® and Alan Cass'; on behalf of Territory Kidney Care Steering
Committee”

CDS vs usual care 1

Improved CKD diagnosis and management

ICER §3 427
per QALY

Methods and cohort

“ Remote, Northern Territory,
AUS

eﬂk’ :::;::::m or at risk of CKD

ICER $96 684 ICER $30 086
per patient

avolding death

per patlent
avoiding KRT

@ Markov cohort model
using observational data '
v
MO O
° 2017-23 data extrapolated Most cost lwl U
over 15«wears effective =

Territory Kidney Care CDS

e VS usual care COS. chneal deosion suppoet. ICER. Incremental cost-effactivenass ratio, (JALY, qualty adusted o yoeur
-

Chen Waet al 3024

Conclusion Territory Kidney Care is highly cost-effective when it supports earl
' 't diagnosis of CKD and increases optimal management in diagnosed patients.

Susan Thansbslasingem M0 These results support investing In CDS tools, implemented In strong

X@thana_susen partnerships, to improve outcomes in settings with a high burden of CKD.

KIREPORTS

https://www.sciencedirect.com/science/article/pii/S246802492401996X

Today's talk


https://www.sciencedirect.com/science/article/pii/S246802492401996X

AIms

« Conduct modelled cost-effectiveness analysis of
Territory Kidney Care CDS vs usual care

* Develop a NT CKD model (Markov cohort model)
using primary data

Secondary aim important — CKD progression differs
In NT, First Nations context



Methods: study population

[m i } (} [J - Cohort n>20k, subset
of everyone included in
Territory Kidney Care

[etential for inclusio] ° M OStI y N T rem Ote y

(n=6 services)

(n=56 services) (n=11 services)

i R i N First Nations people
Excluded (total n=67,771)* ° OWn data for COStS &

(n=105,169
individuals)

- Incomplete information (n=59,131) .

- Not active as of 01/01/17 (n=50,867) ( : KD t m

- <16 year old as of 01/01/17 (n=5,771) Ou CO eS In
No hospital record number (n=2,845)

, . Duplicate identifier (n=171) u S u a I Ca re

- Kidney replacement therapy (n=1,109)
Eligible cohort for K .
[ ik J * Data source: Territory
( Kidney Care database
R } (registry-type data)

Y

A

Final cohort
(n=23,195)




Methods: economic evaluation methods

. Ié]tervention: CDS to improve diagnosis and management in
KD

« Comparator — usual care / historic baseline at 2017

» Perspective — direct healthcare costs, healthcare funder
* Time horizon — 15 years

* Discount rate — 5% costs and outcomes

« Qutcomes — QALYs (also $ per dialysis/transplant averted, $
per death averted)

» Costs — project costs, healthcare costs — separate paper
literature seanch

=

Costs and healthcare use of patients
with chronic kidney disease in the Northern
Territory, Australia

https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-024-11258-8
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Methods: model overview

 Markov cohort
model

« Remain or
progress

» Health states: (7"
CKD stages, \ "
KRT (dialysis,
transplant),
death

' CKD moderate
/ CKD mild (1, 2) £ > (3a, 3b)
(\\ 2 X/ 3

\\/
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Methods: transition probabilities

CKD moderate to KRT CKD moderate to death

* Longitudinal data in 3 monthly
slices

* Split to baseline CKD stage at
2017

* For each CKD group, survival RSO RRT | CRD s Todeal
analysis up to 6y (2023) —i.e.
time to worse CKD stage, KRT, .
death

* KM tables/curves (Python, R) |

KM to hazard functions in TreeAge

* (Alternative method — fit |
parametric equation e.g. Weibull) |~ o

* Convert to annual probabilities

KRT haemodialysis to death KRT transplant to death

Red — observed Kaplan Meier survival curve
Blue — fitted and projected survival curve




Methods — parameters (1 of 2)

Table 2. Parameters and sensitivity analysis

Parameter

Time horizon
Discount rate
Transition probabilities

Cost — annual health care

One-way sensitivity
range (minimum,

Base case maximum)

15 yrs 10 yrs, 20 yrs
5% 3%, 7%
Time-dependent Lower limit, higher limit”

CKD + 15% for all costs
At risk: $6421
Mild: $10,290

Moderate: $17,282
Severe: $56,326
KRT

HD total $127,569 (578,898 HD +

$48,671 other health care costs)

Tx total $64,837 (516,166 Tx +
$48,671 other health care costs) —

also add $93,807 in initial year for first
year costs

Probabilistic sensitivity
analysis

Not included

Not included
PERT

Gamma (mean, SD from
original data source where
available)

Reference

Assumed
PBAC/MSAC>%°

Own data, Territory Kidney Care
database

CKD
Own data and NT costs™
KRT
Annual health care costs (other than HD,
Tx) from NT costing study, '*
HD from NT costing study, '
Tx from Kidney Health Australia report™®



Methods — parameters (2 of 2)

Cost — infervention (incremental) CDS maintenance +$26 + 30% for all costs  Gamma (mean, SD assumed Own data, Territory Kidney Care project

CDS health care cost at 5% of mean) costs — see also Table 1: Infervention
+$350 costs
Utilities +/- 15% Beta (mean, SD assumed Published literature”’
At risk: 1.0 0.10)
Mild: 0.85
Moderate: 0.8
Severe: 0.65
KRT
HD: 0.75
Tx: 0.8
% improvement in diagnosis 30% 20%, 40% Assumed Expert opinion
% improvement in optimal management 30% 20%, 40% Assumed Expert opinion

Intervention effect RR: 0.76 + 15% PERT Published literature, *”** expert opinion




Results

Table 3. Incremental cost-effectiveness ratio results

Strategy Usual care Scenario 1: improve diagnosis Scenario 2: improve management Scenario 3: improve both
Costs Cost $124,931 $125,323 $125,592 $125,216
Incremental - §392 S661 §285
Outcome - KRT KRT 0.206 0.204 0.205 0.203
Incremental - 0.002 0.001 0.003
ICER (S per patient avoiding KRT) - 162,046 1,213,064 96,684
Outcome - death Deaths 0.633 0.624 0.632 0.623
Incremental - 0.009 0.001 0.009
ICER (S per patient avoiding death) - 44,427 998,603 30,086
Outcome - LYs LYs 6.846 6.930 6.859 6.942
Incremental - 0.084 0.013 0.096
ICER (S per LY gained) - 4670 51,612 2954
Outcome - QALYs QALYs 6.022 6.095 6.033 6.105
Incremental - 0.073 0010 0.083

ICER (S per QALY gained) - 5372 63,486 3,427 D
—

Dx, diagnosis; ICER, incremental cost-effectiveness ratio; KRT, kidney replacement therapy; LY, life years; Mx, management; QALYs, quality-adjusted life years.
Costs and outcomes are reported for a cohort size of “1” over the 15-year time horizon, that is, average values per individual. Costs include intervention costs, as well as health care
costs. Rounded to 3 decimal places for outcomes and whole dollars.




Figure 3: One-way sensitivity analysis results — tornado diagram, usual care versus Territory Kidney Care

N RR - risk of progression in optimal Mx group, mild CKD* (0.8075 to 1.0925)
T, E— Variable - time horizon (10 to 20)
E— ] % improvement in Dx (0.4 to 0.2)
E— ] Cost - KRT HD healthcare costs (146704 35 to 108433.65)
e Cost - CDS group healthcare cost of Mx (168 to 212)
- Cost - CDS group healthcare cost of Dx (77 to 143)
LB Cost - mild CKD healthcare costs (5457425 to 7383.575)
L L RR - risk of progression in optimal Mx group, mod CKD* (0.8075 to 1.0925)
o Cost - CDS development maintenance (18.2 to 23.8)
| Utility - mild CKD (0.9775 to 0.7225)
‘m Variable - discount rate (0.07 to 0.03)
n Cost - sev CKD healthcare costs (64774.785 to 47877.015)
Ul Cost - death, once off (13691.9 to 10120.1)
i Cost - Tx initial yr, once off (107872.05 to 79735.95)
i % improvement in optimal Mx (0.03 to 0)
[ Cost - KRT Tx healthcare costs (74562.55 to 55111.45)
| Cost - mod CKD healthcare costs (8746.16 to 11833.04)
| Utility - KRT HD (0.6375 to 0.8625)
i Utility - mod CKD (0.92 to 0.68)
l Utility - sev CKD (0.5525 to 0.7475)
| Utility - KRT Tx (0.68 to 0.92)
Cost - at risk with no CKD healthcare costs (7282575 to 5457.425)
EV: 3427.16 Cost - CDS group healthcare efficiency gains (23.1 to 42.9)

—

| I 1 Il 1
-10000 -5000 0 5000 10000 15000
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Table 4. Base case and other scenario analysis

Scenario

Base case (scenario 3 with improved Dx + Mx)
Transition probabilities — lower limit”

Transition probabilities — upper limit”

Time horizon 10 yrs (base, 15 yrs)

Time horizon 20 yrs

Discounting 3% costs and outcomes (base, 5%)
Discounting 7%

Intervention effect RR 0.65 (base RR, 0.76)
Intervention effect RR, 0.87

Proportion with improved diagnosis and
management 20% (base, 30%)

Proportion with improved diagnosis and
management, 40%

SGLT2 inhibitor costs and effects included in optimal
management — RR 0.47 (base RR 0.76)

ICER ICER ICER
(S per patient avoiding KRT) (S per patient avoiding death (S per LY gained)
96,684 30,086 2954
Intervention was cost saving and more effective than usual care (dominant)
472,383 116,865 7847
Intervention was cost saving and more effective than usual care (dominant)
365,163 114,221 7198
135,862 40,771 3407
71,161 22,748 2576
Intervention was cost saving and more effective than usual care (dominant)
516,989 159,260 14,928
237,617 73,832 7186
30,933 9501 949
87,102 27,143 2656

ICER
(S per QALY gained)

3427

9202

8399
3965
2981

17,344
8340

1099

3085




Figure 4: Probabilistic sensitivity analysis results
e PSA with 10,000 simulations
ICER scatterplot - usual care versus Territory Kidney Care
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Discussion

« CDS highly cost-effective ($3,427 per QALY gained) if improves
both diagnosis and management — scenario 3

 Strengths:

« CKD model built on primary data (high CKD burden, worse CKD
outcomes in NT compared to general population)

* Model externally valid (e.g. KRT survival) compared with other sources
e.g. ANZDATA

* One of few econ eval studies in clinical decision support space



Discussion

 Limitations:
« Implementation & study-based effectiveness evaluation ongoing
* Model simplification of reality (e.g. improving CKD likely reduces CV
risk)
« Secondary use of EHR data (completeness, accuracy)
* Uncertainty with extrapolation beyond observed period



Q&A / reflections

Challenges of...

* Linked data for clinical care?

« Economic evaluation in non-trial setting?
e Clinical decision support in the Al era?

Get in touch:
24 winnie.chen@menzies.edu.au
M linkedin.com/in/drwinniechen/



mailto:winnie.chen@menzies.edu.au
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