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FLOW Study Review
Semaglutide and CKD Outcomes

Alison Shipley, RPh

Role of Glucagon-like-Peptide-1

Muskiet et al. Nature Reviews Nephrology, 2017

GLP-1 and the Kidney

Muskiet et al. Nature Reviews Nephrology, 2017

Direct Effects
• Proximal tubular natriuresis 

simulation
• Vasodilatory effects on the 

afferent arteriole
• Decreases glomerular 

hyperfiltration 

Indirect Effects
• Weight loss
• Improved blood pressure control
• Improved glycemic control

Trials of GLP-1 Receptor Agonists

Rossing et al. Nephrol Dial Transplant 2023

LEADER
• Mean eGFR 79.1 ml/min/1.73m2

REWIND
• Mean eGFR 74.9 ml/min/1.73m2

SUSTAIN 6
• 30% eGFR > 90 ml/min/1.73m2

• 41.5% eGFR 60-90 ml/min/1.73m2

• 25.2% eGFR 30-60 ml/min/1.73m2

• 2.9% eGFR 15-30 ml/min/1.73m2

FLOW = evaluate kidney Function with semagLutide Once Weekly

Methods

• International, double-blind, 
randomized, placebo-
controlled trial

• 28 countries

Rossing et al. Nephrol Dial Transplant 2023
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Study Population

• Adult patients
• Type 2 diabetes (HbA1c ≤ 10%)
• Stable maximum tolerated dose of a RAS inhibitor
• Renal impairment, defined as either:

• eGFR ≥ 50 and ≤ 75 ml/min/1.73 m2 and UACR > 300 and < 5000 mg/g (34 to 565 mg/mmol) or
• eGFR ≥ 25 and ≤ 50 ml/min/1.73 m2 and UACR > 100 and < 5000 mg/g (11 to 565 mg/mmol)

Inclusion Criteria

• Congenital or hereditary kidney disease
• History of malignancy within 5 years
• MI, stroke, hospitalization for unstable angina or TIA within 60 days
• Planned coronary, carotid or peripheral artery revascularization
• Uncontrolled proliferative diabetic retinopathy
• Current NYHA Class IV heart failure
• Pregnancy or breastfeeding
• Use of any GLP1-RA within 30 days prior to screening
• Combination use of ACEi and ARB
• Dialysis within 90 days prior to screening
• Prior solid organ transplant or awaiting transplant

Exclusion Criteria

Rossing et al. Nephrol Dial Transplant 2023

Intervention

Rossing et al. Nephrol Dial Transplant 2023

SGLT2 inhibitors and MRA were permitted and 
randomization was stratified by use of SGLT2 
inhibitors at baseline

Participants with eGFR ≥ 60 ml/min/1.73 m2

were capped at 20%
Injection training was repeated 
at weeks 4, 26 and annually

Outcome Measurements

• Time to first occurrence of major kidney events consisting of:
• Kidney failure:
•Onset of persistent eGFR <15 ml/min/1.73 m2

•Initiation of chronic kidney replacement therapy (dialysis or kidney transplantation)
• Onset of persistent >50% reduction in eGFR compared with baseline
• Death from kidney-related cause
• Death from cardiovascular cause

Primary outcome

• Annual rate of change in eGFR (total eGFR slope)
• Time to first occurrence of a composite MACE outcome consisting of CV death, non-fatal MI or non-fatal stroke
• Time to occurrence of all-cause death

Confirmatory secondary outcomes

• Time to occurrence of each of the individual components of the primary composite outcome, and of the confirmatory 
secondary MACE outcomes

• Change in eGFR, UACR, body weight, HbA1C, blood pressure

Supportive secondary outcomes

Rossing et al. Nephrol Dial Transplant 2023
*eGFR was calculated using both creatinine (CKD-EPI) and cystatin C to account for any change weight loss could 
have on creatinine measurement

Sample Size, Analytic Plan, and Funding

• This trial was event-driven, with a minimum of 854 primary outcome events 
(including 515 kidney events) which would provide 90% power to detect a 20% 
risk reduction

• Based on a 8.5% annual event rate in the placebo arm, this would require about 3508 
participants to be enrolled

• The trial used an intention-to-treat principle
• An interim analysis was planned after two thirds of the total events had accrued 

with clear stopping rules
• Funding was provided by Novo Nordisk, which manufactured semaglutide

Results

Figure S1. Perkovic et al. NEJM 2024

June 2019 to May 2021 Interim Analysis

• The trial was halted early in October 2023 after the Data Safety and 
Monitoring Board performed an interim analysis after 570 events had 
accrued and stopping rules were met

• By the time all follow up visits were completed, 741 events had occurred

• Mean follow-up duration was 3.4 years
• A total of 3472 (98.6%) patients completed follow-up or died during 

this period
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Baseline Characteristics

Perkovic et al. NEJM 2024

Baseline Characteristics

Perkovic et al. NEJM 2024

Baseline Characteristics

Majority were high 
or very high risk CKD

Rossing et al. Nephrol Dial Transplant 2023

Results

Perkovic et al. NEJM 2024

Primary outcome: 
24% risk reduction

Perkovic et al. NEJM 2024

Primary Outcome

Perkovic et al. NEJM 2024
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Secondary Outcomes

Perkovic et al. NEJM 2024

Secondary Outcomes

Perkovic et al. NEJM 2024

Safety Outcomes

Perkovic et al. NEJM 2024

Conclusion

The authors conclude that among patients with Type 2 diabetes and 
high-risk chronic kidney disease, semaglutide reduced the risk of major 
kidney disease events

Perkovic et al. NEJM 2024

Discussion

Limitations
• Type 1 diabetics excluded
• Low proportion of Black 

patients (< 5%)
• SGLT2i therapy was not a 

requirement
• There were a larger number of 

‘drop in’ patients in the placebo 
group, presumably due to 
proteinuria and hyperglycemia, 
making the benefits of 
semaglutide even more 
impressive

Strengths
• FLOW is the first trial looking at 

the primary renoprotective effects 
of a GLP1-RA down to an eGFR of 
25 ml/min/1.73 m2

• Compared to other landmark 
cardio-renal trials, FLOW trial 
included a higher-risk population

• Overall good generalizability of 
results because it was conducted 
in a wide geographical area

Summary

The FLOW trial showed that semaglutide significantly decreased the 
risk of progression of kidney disease in T2DM, without significant 
increases in serious adverse events

Agarwal R, Fouque D. NDT 2023
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Thank you!


