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KEYWORDS Summary Composite tissue transplantation (CTA) refers to the transplantation of an allo-
Composite tissue graft consisting of heterogeneous cadaveric tissues. It provides a means of restoring struc-
transplantation; tural, functional and aesthetic form in severely injured patients. Recent progress in facial
Face transplantation; transplantation has highlighted the immense strides made in this field of reconstructive sur-
Immunosuppression; gery. However the potential for improvements in quality of life must be offset by the need
Tolerance for life-long immunosuppression in adults with nonlife-threatening injuries.

The benefits and difficulties of immunosuppressive drugs have been established in solid
organ transplantation. Regimens derived from renal transplantation have been successfully
applied to CTA. However the published incidence of complications seen in organ transplant
recipients may not be easily extrapolated to potential CTA candidates and may be over-
stated. Accepted views that high dose immunosuppression would be needed to overcome
highly antigenic tissues such as skin have not been borne out by clinical experience. It is
therefore important to assess the current state of affairs, attempt to quantify the perceived
risks and explore novel research methods being investigated. In doing so one can make
a well-informed judgment of the potential benefit of this surgical modality as an integral
part of the reconstructive ladder.
© 2007 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.

The world’s first partial facial transplant highlighted the
significant strides made in the field of composite tissue
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restoring structural, functional and aesthetic form in pa-
tients with severe injuries and thereby improve their quality
of life.

To date successful transplantation of partial face, hands,
abdominal wall, larynx, tongue, knees, flexor tendon appa-
ratus and nerves has been achieved with encouraging out-
comes and in some cases results beyond expectations.*®

However, the potential for improvements in quality of
life must be offset by the need for life-long immunosup-
pression in adults with nonlife-threatening injuries. Prog-
ress in this field has facilitated the transition of CTA from
research models to clinical reality,®” yet controversy still
exists over the risk-benefit balance of this surgical
modality.®*®

Doubts are understandable if one accepts the traditional
view that higher doses and complication rates must be
required to overcome one of the most immunogenic organs
in the body, namely skin.”” If CTA techniques are to be
widely accepted it is essential that opinion is based on
sound clinical evidence. It is therefore crucial to assess cur-
rent immunosuppressive options, quantify their perceived
risks and explore novel research methods attempting to
shift the balance in favour of CTA.

Current immunosuppression practices and
their risks

In the clinical transplant setting immunosuppression in-
volves the use of a preliminary combination of potent
induction regimens followed by lower dose maintenance
regimens. This may be interspersed later by short courses
of intensive therapy to overcome any episodes of acute
rejection."’

During induction a combination of agents is used,
including calcineurin inhibitors, e.g. cyclosporine (CsA) or
tacrolimus (TRL) and anti-proliferative agents, e.g. myco-
phenolate mofetil (MMF). These are supplemented with
corticosteroids, e.g. prednisolone and antibody immuno-
suppression, including polyclonal anti-thymocyte globulins
(ATG), anti-interleukin-2 (IL-2) receptor antibodies such as
daclizumad and basiliximab and anti-CD3 monoclonal
antibodies such as OKT3. Maintenance therapy involves
exploiting synergistic effects of drugs to reduce dosages
and minimise individual side effects. To date TRL, MMF and
prednisolone have been favoured in CTA, with the pro-
tocols extrapolated from solid organ renal transplantation
regimens.*

Renal transplantation success has demonstrated the
effectiveness of these agents, but the experience has also
highlighted their unique complications. These can include
infection, organ toxicity and malignancy.'?

Eighty per cent of solid organ transplant recipients
develop some form of infection and 40% of post-transplant
deaths are due to infective causes.'* Of all infections, 55%
are bacterial, 30% viral and 15% fungal. In addition, up to
10% of transplant patients develop a chronic viral infection
(hepatitis B or C), which can lead to liver failure or hepato-
cellular carcinoma.'

Tacrolimus is neuro- and nephrotoxic and can also
induce diabetes. Though the incidence of the complications
varies, nephrotoxicity of some form has been reported in up

to 70% of patients in the literature.'> Mycophenolate mofe-
til (MMF) causes gastrointestinal upset in up to 35—60% of
patients and leucopenia in 20—40%.'®

In a recent review Gander et al.'” noted that the primary
complication associated with immunosuppressive therapy in
the hand transplant population so far has been infection. To
date, complications such as malignancies, cardiovascular-
related disease, nephrotoxicity, gastrointestinal adverse
effects and diabetes have not been reported.

Unlike organ transplant data, bacterial infection oc-
curred at a lower rate of 12% (two infections: Clostridium
difficile enteritis and Staphylococcus aureus osteitis),
while fungal infections occurred in 28% (all cutaneous my-
coses without invasive disease) and viral infection in 34%
of cases. Only 6% of patients experienced cutaneous herpes
simplex infections. None of these infections resulted in
graft or patient loss."’

Post-transplantation bone disease was reported in a sin-
gle case of avascular necrosis of the hip. Post transplant
diabetes mellitus has not been reported in hand transplant
recipients; however, transient hyperglycaemia occurs in
50% of patients, primarily while receiving high corticoste-
roid doses early after transplantation.

The chronic use of high dose corticosteroids can be
associated with potentially significant morbidity from well
known side effects. Effects on normal metabolic physiology
produce hypernatraemia, water retention, hypertension,
fat redistribution, glucose intolerance, hyperlipidaemia
and adrenal suppression. In addition, chronic use can affect
tissue morphology by causing cataracts, peptic ulcerations,
osteoporosis, aseptic necrosis of the femoral and humeral
heads and dermal atrophy. '®

Based on a systematic review of published literature,
Veenstra et al.'® estimated the incidence of steroid-related
complications in renal transplant recipients. These included
15% hypertension, 10% post-transplantation diabetes melli-
tus, 2% per year peripheral fractures, 8% avascular necrosis
of the hip, and 22% cataracts. Concerns about these signifi-
cant adverse effects were the driving force behind the in-
creasing use of combination therapy and research into
steroid-free immunosuppression.?’

The most serious complication from immunosuppression
is the occurrence of malignancies. In transplant patients as
a whole this has been reported as 4—20%, depending on the
immunosuppressive regimen used.?' For renal transplant
patients, the risk of developing post-transplant lymphopro-
liferative disease has been stated to be between 2 and
10%.% Other Australian-based studies have reported the
probability of developing any type of cancer, 20 years after
cadaveral renal transplantation, to be as high as 63%, with
skin cancer being 54% and non-skin cancer 21%.%

However, other studies have not drawn the same
conclusions. In a retrospective study Baumeister et al.??
found the published data used to predict risk values was
either based on small patient populations or contained in-
formation on outdated immunosuppressive regimens. The
Australian studies, for example, were based on azathio-
prine and cyclosporine and the increased level of sun expo-
sure in this region could have also caused an increase in the
incidence and risk of skin cancer.”® Several studies also
used data from non-renal organ transplantations (liver,
heart, gastrointestinal, or pancreas), which require greater
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immunosuppression and therefore have a predictably
higher incidence of side effects.?**

Pre-existing medical co-morbidities in renal patients
would be expected to result in a higher risk of post
transplant morbidity and mortality compared to an other-
wise healthy younger CTA population. Potential CTA candi-
dates are not considered similar to kidney transplantation
recipients with all the same overall risks.*

When considering the risk of malignancy, Baumeister
et al.”* point out that the incidence of de novo malignan-
cies was actually lower than previously reported in the lit-
erature. Three per cent of patients were projected to
develop a malignant tumour within 5 years, one-third of
these originating in the skin. Less than 1% were expected
to develop a malignant lymphoproliferative disease such
as non-Hodgkin’s lymphoma. While acknowledging the lim-
itations of the work, Baumeister et al. concluded that the
data available should be considered as a rough estimate
and upper limit of the potential risks faced. The incidence
of side effects and immunosuppression-associated mortal-
ity within the CTA population is likely to be lower than renal
transplant patients.”

Based on these findings it is probable that CTA recipients
will have less morbidity related to immunosuppression than
a kidney transplant patient.”* It should be pointed out that
the average CTA patients will be younger and will have
a longer life span than the average renal transplant patient.
Thus the cumulative immunosuppressive risks need to be
considered in calculating the risk-benefit ratio for CTA. A
longer life span will also increase the possibility of chronic
rejection and of the graft.

Chronic rejection

Chronic rejection is the most prevalent cause of long-term
failure in organ transplantation and has remained stub-
bornly unchanged despite major developments in immuno-
therapy and postoperative care. It is a poorly understood
phenomenon with multi-factorial aetiology, including is-
chaemic damage and immune reactivity.” In renal trans-
plantation this process leads to gradual loss of function so
that after 7—8 years loss of allografts can be seen in up
to 50% of cases.?®

The frequency and timing of acute rejection can be
a predictor of future chronic episodes,?’ a concern in CTA de-
velopment, as there have been instances of acute rejection in
many of the transplants performed to date. Although these
cases were easily controlled, previous solid organ transplan-
tation experience suggests a potential risk of chronic rejec-
tion. Many CTAs will be preformed on patients requiring
good outcome longer than 7—8 years and this must be consid-
ered when reviewing the best course of action. Encouragingly
however, some of the next generation of immunosuppressive
agents have shown promise in reducing the incidence of
chronic rejection in a renal transplant setting.?®

New immunosuppressive agents and
combination strategies

Current research seeks to identify novel agents that
effectively suppress rejection while causing minimal toxic

side effects. New drugs such as sirolimus, everolimus,
leflunomide, active metabolites FK778 and FK779, anti-T
cell antibodies, e.g. deoxyspergualine with anti-CD3 im-
munotoxin and campath-1-H, have all shown promise and
are in various stages of development.?® FTY720 for exam-
ple, has been shown to prolong skin allografts in small
and large animal models.*®

Other strategies include the use of novel combinations,
which eliminate the need for corticosteroids altogether,
thereby significantly reducing their toxicity profiles. De-
spite being the mainstay of immunosuppression for de-
cades, steroids produce the greatest long-term morbidity in
transplant patients. Sirolimus and cyclosporine (CsA) com-
binations or tacrolimus (TRL) and rapamune hold the
promise of this greater efficacy. In several phase Il trials
sirolimus has allowed the reduction of CsA dosages and
even total withdrawal of corticosteroids.***' TRL has also
permitted the reduction of adjunctive immunotherapy for
rejection episodes and the reduction or removal of cortico-
steroid doses.****

Application of topical routes

Another approach aimed at reducing possible systemic
complications that is particularly relevant to CTA is that
of local topical immunosuppression. Tacrolimus, for exam-
ple, acts on antigen-presenting epidermal dendritic cells,
limiting the initiation and promotion of the rejection pro-
cess of skin components. TRL ointments have been shown to
have efficient penetration and prolong skin allograft sur-
vival in small animal models without systemic effects.** To
date topical therapy has been used in two cases of hand CTA
recipients, to successfully assist in reversing rejection
episodes.*®

Ultraviolet A and B at low doses have also been shown to
modify local immune systems by altering cell interaction,
antigen expression and cytokine production. Research
groups are currently investigating the use of this form of
phototherapy as a potential modality in CTA.*

Novel research strategies: tolerance induction

Tolerance describes a state in transplantation where the
recipient does not mount an immune response to the donor
tissue but still retains the ability to respond to all other
stimuli. If successfully achieved, it holds the promise to
negate the need for immunosuppression altogether and
overcome current limitations.*

The integration of donor cells and the subsequent
reprogramming of the recipient’s antigenic response has
been shown to successfully induce tolerance to many
antigenic tissues in rodents, swine and primates using
a variety of approaches in foetal, neonatal and adult
animals.**~*' Mixed haematopoietic chimerism, peripheral
tolerance using co-stimulatory blockage using monoclonal
antibodies and novel tolerance-inducing protocols have all
been reported across major histocompatibility complex
(MHC) barriers.>~** More recently, Siemionow et al.* illus-
trated how allogeneic stem cell transplantation could be
used to extend the survival of transplanted limbs in animal
studies. Intraosseous allotransplantation of donor-derived
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haematopoietic bone marrow stem and progenitor cells
(CD90+) were successfully used on chimerism induction.
Bartholomew et al.*® also showed that administration of
mesenchymal stems cells (MSC) could prolong skin graft sur-
vival. A subset of non-haematopoietic cells, MSCs give bone
marrow cells the capability to differentiate into different
tissue types including tendon, muscle, cartilage and bone,
making MSCs a potential tool in tissue engineering re-
search.” Unfortunately skin still remains a significant ob-
stacle and further studies are required to allow these
procedures to be applied in the CTA setting.

Antigenicity of skin: experimental predictions
verses clinical experience

Skin is thought to be one of the most antigenic tissues and
the principle target of rejection.'®*® The antigenic nature
has been attributed to its complex immunological struc-
ture, with an abundance of dendritic cells in the dermis
and epidermis.” Early experimental studies in primates
showed the need for a higher level of immunosuppression
to prevent skin rejection, leading to the prediction that
higher doses would also be required in humans.>>"

Clinical experience has questioned these conclusions
and has shown that routine renal immunosuppressive
regimens allow skin to survive.**”> Experience with
hand CTA has produced the most encouraging results. Since
the first successful transplant in 1998, only two of the 24
cases performed to date have been rejected, one due to
a period of non-compliance.® In some cases the regimens
used in hand CTA were in fact lower than renal allografts.>
In studies of combined allogenic human small intestine and
abdominal wall, it was the intestine that was rejected
while the abdominal wall, inclusive of skin, was pre-
served.® Lanzetta et al. attributed these findings to a num-
ber of probable factors. Antigen competition, induction of
antibodies and activation of regulatory T cells were sited
as possible reasons for the observed slower rejection rate
of the skin component of CTA, compared to skin alone.*
Consumption phenomenon, where the immune system is
challenged to deal with different antigen loads was also
considered. The use of synergistic combinations of drugs
described above was probably a significant contributory
factor.”” The antigenicity of skin and its antigenicity in
comparison to other tissues is not as straightforward as pre-
viously assumed. The real position of human skin antigenic-
ity will become apparant as more human CTA is performed
and more manipulation of immunosuppression regimens
occurs.

In conclusion, new experimental procedures or tech-
niques have always generated debate in the medical
community. CTA and specifically facial transplantation are
no exceptions. The well accepted view that high dose
immunosuppression would be needed to overcome highly
antigenic tissues such as skin has not been borne out by
clinical experience. To date routine regimens extrapolated
from renal transplant protocols have been successfully used
to maintain CTAs. Although immunosuppressive therapy can
have many potential complications, the published inci-
dence of adverse events seen as a result of immunosup-
pression in renal transplant recipients may not be easily

extrapolated to potential CTA candidates. Renal patients
have a higher pre-existing morbidity, due to renal insuffi-
ciency and their risks of post transplant morbidity and
mortality would be expected to be greater than in an
otherwise healthy younger CTA population.

The next generation of immunosuppressive agents may
provide the opportunity to lower cortocosteroid doses and
even facilitate their removal from the regimens com-
pletely. Concurrent research into alternative options,
such as tolerance induction and topical therapies, may
further potentiate a reduction in complication rates. It is
likely that in the near future the benefits of CTA as
a therapeutic option, for appropriate carefully selected
patients, will be measured against the potential immuno-
genic drawbacks. What part chronic rejection or transplant
tolerance induction will play in the long-term success of
CTA is still open to debate and requires further research.

Ultimately the choice of applying a CTA technique must
be decided on an individual basis with an up to date and
well-balanced view of the current position and in conjunc-
tion with the informed wishes of the patient.
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