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The immunosuppressive therapy after heart transplan-
tation has undergone dramatic changes during the last de-
cade [1, 2]. Although triple-drug therapy consisting of corti-
costeroids, calcineurin inhibitor and anti-proliferative agent
remains the mainstem of typical immunosuppression, se-
veral new drugs were developed which showed better sa-
fety and superior anti-rejection efficacy. Almost all centers
replaced azathioprine with mycophenolate mofetil for ma-
intenance immunosuppression, nearly half of heart trans-
plant recipients receive tacrolimus instead of cyclosporine,
and an increasing number of patients are treated with, per-
haps the most promising class of anti-proliferative agents,
mTOR inhibitors [2, 3]. The empiric use of statin therapy,
aggressive preconditioning of allosensitized recipients and
the increased use of selective induction, are only few
examples of changes in clinical practices that distinguished
this remarkable decade of cardiac transplantation. 

Anti-Proliferative Agents

The widespread use of mycophenolate mofetil (MMF)
was one of the most remarkable changes that occurred du-
ring the last decade. Introduced in mid-1990s, MMF has al-
most completely replaced azathioprine (AZA, Imuran®) from
maintenance immunosuppresion in nearly all heart trans-
plant recipients in the United States (Fig. 1) [2, 3]. In 2003,
seventy six percent of heart transplant recipients received
MMF as part of the maintenance protocol compared to on-
ly 17% in 1995, Fig. 1. 

The unique ability of MMF to selectively inhibit lympho-
cyte proliferation without overt bone marrow depression
frequently seen in patients treated with AZA, was the first
observation which led to the replacement of AZA with MMF.
Two subsequent large, randomized efficacy trials comparing
MMF to AZA [4, 5] showed other important advantages of

MMF. The use of MMF demonstrated superior anti-rejection
efficacy and improved 1- and 3-year survival, correlating
with 35% reduction in mortality [3, 4]. MMF was also asso-
ciated with later onset of transplant-related coronary vascu-
lopathy (CAV) and its slower progression. Prevention of CAV
development was demonstrated both in serial intravascular
ultrasound studies [6], and in a large retrospective series of
26,000 HT recipients reported to UNOS [3]. The only major
limitation to MMF therapy are frequent gastrointestinal si-
de effects and opportunistic infections. A new enteric-co-
ated form of MMF, (EC-MCS, enteric coated mycophenolate
sodium, Myfortic®) was designed to reduce adverse gastro-
intestinal events and allow more controlled absorption, and
in preliminary trials showed promising outcomes [7].

Calcineurin Inhibitors

Most of our experiences in cardiac transplantation have
been based on Cyclosporine A (CsA)-based immunoprophy-
laxis. Its potent immunosuppressive effects result from in-
hibiting the transcription of IL-2 gene essential for activa-
tion and proliferation of cytotoxic T cells. Although the first
oil-based formula of CsA (Sandimmune®) had a variable and
unpredictable bioavailability [8], first clinical trials showed
a decreased incidence and severity of rejection and impro-
ved posttransplant survival when compared to the co-
nventional treatment with AZA and prednisone [9]. In late
1980s the oil-based formula was replaced with a new pre-
paration, a microimulsion CsA (Neoral®). The Neoral offered
better absorption, uniform bioavailability and less variabi-
lity in and among patients. In a double-blind, randomized
trial of 280 heart transplant recipients [10], the compari-
son of Sandimmune versus Neoral revealed similar six-
-month survival and frequency of high-grade rejection in
both groups.
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Despite its excellent antirejection efficacy, the liberal
administration of CsA has been plagued by daunting no-
nimmunologic adversity, including high rates of serious ad-
verse effects, such as nephrotoxicity, neurotoxicity, hyper-
tension, glucose and lipid metabolism disturbances, hirsu-
itism, and gingival hyperplasia, and frequent drug interac-
tions [10]. Presence of many of the cardiovascular side ef-
fects may in part explain why CsA was ineffective in pre-
venting or slowing the progression of cardiac allograft va-
sculopathy [11].  

Since early-1990s tacrolimus (TAC, FK506, Prograf®) has
been investigated as an alternative to CsA. TAC has similar
mechanism of action to CsA, but is approximately 10- to
100-fold more potent. In clinical trials TAC demonstrated si-
milar or even superior safety and anti-rejection efficacy
than CsA, and had remarkably lower rates of hyperlipide-
mia, hypertension, gingival hyperplasia and hirsuitism [12-
14]. There was also an important immunologic benefit of
TAC-based therapy in high-risk heart transplant recipients,
such as African Americans [15]. Since the mid-1990s TAC

has become the preferred agent in nearly half of the pa-
tients treated with calcineurin inhibitors (Fig. 1) [2, 3] and
has been widely used in patients with refractory rejections
receiving CsA based regimens [16, 17]. Some centers sho-
wed that TAC can also be used as monotherapy with enco-
uraging results [18].  

mTOR Inhibitors 

Sirolimus (SRL, Rapamycin, Rapamune®) is one of the
newest additions to immunosuppressant armamentarium
introduced in 1999. SRL is an inhibitor of the mammalian
target of rapamycin (mTOR) [19], the binding of which in-
hibits proliferative responses of lymphocytes and other
cell lines that utilize mTOR signalling (endothelial cells,
smooth muscle cells, fibroblasts). One of the most impor-
tant properties of SRL is its ability to inhibit development
of transplant-related vasculopathy. Preliminary results of
a randomized trial in 136 heart transplant recipients [20]
have demonstrated that in addition to effective preven-
tion of acute rejection [21], SRL can slow progression of
transplant-related vasculopathy. In a randomized study of

FFiigg..  11..  Maintenance immunosuppression in the U.S. population of heart transplant recipients according to the 2003 U.S. Report of the
Scientific Registry of Transplant Recipients between 1992 and 2001, new drugs, such as MMF and FK506 have replaced AZA and CsA
from immunosuppressive protocols at many transplant centers. The panel on the right shows the most current use of immunosuppres-
sive drugs in heart transplant recipients was reported in 2004 by the Registry of the International Society for Heart and Lung Transplan-
tation in 3,888 patients, who received heart transplant between January 2001 and June 2003 [1, 2]
MMF – mycophenolate mofetil; CsA – cyclosporine A; FK506 – tacrolimus; AZA – azathioprine; RAPA – rapamycin

MMaaiinntteennaannccee  IImmmmuunnoossuupprreessssiioonn  
iinn  tthhee  UU..SS..  PPooppuullaattiioonn  

ooff  HHeeaarrtt  TTrraannssppllaanntt  RReecciippeennttss  YYeeaarrss  11999922--22000011

SStteerrooiiddss  ––  8800..66%%

YYeeaarr  22000044
IISSHHTTLL  RReeggiissttrryy

MMMMFF  ––  7766..22%%

CCssAA  ––  6600..33%%

FFKK550066  ––  3355..99%%

AAZZAA  ––  99..55%%

RRAAPPAA  ––  66..99%%

100%

80%

60%

40%

20%

0%
1992     1993    1994     1995    1996     1997    1998     1999    2000    2001

n = 19,739

Years of Transplantation

%
 P

at
ie

nt
s

FORUM EKSPERTÓW



20 KKaarrddiioocchhiirruurrggiiaa  ii  TToorraakkoocchhiirruurrggiiaa  PPoollsskkaa 2005; 2 (4)

46 heart transplant SRL proved to inhibit progression of
CAV also in recipients with established coronary vasculo-
pathy [22]. Development of hypercholesterolemia and hy-
pertrigliceridemia, which is a common complications of
SRL use, does not appear to affect the ability of SRL to af-
fect progression of transplant related-coronary artery di-
sease. The only worrisome side effect of SRL is the delay
in wound healing after surgery seen in renal and liver
transplantation [23, 24]. A recently published prospective,
randomized multicenter trial of 334 patients showed that
the combination of SRL and TAC demonstrated compara-
ble anti-rejection efficacy at 6-months posttransplant to
TAC and MMF-based protocols and may be superior to the
combination of CsA and MMF [25]. The encouraging re-
sults of randomized trials with mTOR inhibitors led to in-
creasing use of these agents as maintenance immuno-
suppressive drugs (Fig. 1). 

Everolimus (RAD, EVL, Certican®) is an analogue of SRL
and has a very similar mechanism of action. In a recent
prospective, randomized, double-blind comparison of
RAD with AZA in 634 de novo heart transplant recipients
on maintenance regimen consisting of CsA and cortico-
steroids, 209 patients were randomized to receive low do-
se RAD 1.5 mg/day, 211 patients received high dose RAD 3
mg/day and 214 patients were treated with AZA 48. The
results of two years follow-up revealed that the incidence
of acute rejection at 6 months after transplantation and
transplant-related vasculopathy at one year was signifi-
cantly lower in the RAD groups than in the AZA group
with the same patient survival. The optimal efficacy and

safety of RAD therapy was achieved by starting RAD tre-
atment with the dose 1.5 mg/d adjusted to target trough
concentration above 3 ng/mL [26]. Mean serum creatini-
ne concentration and lipid levels were higher in the RAD
groups and led to a decrease in the CsA dose during the
study. 

Statins

Statins have quite unexpectedly become ancillary im-
munomodulatory treatment in heart transplant recipients
after one-year randomized trial of 92 heart transplant reci-
pients showed that pravastatin not only lowered choleste-
rol levels, but also decreased the incidence of cardiac rejec-
tion with hemodynamic compromise, improved graft survi-
val, and lowered the incidence of coronary vasculopathy
[27]. Simvastatin (10 mg/day) revealed similar beneficial ef-
fects on cardiac allograft rejection and one-year survival
[28]. Therefore, it appeared that statins may have additio-
nal immunomodulatory properties aside their lipid-lowe-
ring properties. It has been suggested that the inhibition of
HMG-CoA reductase enzyme by statins, may indirectly lead
to a selective blockade of LFA-1-mediated adhesion and co-
stimulation of lymphocytes, the pivotal process driving al-
lograft rejection [19, 30]. These developments led to the in-
clusion of statins as part of the standard treatment in all
heart transplant recipients. Unless contraindicated, all he-
art transplant recipients in the U.S. and many other coun-
tries should received statins as part of their immunosup-
pressive protocol [2, 3].

Advances of immunosuppressive therapy for heart transplantation 

FFiigg..  22..  The use of induction immunosuppression in heart transplant recipients between 2001 and 2003 according to the 2005 U.S. Re-
gistry of the International Society for Heart and Lung Transplantation

IInndduuccttiioonn  IImmmmuunnoossuupppprreessssiioonn  iinn  HHeeaarrtt  TTrraannssppllaanntt  RReecciippeennttss  
YYeeaarrss  22000011––22000033

50

40

30

20

10

0
AAnnyy  iinndduuccttiioonn

((NN  ==  33,,660077))

4477%%

2222%%

66%%

2211%%

PPoollyycclloonnaall  AALLGG//AATTGG
((NN  ==  11,,669999))

OOKKTT33
((NN  ==  442277))

IILL22RR--aannttaaggoonniisstt
((NN  ==  11,,661188))



21KKaarrddiioocchhiirruurrggiiaa  ii  TToorraakkoocchhiirruurrggiiaa  PPoollsskkaa 2005; 2 (4)

FORUM EKSPERTÓW

Induction Therapy

The use of induction therapy after heart transplantation
remains controversial. In large muti-insitutional studies, in-
duction therapy only delayed the first rejection without re-
ducing overall frequency and the graft survival did not im-
prove [31]. Moreover, the incidence of often fatal infections
and malignancies increased, and in patients with the lo-
west propensity for fatal rejection (<1.5% probability) in-
duction therapy decreased survival by 6% [31]. With this
unfavorable safety profile, only certain high-risk patients
are now considered for this therapy in the United States,
(Fig. 2) [2]. 

The mainstem of induction therapy are now humanized
monoclonal antibodies, a new generation of genetically modi-
fied antibodies to resemble human antibodies [2]. The first
preparations of humanized antibodies used in heart trans-
plantation were monoclonal antibodies against the α-subunit
(Tac/CD25) of interleukin-2 receptor (IL-2R), such as basilixi-
mab or daclizumab. Induction therapy with theses agents
provided more selective and non-depleting action. In ran-
domized trials the use of daclizumab [32] and basiliximab
[33] showed decreased frequency and severity of acute re-
jections. In addition, patients treated with selective induc-
tion were less likely to develop infections and malignancy,
which are often seen with the use of non-selective agents
[32]. The efficacy of daclizumab treatment appeared to direc-
tly correlate with the degree recipient and donor compatibi-
lity at the HLA-DR locus [33]. The only important limitation of
these agents was that acute rejection could still occur during

treatment and when combined with previous treatment
with depleting antibodies, such as OKT3, use of non-selec-
tive agents could significantly increase the risk of severe in-
fection or sepsis [34].

Conclusions

The last decade of cardiac transplantation led to major
changes in the maintenance immunosuppressive therapy
used in heart transplant recipients, and the armamenta-
rium of immunosuppressive agents available to the trans-
plant physician is constantly growing. Defining the role of
each of these agents in thoracic transplantation will still re-
quire much work and the need for pivotal trials in heart and
lung transplantation is apparent. It is important to remem-
ber, however, that despite our strides to improve efficacy of
immunosuppressive therapy, the long-term survival after
heart transplantation has improved only minimally during
the last twenty years (Fig. 3) [2, 3]. The most serious side ef-
fects of long-term immunosuppression, such as malignan-
cy, infection and drug-induced organ failure, continue to
threaten long-term survival after transplantation. Therefo-
re, finding optimal and individualized immunosuppressive
therapy will be one of the greatest challenges in the co-
ming decade of cardiac transplantation.
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