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ü what we learnt

ü immunosuppression and CMV

ü what we would like to have
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Alexis Carrel Nobel lecture 1912
….Thus, while the problem 
of the transplantation of 
organs has been solved, 
from a surgical point of 
view……. We need a more 

fundamental study of the 
biological relationships 
existing between living 

tissues



The Nobel Prize in Physiology or Medicine 1960

“for discovery of acquired immunological tolerance" 

Sir Frank  Macfarlane Burnet Sir  Peter Brian Medawar



The Nobel Prize in Physiology or Medicine 1980

“for their discoveries concerning genetically determined 

structures on the cell surface that regulate immunological 

reactions".

Baruj Benacerraf Jean Dausset George D. Snell



Surgical technique for renal transplantation

René  Kusse  1951Henry Kuss



1950

Surgical	technique

How	to	control	the	immune	system	?

HLA	differencesRejection	/	Tolerance



The identical twins Herrick 
1954 successful kidney transplant.



J. Hartwell Harrison

John  P  Merrill 

Joseph  E  Murray



23  December  1954 :
first  successful  kidney  tx



The identical twins Herrick leave the hospital
the first participants in 1954 successful kidney transplant.



1954

the first successful 

human kidney 

transplant between 

twins in Boston. 

Joseph E. Murray

1990		Nobel	prize
in	Physiology	&	Medicine	



Organ  Donation

• living twins : genetic identity

• living related

• deceased cardiac death



1950

• Sub-lethal		irradiation
• Azathioprine	

1954 - 1962





Factors		in		successful		renal	
transplantation	(1964)

• Pts		Surv		6m												27/45														60	%
• Graft		Surv		6m									27/45														60	%
• Rejection	 42/45													93	%

• Baseline		:				Splenectomy		+		Aza
• Rejection	:				6g			Steroid		+		Actinomycin		+

Local	Irradiation



M…. to  temper  the  vigor  of  the 
immunologic  assault……. the  most  
significant  alteration  to  be instituted  
will  be  the  use  of prophylactic  
prednisone…..  The value  of  this  
change  in  the immunosuppressive  
protocol  is still  highly  
speculative.

T. E. Starzl 1964



1950 - 1980

• Sub-lethal		irradiation
• Azathioprine	

• ALS		- ATG
• Azathioprine	
• Steroids

• Ciclosporine A

1954 - 1959

1962 - 1978

1979



Organ  Transplantation

Evolution of immunosuppression 

Genetics Immunosuppression Year

Twins Identity None 1954

Related Compatibility Sublethal	X	ray	+	BM 1956

Steroids 1959

Unrelated Incompatibility Azathioprine 1960

Deceased Incompatibility AZA	+	ster	+	ALS 1962
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Considerable improvements have been made 
in the last 60 years in renal transplantation

1-year 
graft & pts survival

Everolimus



Renal	Transplantation		2017

• Standard	donor
• Old		for		Old
• Extended		Criteria		Donors
• Hyperimmunized	pts
• Living	donation	

– Standard	/	extended	criteria	donors
– ABO	incompatible
– HLA	incompatible	positive	crossmatch

• Deceased	Cardiac	Death



ü CNIs Cyclosporine / Tacrolimus
ü MMF / MPA / Aza
ü mTORi Everolimus / Sirolimus

ü Basiliximab
ü Thymoglobuline
ü Rituximab / Bortezomib
ü Eculizumab
ü Belatacept

Immunosoppressione  2017



Una		soluzione		per		tutti		i		casi



Causes		of		death		with		a		functioning	graft		
after		renal		transplantation
67.874  first   renal  transplants,  1994–2000

CVD 
39.6%

Others
27.2%

Tumours
9.3%

Infections
24.0%

USRDS = United States Renal Data System



Adjusted	death	rates	per	100	patient-years	
from	cardiovascular	disease,	malignancy	and	infection	

reported	in	5	yearly	cohorts	from	1980

25

Pilmore H,	et	al.	Transplantation. 2010;89:851-857.
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ABO		incompatible		tx		

&	Hyperimmunized	pts	

+ positive	cross-matches



N Engl J Med 2011;365:318-26.
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A bs tr ac t

Background
More than 20,000 candidates for kidney transplantation in the United States are 
sensitized to HLA and may have a prolonged wait for a transplant, with a reduced 
transplantation rate and an increased rate of death. One solution is to perform live-
donor renal transplantation after the depletion of donor-specific anti-HLA antibod-
ies. Whether such antibody depletion results in a survival benefit as compared with 
waiting for an HLA-compatible kidney is unknown.

Methods
We used a protocol that included plasmapheresis and the administration of low-dose 
intravenous immune globulin to desensitize 211 HLA-sensitized patients who sub-
sequently underwent renal transplantation (treatment group). We compared rates of 
death between the group undergoing desensitization treatment and two carefully 
matched control groups of patients on a waiting list for kidney transplantation who 
continued to undergo dialysis (dialysis-only group) or who underwent either dialysis 
or HLA-compatible transplantation (dialysis-or-transplantation group).

Results
In the treatment group, Kaplan–Meier estimates of patient survival were 90.6% at 
1 year, 85.7% at 3 years, 80.6% at 5 years, and 80.6% at 8 years, as compared with 
rates of 91.1%, 67.2%, 51.5%, and 30.5%, respectively, for patients in the dialysis-
only group and rates of 93.1%, 77.0%, 65.6%, and 49.1%, respectively, for patients in 
the dialysis-or-transplantation group (P<0.001 for both comparisons).

Conclusions
Live-donor transplantation after desensitization provided a significant survival bene-
fit for patients with HLA sensitization, as compared with waiting for a compatible 
organ. By 8 years, this survival advantage more than doubled. These data provide 
evidence that desensitization protocols may help overcome incompatibility barriers in 
live-donor renal transplantation. (Funded by the National Institute of Diabetes and 
Digestive and Kidney Diseases and the Charles T. Bauer Foundation.)

The New England Journal of Medicine 
Downloaded from nejm.org at UNIV CATTOLICA DEL SACRO CUORE on May 16, 2017. For personal use only. No other uses without permission. 
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Summary

The impact of ABO desensitization on overall immunity, infectious control, and
alloreactivity remains unknown. We compared 35 ABO-incompatible kidney
transplant recipients (KTRs) to a control of 62 ABO compatible KTRs. Samples
were collected before, at +1, +2, +3, +6, and +12 months post-transplantation.
CMV-, BKV-specific, and alloreactive T cells were measured using an interferon-c
ELISPOT assay. The extent of immunosuppression was quantified by enumera-
tion of lymphocyte subpopulations and cytokines. No differences were observed
for 5-year allograft survival and function between both groups (P > 0.05). How-
ever, ABO-incompatible KTRs were more likely to develop CMV infection, BKV-
associated nephropathy, and severe sepsis (P = 0.001). Interestingly, ABO-incom-
patible KTRs with poor HLA-match showed the highest rates of infections and
inferior allograft function (P < 0.05). CD3+, CD4+ T-cell counts, interferon-c
and IL-10 levels were lower in ABO-incompatible KTRs early post-transplantation
(P < 0.05). Likewise, ABO-incompatible KTRs showed impaired BKV- and
CMV-specific T-cell immunity (P < 0.05). ABO-incompatible KTRs showed
lower frequencies of alloreactive T cells (P < 0.05). Our data suggest T-cell deple-
tion due to ABO desensitization, which may contribute to the increased risk of
T-cell-dependent infections. Elimination of B cells serving as antigen-presenting
cells, thereby causing impaired T-cell activation, plays a significant role in both
impaired infection control and reduced alloreactive T-cell activation.

Introduction

Desensitization for ABO-incompatible (iABO)-transplan-
tation must pursue two strategies, pretransplant removal
of anti-A/B antibodies and inhibition of post-transplant
anti-A/B antibody reappearance. In contrast to HLAs,
blood group antigens do not require T-cell sensitization
to induce antibody production and are poor inducers of
specific T-cell responses due to overall lower immunoge-
nicity [1,2]. Therefore, administration of a single-dose of
the anti-CD20 antibody rituximab, antigen-specific im-
munoadsorptions, and intravenous immunoglobulin
(IVIG) in addition to triple-drug maintenance immuno-
suppression led to excellent long-term results after iABO
transplantation [3–7].

Despite conflicting data regarding rate and severity of
infectious complications in kidney transplant recipients
(KTRs) receiving ABO desensitization, a trend toward
higher incidences of bacterial, viral, and fungal infections
has been reported [8–12]. Reports on treatment of autoim-
mune diseases using rituximab suggest a direct effect on
T-cell immunity in two ways: (i) reduction of T-cell num-
ber due to co-expression of low levels of CD20 in a small
number of T- and NK cells and (ii) reduction of T-cell acti-
vation by down-regulation of the co-stimulatory molecules
CD40 and CD80 on B cells [13–15]. In addition, antigen-
specific T-cell response has been shown to be dampened in
the presence of IVIG due to decreased internalization of
immune complexes inside antigen-presenting cells [16].
These expected effects of ABO desensitization on overall

© 2015 Steunstichting ESOT 28 (2015) 1179–1194 1179
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ü35 ABO-incompatible kidney transplant recipients 

ü62 ABO compatible KTRs, as controls 

ü Samples collected before, at +1, +2, +3, +6, and +12 months 
post-transplantation. 

üCMV-, BKV-specific, and alloreactive T cells measured by 
interferon-c ELISPOT assay. 

ü immunosuppression was quantified by enumeration of 

lymphocyte subpopulations and cytokines. 



Infectious	complications:	ABO	compatible	
(cABO)	versus	ABO	incompatible	(iABO).	

KTR of cancer. No differences for surgical complications
including wound healing, lymphoceles, or bleeding compli-
cations were observed (P > 0.05). No differences were
observed for tacrolimus trough levels and MMF dosing at
any time post-transplantation (P > 0.05) (Table 2).

No differences for patient survival were observed between
iABO- and cABO-KTRs, or any subgroups (Fig. 2a). Death-
censored graft survival was comparable for iABO- and
cABO-transplantation and any subgroup (Fig. 2b). iABO-
KTRs showed a lower eGFR at any time, which did not reach
significance (Fig. 2c). Interestingly, iABO-KTRs with 4–6
HLA mismatches showed the worst outcome with a signifi-
cantly lower eGFR compared to iABO-KTRs with 0–3 HLA
mismatches at +60 months (P = 0.042).

The highest incidence of infectious complications
(defined as CMV viremia, BK viremia, and septic complica-
tions) was observed in the early post-transplant period in
iABO-KTRs with 60.0% of cases occurring within in the
first 2 months compared to only 20.0% of cases in cABO-
KTRs (Fig. 2d). Onset of infectious complications was
earlier in iABO- compared to cABO-KTRs (P = 0.038).
iABO-KTRs showed higher incidences of CMV viremia,
BKV-associated nephropathy, and severe sepsis (defined as
multiorgan dysfunction). No differences were observed for
proteinuria or the incidence of antibody-mediated rejec-
tion/donor-specific antibodies between iABO-KTRs and
cABO-KTRs, or any subgroup (P > 0.05). Proteinuria at

+12, +36, and +60 months was 172, 174, 183 mg/day for
iABO-KTRs, and 168, 148, 156 mg/day for cABO-KTRs,
respectively (P > 0.05). Five of 35 iABO-KTRs (14.3%) and
9 of 62 cABO-KTRs (14.5%) showed donor-specific anti-
bodies at +60 months after transplantation (P = 1).
Risk factors associated with development of infectious

complications among all 191 KTRs were analyzed by uni-
variate and multivariate regression analysis. Using univari-
ate analysis, the following five factors were significantly
(P < 0.05) associated with a higher rate of infectious com-
plications: age, body mass index (BMI), pre-existing or
new-onset diabetes, HLA mismatch, and iABO transplanta-
tion. Using multivariate analysis factors independently
associated with infectious complications within the first
12 months after living donor renal transplantation
included iABO transplantation only (hazard ratio [HR] 3.8,
95% confidence interval [CI] 2.8 to 5.6; P < 0.001). Age,
pre-existing or new-onset diabetes, and HLA mismatch did
not reach statistical significance (P = 0.293, P = 0.787,
P = 0.061). No differences concerning infectious complica-
tions were observed between KTRs with blood group O
and KTRs with blood group non-O (P > 0.05).

Immunological characteristics

The depleting effect of rituximab treatment in iABO-KTRs
was shown by a significant decrease in CD19+ B cells at

Table 2. Infectious complications: ABO compatible (cABO) versus ABO incompatible (iABO).

cABO matched (n = 62) ABO incompatible (n = 35) P value

CMV seropositivity, n (%) 39 (63) 21 (60) 0.830

CMV viremia, n (%) 13 (21) 16 (46) 0.020*

Peak CMV viremia (copies/mL)* 4.2 9 103 (1.3 9 103–6.5 9 105) 3.2 9 103 (1.0 9 103–5.4 9 105)

CMV D+R!, n (%) 6 (10) 5 (14) 0.519

CMV disease, n (%) 4 (6) 6 (17) 0.161

Transplant age at CMV viremia, months* 2 (0–9) 1 (0–11) 0.546

BK viremia, n (%) 6 (10) 8 (23) 0.130

Peak BK viremia (copies/mL)* 9.2 9 103 (4.5 9 103–8.7 9 104) 2.4 9 104 (7.1 9 103–8.4 9 106) –
BK nephropathy, n (%) 0 (0) 3 (9) 0.044*

Transplant age at BK viremia, months* 4 (2–10) 3 (1–12) 0.395

EBV viremia, n (%) 7 (11) 0 (0) 0.047*

Peak EBV viremia (copies/mL)* 1700 (1.0 9 103–5.5 9 103) – –
PTLD, n (%) 1 (2) 0 (0) 1

Transplant age at EBV viremia, months* 6 (3–12) – –
Septic complications, n (%) 3 (5) 5 (14) 0.132

Severe sepsis/septic shock 0 (0) 4 (11) 0.015*

Site of infection, n (%)

Urinary tract infection 2 (3) 2 (6) 0.618

Pneumonia 1 (2) 2 (6) 0.295

Others/unknown 0 (0) 1 (3) 0.361

Transplant age at sepsis, months* 4 (2–8) 3 (0–5) 0.359

Deaths from septic complications, n (%) 0 (0) 3 (9) 0.044*

Any infection, n (%) 18 (29) 22 (63) 0.001*

*Median (range).

© 2015 Steunstichting ESOT 28 (2015) 1179–1194 1183
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Pts	survival:	ABOi		vs		ABOc

transplantation and during the first post-transplant year
(P < 0.05). No differences were observed for total CD3+ T-
cell counts prior to transplantation between iABO-KTRs
and cABO-KTRs, or any subgroup (P > 0.05). iABO-KTRs,
however, showed significantly lower CD3+ and CD4+ T-
cell counts at +60 and +90 days compared to cABO-KTRs
(P < 0.05; Fig. 3a). iABO-KTRs developed significantly
lower IFNc and IL-10 serum levels compared to cABO-
KTRs at +90 days (P < 0.05; Fig. 3b,c). CD3+, CD4+, and
CD8+ T-cell counts in iABO-KTRs who developed septic

complications were significantly lower at the time prior to
sepsis compared to cABO-KTRs (P < 0.05). No differences
were observed between iABO-KTRs developing sepsis and
iABO-KTRs not developing sepsis at any time (P > 0.05.)

Virus-specific cellular immunity

Analyses of CMV- and BKV-specific immunity were per-
formed during the different steps of iABO desensitization
(Fig. 4).

(a)

(c)

(b)

(d)

Figure 2 (a) Kaplan–Meier plot of patient survival in ABO-compatible and ABO-incompatible transplantation. Tendency for reduced patient survival

in ABO-incompatible transplantation (Log-Rank, P = 0.118). (b) Kaplan–Meier plot of death-censored graft survival in ABO-compatible and ABO-

incompatible transplantation. Comparable death-censored graft survival in the ABO compatible compared to the ABO-incompatible group (log-rank,

P = 0.624). (c) Lowest median eGFR in patients with ABO incompatibility + HLA mismatches. No differences are observed between ABO compatible

and ABO-incompatible transplantation at any time (P > 0.05). (d) Onset of infection (CMV viremia, BK viremia, septic complications) in ABO-compati-

ble and ABO-incompatible transplantation. Earlier onset of infection in ABO incompatible (40% of KTRs) compared to ABO compatible (8% of KTRs)

transplantation (P = 0.028). Significantly higher rate of infections in ABO incompatible (63% of KTRs) compared to ABO compatible (29% of KTRs)

transplantation (P < 0.001).

1184 © 2015 Steunstichting ESOT 28 (2015) 1179–1194
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transplantation and during the first post-transplant year
(P < 0.05). No differences were observed for total CD3+ T-
cell counts prior to transplantation between iABO-KTRs
and cABO-KTRs, or any subgroup (P > 0.05). iABO-KTRs,
however, showed significantly lower CD3+ and CD4+ T-
cell counts at +60 and +90 days compared to cABO-KTRs
(P < 0.05; Fig. 3a). iABO-KTRs developed significantly
lower IFNc and IL-10 serum levels compared to cABO-
KTRs at +90 days (P < 0.05; Fig. 3b,c). CD3+, CD4+, and
CD8+ T-cell counts in iABO-KTRs who developed septic

complications were significantly lower at the time prior to
sepsis compared to cABO-KTRs (P < 0.05). No differences
were observed between iABO-KTRs developing sepsis and
iABO-KTRs not developing sepsis at any time (P > 0.05.)

Virus-specific cellular immunity

Analyses of CMV- and BKV-specific immunity were per-
formed during the different steps of iABO desensitization
(Fig. 4).

(a)

(c)

(b)

(d)

Figure 2 (a) Kaplan–Meier plot of patient survival in ABO-compatible and ABO-incompatible transplantation. Tendency for reduced patient survival

in ABO-incompatible transplantation (Log-Rank, P = 0.118). (b) Kaplan–Meier plot of death-censored graft survival in ABO-compatible and ABO-

incompatible transplantation. Comparable death-censored graft survival in the ABO compatible compared to the ABO-incompatible group (log-rank,

P = 0.624). (c) Lowest median eGFR in patients with ABO incompatibility + HLA mismatches. No differences are observed between ABO compatible

and ABO-incompatible transplantation at any time (P > 0.05). (d) Onset of infection (CMV viremia, BK viremia, septic complications) in ABO-compati-

ble and ABO-incompatible transplantation. Earlier onset of infection in ABO incompatible (40% of KTRs) compared to ABO compatible (8% of KTRs)

transplantation (P = 0.028). Significantly higher rate of infections in ABO incompatible (63% of KTRs) compared to ABO compatible (29% of KTRs)

transplantation (P < 0.001).

1184 © 2015 Steunstichting ESOT 28 (2015) 1179–1194

Lymphopenia after ABO desensitization Schachtner et al.

Death censored graft survival



Infections:	ABOi		vs		ABOc

transplantation and during the first post-transplant year
(P < 0.05). No differences were observed for total CD3+ T-
cell counts prior to transplantation between iABO-KTRs
and cABO-KTRs, or any subgroup (P > 0.05). iABO-KTRs,
however, showed significantly lower CD3+ and CD4+ T-
cell counts at +60 and +90 days compared to cABO-KTRs
(P < 0.05; Fig. 3a). iABO-KTRs developed significantly
lower IFNc and IL-10 serum levels compared to cABO-
KTRs at +90 days (P < 0.05; Fig. 3b,c). CD3+, CD4+, and
CD8+ T-cell counts in iABO-KTRs who developed septic

complications were significantly lower at the time prior to
sepsis compared to cABO-KTRs (P < 0.05). No differences
were observed between iABO-KTRs developing sepsis and
iABO-KTRs not developing sepsis at any time (P > 0.05.)

Virus-specific cellular immunity

Analyses of CMV- and BKV-specific immunity were per-
formed during the different steps of iABO desensitization
(Fig. 4).

(a)

(c)

(b)

(d)

Figure 2 (a) Kaplan–Meier plot of patient survival in ABO-compatible and ABO-incompatible transplantation. Tendency for reduced patient survival

in ABO-incompatible transplantation (Log-Rank, P = 0.118). (b) Kaplan–Meier plot of death-censored graft survival in ABO-compatible and ABO-

incompatible transplantation. Comparable death-censored graft survival in the ABO compatible compared to the ABO-incompatible group (log-rank,

P = 0.624). (c) Lowest median eGFR in patients with ABO incompatibility + HLA mismatches. No differences are observed between ABO compatible

and ABO-incompatible transplantation at any time (P > 0.05). (d) Onset of infection (CMV viremia, BK viremia, septic complications) in ABO-compati-

ble and ABO-incompatible transplantation. Earlier onset of infection in ABO incompatible (40% of KTRs) compared to ABO compatible (8% of KTRs)

transplantation (P = 0.028). Significantly higher rate of infections in ABO incompatible (63% of KTRs) compared to ABO compatible (29% of KTRs)

transplantation (P < 0.001).
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CMV viremia, BK viremia, septic complications

P < 0.001



ABO	compatible	(cABO)	versus	ABO	
incompatible	(iABO).	

ABO-incompatible:	

• more	likely	to	develop	CMV	infection,	BKV- associated	
nephropathy,	 and	severe	sepsis	(P	=	0.001).	

• poor	HLA-match	showed	the	highest	rates	of	infections	and	
inferior	allograft	 function	 (P	<	0.05).	

• CD3+,	CD4+	T-cell	counts,	 interferon-c	and	IL-10	levels	were	
lower	in	early	post-transplantation	 (P	<	0.05).	

• impaired	BKV	and	CMV-specific	T-cell	immunity	 (P	<	0.05).	

• lower	frequencies	of	alloreactive T	cells	(P	<	0.05).	

• Desensitization	procedures		disrupt	the	T	and	B	cells	

interaction	and	sinergy



Cancer Risk Following ABO Incompatible Living Donor Kidney
Transplantation (1)

Erin C. Hall, MD MPH,
Department of Surgery, Johns Hopkins School of Medicine; Division of Cancer Epidemiology and
Genetics, National Cancer Institute
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Division of Cancer Epidemiology and Genetics, National Cancer Institute

Robert A. Montgomery, MD DPhil, and
Department of Surgery, Johns Hopkins School of Medicine

Dorry L Segev, MD PhD
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Abstract
Background—Recipients of ABO incompatible (ABOi) living donor kidney transplants often
undergo more intense immunosuppression than their ABO compatible (ABOc) counterparts. It is
unknown if this difference leads to higher cancer risk after transplantation. Single-center studies
are too small, and lack adequate duration of follow-up, to answer this question.

Methods—We identified 318 ABOi recipients in the Cancer Transplant Match Study, a national
linkage between the Scientific Registry of Transplant Recipients and population-based U.S. cancer
registries. Seven cancers (non-Hodgkin lymphoma, Merkel cell carcinoma, gastric
adenocarcinoma, hepatocellular carcinoma, thyroid cancer, pancreatic cancer, and testicular
cancer) were identified among ABOi recipients. We then matched ABOi recipients to ABOc
controls by age, gender, race, HLA mismatch, retransplantation, and transplant year.

Results—There was no demonstrable association between ABOi and cancer in unadjusted
incidence rate ratio (IRR 0.83, 95% CI 0.33–1.71, p=0.3) or matched control analysis (IRR 0.99,
95% CI 0.38–2.23, p=0.5).
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• 318 ABOi recipients in the SRTS registry
• 7 ABOi recipients with cancers (non-Hodgkin lymphoma, Merkel 

cell carcinoma, gastric adenocarcinoma, hepatocellular 
carcinoma, thyroid cancer, pancreatic cancer, and testicular 
cancer)

• no demonstrable association between ABOi and cancer ABOi
• IRR 0.83, 95% CI 0.33–1.71, p=0.3

• ABOc matched control IRR 0.99, 95% CI 0.38–2.23, p=0.5).
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Table 3

Cancer risk after living donor kidney transplantation, comparing ABO incompatible recipients with ABO
compatible recipients and matched ABO compatible controls

ABOi ABOc
(entire cohort)

ABOc
(matched controls)a

All Cancer

  Rateb 7.1 8.5 7.1

  IRR (95% CI) vs. entire cohort 0.86 (0.02–4.85) Reference

  IRR (95% CI) vs. matched controls 0.99 (0.38–2.23) Reference

NHL

  Rateb 1.0 1.2 1.0

  IRR (95% CI) vs. entire cohort 0.76 (0.02–4.29) Reference

  IRR (95% CI) vs. matched controls 1.02 (0.02–8.38) Reference

ABOi = ABO incompatible; ABOc = ABO compatible; IRR = incidence rate ratio; CI = confidence interval; NHL = non-Hodgkin lymphoma.

a)Matched 5 to 1 on age at transplantation, gender, race, zero HLA mismatch status, retransplantation, and year of transplant to ABOi recipients.

b)Per 1,000 person-years

Transplantation. Author manuscript; available in PMC 2014 September 15.



Tailored  desensitization  strategies
in ABO blood group incompatible renal transplantation

Barnett et al.Transplant Iternational  27 (2014) 187–196

a) Rituximab 

b) Antibody removal 

c) TAC+MMF+Ster+ALS



Tailored  desensitization  strategies

in  ABO  blood  group  incompatible  renal  transplantation

Barnett et al.Transplant International  27 (2014) 187–196
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1 year eGFR 
47.15 

(sd 20.16) 
n=40 
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(sd 15.35) 

n=134 
0.188 † 

2 year eGFR 
46.50 

(sd 15.19) 
n=30 

48.53 
(sd 14.63) 
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0.732 † 

3 year eGFR 
47.44 

(sd 13.90) 
n=16 

49.71 
(sd 14.20) 

n=75 
0.494 † 

†: Mann Whitney U test 

 

Figures 

 

Figure 1: Guy's Hospital minimal desensitisation strategy 

Note to Figure 1: This is the current strategy. Because of the evolution of the programme, not all patients reported 
were treated according to this exact protocol. As described in Table 1, 7 patients received no desensitisation, 6 
patients received rituximab alone, 19 patients received rituximab and DFPP and 14 patients received rituximab and 
immunoadsorption (3 patients received rituximab, DFPP and immunoadsorption). 

Barnett et al.Transplant Iternational  27 (2014) 187–196
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Figure 2: Direction of ABO blood group incompatible transplantation 

 

 
Figure 3: ABOi renal transplant recipients - initial (pre-desensitisation) anti-A/B antibody titres
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ü what we learnt

ü immunosuppression and CMV

ü what we would like do

Strategie immunosoppressive e rischio infettivo 



Unmet		needs		in	CMV			for	the	
risk	management	of	CMV	infections

• CMV	infection	and	disease	

– occur	frequently	after	tx	and	are	causes		of	CAN	/	IFTA,		death

– are	independent	risk	factors	for	renal	allograft	 rejection

– CMV		prophylaxis	and	pre-emptive	antiviral	 therapy	is	addressed	in	

recent	guidelines.

• Moreover:	

• Late-onset	disease	is	still	observed

• Antiviral	resistance,	although	 infrequent,	has	emerged

• Evidence	that	mTOR-inhibitors	 may	reduce	replication
41



CMV infection has multiple  detrimental 
effects in organ transplant recipients

CMV
infection

Indirect
effects

Direct
effects

CMV 
syndrome

Organ - invasive
disease

CAN / IFTA CVD and 
diabetes

Acute / chronic
rejection

Opportunistic
infections Malignancy



CMV	infection	and	renal	transplantation

• Prophylaxis	vs preemptive	therapy

• Preemptive	therapy

– Units	/	copies	PCR-DNA,	when	to	treat?

– Should	we	monitor	specific	CMV- quantiferon?

– Should	we	monitor	Elispot?



Benefits	and	limitations	of	prophylaxis
versus	preemptive	therapy

C. Kotton American Journal of Transplantation 2013; 13: 24–40



45

Study

Tedesco-Silva et al
2007

Nashan et al 2004

Ekberg et al 2007
ELITE-Symphony 
study

Ekberg et al 2007
CAESAR study

Hernandez et al 2007

Larson et al 2006

Duration,
months

12

36

12

12

24

12

Immunosuppression

Everolimus + low CsA + steroids
Everolimus + low CsA + steroids + Bas
Everolimus + SD CsA + steroids + Bas
Everolimus + low CsA + steroids + Bas

SD CsA + MMF + steroids
Low CsA + MMF + steroids + Dac

Low tacrolimus + MMF + steroids + Dac
Low sirolimus + MMF + steroids + Dac

MMF + steroids + Dac
Low CsA + MMF + steroids +Dac

SD CsA + MMF + steroids
CsA + azathioprine + ATG

CsA + MMF + Bas
Tacrolimus + MMF + Bas

Sirolimus + MMF + prednisone
Tacrolimus + MMF + prednisone

Patients,
n

112
117
53
58

410
413
411
411
179
183
173
80
80
80
81
84

CMV, cytomegalovirus; mTORi, mammalian target of rapamycin inhibitor; CsA, cyclosporin; 
Bas, basiliximab; SD, standard dose; MMF, mycophenolate mofetil; Dac, daclizumab; 
EC-MPS, enteric-coated mycophenolate sodium; ATG, anti-thymocyte globulin

Several recent studies have reported reduced 
post-transplant CMV incidence with mTORis 

CMV incidence 
at 12 months, %

0.9
2.6
1.9
0

14.3
11.0
9.7
6.1

12.8
10.9
13.9
41
20
25
3
12



The  SYMPHONY study 

Regimen tested n eGFR
(C-G)

BPAR
(%)

Allograft 
Survival 

(%)

Standard-dose CSA
(100-200 ng/mL thereafter)

Low-dose CSA (50-100 ng/mL)

Low-dose TAC (3-7 ng/mL)

Low-dose SRL

390

399

401

399

57 ± 25

59 ± 25

65 ± 27

57 ± 27

30.1

27.2

15.4

40.2

91.9

94.3

96.4

91.7

BPAR, biopsy proven acute rejection; CsA, cyclosporine A; eGFR, 
estimated glomerular filtration rate; SRL, sirolimus; TAC, 
tacrolimus.
Ekberg, et al, New Eng J Med 2007;357:2562–2575.
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Symphony:	significantly	lower	incidence	of	
CMV	infection	with	an	mTORi	than	CNIs

47Ekberg	H	et	al.N	Engl	J	Med
2007;357:2562–75

*p	value	across	all	arms;	significant	between-group	difference
aDetermined from	reported	adverse	events
CMV,	cytomegalovirus;	mTORi,	mammalian	target	of	rapamycin inhibitor;	
CsA,	cyclosporin;	CNI,	calcineurin inhibitor

p=0.003*
14.3

11
9.7

6.1

0

5

10

15

20

Standard CsA 
(n=410) 

Low CsA 
(n=413) 

Low tacrolimus 
(n=411) 

Sirolimus 
(n=411) 

Incidence 
of CMV 
infectiona

at 
12 months 
(%)



BKV infections are less frequent with de 
novo everolimus + low CNI at 24 months

BKV,	BK	virus;	EVR,	everolimus;	MPA,	mycophenolic	acid	
Cibrik	D,	et	al.	Transplantation.2013;95(7):933-942.

A2309: Month 24 results

EVR 3–8 ng/mL 
N=274 

MPA	1.44	g
N=273

P=0.004



BKV replication in human renal tubular 
epithelial cells is inhibited by mTORi

BKV, BK virus; mTORi, mammalian target of rapamycin inhibitor
Hirsch, Ming. Unpublished data
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V 
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Everolimus has a central role in several pathways 
related to proliferation

P13-K

Akt-PKB

S6K

eIF4E
eIF4G

eIF4A

MuK1

mTORC2

4EBPs

mTORC1

Control	of	gene	
expression

§ Cell	growth
§ Proliferation
§ Cell	survival

Physiological processes	mediated	
by	mTOR	activation

Normal	growth Immunosuppression

Reparative process Tumor	cell	proliferation

Angiogenesis		 Viral	replication

AKT/PKB, protein kinase B; eIF4, eukaryotic translation initiation factor; mTOR, mammalian target of rapamycin; mTORC, mammalian
target of rapamycin complex; PI3K, phosphatidylinositol 3-kinase; S6K, S6 kinase.
Populo H, et al. Int J Mol Sci 2012;13:1886–1918; Buchkovich NJ, et al. Nature Reviews Microbiology 2008; 6:266–75.

Everolimus

Potential mechanisms for antiviral action of mTORis 



UCSC			CMV		preemptive		therapy
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36%
65% 65%

38%
71%
41%

76%
46%

TAC/MMF	vs	TAC/EVE	Hazard	Ra2o	0.43	(95%	IC	0.245-0.755)	
log	rank	p=0.003

TAC/EVE

TAC/MMF

G Spagnoletti UCSC, ATC  2016



ü The current literature reviewed for RCTs in SOT comparing mTOR-I with a   

non-mTOR-I, CNI based treatment. 

ü Cytomegalovirus incidence was assessed in studies comparing

v mTOR-In  based vs a CNI based therapy: 10 trials, n=3,100 pts

v mTOR-I + CNI based vs a CNI-based therapy 15 trials, n=7,100 pts

University Hospital Grosshadern, Ludwig Maximilian’s University, Munich D



CMV		occurrence		mTORsi		vs		CNIs



CMV		occurrence		mTORsi +	CNIs	vs CNIs



Unmet		need		in	CMV			for	the	
risk	management	of	CMV	infections

• CMV	infection,	syndrome	and	disease	are		reduced	
with	Everolimus	vs	standard		CNIs		therapy

• CMV	prophylaxis		may	become		dispensable	in	pts	
receiving		mTORsi	?

• Need		for	a	clinical		trial	:		CMV		standard		prophylaxis		
vs		preemptive		therapy		vs		no	prophylaxis

Conclusions



ü what we learnt

ü immunosuppression and CMV

ü what we would like to have

Strategie immunosoppressive e rischio infettivo 



Our Goal is

immunosuppression-free state 
(IFS) post-transplantation 



Long-Term Results in Recipients of Combined
HLA-Mismatched Kidney and Bone Marrow
Transplantation Without Maintenance
Immunosuppression

T. Kawai1,*, D. H. Sachs2, B. Sprangers3,
T. R. Spitzer4, S. L. Saidman5, E. Zorn1,
N. Tolkoff-Rubin1, F. Preffer5, K. Crisalli1,
B. Gao1, W. Wong3, H. Morris3, S. A. LoCascio3,
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We report here the long-term results of HLA-
mismatched kidney transplantation without mainte-
nance immunosuppression (IS) in 10 subjects following
combined kidney andbonemarrow transplantation. All
subjects were treated with nonmyeloablative condi-
tioning and an 8- to 14-month course of calcineurin
inhibitor with or without rituximab. All 10 subjects
developed transient chimerism, and in seven of these,
IS was successfully discontinued for 4 or more years.
Currently, four subjects remain IS free for periods of
4.5–11.4 years, while three required reinstitution of IS
after 5–8 years due to recurrence of original disease or
chronic antibody-mediated rejection. Of the 10 renal
allografts, three failed due to thrombotic microangiop-
athy or rejection. When compared with 21 immunolog-
ically similar living donor kidney recipients treatedwith
conventional IS, the long-term IS-free survivors devel-
oped significantly fewer posttransplant complications.
Although most recipients treated with none or two
doses of rituximab developed donor-specific antibody
(DSA), no DSA was detected in recipients treated with
four doses of rituximab. Although further revisions of
the current conditioning regimen are planned in order

to improve consistency of the results, this study shows
that long-term stable kidney allograft survival without
maintenance IS can be achieved following transient
mixed chimerism induction.

Keywords: Chimerism, immunobiology, kidney trans-
plantation, living donors, tolerance

Abbreviations: AKI, acute kidney injury; BAFF, B cell
activating factor; CKBMT, combined kidney and bone
marrow transplantation; CML, cell-mediated lymphol-
ysis; Cr, creatinine; CyA, cyclosporine A; DBM, donor
bone marrow; DBMT, donor bone marrow transplanta-
tion; DSA, donor-specific antibody; DSH, donor-specific
hyporesponsiveness; DSN, donor-specific nonrespon-
siveness; GBM, glomerular basement membrane;
GVHD, graft versus host disease; IS, immunosuppres-
sion; ITN, Immune Tolerance Network; MGH, Massa-
chusetts General Hospital; MLR, mixed lymphocyte
reaction; MMF, mycophenolate mofetil; mod NKD03,
modified NKD03; MPGN, membranoproliferative
glomerulonephritis;NHP, nonhumanprimate; TBI, total
body irradiation; TLI, total lymphoid irradiation
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Introduction

Short-term results following organ transplantation have
been significantly improved by the use of increasingly
efficacious immunosuppressive agents. However, their
chronic administration results in significant morbidity,
especially from an increased incidence of cardiovascular
disease (1), infection (2), malignancies (3), de novo
diabetes (4) and other metabolic derangements. Moreover,
the potent immunomodulatory effects of current therapeu-
tic protocols do not prevent the development of chronic
rejection, despite their administration being pushed to toxic
levels. Therefore, induction of tolerance, defined as the
absence of destructive immune responses to a transplanted
tissue without ongoing immunosuppressive therapy, re-
mains the ultimate goal of organ transplantation.

Since the seminal work reported by Billingham, Brent and
Medawar on neonatal tolerance in 1956 (5), numerous

American Journal of Transplantation 2014; 14: 1599–1611
Wiley Periodicals Inc.
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Posttransplant complications 



Posttransplant	complications	in		tolerance



Posttransplant	complications	in		tolerance
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tolerance
Complications

43         0               0              0            0 %



BALANCED

Immunosuppression 

rejection

infections

neoplasia

__ ++


