Exploring the cost-utility of a biomarker predicting persistent severe acute kidney injury: The case of C-C motif chemokine ligand 14 (CCL14)
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[bookmark: _Ref129168432]Table S1 – Mean model inputs, standard errors, and probabilistic distributions assigned for probabilistic sensitivity analysis
	Input description
	Mean
	SE 
	Distribution
	Source

	Diagnostic operating characteristics

	Sensitivity (1.3 ng/ml)
	0.910
	0.031
	Beta
	2

	Specificity (1.3 ng/ml)
	0.510
	0.033
	Beta
	

	Natural history

	Age at model start
	66
	8.010
	Normal
	3

	Proportion females
	0.497
	0.001
	Beta
	

	Probability of PS-AKI in AKI stage 2 or 3 hospital admissions
	0.244
	0.001
	Beta
	

	ICU requirements during index admission*

	Probability of ICU use (NPS-AKI)
	0.409
	0.002
	Beta
	3

	OR ICU use (PS-AKI)
	2.150
	0.014
	Lognormal
	

	Readmission at 30-day*

	Probability of readmission to hospital NPS-AKI (index no ICU)
	0.178
	0.002
	Beta
	3

	Probability of readmission to hospital NPS-AKI (index ICU)
	0.168
	0.002
	Beta
	

	OR 30-day readmission to hospital PS-AKI (index no ICU)
	1.120
	0.027
	Lognormal
	

	OR 30-day readmission to hospital PS-AKI (index ICU)
	1.000
	0.031
	Lognormal
	

	Outpatient services requirements*

	Probability of outpatient services use NPS-AKI (index no ICU)
	0.262
	0.002
	Beta
	4

	Probability of outpatient services use NPS-AKI (index ICU)
	0.233
	0.002
	Beta
	

	OR 30-day outpatient services PS-AKI (index no ICU)
	1.070
	0.024
	Lognormal
	

	OR 30-day outpatient services PS-AKI (index ICU)
	0.860
	0.027
	Lognormal
	

	Mortality during Index admission*

	Probability of in-hospital death NPS-AKI (ICU)
	0.150
	0.002
	Beta
	3

	Probability of in-hospital death NPS-AKI (no ICU)
	0.039
	0.001
	Beta
	

	OR in-hospital death PS-AKI (ICU)
	4.420
	0.022
	Lognormal
	

	OR in-hospital death PS-AKI (No ICU)
	4.890
	0.037
	Lognormal
	

	Mortality during 30-day readmission*

	Probability of 30-day in-patient/outpatient death NPS-AKI (index no ICU)
	0.014
	0.001
	Beta
	3

	Probability of 30-day in-patient/outpatient death NPS-AKI (index ICU)
	0.016
	0.001
	Beta
	

	OR 30-day inpatient/outpatient death PS-AKI (index no ICU)
	1.350
	0.085
	Lognormal
	

	OR 30-day inpatient/outpatient death PS-AKI (index ICU)
	1.290
	0.085
	Lognormal
	

	Dialysis dependence on index admission*

	Probability of dialysis dependence no ICU (NPS-AKI)
	0.004
	0.0003
	Beta
	3

	Probability of dialysis dependence ICU (NPS-AKI)
	0.004
	0.0003
	Beta
	

	OR dialysis dependence PS-AKI (no ICU)
	14.520
	0.079
	Lognormal
	

	OR dialysis dependence PS-AKI (ICU)
	17.310
	0.100
	Lognormal
	

	Dialysis dependence at 30-day readmission*

	Probability of dialysis dependence index no ICU - readmission (NPS-AKI)
	0.004
	0.000
	Beta
	3

	Probability of dialysis dependence index ICU - readmission (NPS-AKI)
	0.003
	0.000
	Beta
	

	OR dialysis dependence PS-AKI readmission (index no ICU)
	6.150
	0.096
	Lognormal
	

	OR dialysis dependence PS-AKI readmission (index ICU)
	8.170
	0.136
	Lognormal
	

	LOS and cost inputs

	LOS Index admission*

	LOS NPS-AKI (no ICU) (days)
	12.500
	0.013
	Lognormal
	4

	Mean absolute difference no ICU LOS PS-AKI vs NPS-AKI (days)
	3.150
	0.005
	Lognormal
	

	LOS NPS-AKI (ICU)
	8.200
	0.017
	Lognormal
	

	Mean absolute difference LOS ICU PS-AKI vs NPS-AKI (days)
	3.410
	0.003
	Lognormal
	

	LOS 30-day readmission*

	LOS readmission NPS-AKI (index no ICU)
	7.700
	0.042
	Lognormal
	4

	Mean absolute difference readmission LOS PS-AKI vs NPS-AKI (Index no ICU, days)
	0.850
	0.003
	Lognormal
	

	LOS readmission NPS-AKI (Index ICU)
	8.969
	0.077
	Lognormal
	

	Mean absolute difference readmission LOS PS-AKI vs NPS-AKI (Index ICU, days)
	1.160
	0.003
	Lognormal
	

	Hospital costs - Index admission*

	Cost NPS-AKI (No ICU)
	$17,014
	$28
	Gamma
	4

	Mean absolute cost difference Index no ICU PS-AKI vs NPS-AKI
	$7,944
	$13
	Gamma
	

	Cost NPS-AKI (ICU)
	$41,415
	$92
	Gamma
	

	Mean absolute cost difference Index ICU PS-AKI vs NPS-AKI
	$18,687
	$42
	Gamma
	

	Hospital costs - 30-day readmission*

	Cost readmission NPS-AKI (index no ICU)
	$17,271
	$14
	Gamma
	4

	Mean absolute cost difference readmission, index no ICU PS-AKI vs NPS-AKI
	$3,375
	$3
	Gamma
	

	Cost readmission NPS-AKI (index ICU)
	$20,099
	$21
	Gamma
	

	Mean absolute cost difference readmission, index ICU PS-AKI vs NPS-AKI
	$4,704
	$5
	Gamma
	

	Outpatient costs*

	Cost 30-day outpatient NPS-AKI (index no ICU)
	$1,884
	$3
	Gamma
	4

	Mean absolute cost difference outpatient, index no ICU PS-AKI vs NPS-AKI
	$338
	$1
	Gamma
	

	Cost 30-day outpatient NPS-AKI (index ICU)
	$1,673
	$2
	Gamma
	

	Mean absolute cost difference outpatient, index ICU PS-AKI vs NPS-AKI
	$85
	$0
	Gamma
	

	Other costs

	Costs of dialysis
	$266
	$0
	Not varied
	5

	Cost per diagnostic test
	$0
	-
	-
	Assumption

	Cost of hypothetical intervention
	$0
	-
	-
	Assumption

	Utilities

	Ward admission (EQ-5D)
	0.440
	0.026
	Beta
	6

	ICU admission disutility (EQ-5D)
	0.402
	0.020
	Beta
	7

	General population utility 65 to 74, Males (EQ-5D)
	0.827
	0.026
	Beta
	8

	General population utility 65 to 74, Females (EQ-5D)
	0.889
	0.029
	Beta
	

	Post-hospital admission (EQ-5D)
	0.620
	0.029
	Beta
	6

	Disutility dialysis (Review, multiple instruments)
	0.110
	0.020
	Beta
	9

	Alive with renal recovery (TTO)
	0.840
	0.033
	Beta
	10

	Alive on haemodialysis (EQ-5D)
	0.620
	0.031
	Beta
	11

	Alive on peritoneal dialysis (EQ-5D)
	0.680
	0.070
	Beta
	


Abbreviations: AKI, acute kidney Injury; EQ-5D, EuroQol-5 Dimension; ICU, intensive care unit; LOS, length-of-stay; NPS-AKI, non-persistent severe acute kidney injury; OR, odds ratios; PS-AKI, persistent severe acute kidney injury; SE, standard error, TTO, time trade-off.
* In the original analyses 3,4 the results were adjusted for age, sex, race-ethnicity, Charlson Comorbidity Index, hospital characteristics (number of beds, teaching status, region, urban/rural), and admission point of origin, admission type, medical vs. surgical (categorized by MS_DRG), primary payer, and presence of CKD, sepsis, and ICU use. Model for ICU use did not adjust for ICU use or sepsis. Models in ICU patients only or non-ICU patients only did not adjust for ICU use.
[bookmark: _Toc152232008]Implementation of model inputs
[bookmark: _Ref150205892]Probabilities were adjusted to the Markov model’s cycle length using Equation S1.
	[bookmark: _Ref84603292]
	[bookmark: _Ref150205986]Equation S1


where pi is the probability to be converted, ti the index time scale, and t is the cycle length to which the probability is to be adjusted 12.
The probability of clinical events and costs values in patients developing PS-AKI were estimated by applying the adjusted OR and mean differences to the baseline probabilities for people not developing PS-AKI (NPS-AKI) 3,4.
Odds ratios (OR) were rearranged to relative risks (RR) before being applied to the baseline probabilities of an event using Equation S13 . 
	
	Equation S2


where p0 is the baseline probability of the event.
[bookmark: _Toc152232009]Mortality
[bookmark: _Ref124806046]Table S2 – Survival in people with end-stage renal disease aged 65 to 74 years
	 
	Years
	65-74

	2019
	1
	0.807

	2018
	2
	0.679

	2017
	3
	0.564

	2015
	5
	0.374

	2010
	10
	0.122


Source: USRDS report 2022 14
[bookmark: _Toc152232010]Utilities
During index admission, patients were assigned the utility of being in the ICU or in a non-ICU environment (ward or intermediate care). After discharge and up to 90 days from index admission, outpatients and people in the community were assigned a post-hospital (re)admission utility. If dialysis dependence existed at this stage, a dialysis disutility was subtracted from the post-hospital admission utility. Because there was no information about the distribution of ICU requirements during hospital readmission, those experiencing readmission were assigned the no ICU utility. For those discharged after readmission, utilities were assigned as described for the initial discharge. After the initial 90-day period, those entering the Markov model were assigned the alive with renal recovery (non-ESRD health state) or the ESRD with dialysis utilities.
[bookmark: _Toc152232011]Targeted literature review
Publications reporting utility values were searched in Google and Google Scholar using the terms “cost-effectiveness analysis”, “AKI”, and “systematic review”. Identified manuscripts were inspected for relevant inputs and references were reviewed for additional publications of interest. Tufts Medical Centre Cost-Effectiveness Analysis Registry (University, 2023) was also searched for relevant utility parameters. The search for utilities was terminated when saturation was reached. US-specific utilities derived using EuroQol EQ-5D or other utility-based quality of life tool (i.e., time trade-off or Health Utilities Index) were preferred. Three systematic reviews 15-17 and two health technology assessments 7,18) compiled revised information on published cost-effectiveness analyses of technologies related to AKI and were of particular interest to identify utilities relevant for use in the model. These key publications were inspected for inputs and cross-references of interest. Additional Google Scholar searches were performed until saturation of results was reached. 
[bookmark: _Toc152232012]Calculations
The utility inputs utilized in the model are depicted in Table S1. The utility for ICU was calculated by subtracting the disutility from ICU admission from the age specific utility for the general US population. The average utility in the general population was weighted using gender distribution in the model (49.7% females). Health state utility for ESRD on dialysis was calculated as the weighted average of the alive on haemodialysis (HD) and alive on peritoneal dialysis (PD) utilities, weighted using 86.8% HD and 13.2% PD distribution 14.
[bookmark: _Toc152232013]Model validation
Model structure was validated by clinical experts during model development. Model results were compared with those for similar published studies 7,18,19. The consistency of the model equations was tested by a naïve analyst, and by replacing base case inputs with extreme values, observing if results would be as anticipated. No concerns were raised from the validation process.
[bookmark: _Toc152232014]Additional results
[bookmark: _Toc152232015]Base case
Table S3  compares base case incremental deterministic and probabilistic results. Probabilistic values were calculated as the average of 10,000 Monte Carlo simulations produced as result of the probabilistic sensitivity analysis.
[bookmark: _Ref125108216][bookmark: _Ref125108209]Table S3 – Base case incremental probabilistic results
	Incremental result
	Deterministic
	Probabilistic

	
	Mean
	Mean
	Lower 95% CrI
	Upper 95% CrI

	Costs
	-$486.21
	-$486.22
	-$516.16
	-$47.58

	Life-years
	0.078
	0.078
	0.072
	0.083

	QALYs
	0.066
	0.066
	0.058
	0.072

	ICER
	CCL14 dominates
(-$7,410.35/QALY)
	CCL14 dominates
(-$7,425.87 /QALY)
	(-$8,115.89 /QALY)
	(-$6,906.27 /QALY)


Abbreviations: CrI, credible interval; ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year.
[bookmark: _Ref125108420] Figure S1 – Cost-effectiveness acceptability curve
[image: ]
Abbreviations: C-C motif chemokine ligand 14; QALY, quality adjusted life-year; SOC, standard of care
Figure S2 - Distribution of PSA iterations on the cost-effectiveness plane for the base case
[image: ]
Abbreviations: ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year; WTP, willingness to pay for a QALY.

[bookmark: _Toc152232016]Scenario analyses
Remaining uncertainty not addressed in one- and two-way sensitivity analyses was explored in scenario analyses. 
Scenario 1 - The time horizon was varied to 10 and 20 years. 
Scenario 2 – The costs of testing ($500) and associated to the intervention ($1,000) were changed simultaneously at intervention efficacy levels of 5% and 10%. 
Scenario 3 - Healthcare costs, other than dialysis costs were considered in the analysis. 
Scenario 4 - The assumption of using 30-day dialysis as a proxy for lifetime dialysis dependence was challenged by modelling kidney function recovery in 50% of people requiring dialysis at 30 days.
[bookmark: _Toc152232017]Scenario 1
[bookmark: _Ref125116754]Reducing the time horizon has shown that most of the costs and life-years are incurred in the initial 10 years of the analysis, whilst only 58% of the QALY gain occurs in the initial 10 years. The elevated mortality for patients with ESRD plays a great role in these results. Although insightful, these results do not change the conclusions of the analysis (Table S4).In addition, this scenario suggests that a greater granularity in simulating the progression of AKI into different degrees of chronic renal disease would provide valuable information about the real value of CCL14 in contributing to the avoidance of progressing kidney disease.
Table S4 – Incremental deterministic results of varying the time horizon of the analysis
	 
	 
	Base case (34-year time horizon)
	20-year time horizon
	10-year time horizon

	 
	Outcome
	CCL14
	SOC
	Incremental
	CCL14
	SOC
	Incremental
	CCL14
	SOC
	Incremental

	Costs
	Index Hospitalization (no ICU)
	$10,053
	$10,053
	$0
	$10,053
	$10,053
	$0
	$10,053
	$10,053
	$0

	
	Index Hospitalization (ICU)
	$21,152
	$21,575
	-$423
	$21,152
	$21,575
	-$423
	$21,152
	$21,575
	-$423

	
	Hospital readmission
	$2,885
	$2,881
	$4
	$2,885
	$2,881
	$4
	$2,885
	$2,881
	$4

	
	Total Inpatient costs
	$34,090
	$34,509
	-$418
	$34,090
	$34,509
	-$418
	$34,090
	$34,509
	-$418

	
	Outpatient visits
	$395
	$393
	$2
	$395
	$393
	$2
	$395
	$393
	$2

	
	Dialysis
	$1,058
	$1,127
	-$70
	$1,058
	$1,127
	-$70
	$1,058
	$1,127
	-$70

	
	Total Lifetime Costs
	$1,453
	$1,521
	-$68
	$1,453
	$1,521
	-$68
	$1,453
	$1,521
	-$68

	
	Total costs
	$35,543
	$36,029
	-$486
	$35,543
	$36,029
	-$486
	$35,543
	$36,029
	-$486

	Effects
	Life-years on dialysis
	0.026
	0.027
	-0.002
	0.026
	0.027
	-0.002
	0.026
	0.027
	-0.002

	
	Life-years
	11.118
	11.040
	0.078
	10.106
	10.036
	0.071
	6.569
	6.524
	0.045

	
	QALYs
	9.282
	9.216
	0.066
	8.432
	8.372
	0.059
	5.461
	5.423
	0.038

	 
	ICER ($/QALY)
	CCL14 Dominates
	-$7,410
	CCL14 Dominates
	-$8,174
	CCL14 Dominates
	-$12,779


Abbreviations: C-C motif chemokine ligand 14; ICER, incremental cost-effectiveness ratio; Inc., incremental; QALYs, quality-adjusted life-years; SOC, standard of care
[bookmark: _Toc152232018]Scenario 2
The costs of testing ($500) and additional costs of the early intervention ($1,000) were varied simultaneously. The deterministic results (Table S5) suggest that the strategy using CCL14 is cost-effective at $9,100.06 per QALY gained.
[bookmark: _Ref125551248]Table S5 – Incremental deterministic results for Scenario 2
	 
	
	5% Intervention efficacy
	10% Intervention efficacy

	
	Outcomes
	CCL14
	SOC
	Incremental
	CCL14
	SOC
	Incremental

	Costs
	Index Hospitalization (no ICU)
	$10,634.00
	$10,052.75
	$581.24
	$10,634.45
	$10,052.75
	$581.69

	
	Index Hospitalization (ICU)
	$21,870.44
	$21,574.75
	$295.70
	$21,654.31
	$21,574.75
	$79.57

	
	Hospital readmission
	$2,883.02
	$2,881.15
	$1.88
	$2,884.90
	$2,881.15
	$3.75

	
	Total Inpatient costs
	$35,387.46
	$34,508.65
	$878.82
	$35,173.66
	$34,508.65
	$665.01

	
	Outpatient visits
	$394.22
	$393.24
	$0.98
	$395.20
	$393.24
	$1.96

	
	Dialysis
	$1,092.55
	$1,127.50
	-$34.95
	$1,057.60
	$1,127.50
	-$69.89

	
	Total Lifetime Costs
	$1,486.77
	$1,520.74
	-$33.97
	$1,452.80
	$1,520.74
	-$67.94

	
	Total costs
	[bookmark: RANGE!K32]$36,874.23
	[bookmark: RANGE!L32]$36,029.38
	$844.85
	$36,626.46
	$36,029.38
	$597.07

	Effects
	Life-years on dialysis
	0.026
	0.027
	-0.001
	0.026
	0.027 
	-0.002

	
	Life-years
	11.079 
	11.040 
	0.039
	11.118 
	11.040 
	0.078

	
	QALYs
	9.249 
	9.216 
	0.033
	9.282 
	9.216 
	0.066

	 
	ICER ($/QALY)
	
	$25,752.80
	
	
	$9,100.06


Abbreviations: C-C motif chemokine ligand 14; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life-years; SOC, standard of care.
At a WTP of $9,100.06 per QALY, CCL14 is associated with a 51.7% probability of being the most cost-effective strategy. At WTP values above $12,000 per QALY gained, CCL14 has an over 99.9% probability of being the most cost-effective strategy (Figure S4). 
Figure S3 – Distribution of PSA on the cost-effectiveness plane
[image: A graph of a coin and a coin

Description automatically generated with medium confidence]
Abbreviations: ICER, incremental cost-effectiveness ratio; PSA, probabilistic sensitivity analysis; QALY, quality-adjusted life year; WTP, willingness to pay for a QALY.
Notes: A – Intervention prevents 5% of PS-AKI; B – Intervention prevents 10% of PS-AKI.
[bookmark: _Ref125551681][bookmark: _Ref129178798][bookmark: _Ref125117060][bookmark: _Ref125551678]Figure S4 – Cost-effectiveness acceptability curve for Scenario 2
[image: ]
Abbreviations: C-C motif chemokine ligand 14; QALY, quality adjusted life-year; SOC, standard of care.
[bookmark: _Toc152232019]Scenario 3
Healthcare costs not restricted to dialysis. In the base case, long-term incremental healthcare costs were restricted to excess dialysis costs between the CCL14 and SOC arms. In scenario 3, healthcare costs for the ESRD group were calculated as direct costs of ESRD reported in US Renal Data System (USRDS) annual report 14 ($95,932) minus the age specific healthcare costs in the general population in 2014 20 inflated to US dollars 2022 using consumer price index for health care 21 ($95,932 - $19,565 = $76,367 for 65- to 84-year-olds, $95,932 - $37,920 = $58,012 for those aged 85 and above). 
The deterministic results for scenario 3 are shown in Table S6. CCL14 remains dominant, but the difference in dialysis costs goes from $69.89 to $123.84 (almost doubles). This amount has small absolute value because results are reported per person with AKI stage 2 to 3 entering the model, of which only a relatively small proportion develop dialysis dependence.
[bookmark: _Ref125387374]Table S6 – Incremental deterministic results for Scenario 3
	 
	Outcomes
	CCL14
	SOC
	Incremental

	Costs
	Index Hospitalization (no ICU)
	$10,053.25
	$10,052.75
	$0.49

	
	Index Hospitalization (ICU)
	$21,152.23
	$21,574.75
	-$422.52

	
	Hospital readmission
	$2,884.90
	$2,881.15
	$3.75

	
	Total Inpatient costs
	$34,090.37
	$34,508.65
	-$418.27

	
	Outpatient visits
	$395.20
	$393.24
	$1.96

	
	Dialysis
	$1,873.27
	$1,997.12
	-$123.84

	
	Total Lifetime Costs
	$2,268.47
	$2,390.36
	-$121.89

	
	Total costs
	$36,358.84
	$36,899.01
	-$540.16

	Effects
	Life-years on dialysis
	       0.026 
	      0.027 
	-0.002

	
	Life-years
	       11.118 
	     11.040 
	0.078

	
	QALYs
	       9.282 
	      9.216 
	0.066

	
	ICER ($/QALY)
	CCL14 Dominates
	-$8,232.62


Abbreviations: C-C motif chemokine ligand 14; ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life-years; SOC, standard of care.
[bookmark: _Toc152232020]Scenario 4
The base case assumption that 30-day dialysis use was a proxy for lifetime dialysis dependence was challenged by modelling kidney function recovery in 50% of people requiring dialysis at 30 days.
The incremental deterministic results for scenario 4 are shown in Table S7. The results are similar to the base case with CCL14 with the cost of dialysis reducing to $38.62.


[bookmark: _Ref129182123]Table S7 - Incremental deterministic results for Scenario 4
	 
	Outcomes
	CCL14
	SOC
	Incremental

	Costs
	Index Hospitalization (no ICU)
	$10,053.25
	$10,052.75
	$0.49

	
	Index Hospitalization (ICU)
	$21,152.23
	$21,574.75
	-$422.52

	
	Hospital readmission
	$2,884.90
	$2,881.15
	$3.75

	
	Total Inpatient costs
	$34,090.37
	$34,508.65
	-$418.27

	
	Outpatient visits
	$395.20
	$393.24
	$1.96

	
	Dialysis
	$594.18
	$632.80
	-$38.62

	
	Total Lifetime Costs
	$989.38
	$1,026.04
	-$36.67

	
	Total costs
	$35,079.75
	$35,534.69
	-$454.94

	Effects
	Life-years on dialysis
	       0.014 
	      0.015 
	-0.001

	
	Life-years
	       11.167 
	     11.092 
	0.075

	
	QALYs
	       9.324 
	      9.262 
	0.063

	 
	ICER ($/QALY)
	CCL14 Dominates
	-$7,250.22
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