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Renal transplantation is the 
preferred method of treating end 

stage renal disease.  





But grafts do not last 
forever… 



How long do they last? 

OPTN/SRTR Annual Report, 2012 



Why do grafts fail? 

Rejection 

Death 
Other 

Technical 

issue 

Never  

Functioned 

Death 
Chronic 

Allograft 

Nephropathy 

J Am Soc Nephrol 11: 565–573, 2000 

GRAFT LOSS < 6 MONTHS GRAFT LOSS > 5 YEARS 



A Quick Case 





Case Questions 

• What’s happening in there? 

• Is this just “normal aging” of the transplant? 

• Do grafts have an “expiration date?” 

• What can I do to stop this kidney from failing? 

• How can I prevent this from happening to my 
other patients? 

 



Today’s Objectives 
1. To clarify the challenging terminology used to 

describe late graft dysfunction, and how these 
terms have changed (and confused) over time. 

2. To review the presentation and underlying 
pathology causing chronic allograft dysfunction.  

3. To understand the immunologic and non-
immunologic mechanisms that cause chronic 
allograft dysfunction. 

4. To explore methods of preventing and treating 
chronic allograft dysfunction, with the ultimate 
goal of prolonging allograft function. 
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An Identity Crisis 

Chronic allograft 
nephropathy 

Chronic Renal Transplant Rejection 

Chronic Renal 

Allograft Dysfunction 

Chronic Allograft  

Injury 

Transplant 

Nephropathy 



What is chronic allograft 
nephropathy? 



Renal allograft dysfunction occurring at 
least three months post transplant in the 
absence of  acute rejection, drug toxicity, 
or other renal diseases… 







Clinical Features of CAN 

• Gradually elevating creatinine 

• Hypertension 

• Proteinuria 

 

(just like most other chronic 
kidney problems in the universe) 

 



What is going on in there 
(literally)? 



GLOMERULI 

INTERSTITIUM VESSELS 

TUBULES 

PATHOLOGY 
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Glomerular Changes 

ENDOTHELIAL INJURY 

luminal 

obliteration 

basement membrane 

duplication 

sclerosis 

Proteinuria 

 GFR 



+ TG 

- TG 

Transplant Glomerulopathy 
(it’s not good to have) 
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Tubulo-Interstitium 

INTERSTITIAL FIBROSIS AND TUBULAR ATROPHY 

Increasing presence of chronic inflammation and 

connective tissue deposition in the interstitium, with 

damage and loss of renal tubules. 



GLOMERULI 

INTERSTITIUM VESSELS 

TUBULES 

PATHOLOGY 
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Vascular Changes 
• Endothelial inflammation eventually leads to the deposition of 

heterogeneous connective tissue in between the intima and media layers 

• Narrowing and eventual obliteration of the vessel lumen leads to chronic 

ischemic damage of the renal allograft. 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj12pOSg9XWAhUE44MKHWk8AJwQjRwIBw&url=https://prezi.com/kaezkyvp697d/red-blood-cell/&psig=AOvVaw1aNRldlS8g5kgVINz0fVe3&ust=1507139715815438
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj12pOSg9XWAhUE44MKHWk8AJwQjRwIBw&url=https://prezi.com/kaezkyvp697d/red-blood-cell/&psig=AOvVaw1aNRldlS8g5kgVINz0fVe3&ust=1507139715815438
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj12pOSg9XWAhUE44MKHWk8AJwQjRwIBw&url=https://prezi.com/kaezkyvp697d/red-blood-cell/&psig=AOvVaw1aNRldlS8g5kgVINz0fVe3&ust=1507139715815438
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj12pOSg9XWAhUE44MKHWk8AJwQjRwIBw&url=https://prezi.com/kaezkyvp697d/red-blood-cell/&psig=AOvVaw1aNRldlS8g5kgVINz0fVe3&ust=1507139715815438
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj12pOSg9XWAhUE44MKHWk8AJwQjRwIBw&url=https://prezi.com/kaezkyvp697d/red-blood-cell/&psig=AOvVaw1aNRldlS8g5kgVINz0fVe3&ust=1507139715815438
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj12pOSg9XWAhUE44MKHWk8AJwQjRwIBw&url=https://prezi.com/kaezkyvp697d/red-blood-cell/&psig=AOvVaw1aNRldlS8g5kgVINz0fVe3&ust=1507139715815438


Normal 

• Endothelial inflammation eventually leads to the deposition of 

heterogeneous connective tissue in between the intima and media layers 

• Narrowing and eventual obliteration of the vessel lumen leads to chronic 

ischemic damage of the renal allograft. 

Chronic Intimal Fibrous Hyperplasia 

Vascular Changes 



Normal 

• Hyaline arteriosclerosis is a common form of vasculopathy in 

transplant patients with narrowing/obliteration of the arteriolar 

lumen with translucent pink acellular material called hyaline. 

• Associated with calcineurin inhibitor use 

HYALINOSIS 

Vascular Changes 



An Identity Crisis 
• Prior to 1991 these chronic 

pathologic changes and 

the clinical syndrome of 

slow, progressive graft loss 

was referred to as “chronic 

rejection.” 

• The consensus paper of the first Banff conference 

published in 1993 introduced the term “chronic allograft 

nephropathy”  

• The term has been in wide use since that time. 



1991 



CAN 
Chronic Rejection 

Calcineurin 
Nephrotoxicity 

Hypertension 

IF/TA 

Everything else that 
hurts a kidney 



2007 

“There is a misconception that ‘CAN’ is a specific disease rather 

than just another term for non-specific parenchymal scarring.” 
 

“The rationale for this update of the Banff schema is the misusage 

of ‘CAN’ as a generic term for all causes of chronic renal allograft 

dysfunction with fibrosis that inhibits the accurate diagnosis and 

appropriate therapy.” 
 

 



2007 

And so they canned the term “CAN” 
in favor of the pathologic term IFTA 

(it hasn’t really caught on) 
  



Key Points 

• CAN is not a diagnosis but a clinical/pathologic term 

for late transplant dysfunction due to a multitude of 

causes that create similar pathologic changes on 

renal biopsy. 

• We should strive to be exact with our diagnoses, if 

possible, and tease out a potentially-treatable 

etiology. 
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What disease 
mechanisms 

underlie CAN? 



Causes of LATE Allograft Damage 

IMMUNOGENIC NON-IMMUNOGENIC 

Antibody-Mediated Rejection 

Acute Cellular Rejections 

• Calcineurin 

Inhibitor Toxicity 

• Hypertension 

• Delayed Graft 

Function 

• BK nephropathy 

• Hyperlipidemia 

• Diabetes Mellitus 





The Chronic Cost of Acute 
Rejections 

Basadonna et al. Transplantation. 1993:55;993-995 

12 month study of fresh transplant 

patients on triple immunosuppression 

(CsA, AZA, pred) who got biopsies for 

proteinuria or creatinine elevations. 

CAN risk increases 

with the number of 

acute rejection 

episodes 



The Chronic Cost of Acute 
Rejections 

NO REJECTION 

REJECTION 



• Circulating antibodies bind to donor 

alloantigens and damage the graft. 

• We can detect the donor-specific 

antibodies in the serum. 

• We can see evidence of their 

interaction via C4d staining of the 

graft.  

 

Acute Antibody-Mediated 
Rejections lead to CAN too  



C4d 
• A fragment of the classic complement cascade 

component C4, which covalently attaches to 

nearby tissue at the site of an antibody-antigen-

complement complex.  

• It serves as an “immunologic footprint” for antibody-

mediated damage in the allograft 

• It typically is found in the peritubular capillaries in 

humoral rejection  



Control Case Antibody-Mediated Rejection 

Immunofluorescence using 
Anti-C4d Antibodies 



• They went back and looked at prior allograft biopsies 

(done for graft dysfunction) that had received the 

diagnosis “chronic rejection.” 

• Of the 38 cases with that diagnosis: 

- 61% stained positive for C4d in the peritubular 

capillaries (versus 2% of the control cases) 

- 88% of the C4d + cases had circulating DSA (versus 

0% for controls) 
 

 



Fibro-intimal Thickening, 

Chronic Arteriolopathy 

Transplant 

Glomerulopathy 



 

 

Chronic Antibody-
Mediated Rejection  

Incorporated into the Banff Classification in 

the 2005 update to include: 

1. Evidence of chronic tissue injury 

- Transplant glomerulopathy 

- Chronic arteriolopathy 

- Peritubular capillary basement 

membrane layering 

 2. Positive C4d staining 

 3. Circulating DSA 



 

 

Chronic Antibody-
Mediated Rejection  

is a major cause of chronic 
allograft dysfunction. 









Calcineurin Inhibitors 

Edge #2 

Edge #1 

(CNI; tacrolimus and cyclosporine) 



CNIs clearly prolong graft 

survival by preventing 

acute rejections.  

BUT… 
There is strong evidence 

that they cause chronic 

dysfunction of the graft. 

Calcineurin Inhibitors 
Improved Graft Survival 

N Engl J Med 2000;342:605-12. 

1996 

1988 



What Happens: 

ARTERIOLOPATHY GLOMERULOSCLEROSIS INTERSTITIAL FIBROSIS 

Uptodate.com 

Calcineurin Inhibitor Nephrotoxicity 





Calcineurin Inhibitor Nephrotoxicity 
(In non-renal organ transplant patients) 

Renal insufficiency is common in non-renal organ transplants, up to 

21% at 5 years. PRESUMABLY due to the CNI. 
 

N Engl J Med. 2003;349(10):931.  



N Engl J Med. 2003;349(24):2326.  

(is nearly universal, sooner or later) 
 

• Protocol biopsy study 

• 120 Kidney-Pancreas 

transplants 

• Histologic evidence of 

CNI toxicity included: 

• Glomerulosclerosis 

• Interstitial fibrosis 

• Arteriolar hyalinosis 

 

Calcineurin Inhibitor Nephrotoxicity 



Other CAN Causers:  
Delayed Graft Function 

N=126 Cadaveric kidneys 5-Year Graft Survival Rates 

Immediate function (31) 89% 

Delayed Function < 8 days (54) 85% 

Delayed Function > 8 days (33) 50% 

Never ever Functioned (8) ---- 

Clin Transplant. 1994 Apr;8(2 Pt 1):101-6. 

Most common histologic lesion was 

“chronic rejection” 



Remember the Usual 
Suspects 



Hypertension 

JAMA. 2000 Feb 2;283(5):633-8. 

• Systolic, diastolic, and mean arterial blood pressures at 1 year post-

transplantation strongly predict allograft survival adjusted for 

baseline renal function.  

Diabetes Mellitus 
• New onset diabetes after transplant predicts reduced allograft 

survival. 

• Histologic evidence of diabetic nephropathy in the transplant is a 

common finding. 



Rounding Off the List: 
Other problems leading to higher risks of CAN: 

 - BK nephropathy 

 - Chronic pyelonephritis 

 - Kidney size mismatch  Hyperfiltration 

 - Repeated AKI insults 





How do you diagnose 
chronic allograft 

dysfunction? 



Clinical Features of CAN 

• Gradually elevating creatinine 

• Hypertension 

• Proteinuria 

 

(just like most other chronic 
kidney problems in the universe) 

 



A Diagnosis of Exclusion 

• Regular lab monitoring to detect problems 

• Consider Immunogenic Causes 

– Monitor CNI troughs 

– Consider checking serum for donor specific 

antibodies indicating chronic ABMR (much more 

common in late dysfunction) 

– Are there medication compliance issues increasing 

risk of chronic rejection? 

 



• Consider NON-Immunogenic Causes 

– Is the calcineurin inhibitor trough too high? 

– Has there been poorly controlled diabetes or 
hypertension? 

– Is there a chronic infection like BK? 

– Was there repeated kidney injury episodes in the 
past? 

– Did this kidney have delayed graft function or a 
marginal, high KDPI to explain chronic 
deterioration? 

 

A Diagnosis of Exclusion 



• What about kidney transplant biopsy? 

– Ultimately it’s the only way to differentiate between 

the many factors that can cause chronic graft 

dysfunction. 

– May be clearly indicated for kidneys with a large 

degree of proteinuria and a steadily creeping 

creatinine, or with DSAs in the serum. 

– But less clear if there is a very slow Cr rise over 

many years. 

 

 

A Diagnosis of Exclusion 



Today’s Objectives 
1. To clarify the challenging terminology used to 

describe late graft dysfunction, and how these 
terms have changed (and confused) over time. 

2. To review the presentation and underlying 
pathology causing chronic allograft dysfunction.  

3. To understand the immunologic and non-
immunologic mechanisms that cause chronic 
allograft dysfunction. 

4. To explore methods of preventing and treating 
chronic allograft dysfunction, with the ultimate 
goal of prolonging allograft function. 

 

 

 



How do you treat it 
(or prevent it)? 



Preventing 

Rejection 
Avoiding 

Toxicity 

Finding the Perfect 
Immunosuppression Balance 



Reducing CNI Exposure 

Possible Techniques: 

1. Minimize the dose  

2. Convert to an alternative immunosuppressive 

3. Withdraw the CNI all together 

4. Avoid ever starting the CNI to begin with 

 

 





Tacrolimus 

Cyclosporine 

Mycophenolate 

Azathioprine 

Sirolimus 

Belatacept 

Prednisone 

Lots of Choices Limited 
Population 

Size 

Small, Weak, 
Heterogeneous 

Studies 

When you Combine: 

+ + 

= Inconclusive 

Results 



• 88 randomized, controlled trials were included in 

the review/meta-analysis 

• 92 different comparisons performed 



CNI Minimization 
• The most common method, 36 total trials 

• Target trough definitions: 

– Cyclosporine: 50-150 

– Tacrolimus: 3-7 

• There were 19 trials that used a CNI with 

mycophenolate, comparing low dose to standard dose. 

– IMPROVED renal function  

– REDUCED Rejection (RR 0.8, 95% CI 0.68-0.95) 

– LESS Graft Loss (RR 0.71, 95% CI 0.56-0.9) 

 

 

 



 

 

Graft loss censored for those who died with a 

functioning graft through 36 months post transplant 



CNI Conversion 
• The most common change involved CNI to mTOR 

inhibitor like sirolimus 

• This change had no effect on renal function, 

rejection, or graft loss  

• No consistent benefits observed using sirolimus or 
belatacept from the start, with regard to renal function, 
rejection risk, or graft loss. 

  

CNI Avoidance 



CNI Withdrawal 
• Let’s say that we stop the CNI and continue with a 

MMF-based regimen. 

– 9 studies looked into this possibility showing: 

– Better renal function 

– BUT a higher risk of rejection (RR 3.17, CI 1.78–5.66)  

• Let’s say that we stop the CNI and continue with a 
mTOR-based regimen. 

– 6 studies looked into this possibility showing: 

– Similar renal function 

– A higher risk of rejection (RR 1.71, CI 1.19-2.45) 

 



In Summary: 
- minimizing CNI seems safe, leads to better 

renal function without incurring extra risk of 

rejection 

- Converting, avoiding, or withdrawing doesn’t 

seem to consistently improve outcomes and 

frequently comes at the cost of more rejection 



Once you diagnose CAN, 
what do you do? 



• 12 studies included; 635 patients with biopsy-proven “CAN” 

that were >6months post transplant 

• Study quality was poor 

• All patients were on a CNI 

 

CONVERSION ARM: Change CNI to MMF or sirolimus 
 

ADDITION ARM: Add MMF or sirolimus to the regimen 



CONVERSION ARM: 

CNI  MMF: 

CNI  Sirolimus: 

CsA Tacrolimus: 

Improved renal function 

Safe, no rejection issues 

No consistent benefit 

Improved renal function 

1 Study with histologic improvement 

of CAN on biopsy 

OUTCOME 



ADDITION ARM: 

+ MMF Improved renal function 

Worse renal function 

OUTCOME 

+ Sirolimus 



Should we just stop our 
CNIs and put everyone on 

MMF or sirolimus? 
• Study quality is too low to make a clear 

recommendation 

• Newer studies have had conflicting results 



• Patients on tacrolimus, MMF, and prednisone were 

randomized to either continue or wean off of tacrolimus at 

6 months post-transplant IF they had no DSAs or evidence 

of CAN on a biopsy. 

• They planned on looking at the degree of CAN on a 2-year 

protocol kidney biopsy 
 

ACUTE REJECTION: 28% (4 of 14) 

de novo DSA: 36% (5 of 14) 
 

The trial was therefore stopped early. 



The Complicated World of 
Maintenance Immunosuppression 

• In summary, there are more questions than answers 

from the dozens of studies trying to find the ideal 

maintenance regimen. 

• Most experts agree on the use of tacrolimus and 

MMF +/- prednisone. 

• Most experts target lower CNI trough levels over 

time. 



Are there 
Nonimmunologic ways of 

Addressing CAN?  





• 153 patients randomized to 100mg losartan daily versus 

placebo around 3 months post transplant 

• Followed for 5 years with initial and exit-biopsy 

• BP was kept similar in both groups 
 

There was no difference in GFR, ESRD, or 

interstitial fibrosis between the two groups 

(Other studies have failed to show clear benefit of longer graft or 

patient survival, but ACE/ARB do reduce proteinuria) 



Other CAN Treatments 
• Possible Benefit: 

– Aspirin 

– Lipid control 

– Vitamin D 

• Unproven Benefit: 
– Alkali therapy for metabolic acidosis 

 

Bottom Line: Treatment is similar to CKD 
management of native kidney disease: 

-BP control 

-ACE/ARB for proteinuria 

-addressing cardiovascular risk factors 



Key Points 

• CAN is not a diagnosis but a clinical/pathologic term 

for late transplant dysfunction due to a multitude of 

causes that create similar pathologic changes on 

renal biopsy. 

• We should strive to be exact with our diagnoses, if 

possible, and tease out a potentially-treatable 

etiology. 

 



Key Points 

• Chronic allograft damage is caused by a variety of 
immunogenic and non-immunogenic problems. 

• Acute rejections lead to shorter graft survival. 

• Chronic antibody mediated rejection becomes more 
common in the later post-transplant period, and is a 
major cause of graft loss linked to non-compliance. 

• The proper immunosuppressive regimen to limit CAN is 
not clear, but we should strive to find the proper 
balance between preventing rejection and avoiding side 
effects. 


