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Isoagglutinin adsorption in ABO -
Incompatible transplantation

Living donor kidney transplantation:
-preconditioning is desirable

-largest demand

-clinically established

Deceased donor transplantation:
Lung

Heart

Liver
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Desensitization in living donor kidney
transplantation

Why?
To expand the living donor pool:

sIncreasing discrepancy between available deceased donor organs
and patients on the waiting list.

*The superior graft and patient survival rates obtained with living
donor transplants.
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Kidney transplantations in Stockholm 1990 -2002
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—Living donor recipients (n=336)

Patient survival (%)
N o1
o1 o

—Deceased donor recipients (n=501)

Years

10

10-year patient survival: 47 % better in LD




Potential donors (%)

Contraindications to living donor kidney donation

B Incompatible blood group
B Positive FACS crossmatch

M Kidney disease
M DM, CVD, cancer

Other donor

B Recipient not accepted

Hypertension

M Social reasons

M HCV positive

B Risk of thrombosis

FACS = flow cytometric crossmatch; DM = diabetes mellitus, CVD = cardiovascular

disease; HCV = hepatitis C virus
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Antibody -mediated rejection

- - 3 4 - e
i E J I. . " 0’
b | ; ‘e y
- ‘ "‘ -5



Other blood group systems

29 systems, >300 antigens

Only a few are expressed in kidney:
Lewis

Duffy

Importance is unknown

No matching is performed routinely
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Previous experience in A ; and B ABO -
Incompatible kidney transplantation

Year of first transplantation:

1952: Boston, Massachussets, USA, (Hume et al.)

1187: Los Angeles, California, USA (Cook et al:):
Accidental ABOI kidney transplantation

198%r Paftswoith, d)E%4Slapak et al.)
1982: Brussels, Belgium (Alexandre et al.) (n=39)

1-year graft survival was ~ 75%
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Previous experience in A ; and B ABO -
Incompatible kidney transplantation

Year of first transplantation:

1952: Boston, Massachussets, USA, (Hume et al.)

!

1981: Portsmouth, UK (Slapak et al.)
1982: Brussels , Belgium (Alexandre et al.) (n=39)

!

1989: Japan (Tanabe et al.) (n=1079)
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Takahashi K etal. (Am J Transpl 2004)

441 patients 1989 — 2001

1-year patient survival 94%, graft survival 86%

51 Biosynsorb/ 390 DFPP
*66% ciclosporin / 34% tacrolimus + azathioprine + prednisolone
*ALG/deoxyspergualin/cyclophosphamide

*Splenectomy
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Recent experience in ABOI
transplantation (outside Japan)

Year of first transplantation:
1999: Mayo Clinic, USA (Gloor et al.)
1999: Johns Hopkins, USA (Montgomery et al.)

2001: Karolinska University Hospital, Sweden (Tydén et al.)
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Current protocols for ABOI

transplantation
REMOVAL OF ANTI-A/B CESSATION OF THE ANTI-A/B
ANTIBODIES: ANTIBODY PRODUCTION:
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Current protocols for ABOI

transplantation

REMOVAL OF ANTI-A/B
ANTIBODIES:

Plasma exchange/plasmapheresis

Double -filtration plasmapheresis

h

iy

Protein A immunoadsorption

Antigen -specific
immunadsorption

CESSATION OF THE ANTI-A/B
ANTIBODY PRODUCTION:

Selective
Immunoadsorption

Specific
Immunoadsorption
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GlycosorbABO ® (Glycorex , Lund, Sweden)

Sy
VN
Karolinska KAROLINSKA

|nStitUtEt UNIVERSITETSSJUKHUSET



Replacement fluid

Selepiyen@axEIRasserption and  (abumin, plasma)
antigen -specific immunoadsorption
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Antigen -specific immunoadsorption
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Current protocols for ABOI
transplantation

REMOVAL OF ANTI-A/B CESSATION OF THE ANTI-A/B
ANTIBODIES: ANTIBODY PRODUCTION:

Plasma exchange/plasmapheresis Splenectomy

Double -filtration plasmapheresis

: : . Cyclophosphamide
Protein A immunoadsorption
_ . Deoxyspergualin (gusperimus)
Antigen -specific

immunadsorption Rituximab

IVIG

Maintenance immunosuppression
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CD20

Karolinska protocol
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Peripheral blood: B -cell detection by flow cytometry

70 M CD19+ cells

60~ Reference range (lower limit) M CD20+ cells

50 (N NS STNSTN N N NN N N N N N N N N N N N N N N N N N
p<0.05 at all time

40 points compared to

baseline

Cells/microL blood

omplete B cell depletion: = < 5 cells/microL
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Ref: 50-440 CD19+ cells/microL Genberg et al. Am J Transpl (2006)



Start of tac/MMF/corticosteroids

Anti-
CD20
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POD -30 -13 -6 -5 2 -1 T™X 2 5 8 14

Karolinska protocol



Start of tac/MMF/corticosteroids

Anti- Immunoadsorption

CD20
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Karolinska protocol



Start of tac/MMF/corticosteroids

Anti- Immunoadsorption

CD20
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POD -30 -13 -6 -5 2 -1 T™X 2 5 8 14

Karolinska protocol



Start of tac/MMF/corticosteroids

Anti- Immunoadsorption

b e

—|—|—|—|—|—|l—|—|—|—|—|—>

POD -30 -13 -6 -5 2 -1 T™X 2 5 8 14

Karolinska protocol



Median -anti-A/B IgG changes in adult patients before and
after ABOI kidney transplantation using antigen -specific
Immunoadsorption (2001 -2008)
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Current protocols for ABOI
transplantation

REMOVAL OF ANTI-A/B CESSATION OF THE ANTI-A/B
ANTIBODIES: ANTIBODY PRODUCTION:

Plasma exchange/plasmapheresis Splenectomy

Double -filtration plasmapheresis
Cyclophosphamide

Deoxyspergualin (gusperimus)

Maintenance immunosuppression

Japanese protocols
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Current protocols for ABOI
transplantation

REMOVAL OF ANTI-A/B CESSATION OF THE ANTI-A/B
ANTIBODIES: ANTIBODY PRODUCTION:

Plasma exchange/plasmapheresis Splenectomy
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Current protocols for ABOI
transplantation

REMOVAL OF ANTI-A/B CESSATION OF THE ANTI-A/B
ANTIBODIES: ANTIBODY PRODUCTION:

Plasma exchange/plasmapheresis Splenectomy

Double -filtration plasmapheresis

. . Cyclophosphamide
Protein A immunoadsorption YEIOPRosp

_ B Deoxyspergualin (gusperimus)
Antigen -specific

immunadsorption Rituximab

IVIG

Maintenance immunosuppression

American protocols



Transplantation. 2009 May 15;87(9):1325-9:

A randomized , doubleblind , placebo -controlled , study of
single -dose rituximab as induction In renal

transplantation.
Tydéen G, Genberg H, Tollemar J, Ekberg H, Persson NH, Tufveson G, Wadstrom

J, Gabel M, Mjornstedt L

*No significant difference in the incidence of rejection , graft loss

or death at 6 months
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Differences In current ABOI protocols

Splenectomy vs not

Postoperative preemptive immunoadsorption vs
Immunoadsorption on demand

Timing of rituximab induction (day -30 vs day 0)
Rituximab induction or not
Doses of IVIG

IL-2 blockers or not
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Results of ABO-
Incompatible kidney
transplantations
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Patient and graft survival (Japanese data)

Takahashi et al. Present status of ABO-incompatible kidney transplantation in
Japan. Xenotransplantation 2006 ; 13: 118-122



Graft survival in ABOc and ABOI kidney transplantations
performed between 2001 and 2006 in Tokyo and Toda

QuickTime och en
TIFF (LZW)-dekomprimerare
kravs for att kunna se bilden.

Tanabe et al. Evaluation of Two Different Preconditioning Regimens for ABO-Incompatible
Living Kidney Donor Transplantation. A Comparison of Splenectomy vs. Rituximab-Treated
Non-Splenectomy Preconditioning Regimens. Contrib Nephrol. Basel, Karger, 2009
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Genberg et al. ABO -incompatible kidney transplantation using antigen-specific
iImmunoadsorption and rituximab: a 3-year follow-up. Transplantation 2008
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Mean-GFR and 95% CI in adult ABOi (n=15) and
ABOc (n=30) kidney recipients
=== ABOIi (mean)
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Genberg et al. ABO -incompatible kidney transplantation using antigen-specific
iImmunoadsorption and rituximab: a 3-year follow-up. Transplantation 2008



The Stockholm/Freiburg/Uppsala experience

with ABO incompatible kidney
transplantations

60 consecutive transplantations

27 Al (A/O,A/B,AB/B),
24 B (B/O,B/A,AB/A) and
9 A2 (A/O,A/B) major incompatibilities

S

S lse
Tyden G et alimplementation of a Protocol for ABidbcompatible ff? g‘i
kidney transplantatiora threecenter experience with 60 consecutive "o w"
transplantation3ransplantation (2007) Karolinska
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The Stockholm/Freiburg/Uppsala experience
with ABO incompatible kidney
transplantations

*60 consecutive transplantations
*One patient died with functioning graft after 4 months.
*One graft was lost in non-compliance after 22 months.

*All the remaining 58 grafts have normal function at
a follow -up of 1 - 60 months.
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The Stockholm/Freiburg/Uppsala experience
with ABO incompatible kidney
transplantations

Groups ot S-creatinine Mean i
D N | Survival follow -up in
transplantations death umoliL months
P censored (range)
~ABO 60 | 97% | 127(42-203) |17.5(2 - 61)
Incompatible
ABO
_ 274 95 % 133 (63-360) |21.1(2-63)
compatible
Tyden G et alimplementation of a Protocol for ABidbcompatible 2:@? SV?: K
kidney transplantatiora threecenter experience with 60 consecutive "o

transplantation3ransplantation (2007) Ifg?t)iltiﬂgle(ta L aRounsKA



Patient and graft survival among 60 ABOi kidney transplant
recipients transplanted at Johns Hopkins Hospital between
1999 and 2007.
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Montgomery RA et al. ABO incompatible renal transplantation: a
paradigm ready for broad implementation. Transplantation. 2009 R

Apr 27,87(8):1246-55. %@%@%
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Renal function at 1 year after transplantation
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Gloor et al. Histologic findings one year after positive

crossmatch or ABO blood group incompatible living donor
kidney transplantation. Am J Transplant 2006; 6: 1841 -1847 yalinska
Institutet



Antibody -mediated rejection

Non-AMR: n= 38
AMR: n=19

Acute antibody-mediated rejection in living ABO-incompatible kidney transplantation: long-
term impact and risk factors.Toki D et al. Am J Transplant. 2009 Mar;9(3):567-77.



Calculated GFR (mL/min)

- rejection vs no rejection
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Rejection episodes in adult kidney recipients

ABO-incompatible ABO-compatible
No of patients No of patients
n=15 n=30 p-value

Acute rejection, total (%) 1 (7%) 4 13% pP=ns
Antibody-mediated rejections (%) 0 (0%) 1 (3%) pP=ns
Cellular rejections (%) 1 (7%) 3 (10%) pP=ns
Chronic allograft nephropathy (%) 0 (0%) 2 (7%) p=ns
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POST-TRANSPLANT INFECTIONS

40% -
ABOc (n=30)
M ABOi (n=15)
30% -
20% -
p=ns
10%

0%

Genberg et al. ABO -incompatible kidney transplantation using antigen-specific
immunoadsorption and rituximab: a 3-year follow-up. Transplantation 2008



POST-TRANSPLANT INFECTIONS
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Genberg et al. ABO -incompatible kidney transplantation using antigen-specific
immunoadsorption and rituximab: a 3-year follow-up. Transplantation 2008



Transplantation. 2009 May 15;87(9):1325-9:

A randomized , doubleblind , placebo -controlled , study of
single -dose rituximab as induction in renal

transplantation.
Tydéen G, Genberg H, Tollemar J, Ekberg H, Persson NH, Tufveson G, Wadstrom
J, Gabel M, Mjornstedt L

*No significant difference in the incidence of rejection , graft loss
or death at 6 months

*There was no difference in the number of bacterial infections,
cytomegalovirus infections, and BK virus infections or fungal

infections.
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Additional cost ( €) for the average ABOI kidney
recipients compared with the average ABOc
living donor kidney recipient:

3 GlycosorbABO columns 10 638
8 extra days in-hospital 8 680
Labour cost for 7 immunoadsorptions 5 957
Anti-A/B antibody titration, ca 30 times 1 960
A single dose of rituximab 1 939
A single dose of IVIG 1 843
B-FHOO PHDVXUHPHQWY « WLPBM
0.5 central dialysis catheter 421
Total additional cost was € 31 948

The additional cost for desensitization using our protocol therefore
corresponds to approximately 9 months on dialysis.

Genberg et al. ABO -incompatible kidney transplantation using antigen-specific
Immunoadsorption and rituximab: a 3-year follow-up. Transplantation 2008



Principles of adaptation

Accommodation

*Tolerance

Down-regulation of A/B antigen

Endothelial cell chimerism

Development of glycosyltransferase antibodies

The A/B antibodies have a too low avidity and/or affinity

to induce an immunologic reaction with complement
activation




Conclusion

Patient and graft survival following LD ABO-incomptible kidney
transplantation is similar to that of standard LD ABO-compatible
kidney transplantation using current protocols.

*The kidney function at 1 -3 years after ABO-incomptible kidney
transplantation in adults is similar to that of standard ABO -
compatible living donor kidney transplantation.

*There is no significant rebound of anti  -A/B antibodies after ABO-
Incompatible kidney transplantation based on antigen-specific
Immunoadsorption and rituximab
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A. Razzaque Ahmed et
al.Treatment of Pemphigus
Vulgaris with Rituximab and
Intravenous Immune Globulin

N Engl J Med 2006 Oct
26:355(17):1772-9
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11 patients with
refractory
pemphigus vulgaris
received 10 doses of
rituximab + 6 doses
of IVIG 2g/kg.

Clinical control of
the disease in all
patients.

Sustained clinical
remission at a mean
of 31 months.

No side-effects
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Clinical trials on rituximab in kidney transplantation at
www.clinicaltrials.gov

. Recruiting: Rituximab for Prevention of Rejection After Renal Transplantation

. Completed: Rituximab and Intravenous Immunoglobulin (IVIG) for Desensitization in Renal Transplantation

. Completed: Rituximab for Pediatric Renal Transplant Rejection

. Completed: Safety and Efficacy Study of Rituximab in Renal Transplantat

. Enrolling by invitation: Desensitization of Highly Sensitized Deceased Donor Renal Transplantation Candidates

. Terminated: Rituximab Desensitization Therapy for Patients on the Waiting List for Kidney Transplantion

N O O~ WN P

. Completed: Rituximab Therapy for Patients on Kidney Transplant Waiting List With Positive Donor  Specific Crossmatch to
Living Donor

8 Recruiting: Rituximab in Kidney Transplantation

9 Terminated: Value of Rituximab in Humoral Chronic Rejection After Renal Transplantation

10. Terminated: Campath , Rituximab , and Myfortic With Short -Course Calcineurin Inhibitor Therapy in Renal Transplanation
11. Completed: Rituximab Treatment to Block HLA Antibodies in Renal Transplant Recipients

12. Active, not recruiting: A Pilot Study of Campath -1H Induction Therapy Combined With CellCept ® Therapy to Allow for a
Calcineurin Inhibitor Free Regimen After Renal Transplantation

13. Recruiting: Combined Kidney and Bone Marrow Transplantationto Prevent Kidney Transplant Rejection
14. Recruiting: Study of Rituximab to Treat Chronic Renal Transplant Rejection

15. Recruiting: The Effect of Rituximab on the Development of Anti-Donor Antibodies

16. Recruiting: Trial of Rituximab Given Pre-Transplant to Sensitised Live Donor Kidney Recipients

17. Completed: Study of the Influence of Plasma Exchange on the Pharmacokinetics of Rituximab

18. Completed: Effects of Rituximab and Mycophenolate Mofetil on Anti-Donor Antibody Production in Patients Awaiting

Transplant
19. Active, not recruiting: Reducing the Risk of Transplant Rejection : Simultaneous Kidney and Bone Marrow Transplant y
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