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With advancements in immunosuppressive strategies and availability of better immunosuppressive agents, sur-
vival rate following liver transplantation has improved significantly in the recent times. Besides improvements
in surgical techniques, the most important factor that has contributed to this better outcome is the progress
made in the field of immunosuppression. Over the last several years, the trend has changed to tailored immu-
nosuppression with the aim of achieving optimal graft function while avoiding its undesirable side effects.
Induction agents are no longer used routinely and the aim is to provide minimal immunosuppression in the
maintenance phase. The present review discusses the various types of immunosuppressive agents, their mecha-
nism of action, clinical utility, advantages and disadvantages, and their side effects in short and long-term. It
also discusses about tailoring immunosuppression in presence of various situations such as renal dysfunction,
metabolic syndrome, hepatitis C recurrence, cytomegalovirus infections and so on. The issue of chronic kidney
disease and the available renal sparing immunosuppressive strategies has been particularly stressed upon. Fi-
nally, it discusses about the practical aspects of various immunosuppression regimens including drug monitor-
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ile earlier attempts of liver transplantation in

the era of radiation or Azathioprine and steroids

resulted in poor patient survival (30-35% 1 year

survival in 1960s and 1970s), use of Cyclosporine A led to
acceptable survival rate and changed the scenario for liver
transplantation.1’2 With the advances in immunosupp
ression, now a days liver transplantation has 1, 3 and 5
year survival rates 88%, 80% and 75% respectively.’ The
present goal of immunosuppression is to maintain opti-
mal graft function while avoiding its undesirable side ef-
fects. Over the last several years, practice has been cha-
nged to tailored immunosuppression- induction agents
are no longer used routinely and aim is to provide minimal
immunosuppression in maintenance phase. Liver is a rela-
tively immunoprotective organ and has less rejection rates
as compared to other solid organs. Also, the immunosup-
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pression used following liver transplantation is lesser as
compared to other organ transplants. In addition, some
centers accept lower levels of calcineurin inhibitors in liv-
ing donor liver transplants.* Also acute cellular rejection
episode does not affect liver graft survival.” The potential
mechanisms for lesser rejection in liver includes produc-
tion of soluble MHC1 by liver (blocks preformed anti-
bodies and inhibits T cell activation) and good
regeneration capacity of liver." Human leukocyte antigen
(HLA) typing is not used to select the liver donor® and in
combined or simultaneous organ transplants, liver trans-
plant can provide protection to other organs transplanted
along with liver.”

There are three main immune signals involved in host
immunity against liver allograft as shown in Figure 1
(adapted from reference 1). Host antigen presenting cells
present graft antigens to reactive host T cells and cause
lymphocyte activation, which is mediated through the T
cell receptor (TCR; CD3 complex), named as signal 1.
Along with signal 1, T cells activation also needs costimu-
latory signal 2, provided by interaction of CD80/CD86
(surface of antigen presenting cells) and CD28 (surface of
T lymphocytes).® '! Signals 1 and 2 activate downstream
signal transduction pathways, which include calcium/
calcineurin pathway (target for calcineurin inhibitors),
RAS mitogen activated protein (MAP) kinase and nuclear
factor kappa B (NF-kB) pathways which in turn leads to
transcription of cytokines including interleukin-2 (IL-2).
Interleukin-2 acts on other immune cells providing signal
3 trigger for cell proliferation. This activation pathway is
blocked by mTOR inhibitors (target for Sirolimus and
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Figure 1 Immune signals involved in host immunity.

Everolimus).'"'? Lymphocyte proliferation requires nuc
leotide synthesis."> Antimetabolites (Azathioprine and My-
cophenolate) block nucleotide synthesis and thus work as
immunosuppressants.

The different classes of immunosuppressant drugs used
in liver transplantation are shown in Table 1. Various
drugs have different mechanism of action and different
toxicity profile, so present practice is to combine drugs
from various classes. The most commonly used combina-
tion is to use Calcineurin inhibitor (CNI), Mycophenolate
and steroids following transplantation.'? The standard im-
munosuppression protocol at author's center consists of
triple immunosuppression including Calcineurin inhibi-
tors (Tacrolimus mainly), Mycophenolate and short-term
steroids (tapered over three months except in hepatitis C
and auto-immune hepatitis patients).

CALCINEURIN INHIBITORS (CNI)

Tacrolimus and Cyclosporine belong to the group of cyclo-
neurine inhibitors, although they act on different targets.
Cyclosporine binds to cyclophilin which interferes with
calcineurin's dephosphorylation of nuclear factor of acti-
vated T cells (NFAT), thus preventing it's translocation
into nucleus and proinflammartory cytokine production.'?
On the other hand, Tacrolimus binds to FK506 binding
protein (FKBP12) and leads to calcineurin inhibition."* Ta-
crolimus is considered to be 100 times potent on molar
level than Cyclosporine.1 Several studies found less inci-
dence of acute cellular rejection with Tacrolimus when
compared to Cyclosporine, however, a multicentre study

by Levy et al involving 250 and 145 patients in Cyclospor-
ine and Tacrolimus arms respectively found no difference
in acute rejection rates between the two arms (26% versus
24% at 3 months)."*!” Adverse events related to CNI use
are shown in Table 2; diabetes and neurotoxicity are
more common with Tacrolimus, whereas hypertension
and hyperlipidemia are more common with Cyclosporine
use. Gingival hyperplasia and hypertrichosis are typically
caused by Cyclosporine only.18 Both Tacrolimus and Cy-
closporine are metabolized by cytochrome p450 system
in liver, so their serum levels are affected by various drugs
acting on cytochrome p450 as shown in Table 3.8 Doses
and target levels of these drugs are shown in Table 41920

ANTIMETABOLITES

Mycophenolic acid (MPA) is the active compound of Myco-
phenolate mofetil and Mycophenolate sodium. MPA in-
hibits inosine 5’ monophosphate dehydrogenase (rate
limiting enzyme in the de novo synthesis of guanosine nu-
cleotides).?! Thus administration of MPA results in block-
ade of lymphocyte proliferation.12 Main advantage of MPA
is lack of nephrotoxicity, so it can be combined with CNI,
thus permitting lower doses of CNIs.**** When given
alone (without CNIs), use of MPA resulted in higher
rates of rejection compared to the CNIs.”* Adverse events
related to MPA use are gastrointestinal and bone marrow
suppression (leucopenia and thrombocytopenia).>* The
use of Azathioprine is associated with higher incidence of
acute cellular rejection, but similar graft survival at 1 year
when compared to Mycophenolate.5
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Table 1 Classes of immunosuppressive drugs.

CHOUDHARY ET AL

Class

Drugs Mechanism of action

Pharmacological Corticosteroids

immunosuppressive
agents
Calcineurin inhibitors
Antimetabolites
mTOR inhibitors
Biological T cell-depleting
immunosuppressive agents
agents

ATG/ALG: horse and rabbit
Anti-CD52 Campath-1H (Alemtuzumab):

Non-T cell-depleting

agents daclizumab

belatacept

Cyclosporin, tacrolimus

Azathioprine, mycophenolate

Sirolimus, Everolimus

Anti-CD3 (monoclonal): OKT3

Anti-IL-2 receptors, basiliximab,

Inhibit cytokine transcription by
antigen presenting cells, broad
spectrum of effects

Inhibition of signal 2 transduction

Inhibition of purine and DNA
synthesis and prevention of
T cell proliferation

Inhibition of signal 3 transduction
and prevention of T cell proliferation

Interference with signal 1

Interference with signals 1-3

Depletion of thymocytes, T cell,
B cells, monocytes

Inhibition of T cell proliferation
and signal 3

Inhibition of signal 2

Adapted from referencel2.

MTOR INHIBITORS

Sirolimus and Everolimus belong to the group of mTOR in-
hibitors. They act on signal three to suppress immunity.
They also bind to FK506 binding protein inside cells and in-
hibit mammalian target of rapamycin complex 1
(mTORC1).”® It subsequently inhibits IL-2 signaling to T
cells, thus preventing T cell proliferation. Sirolimus is also
metabolized by the cytochrome p450 system.24 Inastudyin-
cluding 15 patients, Watson et al in 1999 showed effective-
ness of Sirolimus monotherapy for maintenance
immunosuppression.26 Some initial studies showed higher
incidence of hepatic artery thrombosis with use of Siroli-
mus, but it was not subsequently substantiated.?”*®
Conversion of CNI to Sirolimus is also useful for patients

Table 2 Side effects of immunosuppression drugs.

CNIs Nephrotoxicity, neurotoxicity, diabetes,
hyperkalemia, metabolic acidosis, hypertension,
hyperlipidemia, hypertension, metabolic syndrome
gingival hyperplasia and hypertrichosis (only with
Cyclosporine)

MMF Myelosuppression, gastrointestinal side effects,
viral infections (CMV, HSV), spontaneous abortions
in pregnant women

Sirolimus Hyperlipidemia, metabolic syndrome,
myelosuppression, proteinuria, poor

wound healing, pneumonitis, skin rash

Corticosteroids Diabetes, metabolic syndrome, hypertension,
obesity, osteoporosis, avascular necrosis,
growth retardation, cushingoid features, psychosis,
poor wound healing, adrenal suppression, cataract

29-31 .
931 but it causes

with CNI induced nephrotoxicity,
proteinuria and may worsen renal function in patients
with pre-existing renal disease.”>” Sirolimus impairs
wound healing as it impairs action of TGF8,** hence it is
usually avoided in the early post operative period. In addi-
tion, it may cause interstitial pneumonitis, peripheral edema

and dermatological side effects (acne, mouth ulcers)."®

USE OF SIROLIMUS AS ANTI-TUMOR AGENT

Sirolimus has also been shown to have additional anti-tu-
mor properties.”” In a meta-analysis by Liang et al, includ-
ing five studies (total 2950 patients), use of Sirolimus was
associated with better 1, 3 and 5 year survival rates and
odds ratio of 0.42 for hepatocellular carcinoma recurrence
as compared to Sirolimus free regimens, without

Table 3 Drug interactions of immunosuppression.

Drugs that Macrolides: clarithromycin, erythromycin,
increase azithromycin
CNI levels
Antifungals: azole drugs
Calcium channel blockers: verapamil,
diltiazem, nifedipine
Others: cisapride, metaclopramide,
amiodarone, danazol, cimetidine,
protease inhibitors
Drugs that Antibiotics: rifabutin, rifampin

decrease CNI

Anticonvulsants: carbamazepine,
phenobarbital, phenytoin, fosphenytoin

Adapted from reference 18.
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Table 4 Doses and target trough levels of

immunosuppressants.
Drug Dose Target level (ng/ml)
Cyclosporine 8 + 4 mg/kg/ 0-3 months: 200-250
day (two divided
doses)
3-6 months: 150-200
6-12 months: 120-150
> 12 months: 80-120
Tacrolimus 0.1-0.3 mg/kg/ 0-6 months: 7-10
day(two divided
doses)
>6 months: 5-7
Sirolimus 2 mg once a day 5-10
Mycophenolate 500-1000 mg Monitoring not
twice a day being practiced

Adapted from reference19,20.

statistically significant increased incidence of hepatic ar-
tery thrombosis and acute cellular rejection.”®

STEROIDS

Steroids have multiple targets for inhibition of immune
system. They cause stabilization of lysosomal membranes,
inhibitory effects on antigen presentation by dendritic
cells, decrease in the number of circulating CD4 + T cells,
IL-1 transcription and IL-1-dependent lymphocyte activa-
tion."!® Adverse events related to use of steroids are
shown in Table 3. The current practice is to taper steroids
early to minimize their side effects.!?

INDUCTION AGENTS

i) Polyclonal and monoclonal antibodies: Polyclonal anti-
bodies cause lymphocyte depletion.18 Use of these
agents allow delayed introduction of CNI, thus preserv-
ing renal function.®® Polyclonal antibodies also have
a role in treatment of steroid resistant acute cellular re-
jection.37 Side effects of polyclonal antibodies include
first dose reaction due to pyrogen release,®® thrombocy-
topenia, anemia, cytomegalovirus infection, post-trans-
plant lymphoproliferative disease, pruritic skin rashes,
serum sickness and anaphylaxis.39 Monoclonal anti-
bodies have fewer side effects compared to the antilym-
phocyte globulins, do not cause first dose reactions and
are associated with less risk of opportunistic infections
and post transplant lymphoproliferative disease.'® Use
of induction agents is far less common in liver trans-
plantation as compared to other solid organ or hemato-
logic transplants as acute cellular rejection is less
common with present combined immunosuppression
protocols including CNIs and there is no adverse effect
of acute cellular rejection on graft survival.

ii) Interleukin-2 receptor antibodies: These agents block
the IL2 receptor (CD25) and two formulations are avail-
able - basiliximab (Novartis) and daclizumab (Hoffman
La Roche). Basiliximab is a chimeric protein (murine
variable regions are conjugated to the human immuno-
globulin constant region of IgG1) whereas daclizumab
is humanized molecule (withdrawn from market re-
cently)." These antibodies permit delayed introduction
of CNIs.***! One theoretical concern with their use is
elimination of T regulatory cells (which promote
tolerance) as these cells also express CD25.*

OTHER NEW DRUGS

Alemtuzumab and Belatacept: Alemtuzumab is anti-CDS52,
humanized antibody (Campath-1H) that targets human
lymphocytes, as well as monocytes, macrophages, natural
killer cells and thymocytes. It targets lymphocytes from
both the blood and the peripheral lymph nodes with spar-
ing of memory T cells.” In a study comparing Alemtuzu-
mab induction (55 liver graft recipients) with control
group (85 recipients), Levitsky et al found less number of
rejection episodes and new onset hypertension at cost of
more infections in Alemtuzumab group.** Belatacept is
co-stimulation signal blocker, used in kidney transplanta-
tion. It blocks stimulatory signal between CD28 receptor
on T cells and CD80 and CD86 on the antigen presenting
cell by simulating CTLA-4 activity (CTLA-4 is negative reg-
ulator by competing with CD28 for CD80/86 binding).* A
recent abstract showed comparable efficacy of Belatacept as
compared to Tacrolimus alone (inferior to Tacrolimus and
Mycophenolate combination) with fewer metabolic, neu-
rological and renal side effects.*®

PROBLEMS WITH CURRENT
IMMUNOSUPPRESSION

Kidney Injury and Immunosuppression

Chronic kidney disease (CKD) is a common problem in liver
transplant recipients. In an analysis of 36,849 liver graft re-
cipients, Ojo et al found 18% prevalence of chronic renal fail-
ure at 5 years (defined as a glomerular filtration rate = 29 ml
per minute per 1.73 m” body-surface area or end stage renal
disease) and 4.5 times higher risk of mortality in patients
with renal failure as compared to patients without renal fail-
ure.”” Chronic kidney disease can occur in liver transplant re-
cipients either due to pre-transplant kidney disease or more
commonly, be an effect of post-transplant immunosuppres-
sant nephrotoxicity. The calcineurin inhibitors (Tacrolimus
and Cyclosporine) are cornerstone of maintenance immuno-
suppression in liver transplantation and CNI free regimens
had more chances of rejection as compared to regimens
with CNL*** Calcineurin inhibitors are associated with
nephrotoxicity which has both acute and chronic
components. Acute reduction of GFR by CNIs is caused by
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afferent arteriolar vasoconstriction which is probably
mediated by endothelin, rennin angiotensin aldosterone
system and reduced activity of vasodilators. The chronic
form of CNI nephrotoxicity is characterized by develop
ment of irreversible structural damage—obliterative arteriolo
pathy, glomerular collapse and scarring, tubular vacuo
lization, tubular atrophy and interstitial fibrosis, which are
probably the long-term consequences of renal hypoxia sec-
ondary to renal vasoconstriction.”*>? With concomitant
use with CNIs, mTOR inhibitors such as Sirolimus may
worsen nephropathy possibly because of inhibition of renal
tubular cell proliferation (part of tubular repair) and
increase in TGF-B expression in experimental CsA
nephrotoxicity. A characteristic cast nephropathy lesion
has also been reported with use of mMTOR inhibitors.>*>*

Renal Sparing Strategies

The various strategies that can be used to halt or improve
CNI induced renal changes include reduction or complete
withdrawal of CNI, addition of Mycophenolate, initial in-
duction therapy followed by delayed use of CNI and avoid-
ing combination of Sirolimus and CNIs. Besides, one
should aim for adequate control of diabetes and hyperten-
sion in these patients by use of insulin, calcium channel
blockers to counteract renal vasoconstriction and use of an-
giotensin converting enzyme inhibitors or angiotensin re-
ceptors blockers.”>® As regards conversion to Sirolimus in
patients with CNI induced nephrotoxicity, several studies
did show better GFR at 3 months following conversion to
Sirolimus, but there was no difference between Sirolimus
versus low dose CNI arm at 1 year.57’59 Use of Sirolimus is
not advised in presence of proteinuria of more than 0.8 g/
day because of risk of further worsening of renal
function.>® Also, in presence of significant kidney disease
(GFR < 40 ml/min), Sirolimus may not be reno-protective
and use of low dose CNI and MMF combination is probably
the best strategy.56’57’60 Two recently published studies have
shown a better glomerular filtration rate in Everolimus
group as compared to CNIs.°%

Metabolic Syndrome (MS)

Metabolic syndrome is defined as a cluster of intercon-
nected factors that directly increase the risk of coronary
heart disease, other forms of cardiovascular atherosclerotic
diseases and diabetes mellitus type 2.%% Metabolic syn-
drome (MS) is very common after liver transplantation
(43%-58% in various series as compared to a pre-
transplant prevalence of 5-29%).°* It has been associated
with increased risks of cardiovascular disease, cardiovascu-
lar death, liver-related death, and overall mortality.65’67
Among the various causative factors for development of
post liver transplant metabolic syndrome, effects of
immunosuppression (calcineurin inhibitors, mTOR
inhibitors and steroids) are the most important. All these
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drugs cause hyperglycemia (gluconeogenesis or less
peripheral glucose utilization), less insulin production
and dyslipidemia.®”

Hepatitis C Virus (HCV) Recurrence

Hepatitis C progression is associated with immunosuppres-
sion, but the type of CNI used probably does not matter. Ste-
roid boluses are associated with severe recurrence and
should be avoided,®® also the current practice include low
dose steroids with slow taper. In a meta-analysis, Berenguer
etal did not find statistically significant differences between
Tacrolimus and Cyclosporine based therapies as regards
mortality, graft survival, biopsy proven acute rejection or fi-
brosing cholestatic hepatitis.” In the multicenter LIS2T
study, Levy et al found no difference between Cyclosporine
(250 patients) or Tacrolimus (245 patients) regarding HCV
recurrence, although mean time for histological diagnosis
of HCV recurrence was significantly longer in the Cyclospor-
ine group.”” Steroid free regimens are not associated with
less hepatitis C recurrence as compared to steroids based
regimens. However, use of steroid boluses is clearly associ-
ated with more severe recurrence and should be avoided.®®

Neurological Complications

Neurological complications of liver transplantation are of-
ten drug related. Calcineurin inhibitors can cause tremors,
encephalopathy, seizures, paresthesias, psychosis, halluci-
nations and ataxia, while steroids are linked to abnormal
behavior and psychosis.”! CNIs cause neurotoxicity by sev-
eral mechanisms such as cerebral vasoconstriction, intet-
ruption of cellular physiologic processes (by binding to
immunophilins which are involved in protein folding,
transport and stability), toxic effect on oligodendrocytes
(white matter changes on imaging) and effect on selective
neurotransmission systems (inhibition of GABA, glutami-
nergic N-methyl-d-aspartate receptor and serotonin deple-
tion).”"””? Treatment of CNI related neurotoxicity includes
dose reduction or substituting an alternative CNI. Side
effects due to steroids are reversible with dose reduction
or cessation of intravenous therapy.”"

Immunosuppression and CMV Infection

CMV infection is common after liver transplantation. CMV
increases morbidity and mortality by both direct and indi-
rect effects. Its direct effects include fever, myelosuppres-
sion, and organ invasive disease (gastrointestinal,
hepatitis, central nervous system and pneumonitis). Its in-
direct effects are related to graft rejection, propensity to
other infections and HCV recurrence. Patients with donor
positive and recipient negative status, use of biologic
agents, rejection and sepsis are at higher risk for developing
CMV infection. In presence of active CMV infection, the im-
munosuppression should be reduced along with institut-
ing specific therapy such as Ganciclovir/Valganciclovir.”*”®
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Rejection

Acute cellular rejection (ACR) presents with a histological
triad of portal tract infiltrates, bile duct injury, and venous
endothelialitis,”® typically biopsy proven acute rejection is
treated with pulse intravenous steroid boluses. In many
cases, mild to moderated rejection can be treated with in-
creasing the levels of CNI alone.”” As compared to Cyclo-
sporine, use of Tacrolimus has been shown to reduce the
incidence of both acute cellular rejection and steroid resis-
tant rejection.78 Chronic rejection is characterized by pro-
gressive bile duct loss (defined as ductopenia in at-least
50% of portal tracts) and by arteriopathy with foamy cell
infiltration (may not be picked up by liver biopsy). Chronic
ductopenic rejection is not related to acute cellular rejec-
tion and is associated with etiology of liver disease, human
leukocyte antigen-matching profiles and CMV infection.
As pathogenesis of chronic ductopenic rejection is com-
plex, it responds uncommonly to increase in immunosup-
pression.””

Development of de novo Malignancies and Post-
Transplant Lymphoproliferative Disease

Patients after liver transplantation are at increased risk for
development of de novo malignancies and it constitutes
second major cause of death after cardiovascular events.
Studies have shown incidence of de novo malignancies
from 2.3% at 24 months to 12.5% at 93 months follow-
up. Malignancies associated with chronic viral infection
are more common such as EBV associated post-
transplant lymphoproliferative disease (PTLD).”” Also,
there is a differential risk of post-transplant malignancies
based on pre-transplant cause with alcoholic patients at
a greater risk.® PTLD occurs due to uncontrolled lympho-
proliferation of EBV infected cells in immunocompro-
mised individual. The spectrum of PTLD ranges from
reactive, polyclonal hyperplasia to high-grade monoclonal
lymphoma. Most of PTLD are of B cell in origin and EBV is
present in majority.gl’82 EBV negative PTLD is associated
with later onset, monomorphic histology and aggressive
clinical behavior similar to lymphomas in immuno
competent patients.®” Risk factors for PTLD include Ep-
stein-Barr virus seronegativity at transplant, younger age,
intensity of immunosuppression and the first year post-
transplant. In patients diagnosed with PTLD, manage-
ment options include reduction of immunosuppression,
rituximab, combination chemotherapy, and adoptive im-
munotherapy.®#?

Steroid Free Immunosuppression

Regimens without steroids are desirable in several situa-
tions such as diabetes, hypertension, metabolic syndrome,
children and obesity. Present practice includes steroid ta-
per over several months. The available evidence shows fea-
sibility of steroid free immunosuppression but it does not

unequivocally establish the benefits of corticosteroid-free
immunosuppression for either hepatitis C or other group
of patients.®*

Disease Specific Approach

Steroids are generally tapered off by three to six months in
majority of indications for liver transplant.20 For hepatitis
C, role of low dose steroids with slow taper is advocated by
some studies®>®” Most centers would continue prolonged
low dose steroids in patients transplanted for auto-
immune liver diseases.?®

Drug Monitoring

To keep drug levels in therapeutic range, trough level mon-
itoring is done conventionally for CNIs and Sirolimus.
However, trough levels alone have little clinical utility for
assessing the overall immunosuppression status and they
need to be seen in the context of clinical background.
Also, many centers prefer doing C2 levels (Cyclosporine
levels after 2 h of dose) for those on cyclosporine. Monitor-
ing of Mycophenolate level has not gained acceptance due
to lack of its clinical utility and high cost.®® The Cylex Im-
muKnow assay may provide a global assessment of im-
mune function. This assay is based on the amount of
adenosine triphosphate (ATP) produced by CD4 T cells
in response to non-donor-specific mitogenic stimulation
(phytohemagglutinin-L) in vitro. This assay may be helpful
in assessing over-immunosuppressed state which is
a known risk factor for viral hepatitis recurrence and infec-
tions following transplantation.89’90

Discontinuation of Immunosuppression

Discontinuation of immunosuppression in stable liver
transplant recipients may be possible in almost 20% of re-
cipients, but there is no way to identify these individuals at
present. Also, there is no proof that discontinuation of low
dose immunosuppression in long-term survivors after liver
transplantation leads to lesser morbidity or mortality.
With the currently available knowledge and clinical experi-
ence, withdrawal of immunosuppression in clinical prac-
tice is not recommended.”>"?
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