The Beginning of Clinical Tolerance

in Solid Organ Allografts

Anthony P Monaco

Development of effective multidrug immunosup-
pressive regimens and improvements in the
management of chronically immunosuppressed
patients have produced extraordinary patient and
allograft survival in clinical organ transplantation.
Unfortunately, significant problems of morbidity
and mortality related to chronic immunosuppres-
sion remain. Thus, there is an enormous motiva-
tion and interest in inducing specific unresponsive-
ness (tolerance) to clinical solid organ allografts.
Operational clinical tolerance may be defined as
stable, normal graft function in the total absence
of a requirement for maintenance immunosup-
pression. Alternatively, the concept of employing
tolerogenic strategies to permit graft acceptance
with dramatically reduced immunosuppression
requirements is referred to as prope’ or minimal
immunosuppression tolerance. There have been
isolated examples of clinical tolerance, usually in
the context of spontaneous or induced donor
chimerism, excellent HLA matching, and/or drug
weaning or patient noncompliance.

The various attempts that are currently being
employed to induce some type of clinical tolerance
are reviewed in this manuscript. Strategies in
which all immunosuppression was to be with-
drawn from the recipient (donor-specific unre-
sponsiveness) are first discussed. These include
strategies that utilize initial immunoablation with
varying doses of irradiation and/or lymphocytic
antibodies with or without donor-specific bone
marrow infusion and short-term standard
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immunosuppressive therapy. Strategies to induce
prope’ or minimal immunosuppression tolerance
that utilize induction lymphoablation with poly-
clonal or monoclonal antilymphocyte antibodies,
with or without donor bone marrow infusion,
followed by limited low-dose immunosuppressive
therapy are also discussed.

The ethical considerations in testing clinical
tolerance strategies and protocols are discussed in
detail. The limited number of clinical tolerance
studies already available affirms that carefully
supervised weaning of immunosuppressive drugs
in controlled tolerance trials is not unreasonable,
especially when monitored by protocol allograft
biopsies. Initial results suggest that aggressively
treated low-grade steroid-responsive rejection
reactions in the absence of immune-mediated
tissue destruction does not necessarily require
resumption of high-dose immunosuppression.
Finally, the role of donor bone marrow infusions in
facilitating tolerance/hyporesponsiveness induc-
tion needs to be studied and expanded.

Keywords: Tolerance, Immunosuppression, Nonrespon-
siveness, and Hyporesponsiveness

Progress in the development of effective multidrug
immunosuppressive regimens and in the manage-
ment of chronically immunosuppressed recipients
has produced dramatic improvement in patient and
graft survival after kidney and other organ allo-
grafts. One-year patient and graft survival after
renal allografting are now regularly in excess of 90%
[1]. Unfortunately, significant problems of
morbidity and mortality related to chronic
immunosuppression remain. Failure to control
rejection (acute and chronic rejection), associated
drug toxicity and side effects (diabetes,
osteonecrosis, cataracts etc.), susceptibility to
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opportunistic infection, and significant occurrence
of spontaneous neoplasms [2] continue to plague
patients. In addition, reliance on our most effective
drugs, calcineurin-inhibitors, is associated with
direct nephrotoxicity and hypertension leading to
chronic allograft dysfunction and late loss requiring
need for repeat transplantation. Also, the excessive
cost and need for daily polypharmacy can
contribute to patient noncompliance and eventual
graft loss. Thus, there is an enormous motivation
and interest in inducing specific unresponsiveness
to clinical solid organ allografts.

Definition(s) of Clinical Tolerance
Donor Specific Unresponsiveness (Tolerance):
Specific unresponsiveness (tolerance) is easily
defined in experimental transplantation. Experi-
mentally, tolerance is the specific survival of an
organ allograft in a recipient in the absence of a
requirement for continuing nonspecific immuno-
suppression, while the capacity to reject third-party
allografts and to accept a second donor-specific allo-
graft is maintained. Implicit in this definition is the
fact that the tolerated graft maintains normal histo-
logic characteristics and function. Medawar and
colleagues [3] induced actively acquired tolerance
to skin allografts by the injection of replicating
lymphoid cells into the naturally immunosup-
pressed neonatal mouse. Tolerance to donor strain
skin grafts was associated with persistent donor
strain lymphoid cell chimerism; tolerance was
thought to be due to an absence of immune activity
(central deletion) and was maintained by the
persistence of lymphoid cell chimerism. Later
detailed studies by Streilein and colleagues [4]
demonstrated in adult animals rendered tolerant by
neonatal lymphoid cell injection that recipient anti-
donor activity could be present by various in vitro
assays and skin allografts were still tolerated. Other
studies, usually in rodent species have demon-
strated that in mice rendered tolerant as adults,
several different tolerance-facilitating mechanisms
could operate, frequently sequentially during the
tolerant state; these mechanisms include besides
chimerism, deletion, anergy, clonal reduction,
cytokine pattern (TH1-TH2 paradigm) alterations,
and the presence of immunoregulatory (suppressor)
cells [5].

If the above experimental definition is applied
clinically, it would require that a tolerant recipient
be off all immunosuppressive drugs with normal

graft function and histology while maintaining
essentially all other immune responses. However,
recent studies in patients subjected to various toler-
ance strategies suggest that clinically tolerant
patients may show antidonor immune activity in
vitro [6]. Also cellular infiltration of normally func-
tioning allografts with cells of a immunoregulatory
phenotype [7] may be protolerogenic. Currently, the
definition of tolerance requiring normal graft func-
tion and histology off all immunosuppression is an
incomplete one and presents a difficult clinical
conundrum. All established transplant groups have
had the experience with one or more transplanted
patients who have taken themselves off immuno-
suppression and who have maintained normal graft
function for several to many years before graft func-
tion deteriorated from chronic rejection. If an excel-
lent transplant recipient is slowly tapered off all
immunosuppression (or if a noncompliant patient
takes himself or herself off immunosuppression)
but still maintains normal function and histology
for several years before beginning rejection, was the
patient tolerant during this drug-free period? Thus,
added to the definition of tolerance must somehow
be the parameter of time, i.e. if “tolerance” is estab-
lished, there is no guarantee it will be permanent
(see below). Indeed, the decision to pronounce a
patient off immunosuppressive drugs “tolerant”
must be considered a qualified diagnosis closely
monitored over time.

Donor-Specific Hyporesponsiveness (Prope’ Toler-
ance, Minimal Immunosuppression-MIST-Toler-
ance): It is well established in experimental trans-
plantation systems involving multiple histocompat-
ibility antigens that induction of unresponsiveness
to some of the antigens produces prolonged or
attenuated survival without immunosuppression or
indefinite survival with reduced immunosuppres-
sion, i.e. a partial tolerance. It is likely that any
protocol that attempts to induce clinical tolerance
may be only partially effective, so that allograft
responses between recipient and donor may be only
partially abrogated, leading to modified
(prolonged) but not indefinite survival. In such
circumstances, one or more tolerance mechanisms
(partial clonal deletion or reduction, suppressor
cells, cytokine alteration) may be transiently opera-
tive [8]. This might be demonstrated clinically by
better survival and function for the same dose of
immunosuppression in the putatively tolerized
recipients. Obviously, such improvements in
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survival with less immunosuppression would be
(intuitively) accomplished with better preservation
of immune responses to bacterial, viral, and other
antigens, which, in turn, would be reflected by
reduced morbidity and mortality. The concept of
employing tolerogenic strategies to permit graft
acceptance with dramatically reduced immunosup-
pression was first formally introduced by Calne et
al [9] who coined the application prope’ (Latin
almost) tolerance. Monaco [8] has referred to it as
minimal immunosuppression (MIST) tolerance; he
noted that in tolerance associated with immunoreg-
ulatory cell mechanisms, a minimum dose of
chronic immunosuppression is frequently required
to achieve and maintain clonal reduction for
maximum suppressor cell effect.

Historical Examples of Clinical Tolerance to Solid
Organ Allografts

Although effective chronic maintenance immuno-
suppression has been an almost absolute require-
ment for persistent, long-term solid organ allograft
survival, there have been isolated examples of clin-
ical tolerancel usually in the context of sponta-
neous or induced donor chimerism, excellent HLA
matching, and/or drug weaning or patient
noncompliance.

It is now recognized that patients who are
haematopoietic chimeras after myeloablative
therapy and bone marrow transplantation for treat-
ment of haematopoietic malignancy will accept
renal transplants and other tissue transplants from
their specific bone marrow donor without require-
ment for immunosuppressive therapy [10]. Unfor-
tunately, the infectious and graft-versus-host
disease (GVHD) morbidity and mortality associated
with stringent myeloablative therapy required for
bone marrow transplantation has up to now
recently precluded routine application of this
approach for induction of tolerance in recipients of
solid organ allografts (see below).

Essentially, every established transplant
program has experience with one or two patients
with long-term, excellent functioning organ allo-
grafts off all immunosuppression. These patients
usually (but not always) occur in HLA identical
matches and, for the most part, have been weaned
from initial maintenance immunosuppression,
frequently by noncompliant patients. The incidence
of this phenomenon is not known; a long-term
registry of such patients would be desirable. The

natural outcome of the dogma for required mainte-
nance immunosuppression is that when such a
drug-free patient is encountered, they are invariably
restarted on immunosuppression. This might not be
necessary. There have been few formal analyses of
such patients, but two recent papers are relevant.
Knechtle and Burlingham [7] studied two inter-
esting cases of human renal allograft tolerance. The
first case involved an HLA identical kidney recip-
ient transplanted in 1967 who had become noncom-
pliant [11] and has been off all immunosuppression
for 30 years with a current normal creatinine (1.2
mg). They used their unique trans-vivo DTH assay
[12] to show that there were present in the recipient
peripheral blood CD8* CTL effector cells held in
check by CD8* regulatory cells specific for the same
antigen but with lower apparent affinity. They also
suggested that suppression by CD8" T regulatory
cells was mediated by TGF-f and IL-10. A second
case involved a recipient of a maternal haploiden-
tical renal allograft who discontinued immunosup-
pression after 2 years and was followed for more
than 9 years. The recipient peripheral blood
mononuclear cells and skin were microchimeric;
one in 10,000 PBMC were of maternal origin; when
these donor cells were isolated and added back to a
secondary MLR culture, a specific suppression of
the CTL response to the donor, but not to a third
party, was identified. Nevertheless, after 6 years of
perfect function, acute and chronic rejection ensued
and the graft was lost and dialysis necessitated.
These authors maintain that tolerance is a
metastable state that develops over time in a donor-
specific manner and is mediated in part by donor-
specific regulatory T cells. The role of regulatory T
cells in experimental and clinical tolerance has
recently been the subject of extensive attention [13].

Starzl and colleagues [14] noted that long-term
hepatic and renal allograft recipients requiring
minimal or no maintenance immunosuppressive
therapy frequently have persistent donor cells in
peripheral tissue, i.e. were microchimeras. Recently,
Starzl et al [15] concluded that long-term, drug-free
allograft survivors occurred more frequently after
immunosuppressive protocols that did not empha-
size heavy, multidrug posttransplant immunosup-
pression. Thus, they noted that 9 of 46 (19.6%) of
live-related renal allografts performed in 1962-63
had continuous graft function for most of the
succeeding 40 years; 7 of 9 of these patients are
currently immunosuppressive drug- free for 3 to 38
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years. Although all were related donors, only 2
were HLA-identical. These authors attributed this
clustering of clinically tolerant patients to use of the
prevailing drug protocols which minimized post-
transplant immunosuppression until rejection
occurred. A similar group of drug-free tolerant liver
allograft recipients was generated in the early 1970s
when immunosuppression consisted of azathio-
prine (or cyclophosphamide) combined with a short
course of prednisone [16]. Twelve of 42 patients in
this group had been off immunosuppression for 1 to
17 years and many of the remaining 30 have since
been weaned from drugs under supervision [17].
With the introduction of calcineurin-inhibitor drugs
in multidrug immunosuppressive protocols, the
high mortality and rejection rates associated with
liver transplantation declined, but the frequency of
drug-free recipients did not increase. With adoption
of multidrug, high-dose prophylactic immunosup-
pression, complete drug withdrawal has become
rare. Only when liver recipients received
cyclosporine or tacrolimus monotherapy with high-
dose prednisone reserved for rejection, has
complete drug withdrawal become more achiev-
able. A theoretical basis for this observation has
been proposed by Starzl and Zinkernagel [18].

Attempts to Induce Clinical Tolerance to Solid
Organ Allografts

In this section, the various attempts to induce some
type of clinical tolerance to solid organ allografts are
reviewed. Strategies in which all immunosuppres-
sion was to be withdrawn from the recipient
(donor-specific unresponsiveness) are discussed
initially; minimal immunosuppression strategies
(Prope” or MIST tolerance strategies) are also
reviewed.

Donor-Specific Unresponsiveness: Based on a long
series of studies in rodents and canines [19,20] using
pretransplantation lymphoablation employing total
lymphoid irradiation to induce tolerance, Strober
and colleagues [21] reported 28 cadaver kidney
recipients given TLI (2000 cGy) pretransplant
followed by 6 injections of antithymocyte globulin
(ATG) posttransplant; maintenance immunosup-
pression was prednisone 10 mg/day. No donor-
specific lymphoid/hematopoietic cell infusions
were performed. Eleven of 28 patients had no rejec-
tions during the first year, and 9 of 11 showed
donor-specific unresponsiveness in MLR [22].
Subsequently Strober et al [23] reported 3 patients

(two from this series and one from South Africa)
who had been completely withdrawn from
immunosuppressive drugs; all 3 were tolerant in
that they had normal function without drugs and
exhibited specific unresponsiveness to donor cells
in MLR and CML in vitro assays. One of these
patients had normal graft function off drugs with
no evidence for microchimerism 12 years later [24].
Because pretransplant conditioning with TLI was
difficult to apply in relation to predictability of
cadaver organ availability, the Stanford group
developed a posttransplant conditioning regimen
using TLI [25] and antithymocyte globulin and infu-
sion of donor bone marrow derived cells. Milan et al
[26] subsequently applied this protocol to 4 recipi-
ents of living donor renal allografts. Patients
received kidney transplants and posttransplant
conditioning with TLI of 80 c¢Gy in 10 doses (total
800 cGy) from day 0 to day 10 and ATG (6 doses of
1.5 mg/kg from day 0 to day 14); subsequently
patients were infused with cytokine-mobilized
donor-specific bone marrow-derived cells on day 11
as a purified inoculum of 1x105 CD3* cells/kg and 3
to 5x106 CD34+ cells/kg. Prednisone and
cyclosporine were added as maintenance immuno-
suppression. Steroids were to be withdrawn in 6 to
9 months and cyclosporine at 12 months if all of the
following criteria were met: macrochimerism was
demonstrable during the first 3 months post trans-
plantation, no clinical or protocol biopsy evidence
of rejection occurred, and donor specific unrespon-
siveness in MLR assay was achieved. Three of 4
patients were chimeric but only 2 of 4 patients
fulfilled all criteria and were taken off drugs. Both
of these patients after being drug-free for nearly a
year had a slight rejection episode at 17 months
posttransplant and were restarted on low-dose
immunosuppression with excellent function. These
studies show that rejection crises after tolerance
strategies can occur after a drug-free period; they
also demonstrate that such rejections can be easily
managed and that negative in vitro assays do not
necessarily reflect a true state of clinical tolerance
[27].

Cosimi and Sachs and the MGH group have
studied the use of the so-called mixed chimerism
model of tolerance in rodents [28], miniature swine
[29], and nonhuman primates [30]. In the latter
species, they utilized a tolerance protocol involving
pretransplant and peritransplant low-dose total
body irradiation, thymic irradiation, and antithy-
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mocyte globulin treatment combined with donor-
specific bone marrow infusion at time of kidney
transplant and splenectomy. Cyclosporine was
administered for 1 month posttransplant and then
terminated. Recipients of this regimen generally
developed transient multilineage chimerism for the
first several weeks and 70% survived long-term.
There was a remarkable lack of toxicity and GVHD
was not observed. This protocol was subsequently
adapted for combined HLA-matched bone marrow
and kidney transplantation in patients with
multiple myeloma and renal failure [6]. The
protocol was modified so that TBI was replaced by
cyclophosphamide (60 mg/kg IV x 2 pretransplant)
and splenectomy was not done; cyclosporine was
discontinued after 2 or 3 months. Five patients have
been studied since 1998. With the exception of one
patient requiring low-dose cyclosporine for mild
GVHD, immunosuppressive drugs have been with-
drawn for all patients; there has been no evidence of
chronic rejection, with the longest patient surviving
over 5 years. Of interest was the finding that in
these patients peripheral chimerism was transient,
usually becoming undetectable after approximately
3 months. Also, in vitro assays showed some recip-
ient anti-donor reactivity. Encouraged by these
results, the authors extended this tolerance strategy
to patients with renal failure without malignancy
and without an HLA- matched donor [31]. In this
trial, ATG (ATGam) was replaced with an experi-
mental humanized anti-CD2 monoclonal antibody
because of its protective effect against GVHD. Thus
far, 3 patients have been entered into this trial with
encouraging results. The first patient was a recip-
ient of a second renal allograft, having lost the first
transplant because of necessity to withdraw chronic
immunosuppression due to multiple skin
neoplasms. This patient has been off immunosup-
pression for 16 months without evidence of rejec-
tion, suggesting tolerance has been established. The
second patient sustained a mild humoral rejection
and has required continuation of low-dose
tacrolimus and prednisone. A third patient
sustained humoral rejection early after transplanta-
tion and currently has compromised graft function
on maintenance immunosuppression. The authors
concluded that allograft tolerance via mixed
chimerism appears achievable in recipients of HLA
mismatched kidneys but may require intensified
suppression of humoral responses.

Donor-Specific Hyporesponsiveness (Prope’ or
Minimal Immunosuppression (MIST) Tolerance)
In this section, the various formal clinical attempts
involving application of a “tolerance” fostering
protocol aimed to deliberately reduce maintenance
immunosuppression are considered. This concept
was first clearly and formally championed by Calne
[9]. He noted that there may be different mecha-
nisms by which tolerance is achieved, but from the
patient’s viewpoint operational tolerance is the goal
whereby, after a brief induction procedure, the
patient will maintain good allograft function indef-
initely without maintenance immunosuppression.
Such a goal may be hard to achieve with a tolerance-
inducing strategy because of variation between
donors and recipients relative to tissue matching,
innate immune activity, response to tolerogenic
drugs, and susceptibility to disturbances to the
tolerant state by infections or allergic reactions.
Therefore, he makes the case that it may be in the
patient’s best interest to maintain graft acceptance
by a low, nontoxic dosage of maintenance immuno-
suppression that may or may not be required indef-
initely, i.e. prope’ tolerance. Monaco has suggested
that in certain forms of tolerance based on
immunoregulatory cells, reduction of target clone
size by minimal immunosuppression enhances the
efficacy of suppressor cells; thus minimal immuno-
suppression tolerance (MIST) may be a true variant
of the tolerant state [8]. Calne [32,33] has reported
on 31 patients treated with a powerful lymphocyte
depleting monoclonal antibody Campath IH (alem-
tuzumab) followed by low-dose maintenance
cyclosporine monotherapy to produce trough levels
of 75 to 125 mg/mL. Twenty-nine of 31 patients
have sustained function in their grafts for over 5
years posttransplant. Only 3 patients are receiving
prednisone (10 mg/day) and azathioprine (100
mg/ day) after rejection episodes. A theoretical basis
for possible induction of donor-specific unrespon-
siveness (hyporesponsiveness) by this strategy has
been described [9]. If regularly reproducible in large
numbers of patients, this strategy would offer
significant advantages. It is simple and relatively
inexpensive, steroid free, and as a monotherapy,
less susceptible to patient noncompliance.

Kirk et al [34] performed a study to determine if
profound lymphocyte depletion with Campath IH
(alemtuzumab) would induce tolerance in human
renal allografts; the study also permitted evaluation
of the immune response in the setting of profound
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T-cell depletion. Seven unsensitized living donor
kidney recipients were treated perioperatively with
alemtuzumab (0.3 mg/kg for 3 or 4 doses). Solume-
drol to control cytokine release syndrome was given
with the first 3 doses. Thereafter, no immunosup-
pression was given. Profound lymphocyte deple-
tion was achieved in both the blood (periphery) and
secondary lymphoid tissues. All patients developed
reversible rejection episodes within the first month
that were characterized by predominantly mono-
cyte (not lymphocyte) infiltrates with only rare T-
cells in the blood or allograft. These episodes were
responsive to steroids or Rapamyecin (sirolimus) or
both. After such therapy, patients remained rejec-
tion free on reduced immunosuppression, usually
sirolimus monotherapy, despite recovery of
lymphocytes to normal levels. They concluded that
profound T-cell depletion does not induce tolerance
in humans. Also they noted a predominant role for
responding monocytes in human allograft rejection
in the setting of lymphocyte depletion.

Knechtle et al [35] modified this approach for a
pilot study by combining a similar dose of
Compath-IH (alemtuzumab) induction followed by
low-dose Rapamycin. They found that only 30% of
patients experienced acute rejection, usually within
the first 1 to 3 weeks. They responded for the most
part to steroids and other immunosuppressive
treatment. Approximately one half of these rejec-
tions were aggressive humoral responses. Approxi-
mately 60% of the study patients have been main-
tained on sirolimus monotherapy for up to 3 years
in some cases. Interestingly, only 1 of 13 patients
over 45 years of age developed rejection, in contrast
to 7 of 16 patients younger than 45 years. These
encouraging results suggest that some of these
patients could be tolerant, but no formal attempt at
immunosuppressive withdrawal was performed. In
vitro analysis suggested that 70% of the patients
displayed some level of CD4 and/or CD8 T-cell
hyporesponsiveness to donor antigens by MLR in
vitro assay and cytokine production.

Miller and colleagues [36,37] have reported 6-
year follow-up results in kidney transplant recipi-
ents infused with donor-specific bone marrow after
transient antilymphocyte antibody lymphoablation
with subsequent standard cyclosporine or
tacrolimus-based triple immunosuppression. They
noted that at 3 years and later, significantly
decreased chronic rejection and higher graft survival
in the BM-infused recipients versus noninfused

controls. They noted persistent chimerism in the
bone marrow of infused recipients; notably the
chimeric cells increased in iliac crest bone marrow
but not in the peripheral blood. The Miami group
has also shown that in certain bone marrow recipi-
ents with residual antidonor MLR responses 1 to 2
years posttransplant, purified posttransplantation
iliac crest chimeric cells of either donor or recipient
phenotype inhibited recipient immune responses in
MLR to the donor more strongly than freshly
obtained (nonchimeric) cells from the same donor in
the same reactions. This indicated an ongoing
increased regulatory role for chimeric cells of both
the donor and recipient origin with a degree of
donor specificity in BM-infused recipients [38].
Interestingly, Maki and colleagues [39] observed the
same phenomenon in mice with tolerant skin grafts
after antilymphocyte serum treatment and donor
BM-infusion. Unfortunately, the BM-infused
patients of the Miami group have not been subjected
to formal, controlled studies of immunosuppressive
drug withdrawal.

Starzl and colleagues [40] have utilized the
protocol of peritransplant lymphocyte depletion
with high- dose thymoglobulin (SangStat) followed
by reduced tacrolimus monotherapy to achieve
recipient lymphocyte depletion and reduce the anti-
graft response to a readily deletable range. This
high-dose antibody- induction therapy is combined
with reduced posttransplant maintenance immuno-
suppression (tacrolimus) so that antigen-specific
immune activation can occur in a graded or limited
manner to facilitate exhaustion-deletion of reactive
host cells [15]. These authors applied these concepts
to 82 patients with kidney and other organ trans-
plants. Patients received preoperative thymoglob-
ulin (5 mg/kg, single infusion) followed by
tacrolimus monotherapy twice daily. After 4 months,
tacrolimus monotherapy was weaned to varying
levels from once daily to once per week. Immuno-
suppression morbidity was virtually eliminated.
Patient survival was 95%, and graft survival was
88% at 13 to 18 months with 43 of 72 patients on
spaced monotherapy. There was a high incidence of
biopsy-proven rejections in weaned kidney patients
that responded relatively easily to steroid boluses
and/or adjusted tacrolimus dosages. The high inci-
dence of steroid-responsive rejections was reminis-
cent of the frequent, low-grade, easily reversible
rejections observed in successful recipients of donor-
specific blood transfusions [41]. Patients who
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responded to rejection could resume weaning. This
important and unique study showed that excellent
short-term patient and graft survival could be
obtained with relatively modest tacrolimus
monotherapy after lymphocyte-depletive induction
therapy. The high incidence of rejection reactions
(called immune activations by the authors) may
presage late organ injury or loss. Only time will tell.
It is incumbent on the authors to provide long-term
follow-up on these important patients.

Ethical Considerations in Clinical Tolerance

Kirk [42] has provided a thought-provoking analysis
of the ethical considerations in the performance of
clinical tolerance trials; everyone involved in clinical
organ transplantation should review this work. He
examined the internationally accepted guidelines for
human experimentation as they relate to organ
transplantation trials. These guidelines are based on
the single premise: “First, do no harm.” Investiga-
tors in clinical transplantation must therefore
demonstrate safety over efficacy, since the results of
current transplantation practice are very satisfactory
alternative treatments for specific organ failure.
Clinical tolerance is a laudable and valuable goal
that is an appropriate subject for research, but it is
not an end in itself; as immunosuppressive drugs
become less toxic, more effective, and more devoid
of late, long-term complications, the need and
appropriateness of specific tolerance trials must be
regularly reevaluated.

Feasibility or pilot studies involving small
numbers of patients addressed to answering a
specific question without contemporaneous controls
are reasonable and appropriate in so far as they
provide a basis for subsequent investigation that
should address the concept of benefit with appro-
priate comparative groups involving adequate
numbers, controlled variables, and careful patient
monitoring. Furthermore, failure in a tolerance trial
should not acutely equate with mortality. No clinical
tolerance trials should proceed without Institutional
Review Board (IRB) approval. Transplantation trials
require considerable resources for rigorous follow-
up. Investigators should be obligated for long-term
(minimal 5 years) follow-upO a relative rarity in
transplantation studies. Since rejection in tolerance
studies can occur late after immunosuppression
withdrawal, comprehensive follow-up with regular
protocol biopsies are essentially an absolute require-
ment. It is generally accepted that investigator-

designed tolerance trials should be based on preclin-
ical studies involving evidence obtained progres-
sively in rodents and large animal models. Never-
theless, drugs or therapies used in humans for
nontransplantation circumstances could appropri-
ately be incorporated in transplantation tolerance
protocols without additional testing in large
animals. Finally, a strong case is made for the
concept that addition of any known effective
immunosuppressive drug to a standard regimen
should be accompanied by a suitable reduction in
another effective drug.

Kirk also makes the very strong point that there
are a multiplicity of effective immunosuppressive
drug protocols and regimens in widespread use.
Thus, the standard of care is the result, not a partic-
ular drug regimen. Therefore, pilot tolerance trials
should be compared with contemporaneously
reported results for comparable patients in the
UNOS database. In comparative studies, the control
group must still reach a level comparable to the
national standard. In assessing safety, the protocol
must be compared with the best available therapy,
yet when determining the merit of the trial, the
distance between the results of the accepted therapy
and the health of a normal individual must be
considered. In terms of value, a tolerance regimen of
moderate risk that can be applied to only a small
number of patients, if successful, has less potential
value than a therapy that can be applied to all,
despite similar risks.

Conclusions

The studies to induce tolerance presented above
already have generated important information that
suggests the basis for further investigations.

1. The fact that isolated examples of spontaneous
tolerance generated by drug noncompliance or
toxicity-necessitated drug withdrawal exist may
provide an important research resource. A toler-
ance registry of such patients should be estab-
lished, perhaps under the aegis of UNOS or some
other national transplant organization. A registry
of such patients would provide opportunity to
determine the phenotype of tolerance patients.
Theoretically, blood, urine, and other tissue
samples could be made available for suitable
analysis and testing.

2. Successful organ transplantation is currently
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based on almost dogmatic use of maintenance
immunosuppression. A persistent incidence of
opportunistic infection and spontaneous
neoplasms suggests intuitively that most
patients[] especially those given some type of
anti-T-cell induction antibodyl are probably
significantly over immunosuppressed utilizing
currently accepted protocols for maintenance
multidrug ~ immunosuppression.  Attempts
involving drug minimalization or withdrawal
have shown varying degrees of success, and they
have done little harm over the short-term; unfor-
tunately, they have been frequently poorly
controlled and long-term follow-up has been
lacking. We need to establish whether currently
used maintenance programs in individual
patients may be safely reduced over time to
levels consistent with the concepts of prope’ or
MIST tolerance.

. The above tolerance studies affirm that cautious,
carefully supervised weaning of immunosup-
pressive drugs in controlled trials is not unrea-
sonable, especially when monitored by protocol
biopsies. They have shown that aggressively
treated low-grade steroid-responsive rejection
reactions in the absence of immune-mediated
tissue destruction does not necessarily require
resumption of high-dose immunosuppression[] a
clear conceptual change from previously held
dogma. These observations alone should permit
elaboration of controlled tolerance drug minimal-
ization/complete withdrawal studies without
excessive fear that significant, irreversible harm
would be done to rejecting recipients. At the
same time, these studies have shown that in drug
minimized or completely withdrawn individ-
uals, although T-cell-mediated rejection may not
occur, antibody or other non-T-cell-mediated
rejection reactions can occur. Strategies to avoid
this problem of non-T-cell-mediated rejection
must be elaborated.

. Thus far, all clinical drug minimalization/toler-
ance strategies utilize some type of recipient tran-
sient lymphoablation/ depletion; it is likely that a
number of such techniques will be effective to
varying degrees. Subsequent clinical immuno-
suppression is maintained for a finite target time
and then abruptly withdrawn. Alternatively, it
may be slowly weaned to low levels but not
completely withdrawn. Currently, monitoring of
recipient immune status is essentially limited to
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protocol graft biopsies. Development of molec-
ular diagnostic assays for rejection/ tolerance will
greatly simplify and facilitate monitoring efforts.

. The role of donor bone marrow infusions in facil-

itating tolerance/hyporesponsiveness induction
needs to be studied and expanded. Donor bone
marrow infusions have induced specifically
augmented survival/tolerance to every tissue or
graft tested in every species studied since the first
demonstration of bone-marrow-induced toler-
ance in antilymphocyte serum-treated mice [43].
The salutary effect of bone marrow in two studies
[31,37] confirms this principle in man. More clin-
ical studies are needed to validate the general use
of donor bone marrow as a biological reagent to
facilitate tolerance.

. The guidelines for appropriate clinical tolerance

research have been nicely elaborated [42].
Although much is to be gained by studies in
experimental animals, a strong case is now made
that thoughtful tolerance strategies can be
studied in man in most transplantation
programs. The clinical transplant community
should be inspired to pursue such efforts.
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