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Abstract

Many of the causes of short and late morbidity fol-
lowing liver transplantation are associated with im-
munosuppression or immunosuppressive medications.
Current care often involves close monitoring of liver
biochemistry as well as therapeutic drug levels. How-
ever, the postoperative course following liver transplan-
tation can often be associated with significant compli-
cations including infection and rejection, suggesting
an inadequacy in current immune function monitoring.
Many assays have been tested in the research setting
to identify possible biomarkers that may be used to
predict clinical events such as acute cellular rejection,
and therefore allow modification of a patient’s immuno-
suppressive regimen prior to a clinical event. However,
these generally require significant laboratory processing
and have had difficulty becoming established in com-
mon clinical use outside the research setting. One as-
say, Cylex ImmuKnow has been food and drug admin-
istration approved but has had variable results. In this
review we discuss the assays that have been used to
assess monitoring of immune function after liver trans-
plantation and consider possible future directions.
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reserved.
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Core tip: Although many research assays have attempt-
ed to identify potential biomarkers that may be used
to monitor immune function after liver transplantation,
most require significant laboratory processing and are
not clinically feasible. The rejection cascade is com-
plex and not completely understood, with many likely
interactions between innate and adaptive immune pro-
cesses. Therefore, no single test is likely to provide a
fool-proof window to the immune response and a com-
bination of assays may be necessary. However, nothing
can replace the clinical judgement of an expert trans-
plant clinician for pooling together data to individualize
immunosuppression therapy.
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INTRODUCTION

Although the use of modern immunosuppression has
greatly increased the life expectancy of organ trans-
plant recipients, they are not without problems. Mortal-
ity within the first year following liver transplantation
(OLTx) usually occurs within the first three months with
causes including infection, primary graft failure, rejection
and technical complicationsm. Causes of late mortality
include cardiovascular disease (9%-22%), de novo malig-
nancy (16%-23%), infections (6%-19%), chronic rejec-
tion and graft failure (5%-19%) and chronic renal failure
(5%-10%)%7. Many of the causes of short and late mor-
tality following OLTx are related to immunosuppression,
with an estimated 40%-70% of all post-transplant mot-
tality attributable to immunosuppression or immunosup-
pressantsls’ﬁ].
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Table 1 Clinically available immune monitoring after adult

liver transplantation

Sensitivity Specificity

Currently available

Liver biochemistry High Low

Therapeutic drug levels Low Low

ImmuKnow Low High

Liver histology Gold standard Gold standard
Future possibilities

PlexImmune Only Paedeatric studies published

? Combination assays

To minimize side-effects, clinicians often empirically
attempt to minimize dosages. Only very few patients are
trialed or able to completely withdraw successfully from
all immunosuppression. Tailored therapy for each pa-
tient, based on a functional measure of their individual
immune response, would cleatly be preferable to empiric
reduction of therapy in all patients'”.

The challenge in balancing the risks of over and un-
der immunosuppression is complicated by the lack of
reliable means of predicting patients’ immunosuppressive
needs. OLTx in particular, presents unique challenges
compared with other solid organ transplants. The liver
is an immunotolerant organ but rejection rates remain
at 30%-40%""". Despite this, some individuals have the
potential for complete withdrawal of immunosuppres-
sion. Furthermore, the postoperative course after OLTx
is often complicated, with biliary strictures and recurrent
diseases shrouding the diagnosis of rejection and confus-
ing the management of a patient’s immune function post
transplant. Therefore, it has long been suggested that we
monitor transplant patients for their functional immunity
to optimize therapy' "'

An ideal immune function assay would be based on
whole blood, require minimal handling, be reproducible
and standardized across laboratories, relatively cheap, and
offer a rapid turn around that would allow interpretation
of results and corresponding adjustments in immunosup-
pression early enough to prevent complications or drug
related side-effects.

Currently available standard of care in most centres
to monitor immune function involves liver biochemistry,
drug levels and clinical events (Table 1). Several other po-
tential bio-matkers and diagnostic parameters have been
suggested in order to confront the immune monitoring
challenge and are summarized in Table 2. In this review,
we examine the current available options for monitoring
the immune system after liver transplantation.

LIVER BIOCHEMISTRY

Clinicians have traditionally relied on liver biochemistry
(LFT) in making non-invasive assessments regarding
graft function after OLTx. An increase in LFTs is seen
during rejection but is non-specific and many other im-
portant actiologies need to be considered. These include
but are not limited to biliary strictures, hepatic artery
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thrombosis, cholangitis, recurrent viral hepatitis and drug
induced injuries. There is often a delay between the first
LFT abnormality being noted, and patients undergoing a
liver biopsy for diagnosis of rejection. It is an imprecise
and late marker of graft injury.

THERAPEUTIC DRUG MONITORING

Calcineurin inhibitors

Cyclosporine and tacrolimus are the two commonest
drugs used in maintenance following OLTx and inhibit
the phosphatase activity of calcineurin through bind-
ing of cyclosporine-cyclophilin and tacrolimus-FKBP12
complexes. This inhibits T-cell activation, but because
calcineurin and the nuclear factor activated T-cell pathway
are not T-cell specific, calcineurin inhibitors (CNIs) are
often associated with significant toxicity!"”. In particular,
tacrolimus has high rates of diabetes, while cyclosporin
1s associated with increased hypertension and dyslipid-
emia?, Furthermore, both drugs are associated with
end-stage renal failure that can complicate up to 20% of
patients following OLTx!"7,

Tacrolimus (> 90%) and cyclosporine (> 50%) are
concentrated in erythrocytes, and therefore whole blood is
used to measure the therapeutic drug levels'”. Most cen-
tres use an ELISA to measure trough levels of tacrolimus,
while large clinical trials of OLTx patients treated with cy-
closporine show lower rates of rejection and nephrotoxic-
ity complications with monitoring based on either AUCo4
or the concentration 2 h following administration' ™",
Therefore many units (including our own) perform a level
2 h (C2) following the patient’s morning dose.

Setting a therapeutic target for the CNIs has been
difficult with standard protocols generalized to manag-
ing large number of recipients, but not specific to each
patient’s individual clinical situation™. CNIs also have a
poor dose-level correlation, an unpredictable level-effect
association, individual pharmacokinetic differences, and an
unclear level-toxicity relationshipm’zz]. Side-effects are seen
even with CNI levels below the “therapeutic range”m]. Fur-
ther problems arise as the monoclonal antibodies used to
detect certain metabolites may not capture all biologically
active forms of the CNTs™*”.

Given the level of drug determined by immunoassay
is not correlated with immunosuppressive drug efficacy
or the level of immunosuppression”***” the United
States Food and Drug Administration (FDA) has gone
so far as to reclassify assays for measuring tacrolimus and
cyclosporin blood levels indicating that no suitable thera-
peutic ranges exist and these tests should not be used
alone to adjust drug dosing[zs].

Optimising CNI drug dosing

CNI dosing is impacted by the variable metabolism of
the drugs. Tacrolimus is metabolised by CYP3A enzymes
in the small intestine and the enzymatic activity can
vary by a factor of 5 between patients[zg]. Genetic poly-
morphisms of CYP3A have shown higher tacrolimus
clearance and lower levels in some kidney transplant re-
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Table 2 Summary of assays for immune function monitoring

Advantages

Disadvantages

Antigen-specific assays: Limiting dilution aAssays, mixed
lymphocyte reactions, ELISPOT
ImmuKnow
Cytokine levels/polymorphisms
Immune competence scores
Regulatory T cells (Tregs)

Antigen non-specific:

Soluble CD30
Tregs, Gene expression,
dendritic cell types, delayed type
hypersensitivity

Identifying operational
tolerant recipients:

Measure individual antigen specific

Need donor cells, Laboratory intensive

response

Available, FDA approved
Readily available

Associated with rejection

Able to identify recipients in whom
immunosuppression could be

Inconsistent results
Inconsistent results
Lack of published validation studies
Laboratory intensive. Lack of published validation
studies
Lack of association with clinical outcomes in OLTx
Laboratory intensive. Only few recipients suitable

withdrawn

FDA: Food and drug administration; ELISPOT: Enzyme-linked immunosorbent spots; OLTx: Liver transplantation.

cipientsm while attempts to evaluate pharmacodynamics
directly through monitoring of CNI biological activity
have demonstrated correlation between peak levels of
CNIs and residual gene expression (by nuclear factor of
activated T-cells), but not clinical events®".
High-performance liquid chromatography was de-
veloped for evaluating four cyclosporine degradation
products and two related compounds (CyB and CyG)™”.
Initially developed to test quality control of generic for-
mulations, future studies may consider evaluating whether
these could have a closer association with outcomes than

the cyclosporin blood level™.

Other drugs
The CNIs are often used in combination with other im-
munosuppressants. Steroids and induction agents such as
basiliximab (anti-1.2) have no specific monitoring mech-
anisms apart from side-effects, while the optimal dosing
and levels of the mTOR inhibitors remain uncertain.
Even if the biological activity of each individual drug
could be accurately determined, this would not provide
an objective net biomarker of immune function as the
cross-reactive effects of the drugs would remain uncet-
tain. As such, therapeutic drug monitoring may continue
to assist clinicians in managing patients, but is unlikely to
be the dominant method of future immune system moni-
toring following OLTx.

Clinical events

One of the major influences on drug dosing and immu-
nosuppression following liver transplantation is the pres-
ence of complications. In particular, patients who devel-
op sepsis or malignancy following transplantation often
have their immunosuppression empirically reduced. Cor-
respondingly, patients undergoing rejection are treated
with increased medication. Cleatly this is a crude method
of monitoring immunosuppression and the purpose of
immune monitoring is to optimise immunosuppression
prior to the occurrence of clinical events.

Biopsies
Acute cellular rejection is diagnosed on histology based
on the commonly accepted Banff criteria™, Sampling
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graft tissue has the further advantage that it can reveal the
local ongoing antidonor immune responsesm] and pro-
tocol biopsies provide a more accurate marker of graft
function compared to liver biochemistrym]. Surveillance
biopsies of the transplanted organ may represent the
gold standard for directly assessing the extent of immune
activity within the allograft. However, serial biopsies are
invasive and almost impractical outside of a research set-

tingDS].

Immune monitoring assays

Although commonly used, the aforementioned tests have
significant disadvantages and do not provide an accurate
marker of a patient’s immune system following OLTx.
As a consequence, clinical events and side-effects remain
common causes of morbidity and mortality. Many assays
have been developed and evaluated with varying results
but are yet to achieve use outside of research settings. In
general, these assays can be broadly classified as antigen-
specific or non-antigen specific and will be discussed be-
low.

ANTIGEN-SPECIFIC ASSAYS

Donor specific assays

Functional donor specific assays may allow detection of
immunological states favouring alloimmune quiescence
over reactivity”. Functional or cytokine kinetics assays
may then be applied to determine preemptively whether
immunosuppression dosing should be altered.

Limiting dilution assays (LDA) are an example which
can provide more precise quantification of immunity
to a given stimulus and allow estimation of frequencies
of antigen-specific cells participating in an immune re-
sponse”’. Tt requires recipient peripheral blood mono-
nuclear cells (PBMCs) interacting with donor stimulator
cells. This can then be used to determine production of
different cytokines in the presence of supernatant cul-
tures such as interferon-gamma, interleukin (IL)-5, IL-4,
I1.-10, IL-13 or TNF-q present in the well””. LDA has
been employed to show a highly significant correlation
between the donor-specific and third-party stimulated
II.-4 and IL.-10 produced from recipient PBMCs with
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stable liver graft function compared with rejectors, inde-
pendent to level of immunosuppression””.

The main limiting step is availability of donor cells
that can be difficult to obtain from cadaveric transplants
unless cells are harvested at time of surgery from the
spleen or lymph nodes and cryopreserved for future
donor-specific assays[zo]. Furthermore, the assays often
require substantial laboratory work and may need signifi-
cant amounts of blood and cells for repeated stimula-
tions/expetiments.

Mixed lymphocyte reaction

Mixed lymphocyte reaction (MLR) assays provide an
estimate of the primary /# vitro response to the direct
recognition of allogenic molecules””. Their main value is
in assessing tolerance - that is MLR responsiveness in the
face of clinically evident donor-specific tolerance.

Studies with *H-thymidine mixed leukocyte responses
(MLR) show that enhanced donor-specific alloreactivity
persists longer among children with eatly rejection and
is associated with early and late liver rejectionm’m. To ac-
count for the significant variation that is often seen in do-
nor-specific alloresponses, values are often expressed as a
ratio to a third-party response known as the immunoreac-
tivity index. A ratio under 1 suggests low rejection risk™",
However, this assay is non-antigen specific, requires
prolonged stimulation and larger amounts of blood than
would be routinely feasible in transplant populationsw.

Further enhancements to MLR include combination
of results with carboxyfluorescein diacetate succinimidyl
ester (CFSE) labelling by flow cytometry. CFSE is an
intracellular fluorescent label that divides equally amongst
daughter cells and can be used to study cell division™". Tt
measures the proliferative response of recipient lympho-
cytes after culture or stimulation with donor cells. Unlike
many other immune monitoring studies, this has been
investigated in an interventional study of 51 adult OLTx
recipients. Immunosuppression was increased, decreased
or maintained depending on results from the MLR com-
pared with 64 OLTx recipients who had standard of care
with empirical based management. This showed trends
towards improved rates of rejection and survival, but
not sufficient to reach significance (P < 0.05) 3. A MLR-
CFSE assay has also been used to distinguish between
rejection on suspicious biopsiesm.

To overcome the issues of prolonged stimulations
and blood sample requirements common in MLR assays,
Ashokkumar ¢f a/*"' evaluated a CD154" (CD40L) T-help-
er and T-cytotoxic cells MLR as measures of rejection
risk™™!. This requires < 24 h of stimulation and only 3 mL
of blood. These authors identified pre OLTx CD154"
cytotoxic T memory cell responses were associated with
significantly increased risk (HR = 7.355, P = 0.02) for
rejection. This assay can be ordered as PlexImmune™
(Plexison, Pittsburgh, United States) with results in the
United States available 2 d after obtaining blood samples.
Only small studies have been published to date with Plex-
Immune in paediatric liver and small intestinal transplant
recipients. The assay requires extraction of PBMCs not
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only from the recipient but also the donor. In some cases
when donor cells have been insufficient or unavailable,
“surrogate PBMCs” have been used™ but their validity is
uncertain in a clinical population.

Enzyme-linked immunosorbent spots

Enzyme-linked immunosorbent spots (ELISPOT) quan-
tifies the frequency of previously activated (memory)
T cells that respond to donor antigens by producing a
selected cytokine iz vitro. Recipient T cells are cultured
with donor cells on tissue culture plates coated with a
cytokine-specific antibody that is detected using labeled
secondary antibodies. Each detected spot represents an
effector or memory T cell which has been primed to the
stimulating antigensl37].

ELISPOT has been proposed as a surrogate marker
of allogenic responsiveness in renal transplantationm‘%].
Pretransplant IFN-y ELISPOT has been associated with
rejection risk following renal transplantl44’45’47] which sug-
gests that IFN-y-producing cells represent cells that have
been sensitized to the graft antigens. Thus providing an
ex vivo reflection of the evolving ir vive, donor-reactive
immune response which may allow patients without a
positive response to reduce or withdraw their immuno-
suppression'”. Apart from IFN-y, granzyme B (GrB)
has been studied in a small number of paediatric OLTx
recipients but failed to predict the occurrence of rejec-
tion'*",

The labor-intensiveness and time-consuming nature
of these assays, the need for donor cells, the question-
able reliability for stored cells along with some inconsis-
tent correlations with clinical outcomes have prevented
theirpbg]oad acceptance as reliable immune monitoring
tools”™*.

Chimerism

After OLTx, haematopoietic donor cells are transferred
with the graft from donor to recipient. These chimeric
cells may persist in the recipient and be detectable even
years post—transplant[‘r’ol. It has been hypothesised that
developing chimerism may be desirable after OLTx and
potentially associated with tolerance®. This could allow
immunosuppression to be reduced in patients who have
detectable chimerism. However, a meta-analysis has failed
to demonstrate a significant association between micro-
chimerism and rejection, but techniques of varying sen-
sitivity were used to measure the degree of chimerism"”.
The value and role of chimerism after liver transplanta-
tion remains uncertain, and may also differ depending on

the time post—transplant[53].

ANTIGEN NON-SPECIFIC

ImmuKnow

As immunosuppressive drugs ultimately target T-cell
function, it would seem logical that assessing T-cell func-
tion would provide a potential biomatker for monitoring
immune function after transplantation[54]. ImmuKnow
(Cylex Ltd, United States) was developed as a biomarker
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to guide immunosuppressant dosing following solid
organ transplantation and was approved by the United
States FDA in 2002. ImmuKnow measures adenosine
triphosphate produced after stimulation of T-cells with
plant lectin phytohemagglutinin (PHA) mitogen[w.
Whole blood is used to ensure that CNIs are maintained
during incubation. After overnight incubation, CD4 cells
are selected using paramagnetic particles coated with a
monoclonal antibody to CD4". ImmuKnow does not
correlate with CD4 cell numbers, and the assay is theo-
rized to provide an independent varlable[54.

Studies in OLTx recipients have reported contradic-
tory results for ImmuKnow in predicting acute rejection
and infection” . Most of these studies are retrospective,
have limited follow-up, heterogenous in study design,
and often include multiple solid organ transplants in the
analysis despite immunosuppression protocols and clini-
cal event risks differing substantially amongst different
transplant populations.

Further, many of these studies only employ single
time point measurements and risk potential bias and the
effect of confounders. For example, one study assess-
ing ImmuKnow and infection risk declared lower values
in patients who suffer an infection following transplant.
However, one of the triggers to run the assay in this
study was an event such as fever or raised liver biochem-
istryf(’ﬂ. Furthermore, a single result cannot be expected
to predict the long-term immune function of the patient.
Ideally serial measures, correlated with changes in im-
munosuppressant dosing, would be needed to adequately
assess the immune response post OLTx.

To coincide with the multiple studies demonstrat-
ing conflicting results, there have been two opposing
meta-analyses publishedw’ﬁs]. One recent meta-analysis
by Ling ez al® suggests a sensitivity of 0.43 (95%CI:
0.34-0.52) and specificity of 0.75 (95%CI: 0.72-0.78) of
ImmuKnow for predicting rejection with a diagnostic
odds ratio 1.19 (95%CI: 0.65-2.20). This study incorpo-
rated multiple organ transplants and when a sub-analysis
of liver transplant patients was conducted, results sug-
gested poor sensitivity but improved specificity (sensitivity
0.11 95%CI: 0.01-0.33, specificity 0.94 95%CI: 0.91-0.95).

A separate meta-analysis in liver transplant recipients
identified 4 studies which assessed ImmuKnow for both
infection risk and rejection, one further study assessing
infection specifically, and a further study examining rejec-
tion risk alone. All but one study were retrospective, and
in general had small patient numbers with short or unde-
clared periods of follow-up. In this meta-analysis, the Im-
muKnow assay was identified as having a diagnostic odds
ratio of 14.7 with sensitivity 83.8% and specificity 75.3%
for diagnosing infection. When evaluating rejection, a
diagnostic odds ratio of 8.8 (sensitivity 65.6%, specificity
80.4%) was noted alongside significant variation amongst
studies included in analysis. In particular, the sensitivity
ranged from 9.1%-85.7%",

A possible explanation for the perceived poor sensi-
tivity of ImmuKnow in detecting rejection may be that it
relies on T cell stimulation with PHA mitogen, which is a
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non-specific antigen that stimulates the adaptive immune
system. With the renewed interest in Toll-like receptors,
current evidence suggest that the innate immune system
also plays a central role in rejection and allorecogni-
tion'®*. By only stimulating the adaptive immune sys-
tem, we postulate that the poor sensitivity may reflect
ImmuKnow failing to recognize and therefore measure
the contribution made by innate immune mediators to
rejection processes.

Clearly there have been issues with several studies that
incorporate ImmuKnow. However, the assay is FDA ap-
proved and with few other options, the assay is employed
in several centres. However, there are often no clear pro-
tocols and use Varies even amongst individual clinicians in
the same centre™. A large, formal, multi-centre random-
ized controlled trial would resolve many questions regard-
ing ImmuKnow in regards to its ability to be an objective
biomarker of immune function in OLTx patients.

Cytokine genetic polymorphisms

Productions of cytokines vary amongst individuals, and
detecting possible polymorphisms in the responsible
genes could help in stratifying patients for risk of clinical
outcomes. However, in a meta-analysis studying the im-
pact of cytokine gene polymorphism on graft acceptance
in clinical transplantation, the only genetic risk factor
associated with acute liver rejection was I11.-10 polymor-
phism at position 1082"" which is associated with low i
vitro production of IL- 10",

Circulating cytokine levels

Circulating cytokine levels have the benefit of being
reasonably easy to determine. However, analysis of pub-
lished clinical studies correlating circulating levels with
immunological status after liver transplantation are con-
fusing and often contradjctorywj. This probably reflects
the multitude of confounding factors that impact this pa-
tient population, including surgical stress, the associated
ischaemia-reperfusion injury, blood transfusions, hepatic
regeneration and infectious complications'”.

Immune competence scores

Some have evaluated multiple factors such as comple-
ment and immunoglobulin levels in an attempt to deter-
mine an immune competence scotre to assist in deter-
mining risk of infection™. This scoring system assigned
two points for each of the following: increased levels
of baseline IgG, increased levels of baseline IgA, and
decreased levels of pre-OLTx C3. This score was found
to have a relative risk of infection of 1.99 (P < 0.001)
and would be both relatively cheap and employs pathol-
ogy tests already available in many labs™. However, to
our knowledge it has not been validated in larger cohorts
and would not take into account the multitude of other
factors involved in a patient’s immune function after the
transplant operation.

Regulatory T Cells (Treg)

In adult allograft recipients there is evidence that Tregs
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are involved in transplantation tolerance by directly in-
hibiting the proliferation of effector T cells. A substantial
number of donor Tregs detach from the liver graft during
perfusion and continue to migrate into the recipient after
OLTx. These suppress the direct pathway alloresponses
and are theotized to contribute to chimerism-associated
tolerance 2 vivo in the early stage after transplantationm

Lower levels of these regulatory cells have been iden-
tified in patients undergoing acute rejection™’ while
patients completely weaned off immunosuppression
demonstrate higher numbers in their grafts and peripher-
al circulation!”™". Despite this, Treg analysis still requires
significant laboratory work to isolate PBMCs and pet-
form laboratory analysis and are not currently marketed
or used in clinical settings that we are aware of.

Soluble CD30

Both CD4 and CD8 cells express CD30 after primary
alloantigenic stimulation. Although there is some sugges-
tion that soluble CD30 may be a useful marker in kidney
transplantationlgz’%], studies in adult®™ and pzledeatricl85J
liver transplantation have failed to reveal a role in predict-

ing rejection outcomes.

Operational tolerance

The liver allograft can often be maintained after trans-
plantation with low levels of immunosuppression and in
some cases be withdrawn completely without histological
damage from rejection - defined as operational tolerance
O™, It is estimated that OT rates after OLTx are as
high as 20%-25%""* 1t appears that OT recipients have
different cellular immunophenotypic or petipheral blood
transcriptional profiles compared with healthy volunteers,
recipients on immunosuppression or those experienc-
ing rejectionlgo’gﬁj. Several studies have sought to identify
which patients are likely to achieve OT which could then
facilitate drug withdrawal in this select group.

Gene expression

Martinez-Tlordella ez a/™ identified and validated a “tol-
erant genetic fingerprint” using transcriptional profiling
from transplant PBMCs. This identified a modest num-
ber of genes capable of identifying tolerant liver recipi-
ents with good accuracy. In particular, NK and y§TCR"
T cells were the main PBMC subsets associated with
tolerance-associated transcriptional patterns.

Although transcriptional profiling of peripheral blood
may allow identification of some patients capable of
completely weaning off immunosuppression, data direct-
ly supporting these assays and their ability to monitor the
net immunosuppressive state ate yet to be published and
not available in clinical settingslzoj.

Dendritic cells

In humans, 2 major types of blood dendritic cells have
been described””. Monocytoid DC (CD11c¢") can be
derived from circulating monocytes in response to
granulocyte-macrophage colony-stimulating factor and
IL-4 and induce Th1 cell differentiation 7 vifro and may
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be specialized for induction of immunity. Plasmacytoid
DC (CD123") develop after stimulation with 11.-3 and
CD125" (CD40L) and promote Th2 responses which can
be for induction of tolerance”". The ratio of these cells
may be important, with flow cytometry demonstrating
operationally tolerant patients exhibiting higher incidence
of plasmacytoid dendritic cells (theorised to induce toler-

ance) compared with myeloid dendritic cells™",

Delayed-type hypersensitivity

In OLTX patients, the trans vivo delayed-type hypersensi-
tivity (D'TH) assay has been shown to be valuable in iden-
tifying OT recipients[94]. This technique involves transfer
of PBMCs plus donor antigen in the footpads of naive,
severe combined immunodeficiency mice and measuring
for responsew. This has the advantage of evaluating 7
vivo cell-mediated allogenic immunity without direct ex-
posure of patients[%]. The logical limitation is the need to
have immunodeficient mice available and this makes the
assay unfeasible outside research.

Identifying patients who can achieve OT would prove
valuable in reducing immunosuppression and related
side-effects in these recipients. It would also reduce the
ad hoc nature that is sometimes employed to withdraw
immunosuppressants following OLTx. However, only a
small proportion of patients are likely to have the poten-
tial to achieve full operational tolerance and other meth-
ods of immune monitoring are therefore needed for the
majority of patients.

CONCLUSION

Immune function monitoring following OLTx remains
a difficult area, but an area in which even small advances
would likely result in significant improvements to mor-
bidity and long-term mortality for patients following liver
transplantation today. Many options for immune moni-
toring have been considered, and vary in methodology
from predicting risk of clinical complications, varying
dosing of immunosuppressants, and identifying those
who may be able to develop operational tolerance.

No single method or assay has been able to meet the
diagnostic requirements while answering the basic techni-
cal requirements: an assay that is standardized, reproduc-
ible, cost-effective, easy and intuitive to perforrnm]. Most
vary in degree of promise based on ease of execution,
precision, specificity, reproducibility and cost, as well as
the type of information they provide[%]. It is possible that
multiple assays or a combination assay may be needed in
the same patient at different times to distinguish an accu-
rate immunological profile in the future™”. In particular,
combining assays from both arms of the immune system
(innate and adaptive) may provide clinicians a more com-
prehensive net immune response of a patient.

Many antigen specific assays also suffer from being
based on PBMC which excludes the red cells from. This
can pose several issues. Firstly, both the CNIs and mTOR
inhibitors are found in whole blood rather than extracted
PBMCs, and whole blood has been considered the best
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matrix for monitoring immune function™””, Secondly,
extraction of PBMCs is often a process that requires
significant laboratory effort and its applicability outside
research settings in commercial laboratories would likely
be personnel and cost-prohibitive.

Without available objective markers of immune func-
tion, drug levels, liver biochemistry and clinical events
are often used to guide immunotherapy. This approach
is crude and drug side-effects and clinical complications
remain common!””, Although the ImmuKnow assay
offered early promise and is FDA approved, some con-
flicting results have limited its widespread acceptance. A
formal randomised controlled trial would help in answer-
ing many questions regarding the assay given the issues in
many of the trials previously undertaken.

The rejection cascade is complex and not firmly un-
derstood, with many likely interactions between innate
and adaptive immune processes. Therefore no single test
is likely to provide a foolproof window to the immune
response. As such, nothing can replace the clinical judge-
ment of an expert transplant clinician for pooling togeth-
er data to individualize immunosuppression therapy™”
but an unmet need exists to measure immune function
and assess the risk of clinical complications objectively in
OLTx patients[m.
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