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Renal Transplantation Outcomes

1yr 3yrs 5yrs1yr 3yrs 5yrs

Deceased-donor tx

Graft Survival 89.4% 76.3% 64.7%

Patient Survival 94.8% 88.9% 81.8%

Living-donor tx

Graft Survival 94.5% 87% 78.4%

Patient Survival 97.6% 94.6% 91%



Short-Term Outcomes Are Improving





Risk of CVD in Renal Transplant Recipients



Post Transplant Malignancies

Skin + Lip
Lymphoma
Lung
Uterus
Kaposi
Colon/Rectum
Kidney
Breast
Head + Neck

37%
16%

6 - 3 % 17%

Head + Neck
Perineum
Other

Cincinnati Transplant Tumor Registry



Choice of Immunosuppressive Agents May Increase Risk of Selected Posttransplant Complications



The natural history of chronic allograft 

nephropathy (Follow-up 119 

kidney/pancreas transplant recipients by 

protocol biopsies up to 10 years)
NEJM 2003;349:2326NEJM 2003;349:2326



Bacterial post-operative infections
(surgical site infections, line-related infections, 

urinary tract infections, healthcare-associated 

pneumonia)

0 to 1 month 1 to 6 months > 6 months

Opportunistic infections 
(Pneumocystis jirovecii, Aspergillus, Candida, 

Nocardia, Toxoplasma gondii, Strongyloides 

stercoralis, mycobacteria)

Community-acquired infections
(Upper respiratory tract viral infections, 

community-acquired bacterial pneumonia, 

urinary tract infections, acute gastroenteritis, 

influenza) 

Timing of Infection After Transplant

HSV 1 and 2

Oral/esophageal candidasis

Listeria monocytogenes

Hepatitis B and C reactivation

Early-onset BK virus nephropathy
(Viremia precedes nephropathy by 8 weeks)

Endemic mycoses, cryptococcosis

influenza) 

VZV, CMV, EBV CMV retinitis

Late-onset BK virus nephropathy
(Can occur as late as 2-5 years post-transplant)

Cryptococcosis

Trimethoprim-sulfamethoxaxole (6 to 12 months—some centers continue for life)

Oral clotrimazole lozenges, nystatin or weekly fluconazole(1 to 3 months)

Oral acyclovir, valacyclovir or valganciclovir (3 to 6 months)



Polyoma Virus Nephropathy
Hirsch HH, et al. N Engl J Med. 2002;347:488-496.

• First reported in 1995 and associated with polyomavirus type BK. JC virus 
(PMLE) and SV 40 in same family

• 90% seroprevalence rate worldwide

• Mainly the disease of kidney tx patients. Association with anti-rejection • Mainly the disease of kidney tx patients. Association with anti-rejection 
treatment and the degree of immunosuppression



Balancing Immunosuppressive Treatment

Too Much Too LittleToo Much Too Little

�Infection

�Malignancy

�CVD

� Allograft 
Rejection

�CVD

�Nephrotoxic



Individualizing Immunosuppression Therapy



INCIDENCE OF ACUTE REJECTION IN 
MULTICENTER AND RANDOMIZED TRIALS 

REGARDING RAPID STEROID WITHDRAWAL

FREEDOM STUDY 
(AJT 2007; 8:307) 

ASTELLAS RSW 
(Ann Surg 2008; 248:564) (AJT 2007; 8:307) 

Basiliximab induction, EC-MPS, and 

CsA-ME:

• No steroids (N=112) 36%

• RSW at d7 (N=115) 29.6%

• Standard steroids (N=109) 19.3%

(Ann Surg 2008; 248:564) 

Anti-IL2R Ab or Thymo, MMF, 

tacrolimus: 

• RSW at 7 d (N=191) 17.8%

– Anti-IL2R Ab 24.2%

– Thymo 14.4%

• Standard steroids (N= 195) 10.8%

– Anti-IL2R Ab 11.9%– Anti-IL2R Ab 11.9%

– Thymo 10.3%



Withdrawal Better Withdrawal Worse

Calcineurin Inhibitor Withdrawal

Meta-analysis

Kasiske, et al. J Am Soc Nephol 2000; 11:1910

n =   19

n =   35

n =   46

n =   64

n =   64

n =   92

n = 106

n = 128

Withdrawal Better Withdrawal Worse

Pooled difference = 0.11

(0.06-0.66), p<0.001

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

Difference in Proportion with Acute Rejection

n = 128

n = 216

n = 279

n =1049

(0.06-0.66), p<0.001

ΧΧΧΧ2 = 64.9, p<0.001





Symphony Study Design
1645 patients at 83 sites in 15 countries

Standard-dose CsA

150–300ng/mL for 3 months

100–200ng/mL thereafter 

MMF
Steroids

Low-dose CsA
Daclizumab

MMF
Steroids

50–100ng/mL

Low-dose TAC
MMF
Steroids

Daclizumab3–7ng/mL

Steroids

Transplantation 6 months 12 months   

Steroids

Low-dose SRL
MMF

Daclizumab4–8ng/mL  

Steroids

Ekberg H, et al. NEJM 2007; 357: 2562



Mean trough levels were 

within target ranges
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Less Biopsy Proven 
Acute Rejection

with Low-dose Tac
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Graft Survival was superior 
with Low-dose Tac
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Belatacept Potently and Selectively 

Blocks T-Cell Activation

Selective costimulation blocker

Belatacept (LEA29Y)

21

• No cell division
• No cytokine   
production

• Anergy
• Apoptosis



BENEFIT [Living and Standard Criteria Deceased Donors] BENEFIT [Living and Standard Criteria Deceased Donors] 

and BENEFITand BENEFIT--EXT [Extended Criteria Donors]EXT [Extended Criteria Donors]

Phase 3 Clinical Trials of Belatacept in Kidney TransplantationPhase 3 Clinical Trials of Belatacept in Kidney Transplantation

Randomization

Primary clinical endpoints

36 24 12 6 

10 mg/kg

14 28 42 56 70 84 112 140 168DAY 1 5

5 mg/kg every 4 weeksBelatacept MI*

Belatacept LI*
10 mg/kg

5 mg/kg every 4 weeks

14 28 56 84 112DAY 1 5

36 

months

24 

months

12 

months

6 

months

BENEFIT n=219

EXT n=184

BENEFIT n=226

EXT n=175

LI = less intensive; MI = more intensive. Vincenti F, et al. N Engl J Med. 2005;353(8):770-781.

Cyclosporine* 

14 28 56 84 112DAY 1 5

150–250 ng/ml

28DAY 1

150–300 
ng/ml

*All patients received basiliximab induction, mycophenolate mofetil, and corticosteroids

EXT n=175

BENEFIT n=221

EXT n=184



Incidence of Acute Rejection 
Episodes
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Belatacept

MI 

Belatacept 
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CsA

* †

*Did not meet 20% NI margin
†Met 20% NI margin

Banff grade, n (%) MI LI

Mild acute (1A)

Mild acute (1B)

Moderate acute (IIA)

Moderate acute (IIB)

Severe acute (III)

7 (3)

3 (1)

16 (7)

20 (9)

2 (1)

4 (2)

8 (4)

16 (7)

10 (4)

1 (<1)

3 (1)

5 (2)

6 (3)

2 (1)

0



Pre-transplant Immunologic Risk Assessment

(Humoral Immune Response)

Assays

Detection of anti-HLA 

antibodies

PANEL REACTIVE 

-Cell based assays: Complement-dependent-

cytotoxicity (CDC) (CDC PRA)

-Solid phase assays:PANEL REACTIVE 

ANTIBODY (PRA)

-Solid phase assays:

-ELISA

-Luminex beads (Luminex PRA)

Cross-match - CDC-Anti-Human Globulin (AHG-CDC)

-CDC T cell CXM

-CDC B cell CXM

-Flow cytometry (FC) cross-match-Flow cytometry (FC) cross-match

-FC T cell CXM

-FC B cell CXM

Quantitative antibody 

measurement

- Antibody titer (CDC or FC)

- FCXM – Semiquantitative (channel shift)

- Luminex – Semiquantitative (Median Fluoresence 

Intensity; MFI)



Donor or HLADonor or HLA

Panel MembersPanel Members

HanksHanks
Mononuclear Mononuclear 

cell layercell layer

FicollFicoll

RecipientRecipient

SerumSerum

PBL or PBL or 

ACD tubeACD tube Clot tubeClot tube

2323
oo

CC

3030′′′′′′′′

Eosin/  Eosin/  6060 ′′′′′′′′

Rabbit Rabbit 

complementcomplement

CC′′′′′′′′

PBL or PBL or 

B cellsB cells

(+ anti (+ anti --globulin)globulin)

Eosin/  Eosin/  

formalinformalin 2323
oo

CC



CDC PRA LUMINEX PRA

Panel Reactive Antibody (PRA) 

Donor

MACMAC

Donor

cell Recipient SeraRecipient Sera



Quantitating Antibody: Flow Cytometry 

and Luminex Single Antigen Bead Assays
Flow Cytometry Positive Readout:

Median Channel Shift

T cell cross match >50 / B cell cross match >150

Negative

Luminex Single Antigen Bead Assay

Readout: Mean Fluorescence Intensity

Class INegative

Channel 

Shift

Class I

MFI

Positive

Class II





Variation in Results by Choice of Anti-HLA 

Antibody Detection Technique

Method Positive NegativeMethod Positive Negative

CDC 102 162

AHG-CDC 116 (+13%) 148

ELISA 127 (+10%) 137

Flow-PRA 139 (+10%) 125

Gebel, HM & Bray, RA. Transplantation. 2000;69: 1370



Strategies to Identify  Anti-HLA Antibodies

Flow PRA 

Negative
Luminex

Single Ag

Patient’s sample Flow PRA 

screening
Positive

Interpretation:Interpretation:

Match with Patient 

and Donor HLA 

typing

DSA Pre- and Post-TxUnacceptable HLA Ag 

to UNOS for DD match



Basic Concepts in Desensitization

Removal of existing 

antibodies: 

• Plasmapheresis

Depletion of antibody 

producing cells:

– Naïve and memory B cells –• Plasmapheresis

• Immunoadsorption

– Naïve and memory B cells –

Rituximab (anti-CD20)

– Plasma cells – Bortezomib

(proteosomal inhibitor)

Inhibition of residual 

antibody and 

complement system 

Suppression of the T cell 

response
complement system 

cascade:

• Intravenous 

Immunoglobulin (IVIg)

• Eculizumab (C5 inhibitor)

response

• Induction agents

• Triple immunosupression 

with CNI, mycophenolate, 

and steroids



Outcomes in Kidney Recipients Receiving 

Desensitization Treatment 2000-2010
Author/Year    N   Follow up

PP/ Low-Dose IVIG               (Months)

Patient 

Survival

Graft Survival Acute 

Rejection

AMR 

Schweitzer 2000          11            13 100% 100% 36% 27%

Montgomery 2000       4             14 100% 100% 100% 100%Montgomery 2000       4             14 100% 100% 100% 100%

Gloor 2003                     14           15  86% 78% 43% 43%

Magee 2008                   28         22 93% 89% 42% 39%

Thielke 2009                   51         23 95% 93% 43% 33%

High Dose IVIG

Jordan 2003                  43           24 98% 89% 31% 31%

Akalin 2003; 2005        17           15 100% 88% 18% 18%

Vo 2006                          58           24

39           24

96%

100%

84%

90%

36%

31%

22%

21%

Vo 2008                          54          14

16          12

98%

100%

96%

94%

35%

50%

20% 

31%

Bachler 2010                 37          24 95% 87% 38% 38%

Vo 2010                          76         24 95% 84% 37% 29%

Mai 2009                        20          36 94% 89% 50% 30%



Outcomes in Kidney Recipients Receiving 

Desensitization Treatment 2000-2010

• 21 published studies

• All single center and retrospective studies• All single center and retrospective studies

• Total 725 patients

• Mean follow-up 23 months

• Patient survival 95%

• Graft survival 86%• Graft survival 86%

• Acute rejection 36%

• Acute antibody-mediated rejection 28%



DESENSITIZATION EXPERIENCE AT MOUNT 

SINAI MEDICAL CENTER
Akalin et al. Transplantation 2003; 76:1444 and 2005; 79: 742

Akalin et al. CJASN 2008; 3: 1160

Median Age 51 (24-76)

Sex (Female %) 74%

Race (African-American %) 39%Race (African-American %) 39%

Transplant type (living %) 63%

Previous transplant 33%

Median peak PRA 60% (10-100) 

Pre-transplant cross-match

CDC T cell 0%

CDC B cell 37%

Flow not done (DSA+) 27%

Flow T cell 59%  (Flow Chd 110 ± 65) 

Flow B cell 86%  (Flow Chd 262 ± 92)Flow B cell 86%  (Flow Chd 262 ± 92)

DSA

Class I only 33%

Class II only 27%

Class I and II 40%

Mean # of DSAs 2.5 ± 0.9

Desensitization protocol

Low-dose IVIG(n=10) 14%

High-dose IVIG (n=40) 57%

High-dose IVIG and PP (n=20) 29%



Clinical Outcomes per Luminex MFI Values

IVIG only IVIG only IVIG/PP____   

DSA MFI < 6,000 DSA MFI > 6,000      DSA MFI>6,000

(n=33) (n=17) (n=20) 

___________________________________________________________________________________

Median F/U (mos) 30 (4-80) 40 (14-53) 16 (12-28)Median F/U (mos) 30 (4-80) 40 (14-53) 16 (12-28)

Patient survival 100% 100% 90%

Graft survival 97% 65% 75%

Living 100% 67% 88%

Deceased-donor 88% 64% 67%

Acute rejection 0% 59% 20%

AMR 0% 47% 15%

ACR 0% 12% 5%

Biopsy proven CAN 6% 36% 20%

Transplant glomerulopathy 6% 12% 10%

Median Cr (mg/dl) 1.1 (0.6-3.1) 1.2 (1.0-3.1) 1.4 (0.8-1.9)Median Cr (mg/dl) 1.1 (0.6-3.1) 1.2 (1.0-3.1) 1.4 (0.8-1.9)

Patients with Cr < 1.4 81% 73% 87%

DSA loss during F/U 77% 31% 36%

Akalin et al. Transplantation 2003; 76:1444 and 2005; 79: 742

Akalin et al. CJASN 2008; 3: 1160









Perry DK et al. AJT 2008; 8 : 133







Pre-transplant Immunologic Risk Assessment

(Humoral Immune Response)

Assays Immunologic Risk

Pre-transplant 

cross-match

- CDC T cell CXM +

- CDC B cell CXM +

- Contraindication to 

transplantation if positive

- High risk if DSA+- CDC B cell CXM +

- FC T and/or B cell CXM +

- CXM negative, DSA+

- High risk if DSA+

- High risk if DSA+

- High risk 

Donor-specific  

anti-HLA 

antibodies 

(DSA)

- CDC

- Luminex single-antigen beads

- ELISA

- High risk

- High risk 

- High risk

Quantitative - Antibody titer – CDC or Flow - Increased risk per titer Quantitative 

antibody 

measurement

- Antibody titer – CDC or Flow

- FCXM – Semiquantitative 

- Luminex – Semiquantitative 

MFI

- Increased risk per titer 

- Increased risk per channel 

shift

- Increased risk per MFI



Antibody-mediated Rejection Cellular Rejection

C4b  +  C4aC4

C1

Donor-HLA

Anti-HLA-Ab

PMNPMN

MøMø

TT--cellcell

TT--cellcell

TT--cellcell

TT--cellcell
TT--cellcell

C4dC4d
MAC

C2a

C3a + C3b

TT--cellcell

C4d

MAC



Clinical Outcomes in AMR:

The Mount Sinai Experience
Retrospective analysis of 833 adult kidney recipients transplanted 2001-07

Acute cellular rejection 8.2% (n=68)

Acute antibody-mediated rejection 2.0% (n=17)

Median age 

M:F

AA race

53 (34-68)

30:70

47%

Median PRA 51 (10-88)

Living donor

Previous tx

59%

12%

Cross-match CDC-TCXM             3%

CDC-BCXM             9%

FC-TCXM               11%

DEMOGRAPHICS OF PATIENTS WITH AMR

FC-TCXM               11%

FC-BCXM               10%

Median F/U

Median time to 

develop AMR

28 months (12-38)

8 days (1-21)

Pre-tx DSA Class I only               3

Class II only              2

Class I + Class II      10

Not studied               2

Rafiq MA et al Clin Transpl 2009 



Differential Outcome in Three Types of AMR: 

The Mount Sinai Experience

100

75

100%
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35%
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30%
24%
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Rafiq MA et al Clin Transpl 2009

Median SCr = 1.6 mg/dL (0.8-2.7 mg/dL) 

TG – transplant glomerulopathy

0

I              II              III            Patient     Actuarial    Death- TG          No        CMV       BKV   

Type of AMR               Survival                      censored               Proteinuria

GRAFT SURVIVAL 

n=8 6% 6%



Identifying DSA-negative Patients at 

High Risk for Cellular Rejection

• PRA >10%

• African American recipients• African American recipients

• Re-transplant recipients

• Deceased donor organ recipients with delayed graft 

function (DGF)

Do we need induction therapy in these patients?Do we need induction therapy in these patients?

If so: Thymoglobulin, Alemtuzumab or Anti-IL-2R 

antibodies (Basiliximab or Daclizumab)?



Pre-transplant Immunologic Risk Assessment

(Cellular Immune Response) 

Assay Measurement Clinical Relevance

Mixed lymphocyte reaction 

(MLR)1

CD4+ T cell activity Highly variable

(MLR)

Cytotoxic T lymphocyte (CTL) 

assay1

CD8+ T cell activity Measures direct, but not 

indirect alloreactivity

Enzyme-linked immunosorbent 

spot (ELISPOT ) assay combined 

with Luminex technology2

Ex vivo frequency of 

cytokine-producing T 

cells

To be further studied

Panel reactive T cell (PRT) assay –

ELISPOT-based3,4

PRT-75+ identifies 

patients with >25 

spots/300,000 PBL, 

To be validated and further 

studied

spots/300,000 PBL, 

against > 75% of 

stimulator cells

1Reviewed in Iacomini J, Sayegh MH J Am Soc Nephrol 2006; 17:328-330
2Gebauer BS et al Am J Transplant 2002; 2:857-866
3Andree H et al J Am Soc Nephrol 2006; 17:573-580
4Poggio ED et al. J Am Soc Nephrol 2006; 17:564-572



Measuring T Cell Activation – The ELISPOT 

Assay and the Panel Reactive T Cell Assay

YYYYYYY

Synthetic white 

membrane

Primary coating antibody

YYYYYYY

YYYYYYY

YYYYYYY
h h

membrane

Responding lymphocytes

Detection,enzyme-linked

second antibody

Secreted cytokine

YYYYYYY

YYYYYYY
h

Precipitated enzyme 

substrate which forms a 

spot
h



The ELISPOT and the Panel Reactive T Cell 

Assay: Cleveland Clinic Experience

• PRA and PRT are not correlated • ELISPOT correlates with acute • PRA and PRT are not correlated 
(Poggio et al JASN 2006; 17:564)

• 41 HD pts

-54% AA, 37% female, 22% PRA>50%

• 8 stimulators. PRT >25 spots/well is positive

• PRT>75% and PRA > 50%
- 34% -/-, 12% +/+, 20% -/+, 34% +/-

• PRT > 40% and PRA > 10%
- 66% -/-, 5% +/+, 17% -/+, 12% +/-

• ELISPOT correlates with acute 

rejection (Poggio et al. Transplantation 

2007; 83:847)

• 30 patients. 11/30 (37%) PRT+

• 7/30 had acute rejection (23%)

• 6/7 AR patients were PRT+ (86%)

• 1/7 patients with PRA > 15% had AR (14%)

• Mean pre-tx PRT 40% for no AR versus 81% 

for AR

• Increased PRT with longer HD • Benefit of induction therapy for • Increased PRT with longer HD 

vintage (Augustine et al. JASN 2007; 18: 

1602)

• 100 patients. AR 38% in ELISPOT+ patients 

versus 14% in ELISPOT- patients

• Median HD vintage: 46 months for ELISPOT+ 

patients and 24 months for ELISPOT- patients

• Odds ratio for 12-mo incidence of AR:

– ELISPORT+ 4.6

– HLA mismatch 1.48

• Benefit of induction therapy for 

ELISPOT+ patients (Augustine et al. 

Transplantation 2008; 86:529)

• Retrospective analysis of 130 patients 

enrolled in immune monitoring study

• 32 ELISPOT+ patients. No AR in 8 patients 

who received induction versus 46% AR in no 

induction

• 86% ELISPOT+ patients receiving induction 

became neg comparing to 35% who did not



Choice of Induction Therapy May Influence 

Acute Rejection with Increasing HLA Mismatch

Acute rejection at Death-censored graft 

Scientific Registry of Transplant Recipients 

(SRTR) Database Analysis 1998-2003

Acute rejection at 

1 year

Odds ratio

(95% CI)

Death-censored graft 

failure 

Hazard ratio (95% CI)

IL-2R antibodies

Reference: No induction

- 0 HLA antigen mismatch

- 6 HLA antigen mismatch

0.85 

(0.79-0.91)

0.99 (6 mos)

0.69* (6 mos)

0.91 

(0.84-0.99)

Patlolla V et al Am J Transplant 2007; 7:1832

- 6 HLA antigen mismatch 0.69* (6 mos)

ATG

Reference: IL-2R antibodies

0.90 

(0.83-0.99)

1.11** 

(0.99–1.23)

N=49,948 recipients of first kidney transplants

Acute rejection at 1 year: No induction 12.5%,IL-2R Ab 10.4%, ATG 10.2%

ATG – antithymocyte globulin

*P=0.007; **P=0.07



Induction Antibody Treatment Differentially 

Affects Incidence and Severity of Acute Rejection
(Deceased-donor recipients high-risk for acute rejection or delayed graft function)

P=0.02

25.5%
25%

30% Thymoglobulin
n=141

- 39% relative 

reduction in BPAR

Basiliximab
n=137

P=0.005

25.5%

15.6%

10%

15%

20%

reduction in BPAR

- 82% relative 

reduction in rejection 

requiring antibody 

treatment

In
ci

d
e

n
ce

 (
%

)

No significant differences in graft loss, death, DGF

1.4%

8.0%

0%

5%

BPAR Antibody-treated 

acute rejection
Brennan D et al N Engl J Med 2006; 355:1967



Thymoglobulin Induction Associated with Improved 

Outcomes in High Risk Kidney Recipients

Outcome rATG

n=113

Daclizumab

n=124

P-value

DGF 31.5% 44.6% 0.044

r

DGF 31.5% 44.6% 0.044

BPAR

- Steroid-resistant

- Banff Gr I, IIa, IIb, III

15.0

2.7%

n=14

27.2

14.9%

n=27

0.016

0.002

0.10

Med time to rejection 35d 13d 0.007

Noel, C. et al. J Am Soc Nephrol 2009;20:1385

r

Randomized, multicenter trial France/Belgium

Recipients: current PRA >30% / peak PRA >50 / retransplant

Donors: mean CIT >23h;>50% CVA

Months following transplantation



Potential of Alemtuzumab as Induction Therapy 

in Recipients of Deceased-Donor Kidney 

Transplants: OPTN Analysis 2003-2004

- No multicenter, 

randomized and 

%
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l

randomized and 

control study with 

Alemtuzumab

-Retrospective or 

randomized single 

center studies with 

small number of 

patients

-Alemtuzumab has 

been used in 

conjunction with 

N=14,362 recipients of deceased donor transplants

Huang E et al Transplantation 2007; 84:821
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conjunction with 

low-dose CNI, CNI-

free, and steroid 

sparing regimens



Alemtuzumab as Induction Therapy in Living-donor 

Kidney Transplant Recipients

OPTN/UNOS database
Sampaio et al. Transplantation 2009; 88:904



Anti-HLA Antibody Detection Techniques for Solid Organ Transplantation

HLA Cross-matchAnti-HLA Antibody

Solid Phase Assay CDC 

Techniques 
CDC Cross-match            

T: AHG                    
Flow Cross-match  T 

and B cell (IgG) Techniques 

PRA
ELISA-PRA

Flow Screening-

PRA

Flow 

Cytometer

Luminex Single 

Antigen-

CPRA/DSA

T: AHG                    

B: Amos
and B cell (IgG) 

(With or without 

Pronase)

Strength of  T and B cell 
CPRA/DSA

Strength of 

antibodies

MFI; SFI; MESF

Strength of  T and B cell 

Flow Cross-match:                

T cutoff: <60 MCS                

B cutoff: < 100 MCS are 

negative cross-match.

Abbreviations: HLA:human luekocyte antigen; CDC: complement-dependent-cytotoxicity; DSA: donor specific antibody; CPRA: 

calculated panel reactive antibody; MFI: mean fluorescence intensity; SFI: standardized fluorescence Intensity; MESF: molecular 

equivalent soluble fluorescence; MCS:median channel shift. 



Summary – Clinical Implications of Risk Assessment

Test Result Transplant Treatment

CDC-TCXM- and BCXM-

Luminex-negative

No history of sensitization

Proceed Standard post-transplant 

immunosuppression

-DDKTx (Thymo vs anti-IL2R)

-Living tx HLA-ID (no induc)-Living tx HLA-ID (no induc)

-Living Tx non-HLA-ID (Anti-

IL2R)

CDC-TCXM- and BCXM-

DSA negative

Previous history of 

sensitization

PRA > 10% (non-DSA)

Rapid steroid withdrawal

Proceed Standard post-transplant 

immunosuppression with 

Thymoglobulin or 

Alemtuzumab induction

CDC-TCXM–

CDC-BCXM+ and/or  FCXM+

Low MCS values

Low titer/strength/MFI DSA+

Proceed - No pre-tx desensitization

- Peri-transplant IVIg + 

Thymoglobulin or 

Alemtuzumab induction

CDC-TCXM+ 

High FCXM channel shift

Luminex DSA+ with high MFI 

values

Do not transplant Pre-tx desensitization with PP + 

IVIg  ± rituximab



Einstein-Montefiore Transplant Center 

Desensitization Protocol

Patients evaluated for 

kidney transplant

Patients with a living donor Patients without a living donor

List to UNOS with any Patients have no Patients have  
antibody >5000 MFI as 

unacceptable HLA 

antigens

Patients with CPRA 

>50% and on top of 

the waiting list:                             

2 g/kg IVIG at day 

0 and day 30;                         

375mg/m2 

rituximab at day 15.                

If any antibody 

Patients have no 

DSA and cross-

match negative

Internal 

and NKR 

kidney 

paired 

exchange 

programs

Transplant

Patients have  

DSA and cross-

match positive

CDC cross-match 

T-Neg/ B-Pos or 

Flow T/B Pos 

MCS <300 and 

DSA MFI<5,000: 

No pretransplant 

desensitization. 

Transplant with 

CDC cross-match    T 

or B-Pos or      Flow 

T/B Pos     MCS 

>300 and   DSA 

MFI>5,000:       

Desensitization with 

PP, IVIG and 

rituximab.                

CDC cross-match 

T and B-pos     

with more than 3 

DSAs or more than 

1 strong DSA with 

MFI > 5,000:        

Do not desensitize 

and transplant If any antibody 

strength after 

treatment decreases 

to <5000, remove 

from UNOS as 

unacceptable 

antigen

Transplant with 

anti-thymocyte 

globulin and IVIG. 

rituximab.                

If DSA MFI<5,000 

and MCS <300,         

after desensitization:  

Transplant with anti-

thymocyte globulin 

and IVIG. 

and transplant

Post-TX monitoring : monthly DSA, BKV up to 6 months; and at 9th and 12th months; biopsy if creatinine level or DSA MFI increases

Abbreviations: CDC: complement-dependent-cytotoxicity; NKR: National Kidney Registration; DSA: donor specific antibody; 

HLA:human luekocyte antigen; CPRA: calculated panel reactive antibody; UNOS: United Network for Organ Sharing;           

MFI: mean fluorescence intensity;  MCS:median channel shift. 



NON-INVASIVE IMMUNE MONITORING

Anglicheau and Suthanthiran Transplantation 2008; 86: 192



Clinical Trials in Organ Transplantation (CTOT)

• Clinical Goal:  Development of noninvasive tests to 
facilitate safe minimization of immunosuppression.  

• Funding Period: 2004-2009 NIAIDFunding Period: 2004-2009 NIAID

• Three consortia performing five studies: CTOT-1 thru  
CTOT-5  
– Cleveland/NYC-based consortium (Case Western Reserve, 

Cleveland Clinic, Mt Sinai NYC, Yale, Emory, U Manitoba, U 
Cincinnati (pediatrics) CTOT-1 and CTOT-5
• PI: Peter Heeger

– Brigham & Women's Hosp./UCSF-based consortium CTOT-2 and 
CTOT-5

PI: Mohamed Sayegh

CTOT-5
• PI: Mohamed Sayegh

– U Penn/Cornell-based consortium CTOT-3 and CTOT-4
• PI: Avi Shaked



CTOT-1 Assay Schedule – First 6 mo
Test D-1 D3 D7 D14 D28 M2 M3 M4 M5 M6

Biopsy X X

ELISPOTs and 

Flow 

X X X X X X X X

Anti-HLA Ab X X X

Blood-mRNA 

Profiling

X X X X X X X X X

Urine-

Proteomics

X X X X X X X X X

Urine- mRNA 

Profiling

X X X X X X X X X

Profiling

Urine-

Luminex

Cytokine/ 

Chemokines 

X X X X X X X X X

Cylex® * X X X X X X X X X


