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1-year Graft Survival 
80.4% vs 64.0%   

(P=0.005) 

Allograft Survival 



Types of Outcome Measures 

 Clinical Endpoint (Patient-important outcome) 
• Characteristic that reflects how a patient feels, functions or how 

long they survive 
• Graft survival, patient survival, quality of life 

 Biomarker 
• Characteristic that is objectively measured as an indicator of 

normal biologic processes, pathogenic processes or response to 
therapy 
• Serum creatinine, GFR, proteinuria, BP etc 
  

 Surrogate End-Point 
• Biomarker that is used as a substitute for a clinical endpoint. 

•  A true surrogate is expected to predict benefit/harm.  



Surrogate End-Points 
 
Advantages: 
 Usually measured earlier in a trial compared to clinical 

endpoints 
 Allows for shorter, cheaper trials to be conducted 
 Results in faster decision-making about treatments - (Phase I/II) 
 

 Typically surrogates are continuous variables so all 
patients in the trial will have an “event” 
 Greatly reduces sample size, increases power and reduces cost 
 



Surrogate End-Points 
Disadvantages: 
 Most biomarkers are NOT valid surrogate endpoints 

 Surrogates are difficult to actually validate 
 Must be prognostic for a hard, clinical endpoint 

 Changes in the surrogate endpoint with treatment must predict 
changes in the occurrence of clinical endpoints 

 Full effect of the treatment on a clinical endpoint should be 
captured by the surrogate 

Invalid Surrogates may Misrepresent the True Consequences of an Intervention 



Bad Surrogate Endpoints  



What Clinical Endpoints are Important 
to Transplant Patients? 

• Patient Survival 
• Allograft Survival 

• Accounts for both Patient Death and Graft Failure 
• Marker of Quality of Life 

• “Time off dialysis” while allograft functioning 
• Marker of Cost 

• Functioning transplant less costly than dialysis 
• 1-year allograft survival has been most commonly used 

• Difficult to use as an endpoint given improvements in 
early graft survival over time 

• To demonstrate further improvements will require sample 
sizes that are not feasible 

 



 
 

• Overall (deceased + living donor combined) 
• 1-year graft survival 94% (SRTR Website) 

 
 

 

• ABMR  
• Most graft failures occur later 
• 1-year graft survival ~90% 

Kidney Transplantation Outcomes   



Sample Size Estimates for an ABMR Trial 

Superiority Trial 

Current 1-yr Graft 
Survival 

Sample Size Required to Show an 
Improvement in 1-yr Graft Survival to: 

     
90% 92% 94% 96% 98% 

     
 6,426 1,442 566 276 

     
 

RITUX ERAH Study 
 n = 38 patients 

 (21 Transplant Centers) 
(target sample size = 64) 



What about Late Allograft Survival as an Endpoint? 
Outcomes not Clear 

ABMR Outcomes 
• Depends on timing of when it occurs: Early vs. Late 

• Depends on treatments given  
• Due to non-adherence or not 



Superiority Trial 

Sample Size Estimates for an ABMR Trial  

Current 5-yr Graft 
Survival 

Sample Size Required to Show an Improvement in 5-yr 
Graft Survival to: 

 ↑2% ↑10% ↑20% ↑25% ↑50% 

50% 51% 55% 60% 63% 75% 
      
 78,480 3,130 776 456 116 

      
 

RITUX ERAH Study 
 n = 38 patients 

 (21 Transplant Centers) 
(target sample size = 64) 



 

 It will be difficult for new interventions to show a 
reasonable treatment effect at 1-year or even 5-years 
using a realistic sample size 
– It is unlikely that a new drug to prevent/treat ABMR will be so good that 

graft survival jumps from 90 to 98% at 1-year or 50 to 60% at 5-years 
  

 

 Most interventions will likley produce more modest, 
incremental improvements   
– Sample sizes for these studies are just not feasible 

Graft Survival will Not be a Useful 
Endpoint for ABMR Trials   



What is the Ideal Endpoint for ABMR Trials? 
 

These Endpoints are all Surrogates Outcome Measures  

 Histology: freedom from or resolution of ABMR or 
components (e.g. C4d); freedom from transplant 
glomerulopathy 
 

 Conventional Biomarker: GFR, proteinuria 
 
 ‘New’ Biomarker: Prevention/Reduction of Donor 

Specific Antibody (DSA), complement fixing DSA (C1q 
binding), gene transcript (mRNA) expression 
 



Most Kidney Transplant Trials do 
NOT Measure Clinical Endpoints 

Primary outcomes
(1998-2008; N=285)
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Clinical Endpoint: 22% 

Surrogate: 78% 



Candidate Endpoints for ABMR Trials 

 
Clinical “Hard” Endpoints 
 Patient survival 
 Graft survival 
 Quality of Life 
 

Surrogate Endpoints 
 Kidney Function (GFR) 
 Histology 
 Donor Specific Antibody 
 Gene Expression 
 Proteinuria  

Feasibility Issues 

Important but more relevant once we 
have proven treatments to choose from  



Is Kidney Function a Valid 
Surrogate Outcome Measure? 



Kidney Function Endpoints are Common in Transplant Trials 

Marker of kidney function 
used in 79% of RCTs 

eGFR used in 61% of RCTs as 
primary or secondary outcome 



Is Kidney Function a Valid Surrogate 
Outcome? 

Is Reduced Kidney Function 
Associated with Worsening Graft 

Survival? 



Strong association 
between 1-year serum 

creatinine and long-term 
renal graft survival 

N=105,742 
Authors Conclusion: “.…the quality of renal function (creatinine ≤ 
1.5 mg/dL at 1 year) should be implemented as a newer endpoint 
for primary comparative trials” 



Is Kidney Function a Valid Surrogate 
Outcome? 

Rationale for Kidney Function as 
a Surrogate Endpoint: 

 Improve Early Renal Function 
and you will Improve Long-term 

Graft Survival 
 

Is this Rationale True in RCTs? 



Symphony Trial: Tacrolimus-Based 
Regimen Improved GFR  



Tacrolimus-Based Regimen Also Associated 
with Better Allograft Survival  



Is Kidney Function a Valid Surrogate 
Outcome? 

• Is the full effect of 
treatment on clinical 
endpoint (graft survival) 
captured by the 
surrogate (GFR)? 

• Not entirely clear 
• Tacrolimus also 

significantly reduced 
acute rejection – maybe 
this was the pathway to 
improved graft 
outcome?? 



Is GFR a Valid Surrogate Outcome? 

Kidney Tx ↑GFR 

Low Dose Tacrolimus + MMF  

Increased 
Graft 

Survival 

Reduced 
Acute 

Rejection 

Alternate Pathway for Treatment to Work 

“Less Toxicity was Hypothesized” 

“Better Immunosuppression” 



eGFR is Strongly Associated with Mortality and Graft Loss 



n=1,344 patients 
 

Predictor: 6-month eGFR 
 

Prediction of 5-year graft 
survival even worse 

3-year Death-Censored Graft Survival 



49% of graft failure in this series occurred in patients thought to 
have an excellent prognosis – i.e. Those with GFR > 40 at 1-year 



Patients with Good GFR at 1-year who Progressed (High-P) had More 
Graft Loss than the Low GFR Group 

Although not Intuitive, Early Renal Function tells us Little about the Risk 
of Late Graft Failure in Many Patients 



• eGFR/creatinine may be a poor marker of true GFR 

• “True GFR” may not reflect severity of underlying 
disease/pathology in the allograft 

• One eGFR/creatinine value may not reflect true baseline 
or ‘steady state’  

• Lots can occur after 6 or 12 months 

• Stop taking medication 
• Recurrent disease 
• Late rejection 
• Other medical complication: e.g. infection, cancer, NODAT, 

MI, CHF etc 
 

Why is the GFR at a fixed time often poorly 
predictive of long-term outcomes? 



What about decline in kidney 
function over time 

 
Is this more predictive?  



Doubling of Cr (-57% decline in GFR) - Standard Kidney Function Endpoint 

Examined lesser declines in 
GFR and association with ESRD 
 
-57% decline or greater:  
• 10-yr risk of ESRD 99% 
• Occurred in 0.79% 
 
-30% decline or greater: 
• 10-yr risk of ESRD 64% 
• Occurred in 6.9%  

HR 5.4 
(4.5 - 6.4) 

HR 32.1 
(22.3 - 46.3) 



HR 3.58 
(3.16 - 4.05) 

HR 5.14 
(4.44 - 5.95) 



Smaller Declines in GFR Occurred more Commonly 
Similar Relationship: GFR Decline and Graft Failure; GFR Decline and Death  

c-Statistics Similar – No Specific Cut Point was Better 
C-Statistics Good but not Great 



Is Donor Specific Antibody (DSA) 
a Valid Surrogate Outcome 

Measure? 







1-year Graft Survival 
 

>50% Reduction in DSA: 100% 
 

≤50% Reduction in DSA: 57.1%  



Are Histologic Markers Valid 
Surrogate Outcome 

Measures? 



N=55 Treated with Bortezomib 

Pre-Post Treatment Biopsies 



Acute Scores Chronic Scores 

Acute Composite Score: Possible Surrogate? 
Need Correlation with Late Graft Failure  





Independent of GFR and proteinuria 

Absence of ABMR on Biopsy – Possible Surrogate Outcome Measure?  



Montgomery et al 



Montgomery et al 

6-month biopsy on subset of n=14 patients 
C1 INH: 0/7 (0%) had TG 

Placebo: 3/7 (43%) had TG 

None of the biopsy components improved by Day-20 



No change in histology except C4d 
(p=0.045) 

GFR improved from 38.7±17.9 to 45.2±21.3 
(p=0.027) 



Primary Endpoint: ABMR in first 3-months 
Eculizumab: 7.7% 

Control: 41%  



Are Gene Expression Measurements 
(‘Molecular Microscope’) Valid Surrogate 

Outcome Measures? 



Score of 0.2 used as a 
threshold to define a case as 

positive for ABMR 
 

AUC=0.89  

The classifier output is a 
score between 0.0 - 1.0 

Reflects the probability that 
ABMR is operating in the 

biopsy 



Any S+ (ABMR score >0.2) 
associated with a bad outcome 
C+ on its own associated with 

late but not early failure  

S+ = ABMR score >0.2 
S- = ABMR score <0.2 

C+ = conventional histology + for ABMR 

S+, C- 

S+, C+ 

S-, C+ 

S-, C- 

Perhaps ABMR Score 
could be a possible 

surrogate?  



Composite End-Points for ABMR Trials 

Advantages: 
• Combine infrequent events together to allow sufficient 

sample sizes 
 

Potential Disadvantages: 
• Components of the endpoint not of similar importance 

• Is persistence of DSA the same as graft loss? 

• Components may not occur with similar frequency 
• Often ‘less serious’ endpoint occurs most often 

• Different relative risk reductions for each component of the 
composite 

• Ideal situation occurs when the biology of the components is 
similar enough so that each has a similar RRR  



Clinical Factors: ACR, Serum Albumin, eGFR, Acute Rejection, Race, Sex, Age 
 
Histology at 1-year: Glomerulitis, Chronic Interstitial Fibrosis (g and ci scores) 
 
DSA: (Class II DSA Level) 

JASN 27: 3165–3174, 2016 



Model Performed Well Except Some Underestimation at Higher Risk Groups  

Overall                 
Graft Failure 

c=0.78 

Death-Censored  
Graft failure 

c=0.84 

JASN 27: 3165–3174, 2016 



Death-Censored Graft Failure  

Adding DSA to the Model Did 
Not Improve Prediction 

(c=0.82) 

Histology Added to the Model 
Glomerulitis and Chronic 

Interstitial Fibrosis                  
(g and ci scores) 

 
c-Statistic Improved:           

0.84 to 0.90 

JASN 27: 3165–3174, 2016 



ABMR Molecular Score (Independent of Histology) Associated with Graft Failure  

ABMR Score Improved Model Discrimination 
AUC Significantly Improved from 0.77 to 0.81 

Difference = 0.049 (0.047 to 0.052)  



Is Proteinuria a Valid 
Surrogate Outcome Measure? 



Degree of Proteinuria (Independent of Histology) 
Associated with Graft Failure 



1-yr Proteinuria Predictive of Graft Failure at 
5-Yrs, Even in those Patients with TG 



Which Outcome Measure to Use? 
 

• Depends on the Trial Purpose 
• Prevention vs Treatment 

 

• Focus on Efficacy 
• Safety endpoints equally important 
• Death, overall infections, BK, CMV, PTLD/Cancer 
 

• Suggestions for Discussion 
• NONE are Properly Validated in Trials 

 



• >30% eGFR Decline (from study entry to 1-year later); or 
    (Function Outcome) 

• “Bad” features on 12-month Protocol Biopsy; or 
• Microvascular Inflammation (g and ptc scores) 
• C4d 
• TG (cg score) 
(Histology Outcome) 

• ABMR Molecular Score >0.2 (1-yr Bx); or 
   (Molecular Outcome) 

• <50% Reduction in DSA; or 
    (DSA Outcome) 

• 24-hr Protein > 500 mg at 1-yr if TG present on Bx 
   (Proteinuria/‘Damage’ Outcome) 

  

ABMR “Treatment” Trial - Potential Composite Endpoint 

Completely Arbitrary Selection of 
Outcomes and Cut-Offs 

 
We Need to Start Measuring 

Similar Outcomes Pre and Post-
Treatment to Determine what is 

Responsive and Predictive 



• Clinical ABMR in the first year using current Banff criteria; or 
    (Histology + DSA Outcome) 

• “Bad” features on 12-month Protocol Biopsy; or 
• Microvascular Inflammation (g and ptc scores) 
• C4d 
• TG (cg score) 
(Histology Outcome) 

• ABMR Score >0.2 on Protocol Bx; or 
   (Molecular Outcome) 

• Development of dnDSA; or 
    (DSA Outcome) 

• 24-hr Protein > 500 mg at 1-yr if TG present on Bx 
   (Proteinuria/‘Damage’ Outcome) 

  

ABMR “Prevention” Trials – Potential Endpoint 



• It is difficult to use patient-important outcomes such as 
graft survival in ABMR trials given sample sizes 
required to show realistic treatment effects 

• Surrogate endpoints are commonly used in renal 
transplant trials – especially measures of kidney 
function such as GFR 

• While convenient from a sample size and power 
perspective, most surrogates are not well validated 

Summary 



• Surrogate outcomes and composite measures involving 
several surrogates will be necessary for ABMR trials 

• Likely candidate outcomes for ABMR studies include 
GFR, histology, molecular transcripts, DSA and 
proteinuria as well as combinations of these endpoints  

• Validation of these endpoints needs to occur – we need 
to begin measuring candidate outcomes before and after 
ABMR treatments to see how they respond 

• Long-term follow-up will be needed for all ABMR trials 
using surrogates to evaluate their eventual effect on hard 
clinical endpoints such as graft survival  

 

Summary 
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