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Abstract

Posttransplant malignancy is currently considered one of the unavoidable long-term side 
effects of chronic immunosuppressive therapy and, in recent years, cancer has been rec-
ognized as a major limitation of organ transplantation results. In this review, we present 
an analysis of the current literature and aim to clarify the multiple epidemiologic, clinical, 
and biological facets of the association between immunosuppressive therapy and malig-
nancy in organ transplant recipients. The risk of malignancy is elevated in solid-organ 
transplant recipients in comparison with the general population. Epidemiologic data reveal 
that length of exposure to immunosuppressive therapy and its intensity are clearly related 
to posttransplantation malignancy risk, and that once cancer has developed, more intense 
immunosuppression can translate into more aggressive tumor progression in terms of ac-
celerated growth and metastasis and lower patient survival. Several pathogenic factors are 
responsible for the relation between immunosuppressive therapy and posttransplantation 
malignancy. Two, and probably the most relevant indirectly, immunosuppressive drugs 
greatly increase posttransplantation malignancy risk by impairing cancer surveillance and 
facilitating the action of oncogenic viruses. However, the direct pro- and anti-oncogenic 
actions of immunosuppressors also play an important role. The cancer-promoting effect of 
calcineurin inhibitors, independently of depressed immunosurveillance, has been demon-
strated in recent years, and currently only mammalian target of rapamycin  inhibitors have 
simultaneously shown immunosuppressive and antitumoral properties. Reports of the ini-
tial results of the reduced incidence of de novo cancer in organ transplant recipients under 
mammalian target of rapamycin inhibitor therapy strongly indicate separate pathways for 
pharmacologic immunosuppression and oncogenesis. The role of mammalian target of 
rapamycin inhibitors has been firmly established for posttransplantation Kaposi’s sarcoma, 
but should be clarified in the management of patients with other posttransplant malignan-
cies, and should be followed by long-term results and studies in non-kidney recipients. 
Prevention of posttransplant malignancy morbidity and mortality must be a main endpoint 
in solid-organ transplant programs, and the choice and management of immunosuppres-
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Introduction

Organ transplantation is the optimal thera-
py in most situations of end-stage organ failure. 
However, this transplantation requires the use of 
immunosuppressive drugs that decrease the risk 
of acute rejection and improve graft and patient 
survival. The advances in organ transplant re-
search have been focused on this point of view, 
acquiring good acute-rejection rates and excel-
lent graft and patient survival. However, immuno-
suppressive therapy is also associated with chron-
ic allograft nephropathy and cardiovascular disease, 
as well as development of malignant disease. The 
chronic impairment of immune function and the di-
rect secondary effects of exposure to these drugs 
are responsible for these downside effects. 

As long-term survival with functioning al-
lograft increases, more patients will be at risk of 
developing malignancies. Cancer is thus a grow-
ing concern in the scientific community and con-
tinuous evaluation of the available evidence on 
this topic is essential. 

This article aims to systematically review the 
available information on the issue of immunosup-
pressive therapy and malignancy in organ trans-
plant recipients, focusing on the experimental and 
clinical data on the pro- and anti-oncogenic effects 
of different immunosuppressive drugs.

Epidemiology of malignancy  
in renal transplant recipients 

The perception of malignancy as a compli-
cation of organ transplantation emerged at an 
early date1-5, and one of the major contributors to 
the discovery of this association was Israel Penn 
(1930-1999), through what is currently known as 
the “Israel Penn International Transplant Tumor 
Registry” (http://www.ipittr.uc.edu/Home.cfm).

Large registries are the best source of infor-
mation about malignancy incidence rates. However 
with few exceptions6-9, many others of these regis-
tries are subject to several limitations, e.g. volun-
tary contribution to the registry10,11, incomplete 
number of organ transplant recipients11,12, non in-
clusion of some types of tumor such as non-mela-
noma skin cancers (NMSC)12, record of only first-
cancer cases10,13,14, or short follow-up periods15,16. 
Besides, the retrospective and the underestimated 
frequency of posttransplant malignancy of the sin-
gle-centre studies, the enormous tumor rate varia-
tions of rare tumors, and the lack of sufficient num-
ber of patients to detect significant differences in 
patient survival or malignancy incidence, compli-
cate the interpretation of clinical data.

As a result of these limitations, the large 
number of studies published on the subject shows 
wide variability in malignancy rates after organ 

sive therapy in each phase of transplantation plays a central role in this objective. Hope 
lies in several approaches: (i) the various efforts that are being directed to monitoring the 
minimal doses of immunosuppressants required to achieve allograft survival and to avoid-
ing the secondary effects related to over-immunosuppression; (ii) the search for some 
degree of tolerance; (iii) the new clinical data about mammalian target of rapamycin in-
hibitor results in transplanted patients. (Trends in Transplant �007;1:�-1�)
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Figure 1. Incidence of cancer in organ transplant recipients reported by different registries and single center studies.

transplantation (Fig. 1). It could also explain the 
disagreement in occurrence of cancer after kid-
ney transplantation between the studies of Ka-
siske, et al.15 and the Australian and New Zea-
land Data Registry (ANZDATA)17, with a three-year 
cumulative incidence of 14.9 and 13%, respec-
tively, and the previous analyses of the Collab-
orative Transplant Study (CTS) or the Organ Pro-
curement and Transplantation Network/United 
Network for Organ Sharing (OPTN/UNOS), 4.7 
and 3.9%, respectively, with the same length of 
follow-up16. However, some of the differences ob-
served in malignancy incidence rates may also 
be due to different follow-up times, since the dur-
ation of immunosuppression has been consid-
ered to be one of the most important factors in 
the increase in the incidence of malignancies18-21.

The elevated risk and incidence of malig-
nancy in organ transplant recipients have a tre-
mendous clinical impact. Malignancy causes a 
substantial proportion of late mortality after trans-
plantation, ranging between 10 and 47%, mainly 
depending on the duration of posttransplant fol-
low-up10,22-26. In most studies, the primary cause 
of mortality is undoubtedly cardiovascular disease, 

although malignancy is gaining ground as long-
term survival is achieved in a greater number of 
transplant recipients. Indeed, malignancy is the 
first cause of death in the ANZDATA registry10, and 
is usually among the first three causes of death 
(together with cardiovascular and infectious dis-
eases) in other registries22-26. In summary, malig-
nancy is nowadays one of the major factors limit-
ing life expectancy in organ transplant recipients.

Carcinogenesis  
and immunosuppressive therapy 

The cancer pathogenesis in organ trans-
plant recipients is difficult to assess because of 
the mixture of pathogenic factors in these patients. 
The presence of environmental and genetic risk 
factors (common to the general population) and 
the complex interaction established between the 
effect of depressed immunosurveillance, the ac-
tion of pro-oncogenic viruses, and possibly direct 
carcinogenic effects of immunosuppressive drugs, 
converge in transplant recipients. The final effect 
of these factors is manifested by an increased risk 
of malignancy in these patients. One of the most 
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solid arguments for this association was reported 
by Dantal, et al. in a prospective, open, random-
ized trial of two cyclosporin A (CsA) regimens 
(low-dose and normal-dose) in renal transplant re-
cipients, where malignancy was more frequent in 
the normal-dose group in 66 months of follow-up26. 
In addition, several retrospective studies have also 
been able to show increased malignancy rates 
associated with more intense exposure to an im-
munosuppressive drug27-29 or utilization of a stron-
ger immunosuppressive regimen30-32.

It is well known that more intense immuno-
suppression is used to prevent and treat allograft 
rejection in organs other than the kidney33-35, and 
this phenomenon is correlated with a progressive 
increase in malignancy rates in kidney, liver, pan-
creas, heart, lung, and combined heart-lung trans-
plantation (Fig.1). This is translated not only into an 
increased malignancy risk, but also into more 
aggressive tumor progression in terms of acceler-
ated growth and metastasis36, and lower patient 
survival37-40. In contrast, a reduction of immuno-
suppression might have a positive impact on the 
clinical course of the tumor and on the prognosis 
for survival, at least in certain types of cancer.

Cancer immunosurveillance

The definitive evidence about the influence 
of immunosuppressive therapy in cancer surveil-
lance came from studies showing that lympho-
cytes in mice not only protect the host against the 
formation of chemically induced cancers, but also 
prevent the development of spontaneous epithe-
lial tumors. Immunosurveillance is also involved 
in defense against the early steps of the meta-
static processes, which include vascular emboli, 
lymphatic invasion, and perineural invasion (col-
lectively referred to as VELIPI). Recent data sug-
gests that tumors without evidence of VELIPI con-
tained significantly more memory T-cells41, and 
that prolonged survival and the absence of patho-
logic signs of early metastatic invasion was as-
sociated with increased levels of mRNA for prod-
ucts and markers of Th1 effector T-cells41.

If we compare between renal transplant 
recipients and populations under dialysis, or even 
better on the waiting list, like immunosuppressive 
therapy, end-stage renal disease and uremia are 
also associated with immune system abnormali-
ties, which could increase susceptibility to malig-
nancies and confound the analysis42,43. However, 
an assessment of 13,077 renal transplant recipi-
ents from 1980 to 2003 versus 33,820 patients 
undergoing dialysis in the same period in Austra-
lia and New Zealand showed numerically higher 
standardized incidence ratios for a wide range of 
nonviral tumors, including melanoma, cancers of 
the digestive and respiratory tract, leukemia, and 
tumors of bone and soft tissues in transplant re-
cipients44. Even kidney cancer, which is strongly 
related to uremia45,46, is more common in transplant 
recipients than in patients on the waiting list7,15.

Virally induced malignancies 

Several analyses from Australia, New Zea-
land, the USA, Ireland, the Nordic countries, and 
Japan in transplant recipients have a sufficient 
number of patients and duration of follow-up to 
show an increased risk for a wide range of ma-
lignancies with no known viral etiology. However, 
compared with the general population, organ 
transplant recipients have been reported to have 
greater relative risk ratios for a broad subset of 
tumors with no apparent viral origin (Fig. 2)6-8,13-

15,44,47-49, and a limited number of viruses have been 
related to different malignancies in transplant re-
cipients and the general population (Table 1). 
According to the mechanism through which these 
viruses induce tumors, they can be grouped into 
two categories: direct oncogenic viruses50 (pos-
sibility to modify proliferation/anti-proliferation 
pathways of the host-cell as a strategy for main-
taining their own replication51, e.g. deactivate tu-
mor-suppressor gene proteins such as retino-
blastoma and p5352) and viruses that are only 
indirectly carcinogenic50 (their presence increas-
es the probability of specific types of malignancy 
several fold, although they are not able to cause 
malignant transformation directly). Other onco-
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Figure �. Standardized incidence ratios for tumors of viral and non-
viral origin.

(l) Monoley FJ, et al.6; (À) Chapman J, et al.44, 
Adami J, et al.13; (u) kidney and (Ø) non-kidney 
receptors; (À) Agraharkar, et al.49;  
(°) Kyllönen L, et al.8, Birkeland SA, et al.7;  
(´ ) males and (´ ) females; (p) Hoshiba Y,  
et al.47; (r) Gaya SB, et al.14
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tivity can probably be explained by differences in 
the range of activity of the different polyclonal 
and monoclonal antibodies against lymphocyte 
surface antigens. ATG-Fresenius displays a sig-
nificantly narrower spectrum of activity against 
lymphocyte antigens than do Atgam and Thymo-
globulin57, whereas OKT3 has a powerful T-cell 
depleting activity and also blocks the function of 
killer T-cells58. 

The only antibodies that show immunosup-
pressive efficacy in reducing acute rejection 
rates59,60 (and there is no consistent evidence 
that they increase malignancy risk35,53,54,56,59,60) 
are non-lymphocyte-depleting anti-CD25 mono-
clonal antibodies.

genic factors probably also contribute to multi-
step carcinogenesis.

The effect of depressed immunosuppres-
sive therapy in immunosurveillance produces in 
transplant recipients an increase in the risk of 
infections and their persistence, and in the prob-
ability that the transformed cell will escape, allow-
ing cancer cells to proliferate and clonally ex-
pand, resulting in a substantial increase in the 
relative risk of these malignancies (Fig. 2).

Pro- and anti-oncogenic effects  
of immunosuppressive drugs 

Nowadays, clinical data are not sufficient 
to discriminate between immunosuppressive and 
direct cancer-promoting effects of different im-
munosuppressive drugs. In contrast, there is grow-
ing experimental evidence of the different onco-
genic effects of immunosuppressive drugs, which 
could be of great value in assessing this ques-
tion, and of the relevance in the clinical setting.

Biologic immunosuppressive agents

Lymphocyte-depleting antibodies have been 
shown, as a group, to clearly increase the risk of 
malignancy, mainly of viral-induced cancers. There 
are very little data from direct comparisons be-
tween these drugs, and most studies do not ana-
lyze polyclonal agents individually35,53,54. A single-
center study showed differences in lymphoma 
incidence and delay to cancer diagnosis between 
two different antithymocyte globulins (ATG). Thy-
moglobulin carried a higher relative risk (RR: 2.16) 
of malignancy, mainly lymphoma, than did ATG-
Fresenius55. This initial finding has recently been 
corroborated by a study that analyzed the inci-
dence of non-Hodgkin’s lymphoma (NHL) accord-
ing to type of induction used in 112,122 renal-trans-
plant patients reported to the CTS database56. 

The underlying mechanism of these differ-
ences is not known. Their variable oncogenic ac-
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Glucocorticoids

Glucocorticoids (GC) have been extensive-
ly used in organ transplantation and are an es-
sential part of most immunosuppressive regi-
mens, but there are few epidemiologic data on 
their pro-oncogenic role in organ transplant re-
cipients, although in non-transplanted patients 
without administration of other immunosuppres-
sive drugs than GC, they have been related to an 
increased risk of malignancy, mainly of NMSC61.

Glucocorticoids have been proposed to 
play a dual role in oncogenesis. Through a direct 
pro-oncogenic action in cells or by facilitating 
tumor cell escape from immunosurveillance, GC 
could significantly contribute to the increased 
malignancy risk observed in organ transplant re-
cipients. For instance, recent data have demon-
strated antiapoptotic and proliferating-promoting 
effects of GC in carcinoma cells from a wide 
variety of tumors (recently reviewed in ref. 134)61, 
or other characteristics of GC such as enhancing 
tumor cell resistance61,62, inactivating B and T 
lymphocytes (including activated killer T-cells63), 
reducing the expression of major histocompatibil-
ity (MHC) class I antigen in vivo64, and decreas-
ing immunosurveillance even at very low doses65.

Antimetabolites: azathioprine  
and mycophenolate mofetil

Azathioprine (AZA) could directly promote 
cancer through several mutagenic mechanisms, 
directly or by synergism with UV light66,67, induc-
ing chronic oxidative stress and mutagenic DNA 
lesions.

The data on the pro- or anti-oncogenic ac-
tivity of mycophenolate mofetil (MMF) are conflict-
ing. On the one hand, it has been associated with 
a potential enhanced tumor-cell invasiveness68 
and a mutagenic effect in vitro69, while on the 
other hand, it has been related to possible pre-
vention of adhesion receptor-dependent tumor 
dissemination70,71. In addition, MMF has been 
suggested to enhance the anti-herpes activity of 
acyclovir and ganciclovir, which could be of value 
in preventing the development of Epstein-Barr 
virus-induced posttransplant lymphoproliferative 
disease (PTLD)72. 

Several clinical studies have tried to clarify 
the pro- or anti-oncogenic role of MMF, finding 
similar overall cancer incidence rates in heart 
transplant recipients73 and no significant differ-
ences in the incidence of skin cancer in renal trans-

Table 1. Oncogenic viruses and related malignancies

Virus Malignancy

Human papillomaviruses Cervical carcinoma
Non-melanoma skin cancer
Anogenital cancer

Human polyomaviruses (BKV, JCV, SV40) Mesotheliomas
Brain tumors

Epstein-Barr virus B-cell lymphoproliferative diseases 
Nasopharyngeal carcinoma

Kaposi’s sarcoma Herpesvirus (HHV8) Kaposi’s sarcoma
Primary effusion lymphomas

Hepatitis B virus Hepatocellular carcinoma

Hepatitis C virus Hepatocellular carcinoma

Human T-cell leukemia Virus-1 T-cell leukemia

Helicobacter pylori Gastric carcinoma
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plant recipients74 or risk of developing PTLD16,75, 
although a data analysis of the CTS population and 
the Scientific Registry of Transplant Recipients 
showed that MMF therapy was associated with a 
decreased risk of PTLD and of any cancer16,54.

Calcineurin inhibitors 

These drugs have, apart the immunosup-
pressive effect on calcineurin inhibition76, pleiot-
tropic effects, enhancing production of transform-
ing growth factor β1 (TGF-β)77-79 (implicated in the 
acquisition of tumor invasiveness and metastatic 
spread80,81, acting on the host to suppress anti-
tumor immune responses, enhancing extracellular 
matrix production and augment angiogenesis81,82). 
These facts have been shown by the studies of 
Hojo M, et al83-85 and other groups86, with similar 
findings with CsA and tacolimus79, although in the 
case of tacrolimus the effect was exhibited only 
with higher doses than the drug dosage required 
to promote experimental allograft acceptance87. 
Other pleiotropic effects would be the increase of 
expression of vascular endothelial growth factor 
(VEGF), responsible for enhancement of tumor an-
giogenesis88, and the inhibition of p53-induced 
apoptosis in cancer cells89-91.

Historically, AZA-based regimens have 
generally shown higher malignancy rates and a 
lower mean time to tumor development than 
CsA8,28,30,92-94, although some studies found no 
significant differences8,32. In the comparison of 
the two calcineurin inhibitors (CNI) in patients 
without induction therapy, the cumulative PTLD 
incidence was lower in CsA-treated patients than 
in tacrolimus-treated patients53,95,96, but the re-
sults seem to differ in non-PTLD cancer, without 
differences in solid tumors between CsA- and 
tacrolimus-based regimens96-98.

A possible explanation is that the greater 
immunosuppressive effect of tacrolimus is mani-
fested by a higher rate of PTLD, a virally induced 
malignancy, which is highly dependent on the 
overall level of immunosuppression induced. 

However, the lower pro-oncogenic effect of tacro-
limus79 may be able to counterbalance its great-
er immunosuppressive effect, thus equalizing or 
reducing the rates of solid tumors associated with 
tacrolimus in comparison with CsA.

Mammalian target of rapamycin 
inhibitors

Role of the mTOR pathway in cancer

The last few decades of research have 
placed the mammalian target of rapamycin (mTOR) 
as a central element at the crossroads of the 
multiple signaling pathways that control cell growth. 
The mTOR signaling plays a role in various 
growth-related processes99: translation, ribosome 
biogenesis, macro-autophagy, transcription of many 
genes involved in metabolic and biosynthetic 
pathways, and metabolism.

All signaling components upstream and 
downstream of mTOR are frequently altered in a 
large number of human tumors. Indeed, preclini-
cal studies suggest that the sensitivity of tumors 
to mTOR inhibitors may correlate with aberrant 
activation of the PI3K-Akt-mTOR pathway and/or 
with altered expression of cell cycle regulatory or 
anti-apoptotic proteins. Under this rationale, siro-
limus (Rapamune®, Wyeth, USA) and its deriva-
tives temsirolimus (CCI-779, Wyeth, USA), Evero-
limus (RAD-001, Novartis Pharma AG, Switzerland) 
and AP-23573 (Ariad Pharmaceuticals, USA) are 
currently being evaluated in clinical trials as can-
cer treatments. The results show that mTOR in-
hibitors may induce prolonged stable disease and 
even tumor regression in a subset of patients100.

The mTOR inhibitors and cancer  
in organ transplantation

After mTOR inhibitors were introduced in 
organ transplantation, several studies aimed to 
demonstrate their dual role as immunosuppres-
sors and antitumoral drugs. Guba, et al.88 and 
Luan, et al.84 demonstrated in vivo that sirolimus 
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(SRL) inhibited tumor growth and the metastatic 
process through an anti-angiogenic mechanism 
interfering with VEGF signaling. Kohel, et al.85 
showed that SRL simultaneously protected al-
lografts from rejection and inhibited tumor pro-
gression, while CsA promoted cancer at doses 
even lower than the optimal immunosuppressive 
doses. Importantly, the deleterious effect of CsA 
was abrogated by simultaneous administration of 
SRL in the different in vitro and in vivo experimen-
tal models previously described84,85,88,101.

Since the introduction of SRL in the clinical 
scenario, de novo cancer-incidence rates in trans-
plant recipients under SRL therapy seem to con-
firm experimental data. Two randomized controlled 
trials comparing CsA and SRL-based regimens, 
using AZA or MMF and steroids in renal allograft 
recipients (n = 161), showed a 5% de novo can-
cer incidence in the CsA group versus 0% in the 
SRL group after a two-year follow-up102. Two fur-
ther randomized controlled trials (n = 1295 pa-
tients) examined the continuous combination of 
CsA and SRL with steroids, and compared this 
regimen with a combination of CsA, steroids, and 
AZA or placebo. Two years posttransplantation, 
the incidence of skin cancer was significantly 
lower in patients receiving SRL and CsA than in 
those receiving placebo. However, the cumula-
tive incidence of all cancers did not differ be-
tween the groups102.

The malignancy related five-year follow-up 
results of another randomized controlled trial 
have recently been reported by Campistol, et 
al.103. In this study, enrolled patients (n = 525), 
initially treated with a triple regimen of CsA, SRL, 
and steroids, were randomly assigned at three 
months to remain on the initial regimen or to have 
CsA withdrawn. This latter strategy reduced the 
relative risk of skin cancer (RR: 0.35) and delayed 
the median time to the development of a first skin 
carcinoma compared with the group that re-
mained on CsA. The incidence of non-skin malig-
nancies at five years after renal transplantation 
was also reduced in patients who received CNI-
free therapy after CsA withdrawal, compared with 

patients who received SRL therapy combined 
with CsA103. A last randomized controlled trial that 
assigns stable renal-transplant patients to an 
SRL-based, CNI-free conversion regimen (n = 555) 
or to CNI continuation (n = 275) assesses this 
question. At 18 months after randomization, over-
all malignancy rates were significantly lower among 
SRL-conversion patients compared with CNI-con-
tinuation patients, as were rates for NMSC (basal 
cell carcinoma and squamous cell carcinoma) 
and other malignancies, except for PTLD104. Fi-
nally, a retrospective, registry based study (UNOS 
database) demonstrated that maintenance immu-
nosuppression with TOR inhibitors is associated 
with a significantly reduced risk of developing 
any posttransplant de novo malignancy or non-
skin solid malignancy105. 

Kaposi’s sarcoma (KS) is a rare, viral-in-
duced malignancy that shows a disproportionate-
ly higher risk in organ transplant recipients com-
pared with the general population106. Since VEGF 
is a key player in KS, this angio-proliferative dis-
ease probably provides mTOR inhibitors with a 
special opportunity to exhibit their antitumoral ef-
fects. The first report of posttransplant KS regres-
sion after switching from CsA to SRL in two kidney 
transplant recipients was described by our group107 
and was subsequently confirmed by Stallone, at 
al.108 in 15 kidney transplant recipients after a 
switch from an immunosuppressive regimen based 
on CsA and MMF to a regimen based on SRL.

Management of immunosuppressive 
therapy in patients with posttransplant 
cancer

Preventing posttransplant de novo 
malignancy

The clinical results of different immunosup-
pressive regimens available to date suggest that 
immunosuppressive therapies that contain mTOR 
inhibitors have a lower de novo malignancy risk, 
and that this risk is even lower if the regimen does 
not contain CNI102,103,105,109. The final decision in 
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a patient should be weighed up mainly with the 
immunologic risk and, obviously, with the various 
spectrums of other pharmacologic secondary ef-
fects. Patients with exceptionally high risk for de-
veloping malignancy related morbidity and/or 
mortality (history of several NMSC102,105, second 
transplantation with a history of PTLD and espe-
cially of KS110-113, liver transplantation for hepato-
cellular carcinoma in patients with cirrhosis27,114, 
and history of pretransplant tumor115) could ben-
efit from immunosuppression with low malignancy 
risk. Several studies have reported reduced over-
all rates of any posttransplant de novo malig-
nancy and non-skin solid malignancy with mTOR 
inhibitor therapy102-104. This evidence supports 
the preferential use of mTOR inhibitor-based reg-
imens in the management of these patients.

Immunosuppressive therapy 
management in recipients  
with de novo malignancies

Currently, the only strongly recommended 
measure is reduction of immunosuppression in 
organ transplant recipients with de novo KS or 
NHL, and the benefit/risk balance of this measure 
is more debated for other solid tumors. Although 
the efficacy of reduction or even cessation of im-
munosuppression in KS or NHL has been clearly 
established112,116, this approach could be associ-
ated with a significant risk of acute rejection or graft 
loss117, and KS frequently recurs when immuno-
suppressive therapy is reintroduced or a second 
transplantation is performed118. Alternative strate-
gies based on mTOR-inhibitor conversion and 
withdrawal of other immunosuppressive drugs, 
especially CNI, could achieve a balance between 
adequate levels of immunosuppression to protect 
the allograft, and a potentially anti-oncogenic ef-
fect. The efficacy of SRL conversion and CNI 
withdrawal in posttransplant cutaneous KS has 
been strongly established107-109,120. However, clin-
ical data on visceral and severe forms of KS are 
scarce, especially if a long delay before its intro-
duction and the extension and severity of the KS 
lesions are responsible for the relapses120.

Non-melanoma skin cancer is often easily 
resolved with surgical treatment. However, some 
patients have multiple skin cancers, and others 
suffer from cancers with a high risk of metastasis 
and even death19,39,121-127. In these patients, re-
duction of immunosuppression is a useful adju-
vant strategy128. An international expert consen-
sus for the reduction of immunosuppression for 
transplant-associated skin cancer has recently 
been published129. This exceptionally valuable 
publication has developed consensus on the 
level of tumor burden or metastatic risk of skin 
cancer warranting consideration of reduction of 
immunosuppression, and on the risks associat-
ed with reduction of immunosuppression in mul-
tiple or high-risk skin cancers. However, this 
consensus does not address another reason-
able strategy, i.e. conversion from a CNI-based 
immunosuppressant regimen to one based on 
mTOR inhibitors130. In our opinion, despite the 
lack of direct evidence, there is enough data 
supporting a decreased risk of de novo NMSC 
with mTOR inhibitors, compared with other im-
munosuppressive regimens, to recommend this 
alternative102,105.

Conventional oncologic treatment is the 
cornerstone of posttransplant solid-tumor man-
agement. However, evidence of faster and more 
aggressive progression of solid tumors under im-
munosuppressive therapy has already been dis-
cussed. These data reaffirm the appropriateness 
of reducing immunosuppression in organ trans-
plant recipients after the development of a solid 
tumor. In our opinion, a significant reduction of im-
munosuppression can be strongly recommended. 
This could improve response to appropriate on-
cologic treatment for the specific tumor type. Im-
portantly, experimental data from Kohel, et al.85 
support the clinical experience of many physicians 
that patients with solid cancers are able to un-
dergo strong reductions in immunosuppressive 
therapy for long periods without signs of rejection. 

Experimental evidence of the efficacy of 
mTOR inhibitors in reducing tumor growth and 
metastasis should also be considered. The mTOR 
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inhibitors by themselves may have a positive im-
pact on patient prognosis. In addition, they allow 
safer withdrawal of other immunosuppressive 
drugs with a demonstrated pro-oncogenic effect, 
especially CNI. Finally, mTOR inhibitors seem to 
show a synergic action with other antineoplastic 
agents130. Taken together, these findings support 
the use of mTOR inhibitors as an adjuvant in the 
treatment of posttransplant solid tumors. How-
ever, the appropriate indication of mTOR inhibi-
tors should probably await the clinical trials cur-
rently in development about the efficacy of this 
pharmacologic group in different tumor types. 
Finally, the use of mTOR inhibitors as antitumor 
agents in transplant recipients, especially renal 
transplant recipients, would be limited by the 
presence of a significant degree of proteinuria or 
severe deterioration of renal function131. 

Acknowledgments

Funding provided for conduct of the study: 
This study was partially financed by “Redes 
Tematicas de Investigación Cooperativa: V-2003-
REDC03”. 

Alex Gutiérrez-Dalmau and Ignacio Revuel-
ta receive a grant from the Instituto de Salud 
Carlos III, Ministerio de Sanidad y Consumo, Ma-
drid, Spain.

References
 1. Penn I, Starzl TE. Proceedings: The effect of immunosuppression 

on cancer. Proc Natl Cancer Conf 1972;7:425-36.
 2. Hoover R, Fraumeni JF Jr. Risk of cancer in renal-transplant re-

cipients. Lancet 1973;2:55-7.
 3. Matas AJ, Simmons RL, Kjellstrand CM, et al. Increased inci-

dence of malignancy during chronic renal failure. Lancet 
1975;1:883-6.

 4. Swanson MA, Schwartz RS. Immunosuppressive therapy. The 
relation between clinical response and immunologic compe-
tence. N Engl J Med 1967;277:163-70.

 5. Penn I. Malignant tumors in organ transplant recipients. Berlin: 
Springer, 1970.

 6. Moloney FJ, Comber H, O’Lorcain P, et al. A population-based 
study of skin cancer incidence and prevalence in renal transplant 
recipients. Br J Dermatol 2006;154:498-504.

 7. Birkeland SA, Lokkegaard H, Storm HH. Cancer risk in patients on 
dialysis and after renal transplantation. Lancet 2000;355:1886-7.

 8. Kyllönen L, Salmela K, Pukkala E. Cancer incidence in a kidney 
transplanted population. Transpl Int 2000;13(Suppl 1):S394-8.

 9. Birkeland SA, Storm HH, Lamm LU, et al. Cancer risk after renal 
transplantation in the Nordic countries, 1964-1986. Int J Cancer 
1995;60:183-9.

 10. Webster A, Chapman J. Australia and New Zealand Dialysis and 
Transplant Registry. The 28th Annual Report. 2005. Chapter 10, 
Cancer report. (http://www.anzdata.org.au/)

 11. Collaborative Transplant Study. http://www.ctstransplant.org/
 12. Surveillance, Epidemiology, and End Results Program of the 

National Cancer Institute. http://seer.cancer.gov/about/
 13. Adami J, Gabel H, Lindelof B, et al. Cancer risk following organ 

transplantation: a nationwide cohort study in Sweden. Br J Can-
cer 2003;89:1221-7.

 14. Gaya SB, Rees AJ, Lechler RI, et al. Malignant disease in patients 
with long-term renal transplants. Transplantation 1995;59:1705-9.

 15. Kasiske BL, Snyder JJ, Gilbertson DT, et al. Cancer after kidney 
transplantation in the United States. Am J Transplant 2004;4:905-13.

 16. Robson R, Cecka JM, Opelz G, et al. Prospective registry-based 
observational cohort study of the long-term risk of malignancies 
in renal transplant patients treated with MMF. Am J Transplant 
2005;5:2954-60.

 17. Chapman JR, Webster AC. Cancer after renal transplantation: 
The next challenge. Am J Transplant 2004;4:841-2.

 18. Hibberd AD, Trevillian PR, Wlodarzcyk JH, et al. Pre-dialysis im-
munosuppression is an independent risk factor for some cancers 
in renal transplantation. Transplant Proc 2001;33:1846-7.

 19. Bordea C, Wojnarowska F, Millard PR, et al. Skin cancers in renal-
transplant recipients occur more frequently than previously rec-
ognized in a temperate climate. Transplantation 2004;77:574-9.

 20. Ramsay HM, Fryer AA, Reece S, et al. Clinical risk factors as-
sociated with nonmelanoma skin cancer in renal transplant re-
cipients. Am J Kidney Dis 2000;36:167-76.

 21. Frei U, Bode U, Repp H, et al. Malignancies under cyclosporine 
after kidney transplantation: analysis of a 10-year period. Trans-
plant Proc 1993;25:1394-6.

 22. Ojo AO, Hanson JA, Wolfe RA, et al. Long-term survival in renal 
transplant recipients with graft function. Kidney Int 2000;57:307-13.

 23. Briggs JD. Causes of death after renal transplantation. Nephrol 
Dial Transplant 2001;16:1545-9.

 24. Snanoudj R, Kriaa F, Arzouk N, et al. Single-center experience 
with cyclosporine therapy for kidney transplantation: analysis of 
a 20-year period in 1200 patients. Transplant Proc 2004;36(Sup-
pl 2):S83-8.

 25. Kyllonen L, Koskimies S, Salmela K. Renal transplant recipients 
with graft survival longer than 20 years: report on 107 cases. 
Transplant Proc 2001;33:2444-5.

 26. Dantal J, Hourmant M, Cantarovich D, et al. Effect of long-term 
immunosuppression in kidney-graft recipients on cancer inci-
dence: randomized comparison of two cyclosporin regimens. 
Lancet 1998;351:623-8.

 27. Vivarelli M, Bellusci R, Cucchetti A, et al. Low recurrence rate of 
hepatocellular carcinoma after liver transplantation: better patient 
selection or lower immunosuppression? Transplantation 2002; 
74:1746-51.

 28. McGeown MG, Douglas JF, Middleton D. One thousand renal 
transplants at Belfast City Hospital: post-graft neoplasia 1968-
1999, comparing azathioprine only with cyclosporin-based re-
gimes in a single centre. Clin Transpl 2000:193-202.

 29. Swinnen LJ, Costanzo-Nordin MR, Fisher SG, et al. Increased 
incidence of lymphoproliferative disorder after immunosuppres-
sion with the monoclonal antibody OKT3 in cardiac transplant 
recipients. N Engl J Med 1990;323:1723-8.

 30. Hiesse C, Rieu P, Kriaa F, et al. Malignancy after renal transplan-
tation: analysis of incidence and risk factors in 1700 patients fol-
lowed during a 25-year period. Transplant Proc 1997;29:831-3.

 31. Glover MT, Deeks JJ, Raftery MJ, et al. Immunosuppression and 
risk of non-melanoma skin cancer in renal transplant recipients. 
Lancet 1997;349:398.

 32. Kehinde EO, Petermann A, Morgan JD, et al. Triple therapy and 
incidence of de novo cancer in renal transplant recipients. Br J 
Surg 1994;81:985-6.

 33. Opelz G, Henderson R. Incidence of non-Hodgkin lymphoma in 
kidney and heart transplant recipients. Lancet 1993;342:1514-6.

 34. Nalesnik MA, Makowka L, Starzl TE. The diagnosis and treatment 
of posttransplant lymphoproliferative disorders. Curr Probl Surg 
1988;25:367-472.

 35. Opelz G, Dohler B. Lymphomas after solid organ transplantation: 
a collaborative transplant study report. Am J Transplant 2004; 
4:222-30.

 36. Yokoyama I, Carr B, Saitsu H, et al. Accelerated growth rates of 
recurrent hepatocellular carcinoma after liver transplantation. 
Cancer 1991;68:2095-100.



Alex Gutiérrez-Dalmau, et al.: Renal Transplantation and Cancer

1�

 37. Wu MJ, Lian JD, Yang CR, et al. High cumulative incidence of 
urinary tract transitional cell carcinoma after kidney transplanta-
tion in Taiwan. Am J Kidney Dis 2004;43:1091-7.

 38. Moloney FJ, Kelly PO, Kay EW, et al. Maintenance versus reduction 
of immunosuppression in renal transplant recipients with aggres-
sive squamous cell carcinoma. Dermatol Surg 2004;30:674-8.

 39. Barrett WL, First MR, Aron BS, et al. Clinical course of malignan-
cies in renal transplant recipients. Cancer 1993;72:2186-9.

 40. Buell JF, Papaconstantinou HT, Skalow B, et al. De novo colorec-
tal cancer: five-year survival is markedly lower in transplant re-
cipients compared with the general population. Transplant Proc 
2005;37:960-1.

 41. Pages F, Berger A, Camus M, et al. Effector memory T-cells, 
early metastasis, and survival in colorectal cancer. N Engl J Med 
2005;353:2654-66.

 42. Kurz P, Kohler H, Meuer S, et al. Impaired cellular immune re-
sponses in chronic renal failure: evidence for a T-cell defect. 
Kidney Int 1986;29:1209-14.

 43. Girndt M, Sester M, Sester U, et al. Molecular aspects of T- and 
B-cell function in uremia. Kidney Int Suppl 2001;78:S206-11.

 44. Chapman J, Webster A. Australia and New Zealand Dialysis and 
Transplant Registry. The 27th Annual Report. 2004 Chapter 10, 
Cancer report. http://www.anzdata.org.au/)

 45. Jonasch E, Geroge DJ. Renal neoplasia, in Brenner & Rector’s 
The Kidney, 2004, 7th ed. (vol 2), edited by Brenner BM, Phila-
delphia, Elsevier, Inc., pp 1896-923.

 46. Denton MD, Magee CC, Ovuworie C, et al. Prevalence of renal 
cell carcinoma in patients with ESRD pretransplantation: a patho-
logic analysis. Kidney Int 2002;61:2201-9.

 47. Hoshida Y, Tsukuma H, Yasunaga Y, et al. Cancer risk after renal 
transplantation in Japan. Int J Cancer 1997;71:517-20.

 48. Kyllonen L, Pukkala E, Eklund B. Cancer incidence in a kidney-
transplanted population. Transpl Int 1994;7(Suppl 1):S350-2.

 49. Agraharkar ML, Cinclair RD, Kuo YF, et al. Risk of malignancy 
with long-term immunosuppression in renal transplant recipients. 
Kidney Int 2004;66:383-9.

 50. Herrera LA, Benitez-Bribiesca L, Mohar A, et al. Role of infectious 
diseases in human carcinogenesis. Environ Mol Mutagen 2005; 
45:284-303.

 51. Tannock IF, Hill RP, editors. 1998. The basic science of oncology. 
New York: McGraw-Hill.

 52. Hoppe-Seyler F, Butz K. Molecular mechanisms of virus-induced 
carcinogenesis: the interaction of viral factors with cellular tumor 
suppressor proteins. J Mol Med 1995;73:529-38.

 53. Caillard S, Dharnidharka V, Agodoa L, et al. Posttransplant lym-
phoproliferative disorders after renal transplantation in the United 
States in era of modern immunosuppression. Transplantation 
2005;80:1233-43.

 54. Cherikh WS, Kauffman HM, McBride MA, et al. Association of 
the type of induction immunosuppression with posttransplant 
lymphoproliferative disorder, graft survival and patient survival 
after primary kidney transplantation. Transplantation 2003; 
76:1289-93.

 55. Ducloux D, Kazory A, Challier B, et al. Long-term toxicity of antithy-
mocyte globulin induction may vary with choice of agent: a single-
center retrospective study. Transplantation 2004;77:1029-33.

 56. Opelz G, Naujokat C, Daniel V, et al. Disassociation between risk of 
graft loss and risk of non-Hodgkin lymphoma with induction agents 
in renal transplant recipients. Transplantation 2006;81:1227-33.

 57. Bourdage JS, Hamlin DM. Comparative polyclonal antithymocyte 
globulin and antilymphocyte/antilymphoblast globulin anti-CD 
antigen analysis by flow cytometry. Transplantation 1995;59: 
1194-200.

 58. Norman DJ. Mechanisms of action and overview of OKT3. Ther 
Drug Monit 1995;17:615-20.

 59. Adu D, Cockwell P, Ives NJ, et al. Interleukin-2 receptor mono-
clonal antibodies in renal transplantation: meta-analysis of ran-
domized trials. BMJ 2003;326:789.

 60. Chapman TM, Keating GM. Basiliximab: a review of its use as in-
duction therapy in renal transplantation. Drugs 2003;63:2803-35.

 61. Rutz HP. Effects of corticosteroid use on treatment of solid tu-
mors. Lancet 2002;360:1969-70.

 62. Herr I, Ucur E, Herzer K, et al. Glucocorticoid co-treatment in-
duces apoptosis resistance toward cancer therapy in carcino-
mas. Cancer Res 2003;63:3112-20.

 63. Cidlowski JA, King KL, Evans-Storms RB, et al. The biochemistry 
and molecular biology of glucocorticoid-induced apoptosis in the 
immune system. Recent Prog Horm Res 1996;51:457-91.

 64. Von Knebel Doeberitz M, Koch S, Drzonek H, et al. Glucocorti-
coid hormones reduce the expression of major histocompatibil-
ity class I antigens on human epithelial cells. Eur J Immunol 
1990;20:35-40.

 65. Jusko WJ. Pharmacokinetics and receptor-mediated pharmaco-
dynamics of corticosteroids. Toxicology 1995;102:189-96.

 66. Kelly GE, Meikle W, Sheil AG. Effects of immunosuppressive 
therapy on the induction of skin tumors by ultraviolet irradiation 
in hairless mice. Transplantation 1987;44:429-34.

 67. London NJ, Farmery SM, Will EJ, et al. Risk of neoplasia in renal 
transplant patients. Lancet 1995;346:403-6. Erratum in: Lancet 
1995;346:714.

 68. Blaheta RA, Bogossian H, Beecken WD, et al. Mycophenolate 
mofetil increases adhesion capacity of tumor cells in vitro. Trans-
plantation 2003;76:1735-41.

 69. Oliveira VD, Zankl H, Rath T. Mutagenic and cytotoxic effects of 
immunosuppressive drugs on human lymphocyte cultures. Exp 
Clin Transplant 2004;2:273-9.

 70. Leckel K, Beecken WD, Jonas D, et al. The immunosuppressive 
drug MMF impairs the adhesion capacity of gastrointestinal tumor 
cells. Clin Exp Immunol 2003;134:238-45.

 71. Engl T, Makarevic J, Relja B, et al. Mycophenolate mofetil modu-
lates adhesion receptors of the beta1 integrin family on tumor 
cells: impact on tumor recurrence and malignancy. BMC Cancer 
2005;5:4.

 72. Neyts J, Andrei G, De Clercq E. The novel immunosuppressive 
agent MMF markedly potentiates the anti-herpesvirus activities of 
acyclovir, ganciclovir, and penciclovir in vitro and in vivo. Anti-
microb Agents Chemother 1998;42:216-22.

 73. Eisen HJ, Kobashigawa J, Keogh A, et al; Mycophenolate Mofetil 
Cardiac Study Investigators. Three-year results of a random-
ized, double-blind, controlled trial of MMF versus azathioprine 
in cardiac transplant recipients. J Heart Lung Transplant 2005; 
24:517-25.

 74. Wang K, Zhang H, Li Y, et al. Safety of MMF versus azathioprine 
in renal transplantation: a systematic review. Transplant Proc 
2004;36:2068-70.

 75. Funch DP, Ko HH, Travasso J, et al. Posttransplant lymphopro-
liferative disorder among renal transplant patients in relation to 
the use of MMF. Transplantation 2005;80:1174-80.

 76. Kidney Transplantation: Principles and Practice. Edited by Morris 
PJ. WB Saunders Company. 2001 ISBN 0-7216-8297-9.

 77. Li B, Sehajpal PK, Khanna A, et al. Differential regulation of TGFβ 
and interleukin 2 genes in human T-cells: demonstration by us-
age of novel competitor DNA constructs in the quantitative PCR. 
J Exp Med 1991;174:1259-62.

 78. Shihab FS, Andoh TF, Tanner AM, et al. Role of TGFβ-1 in ex-
perimental chronic cyclosporine nephropathy. Kidney Int 
1996;49:1141-51.

 79. Maluccio M, Sharma V, Lagman M, et al. Tacrolimus enhances 
TGFβ-1 expression and promotes tumor progression. Transplan-
tation 2003;76:597-602.

 80. Erickson AC, Barcellos-Hoff MH. The not-so innocent bystander: 
the microenvironment as a therapeutic target in cancer. Expert 
Opin Ther Targets 2003;7:71-88.

 81. Teicher BA. Malignant cells, directors of the malignant process: 
role of TGFβ. Cancer Metastasis Rev 2001;20:133-43.

 82. Niki M, Toyoda M, Nomura E, et al. Expression of TGFβ may 
contribute, in part, to the variations in histogenesis and the prev-
alence of peritoneal dissemination in human gastric carcinoma. 
Gastric Cancer 2000;3:187-192.

 83. Hojo M, Morimoto T, Maluccio M, et al. Cyclosporine induces 
cancer progression by a cell-autonomous mechanism. Nature 
1999;397:530-4.

 84. Luan FL, Hojo M, Maluccio M, et al. Rapamycin blocks tumor 
progression: unlinking immunosuppression from antitumor effi-
cacy. Transplantation 2002;73:1565-72.

 85. Koehl GE, Andrassy J, Guba M, et al. Rapamycin protects 
allografts from rejection while simultaneously attacking tu-
mors in immunosuppressed mice. Transplantation 2004;77: 
1319-26.

 86. Ohsawa I, Murakami T, Uemoto S, et al. In vivo luminescent imag-
ing of CsA-mediated cancer progression in rats. Transplantation 
2006;81:1558-67.

 87. Moffatt SD, Metcalfe SM. Comparison between tacrolimus and 
cyclosporine as immunosuppressive agents compatible with tol-
erance induction by CD4/CD8 blockade. Transplantation 2000; 
59:1724.



Trends in Transplantation 2007;1

1�

 88. Guba M, von Breitenbuch P, Steinbauer M, et al. Rapamycin 
inhibits primary and metastatic tumor growth by antiangiogene-
sis: involvement of VEGF. Nat Med 2002;8:128-35.

 89. Rivera A, Maxwell SA. The p53-induced gene-6 (proline oxidase) 
mediates apoptosis through a calcineurin-dependent pathway. J 
Biol Chem 2005;280:29346-54.

 90. Sugie N, Fujii N, Danno K. CsA suppresses p53-dependent repair 
DNA synthesis and apoptosis following ultraviolet-B irradiation. 
Photodermatol Photoimmunol Photomed 2002;18:163-8.

 91. Yarosh DB, Pena AV, Nay SL, et al. Calcineurin inhibitors de-
crease DNA repair and apoptosis in human keratinocytes follow-
ing ultraviolet B irradiation. J Invest Dermatol 2005;125:1020-5.

 92. Marcen R, Pascual J, Tato AM, et al. Influence of immunosup-
pression on the prevalence of cancer after kidney transplantation. 
Transplant Proc 2003;35:1714-6.

 93. Tremblay F, Fernandes M, Habbab F, et al. Malignancy after 
renal transplantation: incidence and role of type of immunosup-
pression. Ann Surg Oncol 2002;9:785-8.

 94. Shuttleworth D, Marks R, Griffin PJ, et al. Epidermal dysplasia 
and cyclosporine therapy in renal transplant patients: a com-
parison with azathioprine. Br J Dermatol1989;120:551-4.

 95. Webster A, Woodroffe RC, Taylor RS, et al. Tacrolimus versus 
cyclosporin as primary immunosuppression for kidney transplant 
recipients. Cochrane Database Syst Rev 2005;4:CD003961.

 96. Bustami RT, Ojo AO, Wolfe RA, et al. Immunosuppression and 
the risk of posttransplant malignancy among cadaveric first kid-
ney transplant recipients. Am J Transplant 2004;4:87-93.

 97. Baumeister S, Kleist C, Dohler B, et al. Risks of allogeneic hand 
transplantation. Microsurgery 2004;24:98-103.

 98. Wiesner RH. A long-term comparison of tacrolimus (FK506) ver-
sus cyclosporine in liver transplantation: a report of the U.S. 
FK506 Study Group. Transplantation 1998;66:493-9.

 99. Wullschleger S, Loewith R, Hall MN. TOR signaling in growth and 
metabolism. Cell 2006;124:471-84.

 100. Vignot S, Faivre S, Aguirre D, et al. mTOR-targeted therapy of 
cancer with rapamycin derivatives. Ann Oncol 2005;16:525-37.

 101. Boffa DJ, Luan F, Thomas D, et al. Rapamycin inhibits the growth 
and metastatic progression of non-small cell lung cancer. Clin 
Cancer Res 2004;10:293-300.

 102. Mathew T, Kreis H, Friend P. Two-year incidence of malignancy 
in sirolimus-treated renal transplant recipients: results from five 
multicenter studies. Clin Transplant 2004;18:446-9.

 103. Campistol JM, Eris J, Oberbauer R, et al. Sirolimus therapy after 
early cyclosporine withdrawal reduces the risk for cancer in adult 
renal transplantation. J Am Soc Nephrol 2006;17:581-9.

 104. Pascoe MD, Schena FP, Wali R, et al. The Sirolimus CONVERT 
Trial Study Group. Significantly lower malignancy rates in renal 
transplant recipients converted from CNI to sirolimus compared 
with those who continued CNI therapy. Abstract 1024. World 
Transplant Congress. July 22-27, 2006, Boston (MA), US.

 105. Kauffman HM, Cherikh WS, Cheng Y, et al. Maintenance immu-
nosuppression with target-of-rapamycin inhibitors is associated 
with a reduced incidence of de novo malignancies. Transplanta-
tion 2005;80:883-9.

 106. Hayward GS. Initiation of angiogenic KS lesions. Cancer Cell 
2003;3:1-3.

 107. Campistol JM, Gutiérrez-Dalmau A, Torregrosa JV. Conversion to 
sirolimus: a successful treatment for posttransplantation KS. 
Transplantation 2004;77:760-2.

 108. Stallone G, Schena A, Infante B, et al. Sirolimus for KS in renal-
transplant recipients. N Engl J Med 2005;352:1317-23.

 109. Gutiérrez-Dalmau A, Campistol JM. Kaposi’s sarcoma after renal 
transplantation. N Engl J Med 2005;353:846-7; author reply 846-7.

 110. Poch E, Oppenheimer F, del Rio R, et al. Reinstitution of immu-
nosuppression in a renal transplant recipient after remission of 
KS. Transplantation 1992;54:162.

 111. Al-Sulaiman MH, Mousa DH, Dhar JM, et al. Does regressed 
posttransplantation KS recur following reintroduction of immuno-
suppression? Am J Nephrol 1992;12:384.

 112. Doutrelepont JM, De Pauw L, Gruber SA, et al. Renal transplan-
tation exposes patients with previous KS to a high risk of recur-
rence. Transplantation 1996;62:463.

 113. Karras A, Thervet E, Le Meur Y, et al. Successful renal retrans-
plantation after posttransplant lymphoproliferative disease. Am J 
Transplant 2004;4:1904-9.

 114. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for 
the treatment of small hepatocellular carcinomas in patients with 
cirrhosis. N Engl J Med 1996;334:693-9.

 115. Penn I. The effect of immunosuppression on pre-existing cancers. 
Transplantation 1993;55:742-7.

 116. Zeier M, Hartschuh W, Wiesel M, et al. Malignancy after renal 
transplantation. Am J Kidney Dis 2002;39:E5.

 117. Kirk AD, Mannon RB, Swanson SJ, et al. Strategies for minimizing 
immunosuppression in kidney transplantation. Transpl Int 
2005;18:2-14.

 118. Doutrelepont JM, De Pauw L, Gruber SA, et al. Renal transplan-
tation exposes patients with previous KS to a high risk of recur-
rence. Transplantation 1996;62:463-6.

 119. Gutiérrez-Dalmau A, Sánchez-Fructuoso A, Sanz-Guajardo A, et 
al. Efficacy of conversion to sirolimus in posttransplantation KS. 
Transplant Proc 2005;37:3836-8.

 120. Lebbe C, Euvrard S, Barrou B, et al. Sirolimus conversion for pa-
tients with posttransplant KS. Am J Transplant 2006;6:2164-8.

 121. Sheil AG, Mahoney JF, Horvath JS, et al. Cancer and survival 
after cadaveric donor renal transplantation. Transplant Proc 
1979;11:1052-4.

 122. Buell JF, Hanaway MJ, Thomas M, et al. Skin cancer following 
transplantation: the Israel Penn International Transplant Tumor 
Registry experience. Transplant Proc 2005;37:962-3.

 123. Fuente MJ, Sabat M, Roca J, et al. A prospective study of the 
incidence of skin cancer and its risk factors in a Spanish Mediter-
ranean population of kidney transplant recipients. Br J Dermatol 
2003;149:1221-6.

 124. De Graaf YG, Basdew VR, van Zwan-Kralt N, et al. The occur-
rence of residual or recurrent squamous cell carcinomas in organ 
transplant recipients after curettage and electrodesiccation. Br J 
Dermatol 2006;154:493-7.

 125. Zavos G, Bokos J, Papaconstantinou J, et al. Study of de novo 
malignancies among Greek renal transplant recipients. Trans-
plant Proc 2003;35:1399-403.

 126. Martinez JC, Otley CC, Stasko T, et al. Transplant-Skin Cancer 
Collaborative. Defining the clinical course of metastatic skin can-
cer in organ transplant recipients: a multicenter collaborative 
study. Arch Dermatol 2003;139:301-6.

 127. Veness MJ, Quinn DI, Ong CS, et al. Aggressive cutaneous 
malignancies following cardiothoracic transplantation: the Austra-
lian experience. Cancer 1999;85:1758-64.

 128. Otley CC, Maragh SL. Reduction of immunosuppression for trans-
plant-associated skin cancer: rationale and evidence of efficacy. 
Dermatol Surg 2005;31:163-8.

 129. Otley CC, Berg D, Ulrich C, et al. Reduction Of Immunosuppression 
Task Force Of The International Transplant Skin Cancer Collabora-
tive and The Skin Care In Organ Transplant Patients Europe. Re-
duction of immunosuppression for transplant-associated skin can-
cer: expert consensus survey. Br J Dermatol 2006;154:395-400.

 130. Beuvink I, Boulay A, Fumagalli S, et al. The mTOR inhibitor 
RAD001 sensitizes tumor cells to DNA-damaged induced 
apoptosis through inhibition of p21 translation. Cell 2005; 
120:747-59.

 131. Diekmann F, Budde K, Oppenheimer F, et al. Predictors of suc-
cess in conversion from calcineurin inhibitor to sirolimus in chron-
ic allograft dysfunction. Am J Transplant 2004;4:1869-75.




