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History of CKD-Anemia Treatment

• 1906: existence of hémopoïétine postulated (Paul Carnot)
• 1948: termed “erythropoietin” by Eva Bonsdorff and Eeva

Jalavisto (Acta Physiol Scand 1948; 16:150-170)
• 1968: Goldwasser & Kung purified EPO from sheep urine; 

succeeded after 9 years (1977)
• 1970s: John Adamson and Joseph W. Eschbach 

established clinical potential
• 1985: EPO gene isolated and cloned (Jacobs; Lin)
• rhEPO synthesis patented at Columbia University and 

licensed to Amgen



History of CKD-Anemia Treatment

Recombinant human erythropoetin
• Eschbach et al: NEJM 1987; 316:73 (Phase I-II)
• Eschbach et al: Ann Intern Med 1989; 111:992

– Phase III study – single arm evaluation
• 333 patients on maintenance hemodialysis
• In: Hematocrit <0.30; clinically stable; iron replete
• Out: poorly controlled hypertension (dBP>100 mmHg)
• Starting dose of 300 (150) U/kg
• Titrate dose to target hematocrit 0.32-0.38

Eschbach et al: Ann Intern Med 1989; 111:992



Recombinant human erythropoietin

Eschbach et al: Ann Intern Med 1989; 111:992



Recombinant human erythropoietin

Other desired outcomes:
Reduced iron overload (ferritin: 962→628 μg/L; TSAT: 41→30%)
Significant improvements (observed up to 10 months) in 
– physical functioning (Karnowsky), 
– activity level, 
– energy level
– Nottingham health profile scores

Adverse events (within 3 months):
Increase in BP (35% had dBP increased by >10 mmHg or 

required increase in antihypertensive medications)
Seizures (5.4%)
Iron deficiency (43% developed ferritin <30 μg/L or TSAT <20%)

Eschbach et al: Ann Intern Med 1989; 111:992



Recombinant human erythropoietin

Value proposition:
• reduction of transfusion rates (shown), 
• improvement of hrQoL (maybe)
• reduction in CV morbidity/mortality (proposed), 
• [reduction in immune-sensitization of kidney 

transplant candidates (suggested much later)]

US FDA approved epoetin alfa on June 1, 1989



Anemia Targets and CV Outcomes

Testing the hypothesis that treating anemia 
(using ESAs) more aggressively improves hard  
(cardiovascular) endpoints.
Using superiority trial designs

H0: Treatments A and B (or placebo) yield outcomes 
that are statistically not different
HA: Treatment A yields better (or worse) outcomes 
than Treatment B (placebo) at a statistical 
significance threshold, usually p<0.05



Anemia Targets and CV Outcomes

• “Normal hematocrit study”
• 1233 patients, HD, w/ CHF or IHD
• Randomized to hematocrit target 0.30 vs. 0.42
• Primary endpoint: death or nonfatal MI

Besarab A., et al: NEJM 1998; 339:584



Anemia Targets and CV Outcomes

Stopped early for futility. 
RR: 1.3 (95% CI: 0.9-1.9)
Increased risk of HD vascular 

access thrombosis in 
normal-hematocrit group 
(39% vs. 29%; p<0.001).

Besarab A., et al: NEJM 1998; 339:584



Anemia Targets and CV Outcomes

Cardiovascular Risk Reduction by Early Anemia 
Treatment with Epoetin Beta – CREATE

603 patients w/ CKD eGFR 15-35 mL/min/1.73 m2

Randomized to hemoglobin target of 11-12.5 vs. 
13-15 g/dL

Primary endpoint: composite CV endpoint 
(sudden death, MI, stroke/TIA, acute HF, 
hospitalized arrhythmia, hospitalized angina, 
PVD w/ necrosis or requiring amputation) 

Drueke et al. NEJM 2006; 335:2071



Anemia Targets and CV Outcomes

Drueke et al. NEJM 2006; 335:2071

Primary CV Composite:
HR, 0.78; 95% CI, 0.53 to 1.14; 
adjusted P = 0.20
Results robust when censoring 
for initiation of dialysis.



Anemia Targets and CV Outcomes

Correction of Hemoglobin and Outcomes in Renal 
Insufficiency – CHOIR

1432 patients w/ CKD eGFR 15-50 mL/min/1.73 m2

Randomized to hemoglobin target of 10.5-11 vs. 
13-13.5 g/dL (amended to 11.3 vs. 13.5 g/dL)

Primary endpoint: composite CV endpoint (death, 
MI, stroke, hospitalization for heart failure).  

Singh et al. NEJM 2006; 335:2085



Anemia Targets and CV Outcomes

Singh et al. NEJM 2006; 335:2085

Stopped early for lack of 
conditional power. 
Primary CV Composite:
HR, 1.34; 95% CI, 1.03 to 1.74; 
P = 0.03



Regulatory Action

3/9/2007



Regulatory Action
• Black Box (9/3/2007) and other label updates
• CRDAC (9/11/2007)
– Voted against market withdrawal for epoetin alfa and 

darbepoetin alfa (approved in 2001)
– Deferred any recommendation for action until data from 

ongoing TREAT would be available
• Quiet (?) shift in approach by FDA towards additional 

requirements for innovators in CKD anemia space
– Registrational evidence solely focusing on anemia 

treatment/control no longer sufficient (inference)
– CVOTs now appear required for NDAs in CKD-anemia (at least 

broadly for ESAs; apparently not for iron treatments)



Anemia Treatment and CV Outcomes

Trial to Reduce Cardiovascular Events with Aranesp
Therapy – TREAT (darbepoetin alfa)

4038 patients w/ CKD (eGFR 20-60 mL/min/1.73 m2), 
type 2 DM, anemia (hemoglobin <10.5 g/dL)

Randomized to darbepoetin treatment w/ target of 13 
g/dL vs. placebo w/ rescue at hemoglobin <9 g/dL

Co-primary endpoints: 
A) composite CV endpoint (death, stroke, HF, MI, 
hospitalized myocardial ischemia); 
B) death or time to renal replacement therapy

Pfeffer et al. NEJM 2009; 361:2019



Anemia Treatment and CV Outcomes

Pfeffer et al. NEJM 2009; 361:2019



Anemia Treatment and CV Outcomes

Pfeffer et al. NEJM 2009; 361:2019



Anemia Treatment and CV Outcomes

• TREAT was the first placebo-controlled CVOT 
for an ESA to treat CKD-anemia
– Superiority design (failed to reject the H0)
– Lots of regulatory response (not covered today)

• Subsequent trials of INDs used non-inferiority 
designs
– Paradigm shift
– Design insufficiently understood my many



Noninferiority Trials

• Test whether a Treatment A is not 
unacceptably worse relative to an outcome of 
interest compared with a Treatment B.
– “The intent of an NI trial, however, is not to show 

that the new drug is equivalent, but rather that it 
is not materially worse than the control.” -- FDA

– Do not per se determine better or worse

Anonymous. FDA, CDER, CBER, 2016 



Superiority vs. Noninferiority Trials

Anonymous. FDA, CDER, CBER, 2016 

(control drug) (placebo – e.g., Roxa)



Superiority vs. Noninferiority Trials

• Superiority trials are 
straightforward to  
interpret.

• The null value is fixed
• Rejection of H0 and 

acceptance of HA if 
p<0.05.

• Biases limited and 
usually towards the null 
(conservative bias).



Superiority vs. Noninferiority Trials

Anonymous. FDA, CDER, CBER, 2016 

(placebo – e.g., Roxa)



Superiority vs. Noninferiority Trials

• Noninferiority trials are not 
straightforward to interpret.

• How to determine the non-
inferiority margin, M1?

• Noninferiority p<0.05 (95% CI 
does not cross M1) needs to be 
interpreted in light of key 
assumptions.

• Biases usually directed towards 
increased likelihood of 
(inappropriately) accepting 
noninferiority (nonconservative 
bias).

(placebo – e.g., Roxa)



Superiority vs. Noninferiority Trials
Example 1: Inclusion of types of events that cannot plausibly be affected 
by treatment. 
E.g., accidental death (MVA, GS, drug overdose, brick falling from roof)
Question for today: might anemia treatment A vs. B reduce accidental 
death? (Not plausibly)
Impact of inclusion of accidental death in composite endpoint 
(remember -- occurs at similar rates in both arms):
Superiority trial: fewer events that might be affected by treatment get 
counted => dilution of power, effect estimate pulled towards the null 
(not desirable for anyone; conservative bias ↑ false negative
conclusion). 
Noninferiority trial: fewer events that might be affected by treatment 
get counted => augmentation of power, effect estimate, CI get pulled 
towards the null (not desirable for some; non-conservative bias; ↑ false 
positive conclusion). 



Superiority vs. Noninferiority Trials
Example 2: Inclusion of timing of events that cannot plausibly be 
affected by treatment. 
E.g., including events long after treatment discontinuation or crossover
Question for today: might treatment A vs. B reduce (CV) events weeks or 
months after assigned treatment was discontinued? (Maybe? Or not?)
Impact of inclusion of (CV) events that occurred long after treatment 
discontinuation. What if this occurs at dissimilar rates between arms?
Superiority trial: fewer events get counted during time periods when a 
treatment effect is plausible => dilution of power, effect estimate pulled 
towards the null (not desirable for anyone, conservative bias, ↑ false 
negative conclusion). 
Noninferiority trial: fewer events get counted during time periods when 
there is a plausible treatment effect => augmentation of power, effect 
estimate pulled towards the null (not desirable, non-conservative bias; 
↑ false positive conclusion). 



Superiority vs. Noninferiority Trials

What if discontinuation rates are high and 
different between treatments? 
Bad! But ‘badder’ for NI trials. 

ITT a useful fix (and gold standard) for superiority 
trials
ITT not a fix for noninferiority trials. 
On treatment? OT +7? OT +28?



Back to Anemia Trials



Peginesatide

N Engl J Med 2013; 368:307-319 and 320-332 

CV Composite: death, MI, stroke, HF, angina, arrhythmia
M1: HR=1.3



Peginesatide

N Engl J Med 2013; 368:307-319 and 320-332 

PEARL pooledEMERALD pooled

EMERALD and
PEARL pooled



Peginesatide

• FDA approved 3/26/2012, for CKD on dialysis
• Broad rollout of the drug in the FMC-NA 

dialysis network in the fall of 2012

N Engl J Med 2014; 370:2055-2056 



Roxadustat

CV Composite: death, MI, stroke
M1: HRFDA=N.D.; HREMA=1.3



Roxadustat

Fibrogen Slides for FDA CRDAC July 15 2021





Vadadustat

N Engl J Med 2021; 384:1601 and 384:1589

CV Composite: death, MI, stroke
M1: HRFDA =1.25



Vadadustat (CKD-DD)

Eckardt KU, et al NEJM 2021; 384:1601 



Vadadustat (CKD-DD)

ASN Kidney Week 2020



Vadadustat (CKD-NDD)

Chertow GM, et al NEJM 2021; 384:1589 



Vadadustat (CKD-NDD)

ASN Kidney Week 2020



Daprodustat

N Engl J Med 2021; DOI: 10.1056/NEJMoa2113379
and DOI: 10.1056/NEJMoa2113380

CV Composite: death, MI, stroke
M1: HRFDA =1.20 (amended to 1.25)



Daprodustat (CKD-NDD)

Singh AK, et al NEJM 2021; published online ahead of print, Nov 5 2021 

CV MACE: 11.0% dapro vs. 10.0% darbepoetin alfa. Hazard ratio 1.11 (0.91, 1.35)



Daprodustat (CKD-DD)

Singh AK, et al NEJM 2021; published online ahead of print, Nov 5 2021 

CV MACE: 15.2% dapro vs. 17.4% ESA control. Hazard ratio 0.86 (0.72, 1.03)



Conclusion
• Noninferiority trials are more difficult to interpret
• Valid inference can be jeopardized by inclusion of events that 

are
– Implausibly affected by treatment
– Occur (long) after treatment has been discontinued

• Particular challenge when treatment discontinuation is high 
and, especially, when differential between randomized groups

• ITT is not a fix and may make things even worse
• The noninferiority margin M1 becomes less relevant
• Acceptance of noninferiority spuriously optimistic
• And remember in the special case of CKD-anemia trials: 

standard of care has a Boxed Warning



Have fun and be controversial

Thank you


