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Phosphate & mortality: ESRD, CKD, non-CKD
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Phosphate and arterial calcification

Giachelli CM. Kidney Int 2009
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Hemodialysis: serum phosphate & mortality

Block et al. J Am Soc Nephrol 2004; Edmonston D et al. Am J Kidney Dis 2021 



Current state
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But…there is no proof that lowering high phosphate in 
individual patients helps improve their outcomes!

Based on preclinical & observational data, opinion-based 
guidelines: Maintain P <5.5 mg/dl using binders, diet 



HD: Ideal Setting for Pragmatic Trials
• Highly accessible study population 
• Frequent & regular clinical encounters

• Highly granular & uniform data collection as part of routine clinical care
• Infrastructure of dialysis provider organizations allows for:

– Centralized implementation
– Inclusion of large number of facilities with broad geographic distribution

• Many unanswered questions about fundamental aspects of dialysis care
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HiLo: Pragmatic trial of higher vs lower P in HD 



www.phri.ca

Pragmatic randomized trial of High Or Standard 
PHosphAte 

Targets in End-stage kidney disease



High-level comparison of trial designs

HiLo

• Pragmatic
• Targets: <5.5 vs >6.5 mg/dl
• Non-study clinicians drive Rx
• Data collected: clinical only
• Outcome: Hierarchical win ratio

– Death, all cause
– Hospitalizations, all cause

• No outcome adjudication

Phosphate

• Pragmatic
• Targets: <4.65 vs 6.2–7.75 mg/dl
• Non-study clinicians drive Rx
• Data collected: clinical only 
• Outcome: Time to first event

– CV death, non-fatal MI, coronary 
revasc, stroke, PAD event

• Outcomes are adjudicated
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Primary outcome: All-cause mortality & hospitalization

• All-cause mortality is a gold standard outcome in clinical trials.
• Hospitalization is also extremely important to all stakeholders: 

patients, families, clinicians, dialysis providers, payers/Medicare.
• HyperP contributes to multiple complications that result in 

hospitalization.
• Hospitalization is an accepted endpoint in other therapeutic areas. 
• Will be collecting real-time outcomes using EHR data.



Red wins for fewer hospitalizations after tie on death

Wins, losses and ties: 

Longitudinal follow-up time
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Red wins for later death despite more hospitalizations

Red wins for fewer hospitalizations after tie on death

Tie on death, hospitalizations

Blue wins for fewer hospitalizations after tie on death

Red wins for later death
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Tie on death, hospitalizations despite more later hospitalizations

Blue wins for fewer hospitalizations after tie on death9

Tie on death, hospitalizations despite subsequent death

Death Hospitalization
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Win ratio in use: HEART-FID Trial

Mentz RJ et al. NEJM 2023



Informed Consent
Informed Consent needed: the “research involves more than 
minimal risk”

• We use “eConsent:” 
• A relatively new pragmatic approach to clinical trial design
• Informed consent obtained electronically by smart phone, tablet or 

computer 
• HiLo offers both written and video-based consent materials
• Dialysis facility staff are asked to refer patients to the HiLo website 

45 CFR Part 46  (“The Common Rule”)



At 10% enrollment…

• Imbalance in baseline characteristics between Hi and Lo arms
Hi

N=255
Lo

N=179
Mean age, years 57.5 ± 13.8 61.6 ± 13.9

Mean phosphate, mg/dl 6.6 ± 2.2 5.8 ± 1.7
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• Imbalance in enrollment rates between arms
Arm % Ineligible Approached Consented Consent Rate

Hi 31.2% 625 237 37.9%

Lo 21.2% 502 318 63.3%

• Pivot to individual level randomization 



High-level comparison of trial designs

HiLo

• Pragmatic
• Targets: <5.5 vs >6.5 mg/dl
• Non-study clinicians drive Rx
• Data collected: clinical only
• Outcome: Hierarchical win ratio

– Death, all cause
– Hospitalizations, all cause

• No outcome adjudication
• Progress: n=550 (cluster)

– 200 of 3800 (individual)

Phosphate

• Pragmatic
• Targets: <4.65 vs 6.2–7.75 mg/dl
• Non-study clinicians drive Rx
• Data collected: clinical only 
• Outcome: Time to first event

– CV death, non-fatal MI, coronary 
revasc, stroke, PAD event

• Outcomes are adjudicated
• Progress: n=1400 of 4000

16Potential threat: Calcium vs non-calcium



LANDMARK Trial

Ogata H. JAMA 2021
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If there is time…
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FGF23 reduction & outcomes: EVOLVE Study
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Etelcalcetide versus placebo in ESRD

Block GA, et al. JAMA 2017

2 separate trials, total:
IV etelcalcetide: n = 503
versus placebo: n = 513
3x weekly for 26 weeks
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FGF23 reduction stabilizes LVH in ESRD 

Dörr K, et al. Circ Res. 2021

• Pilot RCT in Austria
• 1:1 randomize to etelcalcetide vs alfacalcidol
• N=62
• 1-year follow-up
• LVMI by cardiac MRI
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A different approach?

Murray S, Wolf M. Circ Res. 2021



DISCUSSION


