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Summary

Although induction therapy has been used in heart transplantation for many

years, its role has not been fully elucidated. Early safety concerns relating to OKT3

or intensive lymphocyte-depleting regimens have largely been addressed by mod-

ern induction protocols using rabbit antithymocyte globulin (rATG [Thymoglob-

uline� or ATG-Fresenius]) and interleukin-2 receptor antagonist (IL-2RA)

agents, but although the number of randomized controlled studies has expanded

there are still gaps in the evidence base. Rejection prophylaxis may be somewhat

more effective with rATG than IL-2RA agents, but this has not been proven con-

clusively. Administration of induction therapy to support delayed introduction of

calcineurin inhibitors in patients at risk of renal dysfunction is relatively well doc-

umented and widely used. Increasingly, it is recognized that sensitized patients

and individuals with primary graft function are suitable candidates for induction

therapy, and the possibility that rATG may inhibit cardiac allograft vasculopathy

is also of considerable interest. Until the question of whether rATG is associated

with increased risk of infection, routine prophylaxis is advisable. IL-2RA induc-

tion has an excellent safety profile. Dosing rATG according to lymphocyte count

reduces cumulative dose without compromising efficacy. Further controlled trials

are required to determine when and how to deploy induction most effectively fol-

lowing heart transplantation.

Introduction

Almost all immunosuppressive regimens for solid organ

transplant recipients are designed to provide additional

potency during the first few days and weeks after transplan-

tation, when the risk of allograft rejection is greatest.

Typically, specialized antibody induction preparations or

high-dose intravenous corticosteroids – or a combination

of both – are administered to achieve adequate immuno-

suppressive efficacy in this period. Approximately, half of

all heart transplant centers use some form of antibody

induction therapy, but the evidence for its benefit is not yet

clear-cut [1].

Induction therapy can take the form of a polyclonal

agent, with a broad spectrum of specificity and multiple

immunological targets, or monoclonal agents that target a

specific receptor (Table 1). Over the last decade, the newer

polyclonal agents rabbit antithymocyte globulin [rATG

(Thymoglobuline�, Genzyme Coporation, Cambridge,

MA, USA)] and, to a lesser extent, Fresenius-ATG, have

superseded the earlier ATGAM (Minnesota-ATG) prepara-

tion. Concurrently, use of the murine monoclonal antibody

OKT3 declined and it has now been withdrawn from the

market. OKT3 has largely been replaced by the monoclonal

antibody basiliximab (Simulect�, Novartis Pharma AG,

Basel, Switzerland), which following the withdrawal of dac-

lizumab is now the only interleukin-2 receptor antagonist

(IL-2RA) available. Alemtuzumab (Campath, Genzyme

Coporation, Cambridge, MA, USA), another monoclonal

antibody, showed promise as a potent lymphocyte-deplet-
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ing agent following kidney transplantation, [7–9] but has

been withdrawn from the market. Indeed, at present rATG

(Thymoglobuline�) and ATG-Fresenius are the only induc-

tion agents licensed in heart transplantation.

Analysis of the impact of induction therapy on allograft

rejection and other efficacy or safety outcomes in heart

transplantation is handicapped by the relative scarcity of

randomized trials. Most prospective studies of induction

regimens have been single-center studies involving fewer

than 100 patients, although larger retrospective studies with

long-term follow-up have compared efficacy and long-term

safety between different induction agents. This review con-

siders the available clinical data relating to the different cat-

egories of induction therapy in heart transplant recipients

and discusses particular types of patients in whom induc-

tion may be a useful immunosuppressive option.

Induction therapy with standard maintenance
immunosuppression

Several prospective and retrospective studies have evaluated

addition of induction therapy to a standard triple regimen

of calcineurin inhibitor (CNI), an antimetabolite and corti-

costeroids in heart transplant patients (Table 2). For rATG,

data are limited to one large retrospective trial [10] and

one smaller prospective study [11] using Thymoglobuline�,

each of which compared the two preparations with no con-

trol arm. The retrospective analysis in 484 recipients

showed a significantly lower rate of biopsy-proven acute

rejection (BPAR) in favor of rATG (Thymoglobuline�)

after multivariate analysis was used to adjust for confound-

ing factors [10], but no difference in immunosuppressive

efficacy was observed in a smaller prospective single-center

trial by Schnetzler et al. For the IL-2RA agents basiliximab

and daclizumab, prospective, randomized trials have

assessed their effect versus control groups receiving no

induction therapy and have shown mixed results (Table 2).

Of these, the most robust study design was that of Mehra

et al. [12]. In a double-blind, placebo-controlled, random-

ized, multicenter trial in 56 patients, the time to first BPAR

was numerically longer with basiliximab (73.7 days versus

40.6 with placebo, n.s.), but the rate of BPAR grade � 3A

did not differ between the basiliximab and control groups

at month 6 (P = 0.552) or month 12 (P = 0.307) [12]

(Table 2). A previous randomized trial by Beniaminovitz

et al., in contrast, showed a significant reduction in BPAR

grade � 2 by month 12 in patients receiving daclizumab

(18%) versus no induction (63%, P = 0.04) [13]. This dif-

ference between the two trials may have been because of

more selective criteria for the trial by Mehra, which is likely

to have reduced the overall risk of rejection in the study

population, and by inclusion of BPAR grade 2 in the results

from Beniaminovitz. Two prospective [14,15] and three

retrospective [16–18] trials have compared IL-2RA induc-

Table 1. Characteristics of available induction agents.

Polyclonal IL-2 receptor antibodies

Type of agent A mixture of antibodies which

are active against different targets

Recombinant DNA-derived chimeric

(human-murine) monoclonal antibody

Preparations Rabbit-derived antithymocyte

globulin (rATG) (Thymoglobuline�, Genzyme)

Rabbit-derived antithymocyte

globulin (Fresenius-ATG, Fresenius)

Horse-derived antithymocyte globulin

(ATGAM, Upjohn)

Basiliximab (Simulect�, Novartis)

Immunomodulatory effect Dose-dependent T-cell depletion in

blood and peripheral lymphoid tissues

Possibly also co-stimulation blockade,

adhesion molecule modulation and

B-cell depletion [2–6]

Selective inhibition of IL-2 driven T-cell proliferation

Proposed mode of action Complement-dependent lysis and

activation-associated apoptosis

Inhibition of the CD25 IL-2 receptor on the

surface of antigen-activated T-cells

Spectrum of specificity Broad Narrow

Licensed indication/s Thymoglobuline�: Immunosuppression

in solid organ transplantation, including

the prevention of graft rejection in renal

transplantation, treatment of steroid

resistant graft rejection in renal

transplantation and prevention of graft

rejection in heart transplantation.

ATG-Fresenius: Prophylaxis and therapy of

rejection crisis in organ and tissue transplantation

Prophylaxis of acute organ rejection in patients

receiving renal transplantation as part of an

immunosuppressive regimen that includes

cyclosporine and corticosteroids
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tion versus rATG (Table 2). Of the two prospective studies

of basiliximab versus rATG, one showed no difference in

rejection [14] while the other reported a higher rate of

rejection with basiliximab [15]; survival rates were similar

in each trial [14,15]. Overall, it appears that the efficacy in

preventing rejection may be somewhat higher with rATG,

but the data are not conclusive.

Induction therapy and delayed CNI therapy

Patients who have severe renal dysfunction either pre- or

peri-operatively, or who are at high risk of renal insuffi-

ciency, may benefit from delayed introduction of CNI ther-

apy to minimize CNI-related nephrotoxicity during the

period of highest CNI exposure in the immediate post-

transplant period. Antibody induction can provide rejec-

tion prophylaxis while kidney function normalizes, or at

least improves, before CNI initiation. This strategy is used

frequently in heart transplant recipients, although the evi-

dence base is currently restricted to retrospective studies

(Table 3). The time to introduction of CNI therapy has

varied between studies, from as soon as day 4 [19] or 5 [20]

after transplant, up to a mean of day 12 [21] or even as long

as 18 or 29 days in some patients [21,22].

Three of these analyses, using rATG (Thymoglobuline�)

[21] or IL-2RA agents [19,20], have compared delayed CNI

introduction versus a standard CNI regimen (Table 3).

Rejection prophylaxis was highly effective in the delayed

CNI patients, with two analyses reporting a lower rate of

BPAR than with a standard CNI regimen [20,21]. Encour-

agingly, the cohorts with renal dysfunction at the time of

transplant demonstrated similar serum creatinine levels to

their counterparts with normal renal function at subse-

quent time points (Table 3). It is difficult, however, to

determine the benefit of such an approach reliably in the

absence of more data. Only one of these retrospective stud-

ies compared induction (basiliximab) with delayed CNI

versus no induction and standard CNI, in 57 patients at

risk of poor post-operative renal function [19]. In that

small study, the difference in mean (SD) serum creatinine

at hospital discharge did not differ significantly between

groups (1.5 [0.6] mg/dl with basiliximab versus 1.7

[0.8] mg/dl with no induction).

Use of induction therapy with CNI-free regimens

Although complete avoidance of CNI therapy has been

investigated extensively in renal transplantation [23–27],
with conflicting results, only two publications have

described CNI avoidance in cardiac transplantation

[28,29]. In a pilot trial, Meiser et al. examined CNI avoid-

ance in eight patients using a regimen of sirolimus, myco-

phenolate mofetil (MMF), and corticosteroids [28]. AllT
a
b
le

2
.
co
n
ti
n
u
ed

St
u
d
y

D
es
ig
n

N
In
ve
st
ig
at
io
n
al
d
ru
g

C
o
m
p
ar
at
o
r

D
u
ra
ti
o
n
o
f

fo
llo
w
-u
p

B
PA

R

En
d
p
o
in
t

In
ve
st
ig
at
io
n
al

d
ru
g

C
o
m
p
ar
at
o
r

P
va
lu
e

C
ar
ls
en

2
0
0
5
[1
7
]

R
et
ro
sp
ec
ti
ve

Si
n
g
le
ce
n
te
r

4
0

D
ac
liz
u
m
ab

rA
TG (T
h
ym

o
g
lo
b
u
lin
e
�
)

3
m
o
n
th
s

Tr
ea

te
d
B
PA

R

g
ra
d
e
�
2

4
5
%

6
0
%

n
.s
.

C
h
o
u

2
0
0
8
[1
8
]

R
et
ro
sp
ec
ti
ve

Si
n
g
le
ce
n
te
r

4
3

B
as
ili
xi
m
ab

¶
rA
TG

§
1
2
m
o
n
th
s

B
PA

R
g
ra
d
e
�
2

0
%

0
%

–

*
Pr
im

ar
y
en

d
p
o
in
t
(c
o
m
p
o
si
te

o
f
m
o
d
er
at
e
o
r
se
ve
re

ce
llu
la
r
re
je
ct
io
n
,
h
em

o
d
yn
am

ic
al
ly
si
g
n
ifi
ca
n
t
g
ra
ft
d
ys
fu
n
ct
io
n
,
a
se
co
n
d
tr
an

sp
la
n
ta
ti
o
n
,
o
r
d
ea

th
o
r
lo
ss

to
fo
llo
w
-u
p
w
it
h
in

6
m
o
n
th
s)
w
as

3
5
.6
%

w
it
h
d
ac
liz
u
m
ab

ve
rs
u
s
4
7
.7
%

w
it
h
p
la
ce
b
o
(P

=
0
.0
0
7
).

†r
A
TG

p
re
p
ar
at
io
n
n
o
t
sp
ec
ifi
ed

.

‡U
p
p
er

lim
it
o
f
th
e
1
-s
id
ed

9
0
%

C
If
o
r
th
e
d
if
fe
re
n
ce

w
as

3
7
.2
%

,
ex
ce
ed

in
g
th
e
2
2
.5
%

n
o
n
in
fe
ri
o
ri
ty

m
ar
g
in
.

¶S
u
m

o
f
re
je
ct
io
n
sc
o
re
s
ac
co
rd
in
g
to

In
te
rn
at
io
n
al
So

ci
et
y
fo
r
H
ea

rt
an

d
Lu
n
g
Tr
an

sp
la
n
ta
ti
o
n
(IS
H
LT
)
cl
as
si
fi
ca
ti
o
n
(G
ra
d
e
0
,
0
;
G
ra
d
e
1
A
,
1
;
G
ra
d
e
1
B
,
2
;
G
ra
d
e
2
,
3
;
G
ra
d
e
3
A
,
4
;
G
ra
d
e
3
B
,
5
;
G
ra
d
e

4
,
6
)
d
iv
id
ed

b
y
th
e
n
u
m
b
er

o
f
b
io
p
si
es

p
er
fo
rm

ed
.

§M
ai
n
te
n
an

ce
im

m
u
n
o
su
p
p
re
ss
io
n
w
as

cy
cl
o
sp
o
ri
n
e
w
it
h
ev
er
o
lim

u
s
in

b
as
ili
xi
m
ab

g
ro
u
p
,
an

d
cy
cl
o
sp
o
ri
n
e
o
r
ta
cr
o
lim

u
s
in

th
e
rA
TG

g
ro
u
p
(a
ll
w
it
h
co
rt
ic
o
st
er
o
id
s)
.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 684–695 687

Aliabadi et al. Induction therapy in heart transplantation



T
a
b
le

3
.
In
d
u
ct
io
n
th
er
ap

y
an

d
d
el
ay
ed

in
tr
o
d
u
ct
io
n
o
f
ca
lc
in
eu

ri
n
in
h
ib
it
o
rs
in

h
ea

rt
tr
an

sp
la
n
t
re
ci
p
ie
n
ts
.

St
u
d
y

D
es
ig
n
&

b
as
el
in
e

re
n
al
st
at
u
s

N

In
ve
st
ig
at
io
n
al

d
ru
g

C
o
m
p
ar
at
o
r

D
u
ra
ti
o
n
o
f

fo
llo
w
-u
p

B
io
p
sy
-p
ro
ve
n
ac
u
te

re
je
ct
io
n

R
en

al
fu
n
ct
io
n

En
d
p
o
in
t

In
ve
st
ig
at
io
n
al

d
ru
g

C
o
m
p
ar
at
o
r

P
va
lu
e

En
d
p
o
in
t

In
ve
st
ig
at
io
n
al

d
ru
g

C
o
m
p
ar
at
o
r

P
va
lu
e

rA
TG

C
an

ta
ro
vi
ch

2
0
0
4
[2
1
]

R
et
ro
sp
ec
ti
ve

Si
n
g
le
ce
n
te
r

SC
r
�
1
5
0
l
M
in

in
ve
st
ig
at
io
n
al

g
ro
u
p

3
2

rA
TG (T
h
ym

o
g
lo
b
u
lin
e
�
)

w
it
h
C
N
Io

n
ly

w
h
en

SC
r

<
1
5
0
l
M

rA
TG (T
h
ym

o
g
lo
b
u
lin
e
�
)

St
an

d
ar
d
C
sA

1
2
m
o
n
th
s

B
PA

R

g
ra
d
e

�
3
A

2
7
%

5
9
%

<
0
.0
0
1

M
ea

n
(S
D
)

SC
r,
l
m
o
l/l

1
1
8
(3
0
)

1
0
1
(3
5
)

n
.s
.

IL
-2
R
A

R
o
se
n
b
er
g

2
0
0
5
[1
9
]

R
et
ro
sp
ec
ti
ve

Si
n
g
le
ce
n
te
r

H
ig
h
ri
sk

o
f
p
o
st
-o
p
er
at
iv
e

re
n
al
d
ys
fu
n
ct
io
n

in
al
lp

at
ie
n
ts
*

5
7

B
as
ili
xi
m
ab

C
sA

fr
o
m

d
ay

4
p
o
st
-t
x

N
o
in
d
u
ct
io
n

St
an

d
ar
d
C
sA

-
B
PA

R

g
ra
d
e

�
2
A

0
%

1
3
%

0
.1
3

M
ea

n
(S
D
)

SC
r
at

h
o
sp
it
al

d
is
ch
ar
g
e,

m
g
/d
l

1
.5

(0
.6
)

1
.7

(0
.8
)

n
.s
.

D
el
g
ad

o

2
0
0
5
[2
0
]

R
et
ro
sp
ec
ti
ve

Si
n
g
le
ce
n
te
r

B
as
el
in
e

SC
r
�
2
0
0
l
m
o
l/l

in
al
lp

at
ie
n
ts

1
4

B
as
ili
xi
m
ab

C
sA

�
5
d
ay
s

p
o
st
-t
x

rA
TG

†

C
sA

<
5
d
ay
s

p
o
st
-t
x

6
m
o
n
th
s

M
ea

n
(S
D
)

b
io
p
sy

sc
o
re
†

0
.2
5
(0
.2
2
)

0
.6
5
(0
.3
4
)

0
.0
2
6

M
ea

n
SC

r,

l
m
o
l/l

1
7
9
(4
5
)

1
5
4
(3
0
)

0
.2
4

Sa
n
ch
ez
-

La
za
ro

2
0
1
1
[2
2
]

C
as
e
re
p
o
rt
s

Si
n
g
le
ce
n
te
r

A
cu
te

re
n
al

fa
ilu
re

im
m
ed

ia
te
ly

p
o
st
-t
x
in

al
lp

at
ie
n
ts

Si
n
g
le
ce
n
te
r

6
D
ac
liz
u
m
ab

w
it
h
C
N
Io

n
ly

w
h
en

re
n
al

fu
n
ct
io
n

re
co
ve
re
d

(d
ay
s
7
–1

8

p
o
st
-t
x)

N
o
n
e

N
o
t
st
at
ed

B
PA

R
G
ra
d
e
1
(n

=
2
)
o
r

g
ra
d
e
2
(n

=
6
)

B
PA

R

in
al
l6

ca
se
s

R
ec
o
ve
ry

o
f
re
n
al

fu
n
ct
io
n

(n
o
t

d
efi

n
ed

)

A
ch
ie
ve
d

in
al
l

6
ca
se
s

SC
r,
se
ru
m

cr
ea

ti
n
in
e;

C
sA

,
cy
cl
o
sp
o
ri
n
e;

tx
,
tr
an

sp
la
n
ta
ti
o
n
.

*
D
efi

n
ed

as
p
o
o
r
b
as
el
in
e
re
n
al
fu
n
ct
io
n
(c
re
at
in
in
e
cl
ea

ra
n
ce

3
5
–5

0
m
l/m

in
o
r
se
ru
m

cr
ea

ti
n
in
e
>
2
.5

m
g
/d
l),

a
m
ar
ke

d
ly
re
d
u
ce
d
ca
rd
ia
c
in
d
ex

d
es
p
it
e
in
o
tr
o
p
ic
th
er
ap

y,
h
ad

an
in
tr
aa

o
rt
ic
b
al
lo
o
n

p
u
m
p
,
o
r
h
ad

re
ce
iv
ed

a
le
ft
ve
n
tr
ic
u
la
r
as
si
st
d
ev
ic
e.

†r
A
TG

p
re
p
ar
at
io
n
n
o
t
sp
ec
ifi
ed

.

688 © 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 684–695

Induction therapy in heart transplantation Aliabadi et al.



patients received rATG (rATG-Fresenius) for 4 days after

transplantation. Over a follow-up period of 3–12 months,

patient survival was 100% and the incidence of BPAR grade

� 2 was 25%. Mean serum creatinine initially decreased

and remained stable thereafter. The most frequent adverse

events were effusions (38%), peripheral edema (50%), and

wound healing complications (50%). Gonzalez-Vilchez

treated 20 patients who had significant pretransplant renal

insufficiency with an mTOR inhibitor (sirolimus or everoli-

mus), MMF, and corticosteroids [29]. In the nine patients

who were also given IL-2RA induction, the incidence of

treated acute rejection was lower (3/9, 33%) than in induc-

tion-free patients (8/11, 73%). Ten of the patients (50%),

however, were eventually converted to a standard CNI-

based regimen because of mTOR inhibitor-related adverse

events. These scanty data suggest that CNI-free protocols

are associated with higher rejection rates following heart

transplantation, although rATG induction appears to be

more effective than IL-2RA agents and might be favored in

this setting.

rATG administration and cardiac allograft
vasculopathy

The impact of cardiac allograft vasculopathy (CAV) on

long-term survival following heart transplantation is well

documented [30]. The etiology of endothelial injury in

CAV is both immunologic (e.g., activation of alloreactive

T-cells) and nonimmunologic (e.g., pre-transplant coro-

nary artery disease, viral infections, metabolic disorders,

and ischemia-reperfusion injury) [30]. Several experimen-

tal studies have shown that ATG preparations may have a

beneficial effect against ischemia-reperfusion injury in non-

transplant models [31–33], an effect that has been con-

firmed in kidney transplant recipients [34]. This raises the

intriguing possibility that ATG induction might inhibit the

development of CAV after heart transplantation. Clinical

examination of this question, however, requires long-term

follow-up if any effect is to be identified since CAV devel-

ops progressively over time [35]. At present, data are lim-

ited to three single-center retrospective analyses [36–38].
The largest of these, by Zuckermann et al., analyzed risk

factors for CAV in 662 patients who survived for at least

1 year after heart transplantation [36]. During up to

5 years’ follow-up, 111 patients (16.9%) exhibited signs of

CAV. Multivariate analysis revealed that induction therapy

with rATG (Thymoglobuline�) compared with any other

induction therapy showed a significant independent pro-

tective effect against development of CAV (risk ratio 0.634,

P < 0.001) or severe CAV (risk ratio 0.277, P < 0.001). In

another single-center series, 10-year follow-up of 163

patients given rATG (Thymoglobuline�) induction demon-

strated a numerically lower rate of CAV over time: 7%,

32%, and 50% at 1, 5, and 10 years compared with 7%,

42%, and 70%, respectively, in 48 controls who did not

receive any induction [37]. Lastly, Zhang et al. have

described a statistically significant reduction in the

incidence and severity of CAV, and a longer time to first

diagnosis, among 25 heart transplant patients given ATG-

Fresenius versus 25 induction-free controls over a mean

follow-up of 13.4 years [38]. The cumulative dose of rATG

may also be relevant: one study involving 30 heart trans-

plant recipients showed a trend to less CAV in patients

given rATG (ATG-Fresenius) for 7 days vs. 3 days (28% vs.

50%, P = 0.05) [39].

The question of whether the benefits of rATG in experi-

mental models translate to a meaningful reduction in the

risk of CAV following heart transplantation merits further

examination.

Safety concerns

Infection

Concerns about a higher rate of viral, fungal or bacterial

infection in heart transplant patients who receive induction

therapy stem initially from early data with OKT3 [40,41].

The advent of routine antiinfective prophylaxis and the

switch to other induction agents, and successively lower

doses over time, may have helped to overcome this issue

although robust evidence in heart transplantation is lack-

ing.

In kidney transplants, trials have suggested that rATG is

associated with a higher rate of infection, particularly CMV

infection, although doses may now be lower than those

employed in these studies [34]. In liver transplantation,

recent prospective and retrospective data have not shown a

higher rate of infections overall, or CMV infection specifi-

cally, using rATG as an adjunct to CNI-based regimens

[42]. No trial has compared rATG versus no induction in

this setting. In heart transplant recipients, two large obser-

vational studies have compared infection rates with rATG

versus no induction in adult [43] and pediatric [44]

patients. One of these, an analysis of 2086 patients in the

United Kingdom national registry during 1995–2008
showed a higher incidence of infection with rATG induc-

tion compared with no induction during the first year

post-transplant [43], while a multicenter registry of 2374

children found that rATG conferred a lower risk of infec-

tions [44]. In the absence of conclusive evidence, it would

seem reasonable to ensure that rATG-treated patients

receive prophylactic therapy for viral and bacterial infection

and lymphocyte count should be monitored closely.

Prospective, randomized trials of IL-2RA induction ver-

sus controls have not shown any increase in infection rates

following heart transplantation [12,13,45] (Table 4). In the

double-blind trial of basiliximab versus placebo by Mehra
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et al., the rate of infections reported as adverse events or

serious adverse events was similar in both treatment arms

[12], consistent with data in kidney [46] and liver [42]

transplantation. Similarly, the largest randomized trial of

IL-2RA induction, which compared daclizumab to induc-

tion-free controls, showed no increased infection among

patients receiving daclizumab [45]. Of note, there were

more infectious deaths in the daclizumab arm (6/40) versus

controls (0/37) within the subpopulation who received

cytolytic therapy (OKT3, ATGAM or rATG) to treat severe

rejection. Rejection therapy with lymphocyte-depleting

agents in patients receiving IL-2RA induction appears to

result in over-immunosuppression and should be avoided.

Overall, however, the rate of infection or CMV infection

does not appear to be affected by use of IL-2RA induction

following heart transplantation, as confirmed by a recent

meta-analysis [47].

The available comparisons of IL-2RA induction versus

rATG in heart transplant populations have tended to show

numerically fewer infectious episodes in patients receiving

IL-2RA agents (Table 4), although there were no differ-

ences in survival. In the largest of these trials (n = 80),

Mattei et al. observed a higher rate of infectious death in

the rATG (Thymoglobuline�) group (14.3% vs. 0%,

P = 0.027), but the absolute numbers were low (six cases

versus 0) [14]. CMV infection rates were generally similar

between treatment groups [14,17], other than one trial

which showed a trend to more cases of CMV infection

detected by polymerase chain reaction (PCR) during the

first 3 months after transplantation with rATG compared

with basiliximab [15].

Malignancy

Any intervention that could increase the risk of malig-

nancy in heart transplant recipients is of particular con-

cern since rates of cancer are higher in thoracic transplant

recipients than in kidney or liver transplant patients [48].

The question of whether antibody induction is associated

with a higher risk of malignancy in heart transplant

patients has persisted for the last 20 years. Generally, eval-

uation of malignancy risk requires interrogation of registry

or large-scale retrospective data to obtain adequate patient

numbers and duration of follow-up. However, since malig-

nancies usually develop only several years after transplan-

tation, it is difficult to determine whether an induction

agent given immediately postoperatively is causally related

to the subsequent onset of cancer. Moreover, since it is

now widely believed that any excessive immunosuppres-

sion is associated with an increased risk of malignancy,

determining the relative contributions of specific compo-

nents within an immunosuppressive regimen is extremely

difficult.T
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Early reports of the use of OKT3 suggested that it mark-

edly elevates the risk of post-transplant lymphoma [49],

confirmed by subsequent long-term retrospective analyses

in OKT3-treated patients [49–51]. These findings have not
been borne out in patients receiving ATG preparations. In

an analysis of data from over 22 000 heart transplant

patients registered with the international Collaborative

Transplant Study, Opelz et al. reported that ATG induction

did not confer an added risk for lymphoma versus no

induction during the periods 1985–1989, 1990–1994 or

1995–2001 [48]. More recently, Emin et al. did not find

any evidence of increased mortality from lymphoma in

ATG-treated adult heart transplant recipients in the UK

[43]. Single-center reports have suggested that the risk of

malignancy in patients receiving rATG (Thymoglobuline�)

is low, but the data are not conclusive [10,11,37]. El-Ham-

amsy et al. assessed the role of rATG (Thymoglobuline�)

in the development of neoplasms in 207 patients at a single

center [52]. Multivariate analysis did not indicate that

rATG increased the risk of cancer, but rATG-treated

patients who did develop malignancy had early diagnoses

and died more rapidly postdiagnosis. However, the analysis

spanned the period from 1982 to 2002 so its relevance to

modern rATG dosing regimens may be limited. In children,

Dayton et al. reported that the use of induction therapy

was not associated with development of post-transplant

lymphoproliferative disease (PTLD) during long-term fol-

low-up of 324 heart transplant recipients, but no distinc-

tion was drawn between different types of induction

therapy [53].

IL-2RA induction does not confer any increase in malig-

nancy risk [48,54]. In their analysis of data from the Col-

laborative Transplant Society, Opelz and colleagues

observed no increase in risk of malignancy using IL-2RA

induction, based on a cohort of over 3000 heart transplant

patients [48].

Clinical considerations

Patient selection

Certain categories of heart transplant recipients may gain a

particular benefit from induction therapy. First, in patients

who develop primary acute graft failure where there is sus-

picion of an immunological cause such as hyperacute or

antibody-mediated rejection, lymphocyte-depleting induc-

tion therapy may be helpful to suppress the antibody

response [55]. Moreover, graft dysfunction is often associ-

ated with acute renal failure, a setting in which the use of

rATG or IL-2RA induction to delay the introduction of

CNI might be beneficial.

Second, induction is likely to be an appropriate option

in patients at high risk of acute rejection. The presence of

circulating preformed antibodies is a growing problem in

heart transplantation, with sensitization occurring in post-

transfusion patients, multiparous women, and reoperative

sternotomy in patients with or without a left ventricular

assist device (VAD). Such patients face longer waiting

times, a higher risk of death on the waiting list and a higher

incidence of rejection [56]. Despite various strategies to

reduce circulating antibodies, analyses have shown that

patients with raised pre-transplantation panel reactive anti-

body (PRA) levels (� 11%) tend to have earlier and more

severe rejections with significantly lower post-transplant

survival [57,58]. A consensus conference on sensitized

patients in 2008 concluded that induction therapy with

rATG should be considered for patients with a high risk for

antibody-mediated rejection [59].

Third, patients at risk of post-transplant renal dysfunc-

tion are candidates for induction therapy to facilitate

delayed CNI introduction without loss of efficacy. In addi-

tion to patients with severe renal dysfunction pre- or peri-

operatively, patients with an intraaortic balloon pump or

VAD may benefit from delayed CNI therapy to maximize

early renal function. In cases of severe pretransplant renal

insufficiency, rATG induction with CNI-free immunosup-

pression could be attempted, with careful monitoring, but

caution is advised.

Dosing and safety issues

When using rATG induction, it should be borne in mind

that dosing regimens have evolved over the last decade,

both in kidney [34] and heart transplantation [39,60–62].
Faggian et al. assessed a shorter course of rATG (ATG-

Fresenius), with a single high intraoperative dose followed

by 1.5 mg/kg for 5 days (n = 14), and observed similar

efficacy to a standard 7-day course (n = 16) [39]. It appears

that the early high dose is necessary to maintain efficacy,

however, since a fixed dose of 1.5 mg/kg for 5 days alone

may offer less effective rejection prophylaxis than 7 days

[60]. A more promising strategy may be to individualize

rATG dosing with the aim of maintaining lymphocyte

count at 100/ll or higher [61,62]. In 2002, Krasinskas et al.

demonstrated that dosing ATG preparations (Thymoglobu-

line� or ATGAM) based on peripheral CD3 lymphocyte

count in heart transplant recipients led to a reduction in

the cumulative ATG dose from 10–15 mg/kg to 1–5 mg/kg

without an increase in acute rejection [62]. Koch and col-

leagues have since confirmed that this lymphocyte-adapted

dosing can preserve efficacy with a significant reduction in

cumulative rATG (Thymoglobuline�) dose compared with

a conventional fixed-dose regimen [61].

To minimize the risk of infection, prophylactic therapy

should be given routinely in patients given rATG. These

agents should be used only with extreme caution to treat

rejection in patients given basiliximab within the previous
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6 months to avoid overimmunosuppression. Lymphocyte

monitoring during rATG administration is a promising

approach tominimize dosing while preserving efficacy, and a

more robust examination of this strategy would be valuable.

Conclusions

Induction therapy has been part of the immunosuppressive

armamentarium for more than 40 years, but there is still

uncertainty about when and how it should be used in heart

transplantation. Early safety concerns arising from the

administration of OKT3 or high-dose lymphocyte-depleting

regimens, particularly regarding infectious complications,

have largely been overcome. Nevertheless, although there is

a growing pool of data demonstrating its efficacy and tolera-

bility, the case for induction therapy in all heart transplant

recipients remains unproven. Deployment of induction to

delay the start of CNI therapy in patients at risk of poor renal

function after heart transplantation is effective without a

safety penalty, and is currently one of the most frequent uses

for induction therapy in heart transplant recipients. Other

groups, such as sensitized patients or those with primary

graft dysfunction, are also well-placed to benefit from induc-

tion therapy. Notably, the potential for inhibiting progres-

sion to CAV with rATG induction is of considerable interest

and future studies are awaited with interest.

Rejection prophylaxis may be somewhat more effective

with rATG than IL-2RA agents, but confirmatory data are

required. Although perhaps less potent than rATG, IL-2RA

induction has an excellent safety profile. Modern protocols

in which rATG dosing is adjusted based on lymphocyte

count have helped to reduce dosing with a potential benefit

for safety and cost without compromising efficacy. Further

controlled trials are required to identify the most suitable

candidates for induction therapy and to define the optimal

combination of induction and maintenance regimens in

specific types of heart transplant recipients.

Funding

The manuscript was written by the authors. Editorial sup-

port was provided by a freelance medical writer with fund-

ing from Sanofi.

References

1. Stehlik J, Edwards LB, Kucheryavaya AY, et al. Registry of

the International Society for Heart and Lung Transplanta-

tion: twenty-fifth official adult heart transplant report-2010.

J Heart Lung Transplant 2010; 29: 1089.

2. Bonnefoy-B�erard N, Revillard JP. Mechanisms of immuno-

suppression induced by antithymocyte globulins and OKT3.

J Heart Lung Trans 1996; 15: 435.

3. Bourdage JS, Hamlin DM. Comparative polyclonal antithy-

mocyte globulin and antilymphocyte/antilymphoblast glob-

ulin anti-CD antigen analysis by flow cytometry.

Transplantation 1995; 59: 1194.

4. Rebellato LM, Gross U, Verbanac KM, Thomas JM. A com-

prehensive definition of the major antibody specificities in

polyclonal rabbit antithymocyte globulin. Transplantation

1994; 57: 685.

5. Pr�eville X, Flacher M, LeMauff B, et al. Mechanisms

involved in antithymocyte globulin immunosuppressive

activity in a non-human primate model. Transplantation

2001; 71: 460.

6. Genestier L, Fournel S, Flacher M, Assossou O, Revillard JP,

Bonnefoy-Berard N. Induction of Fas (Apo-1, CD95)-medi-

ated apoptosis of activated lymphocytes by polyclonal an-

tithymocyte globulins. Blood 1998; 91: 2360.

7. Teuteberg J, Shullo M, Zomak R, et al. Alemtuzumab

induction prior to cardiac transplantation with lower inten-

sity immunosuppression: one-year outcomes. Am J Trans-

plant 2010; 10: 382.

8. Das B, Shoemaker L, Recto M, Austin E, Dowling R. Ale-

mtuzumab (Campath-1H) induction in a pediatric heart

transplant: successful outcome and rationale for its use.

J Heart Lung Transplant 2008; 27: 242.

9. Pham SM, Jimenez J, Bednar BM, et al. Campath-1H in

clinical heart transplantation. J Heart Lung Transplant 2006;

25(2 Suppl.): S228.

10. ZuckermannAO, GrimmM,CzernyM, et al. Improved long-

term results with thymoglobuline induction therapy after

cardiac transplantation: a comparison of two different rabbit-

antithymocyte globulines.Transplantation 2000; 69: 1890.

11. Schnetzler B, Leger P, V€olp A, Dorent R, Pavie A, Gand-

jbakhch I. A prospective randomized controlled study on

the efficacy and tolerance of two antilymphocytic globulins

in the prevention of rejection in first-heart transplant recipi-

ents. Transpl Int 2002; 15: 317.

12. MehraMR, ZuckerMJ,Wagoner L, et al.Amulticenter, pro-

spective, randomized, double-blind trial of basiliximab in

heart transplantation. J Heart Lung Transplant 2005; 24: 1297.

13. Beniaminovitz A, Itescu S, Lietz K, et al. Prevention of rejec-

tion in cardiac transplantation by blockade of the interleu-

kin-2 receptor with a monoclonal antibody. N Engl J Med

2000; 342: 613.

14. Mattei M, Redonnet M, Gandjbakhch I, et al. Lower risk of

infectious deaths in cardiac transplant patients receiving

basiliximab versus anti-thymocyte globulin as induction

therapy. J Heart Lung Transplant 2007; 26: 693.

15. Carrier M, Leblanc MH, Perrault LP, et al. Basiliximab and

rabbit anti-thymocyte globulin for prophylaxis of acute

rejection after heart transplantation: a non-inferiority trial.

J Heart Lung Transplant 2007; 26: 258.

16. Flaman F, Zieroth S, Rao V, Ross H, Delgado DH. Basilix-

imab versus rabbit anti-thymocyte globulin for induction

therapy in patients after heart transplantation. J Heart Lung

Transplant 2006; 25: 1358.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 684–695 693

Aliabadi et al. Induction therapy in heart transplantation



17. Carlsen J, Johansen M, Boesgaard S, et al. Induction therapy

after cardiac transplantation: a comparison of anti-thymo-

cyte globulin and daclizumab in the prevention of acute

rejection. J Heart Lung Transplant 2005; 24: 296.

18. Chou N, Wang S, Chen Y, et al. Induction immunosuppres-

sion with basiliximab in heart transplantation. Transpl Proc

2008; 40: 2623.

19. Rosenberg PB, Vriesendorp AE, Drazner MH, et al. Induc-

tion therapy with basiliximab allows delayed initiation of

cyclosporine and preserves renal function after cardiac

transplantation. J Heart Lung Transplant 2005; 24: 1327.

20. Delgado DH, Miriuka SG, Cusimano RJ, Feindel C, Rao V,

Ross HJ. Use of basiliximab and cyclosporine in heart trans-

plant patients with pre-operative renal dysfunction. J Heart

Lung Transplant 2005; 24: 166.

21. Cantarovich M, Giannetti N, Barkun J, Cecere R. Antithy-

mocyte globulin induction allows a prolonged delay in the

initiation of cyclosporine in heart transplant patients with

postoperative renal dysfunction. Transplantation 2004; 78:

779.

22. Sanchez-Lazaro IJ, Almenar-Bonet L,Martinez-Dolz L, et al.

Repeated daclizumab administration to delay the introduction

of calcineurin inhibitors in heart transplant patients with post-

operative renal dysfunction. Rev Esp Cardiol 2011; 64: 237.

23. Larson TS, Dean PG, Stegall MD, et al. Complete avoidance

of calcineurin inhibitors in renal transplantation: a random-

ized trial comparing sirolimus and tacrolimus. Am J Trans-

plant 2006; 6: 514.

24. Ekberg H, Tedesco-Silva H, Demirbas A, et al. Reduced

exposure to calcineurin inhibitors in renal transplantation.

N Engl J Med 2007; 357: 2562.

25. Flechner SM, Glyda M, Cockfield S, et al. The ORION

study: comparison of two sirolimus-based regimens versus

tacrolimus and mycophenolate mofetil in renal allograft

recipients. Am J Transplant 2011; 11: 1633.

26. Vincenti F, Charpentier B, Vanrenterghem Y, et al. A phase

III study of belatacept-based immunosuppression regimens

versus cyclosporine in renal transplant recipients (BENEFIT

study). Am J Transplant 2010; 10: 535.

27. Durrbach A, Pestana JM, Pearson T, et al. A phase III study

of belatacept versus cyclosporine in kidney transplants from

extended criteria donors (BENEFIT-EXT study). Am J

Transplant 2010; 10: 547.

28. Meiser B, Reichart B, Adamidis I, Uberfuhr P, Kaczmarek I.

First experience with de novo calcineurin-inhibitor-free

immunosuppression following cardiac transplantation. Am J

Transplant 2005; 5: 827.

29. Gonz�alez-V�ılchez F, de Prada JA, Exposito V, et al. Avoid-

ance of calcineurin inhibitors with use of proliferation signal

inhibitors in de novo heart transplantation with renal fail-

ure. J Heart Lung Transplant 2008; 27: 1135.

30. Schmauss D, Weis M. Cardiac allograft vasculopathy: recent

developments. Circulation 2008; 117: 2131.

31. Walther S, Beiras-Fernandez A, Csapo C, et al. Influence of

polyclonal antithymocyte globulins on the expression of

adhesion molecules of isolated human umbilical vein endo-

thelial cells. Transplantation Proc 2010; 42: 1931.

32. Beiras-Fernandez A, Chappell S, Hammer C, Beiras A, Rei-

chart B, Thein E. Impact of polyclonal anti-thymocyte glob-

ulins on the expression of adhesion and inflammation

molecules after ischemia–reperfusion injury. Transpl Immu-

nol 2009; 20: 224.

33. Beiras-Fernandez A, Thein E, Chappell D, et al. Polyclonal

anti-thymocyte globulins influence apoptosis in reperfused

tissues after ischemia in a non-human primate model.

Transpl Int 2004; 17: 453.

34. Mourad G, Morelon E, No€el C, Glotz D, Lebranchu Y. The

role of Thymoglobuline induction in kidney transplantation:

an update. Clin Transplant 2012; 26: E450.

35. Taylor DO, Edwards LB, Boucek MM, et al. Registry of the

International Society for Heart and Lung Transplantation:

twenty-third official adult heart transplantation report–

2006. J Heart Lung Transplant 2006; 25: 869.

36. Zuckermann A, Ploner M, Czerny M, et al. Low incidence

of graft arteriosclerosis after cardiac transplantation: risk

factor analysis for patients with induction therapy. Trans-

plantation Proc 2002; 34: 1869.

37. Carrier M, White M, Perrault LP, et al. A 10-year experience

with intravenous Thymoglobuline in induction of immuno-

suppression following heart transplantation. J Heart Lung

Transplant 1999; 18: 1218.

38. Zhang R, Haverich A, Str€uber M, Simon A, Bara C. Delayed

onset of cardiac allograft vasculopathy by induction therapy

using anti-thymocyte globulin. J Heart Lung Transplant

2008; 27: 603.

39. Faggian G, Forni A, Milano AD, et al. Antithymocyte globu-

lin induction therapy in heart transplantation: prospective

randomized study of high vs standard dosage. Transplant

Proc 2010; 42: 3679.

40. Adamson R, Obispo E, Dychter S, et al. Long-term outcome

with the use of OKT3 induction therapy in heart transplant

patients: a single-center experience. Transplant Proc 1998;

30: 1107.

41. Carrier M, Jenicek M, Pelletier LC. Value of monoclonal

antibody OKT3 in solid organ transplantation: a meta-anal-

ysis. Transplant Proc 1992; 24: 2586.

42. Rostaing L, Saliba F, Calmus Y, Dharancy S, Boillot O.

Review article: use of induction therapy in liver transplanta-

tion. Transplant Rev (Orlando) 2012; 26: 246.

43. Emin A, Rogers C, Thekkudan J, Bonser RS, Banner NR,

Steering Group, UK Cardiothoracic Transplant Audit.

Antithymocyte globulin therapy for adult heart transplanta-

tion: a UK national study. J Heart Lung Transplant 2011;

30: 770.

44. Gajarski R, Blume E, Urschel S, et al. Infection and malig-

nancy after pediatric transplantation: the role of induction

therapy. J Heart Lung Transplant 2011; 30: 299.

45. Hershberger RE, Starling RC, Eisen HJ, et al. Daclizumab to

prevent rejection after cardiac transplantation. N Engl J Med

2005; 352: 2705.

694 © 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 684–695

Induction therapy in heart transplantation Aliabadi et al.



46. McKeage K, McCormack PL. Basiliximab: a review of its use

as induction therapy in renal transplantation. BioDrugs

2010; 24: 55.

47. Møller C, Gustafsson F, Gluud C, Ross H, Delgado DH.

Interleukin-2 receptor antagonists as induction therapy after

heart transplantation: systematic review with meta-analysis

of randomized trials. J Heart Lung Transplant 2008; 27: 835.

48. Opelz G, D€ohler B. Lymphomas after solid organ transplan-

tation: a collaborative transplant study report. Am J Trans-

plant 2004; 4: 222.

49. Swinnen LJ, Costanzo-Nordin MR, Fisher SG, et al.

Increased incidence of lymphoproliferative disorder after

immunosuppression with the monoclonal antibody OKT3 in

cardiac transplant recipients. N Engl J Med 1990; 323: 1723.

50. Gao SZ, Chaparro SV, Perlroth M, et al. Post-transplanta-

tion lymphoproliferative disease in heart and heart-lung

transplant recipients: 30-year experience at Stanford Univer-

sity. J Heart Lung Transplant 2003; 22: 505.

51. O’Neill JO, Edwards LB, Taylor DO. Mycophenolate mofetil

and risk of developing malignancy after orthotopic heart

transplantation: analysis of the transplant registry of the

International Society for Heart and Lung Transplantation.

J Heart Lung Transplant 2006; 25: 1186.

52. El-Hamamsy I, Stevens LM, Carrier M, et al. Incidence and

prognosis of cancer following heart transplantation using

RATG induction therapy. Transpl Int 2005; 18: 1280.

53. Dayton J, Richmond M, Weintraub R, Shipp AT, Orjuela M,

Addonizio LJ. Role of immunosuppression regimen in post-

transplant lymphoproliferative disorder in pediatric trans-

plant patients. J Heart Lung Transplant 2011; 30: 420.

54. Ramirez CB, Marino IR. The role of basiliximab induction

therapy in organ transplantation. Expert Opin Biol Ther

2007; 7: 137.

55. Nair N, Ball T, Uber PA, Mehra MR. Current and future

challenges in therapy for antibody-mediated rejection.

J Heart Lung Transplant 2011; 30: 612.

56. Mehra MR, Uber PA, Uber WE, Scott RL, Park MH. Allo-

sensitization in heart transplantation: implications and

management strategies. Curr Opin Cardiol 2003; 18: 153.

57. Kobashigawa JA, Sabad A, Drinkwater D, et al. Pretrans-

plant panel reactive-antibody screens. Are they truly a mar-

ker for poor outcome after cardiac transplantation?

Circulation 1996; 94(9 suppl.): II294.

58. Nwakanma LU, Williams JA, Weiss ES, Russell SD,

Baumgartner WA, Conte JV. Influence of pretransplant

panel-reactive antibody on outcomes in 8,160 heart trans-

plant recipients in recent era. Ann Thorac Surg 2007; 84:

1556.

59. Kobashigawa J, Mehra M, West L, et al. Consensus Confer-

ence Participants. Report from a consensus conference on

the sensitized patient awaiting heart transplantation. J Heart

Lung Transplant 2009; 28: 213.

60. Goland S, Lawrence S, Czer C, et al. Induction therapy with

Thymoglobuline after heart transplantation: impact of ther-

apy duration on lymphocyte depletion and recovery, rejec-

tion, and cytomegalovirus infection rates. J Heart Lung

Transplant 2008; 27: 1115.

61. Koch A, Daniel V, Dengler T, Schnabel PA, Hagl S, Sack FU.

Effectivity of a t-cell-adapted induction therapy with anti-

thymocyte globulin (Sangstat). J Heart Lung Transplant

2005; 24: 708.

62. Krasinskas AM, Kreisel D, Acker MA, et al. CD3 monitoring

of antithymocyte globulin therapy in thoracic organ trans-

plantation. Transplantation 2002; 73: 1339.

© 2013 Steunstichting ESOT. Published by John Wiley & Sons Ltd 26 (2013) 684–695 695

Aliabadi et al. Induction therapy in heart transplantation


