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Summary

The serious side-effects and complications related to the life-long use of immu-
nosuppressors in transplantation have fuelled research into their possible mini-
mization or even complete elimination. The field of transplantation is therefore
tentatively moving from a phase of empiric immunosuppression towards indi-
vidualized therapy. This process is highly dependent on the development of
immune monitoring tests to detect an individual ‘level of risk’. Immune moni-
toring is a way of measuring functional and molecular correlates of immune
reactivity to provide clinically useful information for therapeutic decision-mak-
ing. The technological breakthroughs over the last decade provide firm grounds
for the achievement of this goal. Large, multicentric and prospective studies in
the near future are now crucial if these tests are to achieve the necessary
approval from the regulatory authorities and promptly enter the clinic for rou-
tine use.
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Transplantation — advantages and limitations

Transplantation has made phenomenal progress over
recent decades. The gradual introduction of newer immu-
nosuppressive agents together with improved organ pro-
curement techniques and patient care has led to a
substantial reduction in the frequency of acute rejection
episodes and improvements in long-term outcome [1].
Despite such improvements, thousands of patients have
no access to transplantation and transplant recipients
have a significantly lower life expectancy when compared
with the general population. Moreover, improvement in
the outcome of organ transplants has led to the use of
extended criteria donors, which has undoubtedly slowed
down the rate of overall improvement in transplantation.
Thus, this is a field in constant evolution and a number
of issues need to be urgently addressed for further
improvement [2]. Some of these are well established such
as the problem of donor vascular disease and cold ischae-

mia time [3]. Others have emerged as the result of pro-
gress or changes in the management of transplant
patients such as the dilemmas posed by subclinical rejec-
tion [4] or isolated C4d diagnosed on protocol biopsies
[5]. Perhaps, the most important issue, however, is that
of the burden of life-long immunosuppression (IS) (see
below).

The caveats of immunosuppression and their
potential solutions: tolerance versus minimization

Despite having revolutionized the field in many ways,
immunosuppressors are the Achilles heel of long-term out-
come in transplantation. Currently, immunosuppressors
have to be given as ‘one-treatment suits all’. The problem
with such empiric dosing is that it often leads to overim-
munosuppression, resulting in serious side-effects. Specific
examples include calcineurin inhibitors (CNI) that pro-
mote cancer progression [6] and induce nephrotoxicity,
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with almost all CNI-treated patients displaying nephro-
toxicity at 10 years post-transplantation [7]. Another
example is that of corticosteroids (CS) which also increase
the risk of infection and cancer and additionally have
adverse effects on cardiovascular disease risk factors,
such as diabetes, hypertension and hyperlipidaemia [8].
Thus, there is an urgent need to be able to more efficiently
manage immunosuppression in transplant patients. One
solution would be to minimize immunosuppression.
Another would be to avoid it altogether by achieving
a state of tolerance, both of which are discussed below.
It is important to note that the ability to successfully
minimize immunosuppression or induce tolerance is
highly dependent on the type of organ transplant. For
example, it is well known that liver transplant recipients
are more receptive to tolerance induction protocols [9]
and that weaning procedures are more successful after
liver transplantation [10,11]. For the sake of simplicity,
this review will focus primarily on kidney transplant
recipients.

Avoidance of immunosuppression through tolerance

The purist ideology would be to induce transplant toler-
ance, a state of life-long graft acceptance whereby a
patient could enjoy stable graft function without the need
for immunosuppression and without being at an
increased risk of developing cancer and infections. Strate-
gies to induce tolerance in the clinic can be divided lar-
gely into two categories: one that is based on bone
marrow transplantation and the other that is not. So far,
only the first approach has been successful in small
cohorts [12-14]. These approaches in humans are
described in detail elsewhere [15-17] and will not be
elaborated in detail here. Briefly, the former usually
involves the consecutive or simultaneous administration
of donor-derived haematopoietic cells, the aim being to
create a robust form of ‘central’ tolerance through thymic
deletion. The latter approach has only been successful in
animal models and includes lymphocyte depletion,
co-stimulatory blockade and donor antigen infusion and
aims at creating ‘peripheral’ tolerance through immune
deletion, deviation or suppression. Despite colossal
research efforts, tolerance has proven difficult to achieve
in humans (reviewed in [17]). Nevertheless, recent
encouraging data would suggest that tolerance to allo-
grafts can be induced in specific patient groups through
rationally designed protocols, at least in human leucocyte
antigen (HLA)-matched or partially mismatched recipi-
ents [12,13]. Indeed, the degree of donor-recipient major
histocompatibility complex matching is likely to be an
important determining factor in tolerance protocols given
their influence on transplant outcome [18]. Moreover, a
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state of spontaneous operational tolerance following
immunosuppression withdrawal in patients with stable
graft function has been reported both as anecdotal cases
[19-21] and as series of recipients of HLA-mismatched
grafts ([22] and reviewed in [23]), but its frequency
remains unknown. These areas of research need to be
explored further if tolerance is to be achievable on a lar-
ger scale. The search for biomarkers of tolerance has
become a field in itself. There are so far no biomarkers of
tolerance that have been sufficiently validated prospec-
tively in large cohorts because of the rarity of this phe-
nomenon. However, there are a number of phenotypic
and molecular markers that have been associated with tol-
erance and are now being tested through international
collaborations allowing for the study of larger cohorts.
This subject has been addressed elsewhere [24]. This
review will focus on biomarkers of immunosuppression
weaning.

Minimization of immunosuppression

Another means to reduce the complications of immuno-
suppression is to perform weaning towards achieving the
minimal effective level. Knowledge of genetic factors
affecting drug metabolism and effects, so-called pharma-
cogenetics, could, at least in theory, allow for individual-
ized dosing of immunosuppressive agents and help to
reach the target level at the outset of treatment or during
switch. Research in this field has demonstrated that both
pharmacokinetics as well as pharmacodynamics can be
influenced by the genetic disposition of the transplant
recipient (reviewed in [25]). For example, polymorphisms
in the CYP3A5 gene have been shown to influence tacrol-
imus disposition and drug-related nephrotoxicity [26,27].
In this respect, genetic testing could help to avoid early
toxic side-effects and optimize immunosuppression but
would not have a major impact on minimization per se.
A recent literature review on this subject [28] has shown
that most weaning protocols concern CNI and CS, pri-
marily because of the serious side effects inherent to their
use as mentioned above. It is of key importance in such
minimization trials to weigh up the benefits and risks
posed by such a procedure. As in tolerance protocols, it is
likely that HLA-matching will contribute to the potential
success or failure of weaning procedures. This is sup-
ported by the fact that patients who undergo elective
cyclosporin A (CsA)-weaning have a greater relative risk
of acute rejection for each HLA-DR mismatch [29].

Early minimization

To date, most studies have reported on CNI- or CS-
weaning early after transplantation (i.e. within the first
year), because of the increased likelihood of a maximal
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impact of CNI toxicity in the initial months following
transplantation and the fact that toxic lesions may be less
reversible at later stages. The risk of acute rejection and
graft failure following IS minimization was well addressed
in 2000 by Kasiske et al. [30] who reported on a meta-
analysis of IS withdrawal in kidney transplantation
including more than 1000 patients. According to their
study, prednisone withdrawal led to a significantly
increased rate of acute rejection and a significantly
increased relative risk of graft failure [30]. CNI with-
drawal seemed more advantageous in that it led to a sig-
nificantly increased rate of acute rejection but no
significant increase in relative risk of graft failure [30].
When compared within the same study, there was a trend
for less graft failure upon CNI withdrawal versus predni-
sone withdrawal [30]. This study did not, however,
report on any potential benefits in terms of reduction in
adverse side effects of immunosuppressors or gain in
renal function.

Since the latter study in 2000, several additional studies
have been published in this field. Matas et al. [31]
reported on a significant reduction in several CS-related
complications such as post-transplant diabetes mellitus
upon early CS withdrawal with a good five-year outcome
in terms of graft and patient survival and renal function
in a study of nearly 600 patients. Moreover, absence of
CS or early CS withdrawal showed a similar benefit in a
randomized study of type 1 diabetic recipients of a
simultaneous kidney/pancreas graft [8]. However, a com-
parison of CNI versus CS withdrawal at 6 months post-
transplant in approximately 200 patients showed that at
24-months follow-up, patients in the CNI-withdrawal
arm had a higher acute rejection rate and incidence of
chronic allograft nephropathy when compared with those
undergoing CS minimization or those continuing on tri-
ple therapy whereas CS withdrawal had a positive impact
on cardiovascular risk factors [32]. Moreover, in another
study on a similar number of patients, CNI weaning
from a triple regimen has more recently been shown to
result in an increase in rejection episodes and graft loss
and only a trend towards improved renal function, with
no significant improvement in lipid profile, blood pres-
sure or malignancy rate in the CNI-weaning group [33].
Thus, as recently emphasized [28], the literature provides
mixed results with long-term follow-up being indispens-
able. The field of IS minimization thus remains open to
much more intensive exploration with no general consen-
sus as yet.

Late minimization

Weaning during the first year post-transplant has obvi-
ous benefits, as described above. However, patients with
stable graft function several years post-transplant may
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also benefit from IS weaning to alleviate chronic nephro-
toxicity and reduce the risk of the other side effects dis-
cussed above. It is indeed possible that certain patients
displaying highly stable graft function several years post-
transplant under IS may have become operationally tol-
erant, making the weaning procedure less risky and more
logical. Evidence for this comes from studies of kidney
transplant recipients who spontaneously tolerate their
kidney grafts upon weaning of IS, years after transplanta-
tion [22]. The fact that these patients can enjoy stable
graft function for years after having progressively weaned
their IS of their own accord several years after transplan-
tation further supports the idea of late weaning [22].
Moreover, in the case of liver transplantation, elective
weaning is now feasible in some centers, with approxi-
mately 20% of patients selected for weaning successfully
achieving operational tolerance upon IS withdrawal [10].
The percentage of kidney transplant recipients that could
benefit from such an approach remains to be deter-
mined. The detection of operational tolerance may be
hampered by a masking effect of immunosuppression
and its induction may even be prevented by certain
immunosuppressors. Nevertheless, in a recent study
using micro-arrays, a signature of operational tolerance
was detected in 1/12 patients under standard immuno-
suppression and in 5/10 patients under low-dose steroid
monotherapy with stable long-term graft function, sug-
gesting that it may indeed be feasible to detect opera-
tional tolerance despite ongoing immunosuppression
[34]. However, chronic CNI treatment could also repre-
sent an intrinsic obstacle to safe minimization by pre-
venting from taking place the natural mechanism of
regulation in the recipient and engendering more severe
rejection after weaning. A more precise calculation of
this percentage would first require the clinical validation
of biomarkers that are able to detect a state of opera-
tional tolerance to evaluate the immunological risk long
term after transplantation. This would lead to the setting
up of immune monitoring procedures and strategies for
prospective, progressive weaning.

The need for immune monitoring

If there is indeed to be a consensus within the transplant
community in terms of IS minimization with minimum
risk and maximum benefit, methods for effective moni-
toring of the response of patients or for potentially pre-
dicting such a response to minimization will be essential.
Immune monitoring would be key to clinical decision-
making during IS minimization procedures (see Fig. 1).
Currently, there is a lack of reliable markers for the early
monitoring of the degree of immunosuppression. More-
over, given that the patients respond individually to

© 2008 The Authors
112 Journal compilation © 2008 European Society for Organ Transplantation 22 (2009) 110-119



Ashton-Chess et al.

Exclusion of

high-risk patients

Immune monitoring for immunosuppression minimization

Transplant population

Immune
Monitoring
test

Inclusion of
low-risk patients -
initiation of IS minimization

Immune
Monitoring
test
Patients developing ...
Early immune reactivity <"
(acuter ejection) Patients with good
. tolerance
Therapeutic to drug withdrawal
intervention
v Immune
Monitoring
Stabilization of test
renal function
Immune
Monitoring e _ _ .
test Patients with continuing Patients displaying
v late immune reactivity

Possible re-initiation of
drug withdrawal

tolerance
to drug withdrawal

Therapeutic
intervention

v

Stabilization of
renal function

Immune
Monitoring
test

v
Possible re-initiation of
drug withdrawal

Figure 1 Immune monitoring for decision-making during IS minimization procedures.

treatments, even though pharmacogenetic approaches
would make it possible to place every patient in the cor-
rect therapeutic window, empiric minimization may put
all patients at risk of rejection. Immune monitoring
would be necessary prior to the minimization procedure
and would increase its safety. Immune monitoring would
also be essential for identifying patients who increase
their risk of acute rejection once the minimization has
been initiated, or to detect acute rejection prior to clini-
cal symptoms so as to be able to perform pre-emptive
intervention to reduce/prevent damage to the graft. Like-
wise, there would be a need to identify patients whose
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grafts are developing other types of lesions of alloim-
mune and nonalloimmune causes such as interstitial
fibrosis and tubular atrophy or chronic antibody-medi-
ated rejection, respectively, without accompanying clini-
cal signs. Although protocol biopsies are likely to help in
this process, they cannot be performed serially in
patients who are considered ‘at risk’ over long time-peri-
ods. Thus, the identification of biomarkers is fundamen-
tal to achieving an effective means of immune
monitoring in the context of IS minimization. Let us
first look at the definitions of immune monitoring and
biomarkers.
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Table 1. Examples of tests/markers already established in clinical transplantation as well as those that are in the pipeline of clinical validation that

could be applicable to weaning procedures.

Test category Marker Utility

Reference

Protocol biopsy Histological lesions

Gold standard for analysing graft damage

Reviewed in [68]

Anti-donor response Anti-HLA antibodies Antibodies known to have a negative impact on graft outcome [35,36]
Pharmacogenomics CYP3A5 Influence of tacrolimus disposition and drug-related nephrotoxicity [26]
ELISA Soluble CD30 Indicator of graft outcome [46-48]
Quantitative PCR AlloMap Diagnoses acute rejection of heart transplants [60]

ELISA, enzyme-linked immunosorbent assay; HLA, human leucocyte antigen.

A definition of immune monitoring

Immune monitoring is a way of measuring functional
and molecular correlates of immune reactivity to provide
clinically useful information for therapeutic decision-mak-
ing. Monitoring requires the implementation of advanced
assays that are standardized on a technical level, enabling
large-scale, multi-centric application. In the transplant
setting, monitoring would be useful for measuring both
alloimmune (e.g. donor reactivity) and nonalloimmune
reactivity to the graft. Even though logically the with-
drawal of IS would lead to increased immune reactivity,
it would nevertheless be useful to distinguish this allo-
immune reactivity from other types of graft insults that
occur during the post-transplant course.

Biomarkers as tools for immune monitoring

A biological biomarker, as defined by the Biomarkers
Definitions Working Group, is ‘a characteristic that is
objectively measured and evaluated as an indicator of nor-
mal biological processes, pathogenic processes, or pharmaco-
logical responses to therapeutic intervention’ [22]. In order
to be useful, biomarkers need to be accurate, specific and
widely adoptable with a rapidity of data interpretation.
To fulfill these criteria, biomarkers need to be tested in
large patient cohorts, over adequate observation periods
and over a range of disease severities and types. Ideally,
they should be detectable in a noninvasive manner, for
example, in the blood or urine. In transplantation proba-
bly the most obvious but most basic biomarkers are
serum creatinine and proteinuria that are used to moni-
tor graft function. However, the latter are biomarkers of
clinical function and cannot provide specific information
concerning the state of the recipient’s immune system.
Indeed, histological biomarkers of graft biopsies according
to the Banff classification system [5] are currently the
gold standard for diagnosing the status of organ trans-
plants, indirectly reflecting immune reactivity towards the
organ transplant. Nevertheless, the invasive (and therefore
risky) and expensive nature of biopsies are major con-
straints to their repetitive use as would be required for

immune monitoring. Newer, more sophisticated and
potentially less invasive methods are therefore indispens-
able to immune monitoring. Examples of methods that
would be applicable in the context of IS minimization are
outlined below.

Methods for immune monitoring in transplanta-
tion with examples

The field of immune monitoring has seen an explosion in
recent years, with more and more sophisticated and high-
throughput techniques being developed. Outlined below
and in Table 1 are some conventional as well as more
innovative techniques used in the field of transplantation
and applicable to immune monitoring in the context of
IS minimization.

Conventional monitoring tests

The most conventional techniques routinely used in kid-
ney transplantation are the measurement of blood creati-
nine, creatinine clearance and proteinuria to evaluate
renal function. Although useful for detecting potential
episodes of rejection, besides giving a crude estimation of
renal function these measurements cannot accurately
detect risk of rejection or provide any sort of specific
indication of immune reactivity.

Biopsies, on the other hand, are the gold standard in
transplantation for diagnosis. Biopsies indirectly provide
evidence of immune reactivity and are therefore crucial
for immune monitoring. More recently, there has been a
further implementation of protocol biopsies by many cen-
ters. Such protocol biopsies have revealed that rejection
can occur in the absence of clinical features (subclinical
rejection; [4]) no doubt making them key to minimiza-
tion strategies in the immediate future. Nonetheless, there
are considerable efforts to find less invasive techniques to
obviate the need for repetitive biopsies.

The analysis of anti-HLA, including donor-specific anti-
bodies by enzyme-linked immunosorbent assay (ELISA)
and more recently by Luminex has also been introduced as
a systematic method of monitoring renal transplant
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recipients. Measuring anti-HLA is useful given that circu-
lating anti-donor antibodies or even those that are nondo-
nor-specific have been shown to have a negative impact on
graft outcome [35,36] and may therefore be used as an
exclusion criterion when patients are being selected for
weaning. They may also signal the need for re-introduction
of IS if they appear during or after the weaning procedure.
However, they are not highly accurate predictors of graft
failure given that they can persist for years before any
apparent deterioration of graft function [37], they appear
late following transplantation (up to several years) [38]
and they can also be present in patients displaying opera-
tional tolerance [22]. In future, the measurement of other
types of antibodies such as anti-major histocompatibility
complex class I-related molecule A (MICA) [39] and anti-
endothelial cell antibodies using the recently developed
XM-One endothelial cross-match test [40] may also be
introduced routinely and could contribute to identifying
at-risk patients involved in weaning.

Various cellular assays have also been used in the past,
such as the mixed leucocyte reaction, cytotoxic T lym-
phocyte (CTL) assay and the limiting dilution assay.
Although they can be informative in certain settings, as
was demonstrated for the CTL assay [41], they have gen-
erally proved time-consuming and have therefore not
reached routine use but have been overtaken my more
sophisticated or reliable tests.

Innovative monitoring tests

There are now a variety of novel in vitro tests that appear
promising and could prove useful for monitoring trans-
plant recipients undergoing weaning, this list seems end-
less and will not be discussed exhaustively here. A more
in-depth description of these methods can be found in
[42] and [43].

One of these is the transvivo delayed-type hypersensi-
tivity test, which is perhaps the only in vivo assay used to
gauge an immune response. This test measures T-cell
reactivity according to a swelling response induced fol-
lowing T-cell or peripheral blood mononuclear cell
co-injection with donor antigen into the footpads of
immunodeficient mice. The test has been frequently used
to assess the anti-donor response in human tolerant
transplant recipients [44,45]. However, the in vivo nature
of this test is a major drawback, precluding its routine
clinical use and making it less likely to be used for
immune monitoring during weaning procedures.

The use of standard laboratory assays such as the
ELISA has been implemented for the easy measurement
of potentially interesting candidates in the serum of trans-
plant patients. One specific example of this that holds
promise for the future is soluble CD30 (sCD30). This
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molecule has been shown to be an indicator of graft out-
come in a number of studies, when measured both pre-
and post-transplant [46-48]. As such, measuring sCD30
could be useful in the context of weaning to assess risk
prior to inclusion and throughout the follow up.

Another promising test, which was adapted from the
ELISA technique, is the enzyme-linked immunosorbent
spot assay. This assay quantifies the frequency of T cells
responding to a given antigen through the measurement
of a given cytokine. When used among renal transplant
recipients, this test was able to detect patients at risk of
rejection [49,50]. In a manner similar to the measurement
of sCD30 and anti-HLA, this test could also be useful to
monitor patients in the context of weaning, serving ini-
tially to exclude high-risk patients.

Another method of monitoring the T cells of transplant
recipients is the so-called TcLandscape, which gives a glo-
bal appraisal of the T-cell repertoire, with the potential of
revealing perturbations that may be specific to a particu-
lar immunological status [51,52]. Refinement of this tech-
nique has shown that it can distinguish the T-cell
repertoires in the peripheral blood of operationally toler-
ant patients from patients with chronic rejection on a sta-
tistical basis [53]. Efforts to screen a large cohort of
highly stable kidney transplant recipients as a means to
determine high or low-risk patients according to their
resemblance to tolerant or chronic rejection patients are
currently underway in our laboratory [54].

Immune monitoring could also benefit from the tech-
nical advances made over recent years in flow cytometry.
These days, numerous markers can be analysed simulta-
neously using multiple fluorochromes. Such polychro-
matic flow cytometry has become the standard in
preclinical research and is now moving rapidly towards
routine clinical application in the field of transplantation,
with the setting up of platforms specific for this purpose.
In the context of weaning, so far this technique has been
used primarily in IS weaning protocols involving liver
transplant recipients. There have been several reports on
particular peripheral blood cell phenotypes developing
upon weaning in liver transplant patients, indicating
whether a patient is tolerant or requires re-introduction
of IS. Examples include potentially regulatory T-cell sub-
sets such as CD4 + CD25 + T-cells and Vdeltal + T cells
[55]. Similar exhaustive phenotypic studies have also been
performed in kidney transplantation in the context of
operational tolerance [56], although not yet in the con-
text of weaning. Thus, blood phenotyping is likely to be a
key tool in the immune monitoring arsenal.

Besides these several small-scale techniques, several
medium-to-large-scale techniques also have been and con-
tinue to be developed. Among these, quantitative PCR has
taken its place as a reliable and reproducible test for the
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measurement of specific genes or gene sets. Like polychro-
matic flow cytometry, quantitative PCR is now well on the
road towards routine clinical use in the transplant setting.
In the context of kidney transplantation, measuring certain
molecules in the urine such as forkhead-winged helix
transcription factor P3 (FOXP3) or interferon-gamma-
inducible protein-10 (IP-10) has been shown to be useful
for predicting acute rejection episodes [57,58] whereas
measuring other molecules in peripheral blood such as the
recently identified Tribbles-1 has been shown to be useful
for diagnosing chronic antibody-mediated rejection [59].
The noninvasive nature of these types of analyses makes
them ideal for immune monitoring during weaning
procedures.

Along the same lines, other groups including our own
are working on the identification of gene sets in addition
to individual genes for diagnostic or prognostic purposes
in transplantation. These studies have focused on the use
of highly innovative micro-array technology to measure
thousands of genes simultaneously. Since their introduc-
tion in the 1990s, micro-arrays have become more and
more sophisticated and refined, so that today, several tens
of thousands of genes can be measured in a single quasi-
exhaustive gene transcription test. In most cases, the goal
is to titrate down from micro-arrays to quantitative PCR
for the measurement of a minimal gene set. To date, the
only test that has achieved Food and Drug Administra-
tion (FDA) approval is the AlloMap test based on the
expression of 11 genes in the peripheral blood for the
diagnosis of acute rejection of heart transplants [60]. In
kidney transplantation, the majority of studies have
focused on micro-array analysis of graft biopsies to detect
signatures of chronic allograft nephropathy [61,62]. Such
signatures are probably of limited use in weaning studies
given the obvious need for invasive biopsies. However,
there was one report focusing in peripheral blood where
the authors showed that micro-array analysis of periph-
eral blood mononuclear cells could be used to diagnose
acute kidney graft rejection [63]. If this test proves to be
able to predict acute rejection before the appearance of
clinical signs it could be of use during weaning protocols.
Our group recently reported on the use of this technology
for the identification of a ‘signature’ in the blood of
patients displaying operational tolerance [34,64]. There
are hopes that this signature may help to identify highly
stable patients under IS, years after transplantation who
may in fact be operationally tolerant and may thus benefit
from IS weaning. Thus, we are coming closer to having
blood tests for diagnosis and/or prognosis using gene sig-
natures, but clinical validation is still urgently needed in
kidney transplantation.

Proteomics is another innovative technology that is rela-
tively new in transplantation, and has not yet been
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exploited to the same extent as transcriptomics. This tech-
nique, which uses chromatography and mass spectrometry
to analyse protein fractions or fragments, has been applied
to urine samples to diagnose acute rejection [65,66]. More
recently, high throughput proteomics assays have been
developed for the simultaneous measurement of thousands
of proteins in a given sample. These assays hold great
potential for the identification of pertinent urine markers
that could subsequently be measured by more simple tech-
niques such as ELISA mentioned above in the context of
routine clinical monitoring during weaning.

Finally, a novel approach that our group is undertaking
is to perform statistical modelling of clinical data collected
at the time of transplant or at various increments thereafter
to calculate a ‘score’ to predict the risk of subsequent graft
failure (Y. Foucher ef al., unpublished data). This is a very
attractive approach as it does not require specific sampling,
making it relatively simple and cost-effective. Moreover, if
validated, this approach would be extremely useful as an
inclusion criterion in a weaning protocol as well as for
monitoring change in risk upon IS minimization.

From discovery to application - getting immune
monitoring into routine clinical use

As seen from the above, there is certainly no lack of tests
that are potentially useful for immune monitoring during
drug minimization protocols. What is lacking, however, is
the necessary clinical validation and approval from the
regulatory authorities. The current problem is that the
majority of studies tend to be relatively small and thereby
statistically lacking in power and monocentric. Large,
multi-centric and prospective studies in the near future
are crucial if these tests are to achieve the necessary
approval from the regulatory authorities and promptly
enter the clinic for routine use. Biocollections such as the
DIVAT database [67] as well as collaborations through
research networks will be fundamental. It is highly likely
that a battery of tests will be necessary during weaning
procedures such that patients are not put under unneces-
sary risk.

Conclusion

The field of transplantation is making a tentative move
from a phase of empiric IS towards pre-emptive individu-
alized therapy. This process is highly dependent on the
development of immune monitoring tests to detect an
individual level of ‘risk’. Being able to measure such ‘risk’
in transplant recipients is the key to the implementation
of across-the-board IS minimization. The goal of such
minimization is to achieve either a minimal effective
dose, or a state of operational tolerance. The task of
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translating immune monitoring assays to the clinical
arena for routine use is not a simple one but much
progress has already been made in this direction. There is
certainly reason for optimism that immune monitoring
will, in the near future, be part of the standard of care
for transplant recipients.
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