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Abstract
Cancer after transplantation is the third cause of death 
and one of the more relevant comorbidities. Aim of this 
review is to verify the role of different pathogenetic 
mechanisms in cancer development in transplant pa-
tients and in general population as well. In particular 
has been outlined the different role exerted by two 
different families of drug as calcineurin inhibitor and 
mammalian target of rapamycin (mTOR) inhibitor. The 
role of mTOR pathways in cell homeostasis is complex 
but enough clear. As a consequence the mTOR path-
way deregulation is involved in the genesis of several 
cancers. Hence the relevant role of mTOR inhibitors. 
The authors review the complex mechanism of ac-
tion of mTOR inhibitors, not only for what concerns 
the immune system but also other cells as endothelial, 
smooth muscle and epithelial cells. The mechanism of 
action is still now not completely defined and under-
stood. It implies the inhibition of mTOR pathway at 
different levels, but mainly at level of the phosphoryla-
tion of several intracellular kinases that contribute to 
activate mTOR complex. Many prospective and retro-
spective studies in transplant patients document the 
antineoplastic role of mTOR inhibition. More recently 
mTOR inhibitors proven to be effective in the treatment 
of some cancers also in general population. Kidney can-
cers, neuroendocrine tumors and liver cancers seem to 

be the most sensitive to these drugs. Best results are 
obtained with a combination treatment, targeting the 
mTOR pathway at different levels. 
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EPIDEMIOLOGY
Cancer after renal transplantation is one of  the main 
morbidity and is the third cause of  death after cardiovas-
cular diseases and infections. Cancers account for 7.5% 
of  deaths of  patients with a functioning graft and overall 
for 15% of  deaths after renal transplantation, including 
patients with non functioning graft.

According to different registries, the prevalence of  
cancer after renal transplantation with respect to general 
population is mainly higher for non melanoma skin can-
cer, bladder, kidney, vulvovaginal cancer and non Hodg-
kin’s lymphoma[1]. The relative risk of  cancer after renal 
transplantation comparing patients on waiting list is 2.55 
for skin cancer, 1.12 for bladder, 1.39 for kidney, 2.19 for 
vulvovaginal and 3.29 for non Hodgkin lymphoma. The 
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Australian and New Zealand registry comparing the ratio 
of  observed vs expected incidence reports a standardized 
incidence ratio (excluding nonmelanocytic skin cancer) of  
435.6 for vulva, 36.7 for vagina, 26.44 for Kaposi’s sar-
coma, 10.16 for lymphomas[2]. Besides conventional risk 
factors such as advanced age and cigarette smoking, pe-
culiar factors of  transplant patients seem to be length of  
dialysis, chronic viral infections, genetic and immunosup-
pression[3]. Table 1 shows the cancers with an incidence 
after renal transplantation 5-fold higher with respect to 
general population, compared with cancers that do not 
show any significant increase. Table 2 shows that the vast 
majority of  malignancies occurring in transplant patients 
is linked to chronic viral infections also independently 
from the type of  immunosuppressive therapy.

PATHOGENESIS OF MALIGNANCIES IN 
RENAL TRANSPLANT PATIENTS
Role of different factors in cancer development in 
transplant patients
The early demonstration of  immunological rejection of  
donor transmitted malignancies after discontinuation of  
immunosuppressive therapy was the first indication of  
the role of  immunosuppressive therapy in transplant re-
lated malignancies. The cancer enhancing role of  drugs 
was further supported by Starzl’s report of  the regres-
sion of  lymphomas and lymphoproliferative lesions after 
the reduction or discontinuation of  immunosuppressive 
drug therapy [4]. The role of  immunosuppression was fur-
ther amplified by the work of  Dantal that prospectively 
compared the cancer incidence with a low cyclosporine 
(CsA) regimen with that of  a standard dose CsA regi-
men[5]. The normal dose group had a significantly higher 
incidence of  any cancer (P < 0.034) and of  skin cancer (P 
< 0.05). Malignancy-inducing effects of  immunosuppres-
sive drugs initially thought to result from drug-induced 
T-lymphocyte dysfunction i.e., immune surveillance[6]. As 
in that period calcineurin inhibitors (CNIs) and in par-
ticular CsA represented the cornerstone of  immunosup-
pressive therapy, cancer incidence in transplant patients 
was thought to be related to immunosuppression and 
CsA in particular. Later on has been documented that the 
malignancy-inducing effects may primarily result from 
direct pro-cancer effects independent of  host immune 
system. These factors include the autonomous prolifera-
tion, lack of  response to antiproliferative signals, evasion 
of  apoptosis, angiogenesis, tissue invasion and metastasis, 
replicative immortality. These characteristics may be due 
to activation of  oncogenes or inactivation of  cancer sup-
pressor genes that modify regulatory “check points” in 
cell growth[7]. Indeed the relationship between immuno-
suppressive drugs and malignancies is more complex than 
thought in the past and immune impairment is only one 
factor, probably not the most relevant in cancer develop-
ment. Infections, DNA repair, cancer cellular growth and 
angiogenesis seem to have a relevant role in cancer devel-
opment in immunosuppressed patients[8].

Comparison of CNI vs mammalian target of rapamycin 
inhibitors in cancer development
As a proof  that immunosuppressive agents play only a 
role, probably not the most important, in cancer develop-
ment after transplantation is the fact that not all immuno-
suppressive agents have the same oncogenic activity.

Indeed while in the past the risk of  cancer morbid-
ity and mortality has largely been attributed to long-term 
immunosuppressive drug therapy, which remains neces-
sary to prevent organ allograft rejection, recent studies 
challenge the premise that all immunosuppressive drugs 
necessarily promote cancer. A particular class of  immu-
nosuppressants referred to as mammalian target of  rapa-
mycin (mTOR) inhibitors (mTORIs), has been shown to 
have potent anti-cancer effects that are now being tested 
in clinical studies[9].

The aforementioned Dantal paper documented the 
pro-oncogenic activity of  CNIs as cyclosporine. CNIs 
may possibly generate cancer growth via reduction of  
lymphocyte response, but more probably by interleukin 
6 (IL-6) increase, transforming growth factor β (TGF-β) 
increase and vascular endothelial growth factor (VEGF) 
increase (Figure 1).

IL-6 promotes B-cell activation, growth and possibly 
immortalization. This fact could favour post-transplant 
lymphoproliferative disorders development.

TGF-β increase mediates phenotypic changes by a 
cell autonomous mechanism, including invasiveness of  
nontransformed cells[10].

CNIs also increase the production of  VEGF that is a 
powerful agent of  angiogenesis, strictly linked to cancer 
cell development and cancer increase[11]. Indeed CNIs ef-
fect on the expression of  VEGF leads to an angiogenic 
milieu that favors cancer growth[12]

.
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Table 1  Cancer risk vs  general population

Increased ≥ 5 fold Little/no increase

Skin Breast
Vulvovaginal Prostate
Cervix/uterus Testicular
Lymphoma Ovarian
Liver Lung
Kidney/Bladder Colon

Table 2  Viruses linked to malignancies

Virus Malignancy

EBV Lymphoma (PTLD)
HHV-8 Kaposi’s sarcoma
HPV Cervical, vulvar cancer
HPV-58 Bowen disease
HPV 8, 19 Non melanoma skin cancer
HPV 16, 20 Skin and tonsillar carcinoma
HCV, HBV Hepatocellular carcinoma

EBV: Epstein-Barr virus; HHV: Human herpesvirus; HPV: Human 
papillomavirus; HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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The mTORI besides their antirejection effect, seem 
to have a different profile with respect to malignancies 
when compared with CNIs.

mTORIs are immunosuppressive agents, widely used 
in transplantation. They form a complex with the FK 
binding protein complex (FKBP-12). This complex binds 
with high affinity to mTOR. Rapamycin and deriva-
tives, including CCI-779 and RAD001, inhibit mTOR, 
down-regulating p70S6 kinase activity and subsequent 
translation of  specific mRNAs required for cell-cycle 
progression from the G1 to S phase. In transplantation, 
everolimus (EVL) and or sirolimus (SRL) demonstrate 
immunosuppressive properties and has been used to pre-
vent acute rejection in cardiac[13], liver[14], lung and renal 
transplant recipients. It appears that this agent may be 
potent enough to allow for the minimization or removal 
of  calcineurin inhibitors in the long term of  renal trans-
plant recipients.

Due to their action on different kind of  cells, besides 
the action on lymphocytes these drugs have also other 
effects. Because the action on endothelial and vascular 
smooth muscle cells in cardiology, EVL is available as a 
drug-coated stent and is used in percutaneous coronary 
interventions for prevention of  restenosis[15,16]. Because 
of  the antiproliferative action on fibroblast, rapamycins 
can cause delay in wound healing and lymphoceles. The 
same action on fibroblast has also positive effects in liver 
transplantation, attenuating liver fibrosis[17,18].

mTORIs could have a protective action against malig-
nancies at least by four different pathways (Figure 2): (1) 
The increase of  E-cadherin levels favors cellular adhe-
sion and blocks neoplastic cells migration[19]; (2) The in-
crease of  p-27kip-1 kinase inhibits cyclins, needed for cell 
cycle[20]; (3) The reduction of  IL-10 inhibits cellular Janus 
kinase- Signal transducer and activator of  transcription 
(Jak-Stat) transcription and cell growth[21]; and (4) The 
inhibition of  the serine-threonine kinase mTOR reduces 
proliferation of  different kind of  cells, as (a) Endothelial 
and smooth muscle cells (angiogenesis); (b) T lympho-
cytes (antirejection activity); and (c) Neoplastic cells.

Such biological insights on the protective effect of  

mTORIs on new malignancies after renal transplantation 
are confirmed by several retrospective and prospective 
studies[22].

The vast majority of  these studies compare, as main-
tenance immunosuppressive therapy, therapies mainly 
based on CNIs with therapy based on mTORIs without 
CNIs or with CNIs minimization.

In a randomized prospective trial, patients who re-
ceived rapamycin-based, calcineurin inhibitor-free therapy 
after CsA withdrawal at month 3 had a reduced incidence 
of  both skin and non-skin malignancies at 5 years after 
renal transplantation compared with those who received 
rapamycin therapy combined with CsA[23]. In the CON-
VERT study renal transplant patients were randomized 
after transplantation either to receive rapamycin or to 
continue CsA therapy. About 10.2% patients on CNI had 
malignancies vs 3.4% patients converted to rapamycin (P 
< 0.001). The effect was similar for skin cancers (6.9% vs 
1.8%, P < 0.001) and non skin cancers (4.4% vs 1.1%; P 
= 0.004)[24]. In a systematic review and meta-analysis of  
randomized trials, 33 studies were included (27 trials of  
SRL, 5 of  EVL and 1 head-to-head). The relative risk to 
have malignancy was lower in any kind of  comparison 
and in favor of  mTORIs[25].

A retrospective study of  the OPTN/UNOS database 
on 33 249 deceased donor kidney transplants revealed 
that 504 patients received either SRL or EVL without a 
calcineurin inhibitor, 2321 received either SRL or EVL 
in combination with a calcineurin inhibitor, and 30 424 
received a calcineurin inhibitor without a mTOR inhibi-
tor. Data were censored at 963 d to allow comparable 
follow up among the treatment groups. The incidence 
of  any malignancy was 0.60% for both SRL/EVL alone 
and SRL/EVL plus a calcineurin inhibitor and was 
1.81% for calcineurin inhibitors (P < 0.00001). The in-
cidence rates for de novo solid malignancies were 0% for 
SRL/EVL alone, 0.47% for SRL/EVL plus calcineurin 
inhibitor, and 1.0% for calcineurin inhibitors. Multivari-
ate analysis indicated that mTOR inhibitor maintenance 
immunosuppression was associated with a 60% reduced 
risk of  any post-transplant malignancy and a 55% re-
duced risk of  solid malignancy[26].

mTOR PATHWAY AND CANCER
As aforementioned, rapamycins (a group of  parental 
compounds), block an intracellular serine-threonine ki-
nase called mTOR.

Extracellular signal regulated kinase pathway, c-Jun 
terminal kinase pathway, p38 pathway and mTOR path-
way regulate cell survival, proliferation, apoptosis resis-
tance, angiogenesis and metastasis diffusion[27]. Therefore 
is not surprising that such protein deregulation could be 
involved in cancer development representing a target in 
the treatment of  solid tumors.

Role of mTOR in cell proliferation and cancer 
development
Which is exactly the role of  the serine threonine kinase 
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Figure 1  Calcineurin inhibitor and malignancies. CNI: Calcineurin inhibitor; 
IL: Interleukin; TGF: Transforming growth factor; VEGF: Vascular endothelial 
growth factor; EBV: Epstein-Barr virus.
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mTOR in cancer development? mTOR is a central con-
troller of  cell growth and proliferation in normal cells. 
mTOR integrates signals from a variety of  sources, 
including nutrients and growth factors. mTOR acts to 
induce protein synthesis of  molecules necessary for an-
giogenesis[28], cell growth, and nutrient uptake[29] for cell 
survival[30].

Growth factors, such as insulin like growth factor 
(IGF), epidermal growth factor (EGF)[31], platelet derived 
growth factor, and VEGF, bind to and activate receptors 
located on the cell surface[32].

Receptors activate intracellular signaling cascades that 
regulate cell growth, angiogenesis, and nutrient uptake[33].

mTOR is a key integration point for information re-
ceived from upstream receptors[34].

The mTOR pathway is fully operating in a nutrient 
rich environment[35,36]. Indeed the activity of  mTOR is 
regulated by stress-inducing conditions associated to the 
microenvironment. Suboptimal conditions for cellular an-
abolic metabolism (e.g., amino acid starvation, hypoxia or 
glucose deficiency) or cell progression (e.g., growth factor 
deprivation) inactivate mTOR by several pathways con-
verging on the tuberous sclerosis complex (TSC), which, 
through its Ras homologue enriched in brain (Rheb-GAP) 
activity, inactivates Rheb, thereby suppressing mTOR[37]. 
Subsequently, energy consumption is reduced through a 
reduction in protein synthesis, cell delay G1-S progres-
sion and cell viability is maintained through autophagic 
recycling of  cellular macromolecules[24,38].

mTOR pathway and cell proliferation
Figure 3 shows how in normal conditions growth-stim-
ulating signals originating within and outside the cell act 

on growth factor receptors and sequentially on signaling 
molecules as phosphoinositide 3-kinase (PI3K), that, 
when not blocked by phosphatase and tensin homologue 
delated on chromosome 10 (PTEN), phosphorylates and 
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Figure 2  Rapamycins and malignancies. PI3K: Phosphoinositide 3-kinase; mTOR: Mammalian target of rapamycin; IL: Interleukin; VEGF: Vascular endothelial 
growth factor.

Figure 3  Growth factors and mammalian target of rapamycin pathways. 
PI3K: Phosphoinositide 3-kinase; mTOR: Mammalian target of rapamycin; IGF: 
Insulin like growth factor; EGF: Epidermal growth factor; TGF: Transforming 
growth factor; VEGF: Vascular endothelial growth factor; ER: Estrogen receptor; 
TSC: Tuberous sclerosis complex.
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activates Akt, that, when not blocked by TSC1/2 acti-
vates mTOR.

One of  the most interesting recent findings is that 
mTOR itself  is part of  two distinct signaling complexes; 
one complex, mTOR complex 1 (mTORC1) receives a 
signal from an upstream molecule AKT and is rapamy-
cin sensitive, the second complex, mTOR Complex 2 
(mTORC2) regulates AKT through Ser473 phosphoryla-
tion, mTORC2 is rapamycin insensitive. AKT is activated 
by phosphoinositide-dependent kinase 1 (PDK1) phos-
phorylation at a second site, Thr308, with phosphoryla-
tion at both sites required for maximal AKT activity[39]. 
Growth factors binding to their cognate receptors results 
in a recruitment of  receptor substrate (e.g., insulin re-
ceptor substrate; IRS-1), and binding of  PI3K. PI3K 
converts phosphatidylinositiol-4,5-phosphate (PIP2) 
to phosphatidylinositiol-3,4,5-phosphate (PIP3), which 
recruits PDK1 that phosphorylates AKT in the site 
Thr308. mTORC2 regulates also AKT through Ser473 
phosphorylation. Importantly, phosphatase and tensin 
homologue deleted on chromosome 10 (PTEN), a tumor 
suppressor, reverses the PIP2-to-PIP3 reaction, thus 
reducing AKT activity. When activated, AKT mediates 
mTORC1 activation via inhibition of  a tumor suppressor 
complex made up the two tuberous sclerosis proteins, 
hamartin (TSC1) and tuberin (TSC2). The TSC1/2 com-
plex functions as a GTPase-activating protein, resulting 
in inactivation of  Ras homolog enriched in brain (Rheb). 
In the GTP-bound state, Rheb selectively complexes with 
and activates mTORC1[40,41]. 

From another perspective has been recently discov-
ered that inhibitory κB kinase β, a kinase downstream 
of  tumor necrosis factor α, integrates with mTORC1 by 
inhibiting TSC1/2, thus providing a new molecular link 
between inflammation and cancer[42].

The importance of  mTOR in regulating normal cell 
growth, cell division and angiogenesis is highlighted by 
the number of  proteins involved in its activation or inhi-
bition[43,44].

mTOR is deregulated in cancer by increased upstream 
signaling, loss-of-function mutations in upstream inhibi-
tors, and activating mutations in mTOR activators.

Increased mTOR activity results in the increased 
protein synthesis of  more than 100 genes and proteins 
involved in cellular responses. Many of  the proteins that 
are regulated by mTOR support the growth, metabolic 
requirements, and survival of  cancer cells.

Deregulation of  the mTOR-linked pathways increase 
the risk of  developing cancer or have been identified in 
many cancers[45,46].

mTOR pathway and angiogenesis 
mTOR activation, beside other activities, stimulates trans-
lation of  hypoxia inducible factor-1α (HIF-1α), which 
ultimately increases production of  proangiogenic fac-
tors such as VEGF-A and other molecules such as those 
involved in glucose transport. In well-oxygenated cells, 
HIF-1α is degraded by the von Hippel-Lindau (VHL) 

protein, which binds and targets it for destruction by the 
proteasome; loss of  the VHL protein is a driving force in 
the development of  some cancers, such as clear cell renal 
cancer[47,48].

In hypoxic cells, such as those found in cancers, HIF-
1α translocates to the nucleus and combines with HIF-
1β, ultimately initiating the transcription of  hypoxia-
regulated genes, such as those for VEGF-A and inducible 
nitric oxide synthetase, which promote cell survival under 
anaerobic conditions, angiogenesis, metastasis[49].

Overexpression of  HIF-1α has been associated with 
cancers of  the breast, ovary, cervix, esophagus, brain, and 
head and neck higher aggressive and with a poorer prog-
nosis; loss of  HIF-1 activity decreases tumor growth, 
vascularization, and energy metabolism. mTOR inhibi-
tion can decrease HIF-1α levels and inhibits VEGF pro-
duction[32-33,50].

Finally mTORC1 has a role also in regulating DNA 
damage caused by agents such as cisplatin. DNA dam-
age activates p53. p53 triggers DNA repair, which allows 
the cell to survive, or, failing that, p53 initiates cell death. 
mTOR regulates production of  p21, a cell cycle inhibitor 
that allows DNA repair. mTOR inhibition blocks p21 
translation, forcing cell death even when the DNA dam-
age is otherwise nonlethal. By this way mTOR inhibition 
can enhance the activity of  certain drugs such as cisplatin 
and other platinum derivatives[51].

Deregulation of mTOR patways and risk of cancer
Deregulation of  the mTOR-linked pathways increases 
the risk of  developing cancer or have been identified in 
many cancers (Figure 4).

As a consequence the role of  genetics in cancer de-
velopment both in transplant patients and in general 
population is easy to be understood.

Growth factor receptors are altered in many cancers. 
Frequently, a deletion of  the ligand-binding domain of  
EGF receptor (EGFR), a transmembrane protein with 
tyrosine kinase activity, causes constitutive activation of  
the receptor in the absence of  ligand binding[52].

Some of  mTOR inhibitors as p53 and PTEN are 
often deleted or mutated in human cancer. Such kind of  
tumor cells are extremely sensible to the effect of  mTOR 
inhibitors[53,54].

In detail deregulation of  the pathway can include 
overexpression of  growth factors, overexpression or 
mutations of  growth factor receptors, loss of  tumor 
suppressor genes, and gain-of  function mutations in 
mTOR-linked pathways, such as: (1) Inappropriate signal-
ing through members of  the human epidermal growth 
factor receptor (HER/EGFR) family in lung, colon, and 
breast cancers[55-57]; (2) Activation of  the estrogen receptor 
through ligand independent pathways linked to mTOR in 
breast cancer[58]; (3) High levels of  IGF-1 or expression 
of  IGF-1 receptor in breast, prostate, lung, thyroid, and 
kidney cancers, melanoma, and sarcoma[59-65]; (4) Increase 
Ras or PI3K signaling through activating mutations or 
loss-of-function mutations in tumor suppressor genes in 
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pancreas, colon, thyroid, lung, leukemia, brain, gastric, 
breast, ovarian, prostate, endometrial, and oral squamous 

cancers and melanoma[66-75]; (5) Formation of  the Bcr-
Abl fusion gene, which causes Ph+ chronic myelogenous 
leukemia[76]; and (6) Deregulated signaling or cross-talk 
through mTOR linked pathways can increase mTOR ac-
tivity; mTOR inhibition could counteract this deregulated 
signaling. This represents the rationale because combining 
an agent that directly targets mTOR with an agent that 
targets a deregulation in an mTOR-linked pathway could 
produce more profound anticancer activity than either 
agent alone, particularly in cancers that have lost function 
of  the tumor suppressor gene, PTEN[77].

In the last decade a number of  mTORC1 activat-
ing molecules have been found abnormally high (gain 
of  function) and linked to specific cancers. PI3K is 
abnormally high in a variety of  human cancers, as well 
as AKT[78]. Rheb and ras have similarly been found ab-
normally high in human cancers[79]. Also the effectors 
of  mTOR have been found overexpressed in human 
cancers, in breast cancers and correlate with poor prog-
nosis[80]. Similarly, among tumor suppressors, mutations 
linked to tumor development have been found. Loss of  
PTEN is linked to hamartoma syndromes, as well as TSC 
and the serine threonine kinase 11 (LKB1)[81]. P53 is mu-
tated in the majority of  human tumors. NF1 mutation is 
associated to neurofibromatosis type 1[82]. 

In selected human cancer mTOR linked pathway 
deregulations has been found as shown in Table 3: Lung 
cancer: deregulation of  EGFR, AKT, Ras, PTEN and 
PI3K in a range from 4% to 60%; Kidney cancer: de-
regulation of  TGF, VHL, IGF-1/IGF-1R, AKT, PTEN 
TSC1/2 in a range from 31% to 100%; Breast cancer: de-
regulation of  AKT, PTEN, PI3K, EGFR in a range from 
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Table 3  Mammalian target of rapamycin linked pathway 
deregulations in selected cancers

Lung EGFR 32-60
p-AKT 23-50
Ras 30
PTEN 24
HER2 5
PI3K   4

Kidney TGF-α/TGF-β1   60-100
VHL 30-50
IGF-1/IGF-1R 39-69
p-AKT 38
PTEN 31
TSC1/TSC2

Breast p-Akt 42
PTEN 15-41
HER2 30-36
PI3K 18-26
EGFR   6

NET TSC1/TSC2
IGF-1/IGF-1R
VHL

Colon Ras 50
p-Akt 46
PTEN 35
PI3K 20-32
EGFR   8
HER2   3

EGFR: Epidermal growth factor receptor; HER: Human epidermal growth 
factor receptor; PI3K: Phosphoinositide 3-kinase; TGF: Transforming 
growth factor; VHL: von Hippel-Lindau; IGF: Insulin like growth factor; 
IGF-1R: IGF-1 receptor; TSC: Tuberous sclerosis complex.

Salvadori M. Proliferation signal inhibitors and cancer



80 October 24, 2012|Volume 2|Issue 5|WJT|www.wjgnet.com

6% to 42%; Neuroendocrine tumors: VHL, IGF-1/IGF-
1R, TSC1/2; and colon carcinoma: EGFR, PI3K, PTEN, 
AKT, Ras in a range from 3% to 50%.

In summary aberrant signaling through upstream 
pathways can activate mTOR inappropriately: (1) Ab-
normal cell growth, proliferation, and angiogenesis; and 
(2) Survival of  cancer cells in the nutrient- and oxygen-
depleted tumor environment.

TARGETING mTOR PATHWAY IN 
CANCER: FROM TRANSPLANT PATIENTS 
TO GENERAL POPULATION 
Targeting deregulated pathways
Targeting deregulated pathways has been a successful 
clinical strategy in cancer and a combination therapy 
targeting mTOR and deregulated pathways may provide 
enhanced anticancer activity [56,58].

As already outlined and as a consequence of  the 
aforementioned pathogenesis, a two hits therapy or a 
combination therapy targeting both upstream signaling 
and mTORC1 is a highly promising strategy[31,77].

Overall four groups of  agents have been developed 
for targeting solid cancers, alone or in combination: (1) 
Agents targeting EGFR; (2) Agents targeting IGF-1R; 
(3) Agents targeting VEGF/VEGFR; and (4) Agents 
targeting multi-kinase, among which the mTORIs have a 
prevalent role[71,83].

Targeting deregulated pathways in cancer after 
transplantation
The beneficial effect of  mTORIs on cancer prevention 
in transplant patients has been documented in the afore-
mentioned clinical trials. 

Recently a beneficial effect of  rapamycin for Kaposi’s 
sarcoma in renal-transplant recipients has been reported 
in 15 patients[84].

In a different study a switch from CNIs to mTORIs 
has been performed in 53 renal transplant recipients de-
veloping non melanoma skin cancer after transplantation. 
A remission was observed in 37 patients with minimal 
adverse events reported[85].

EVL has been used in liver transplant patients with 
de novo hepatocellular carcinoma after liver transplanta-
tion. The probability of  survival in 10 patients of  the 
EVL group was significantly greater than the observed 
in a historical cohort of  14 similar patients who did not 
receive EVL (HR = 4.6, P = 0.008)[86].

Targeting deregulated pathways in cancers in general 
population
Thinking with the old concept that reduction in immune 
surveillance is the main factor in cancer genesis, could 
seem paradoxical the use of  immunosuppressive agents 
like mTORIs in the treatment of  cancer in patients not 
needing immunosuppressive therapy. It is not so if  we 
look to the proven involvement of  mTOR pathways in 

cancer development. The block of  abnormal mTOR 
pathways united with other antineoplastic agents seems 
now the best therapeutic approach.

Indeed mTORIs and EVL in particular have proven 
be effective in targeting cancer also in general population, 
independently from transplantation.

Many hematological malignancies have aberrant acti-
vation of  the mTOR and related signaling pathways. Ac-
cordingly mTOR inhibitors, a class of  signal transduction 
inhibitors, originally developed as immunosuppressive 
agents, are being investigated in preclinical models and 
clinical trials for a number of  hematological malignan-
cies[50,87,88].

Several data indicate that pharmacological agents 
that target PI3K, AKT, or FRAP in prostate cancer cells, 
inhibit HIF-1α expression and that such inhibition may 
contribute to therapeutic efficacy[89,90].

Recently FDA approved EVL in metastatic renal cell 
carcinoma after a trial documenting in 272 patients af-
fected by such carcinoma the efficacy of  EVL with re-
spect to standard therapy[91].

In a recent study (RADIANT-3) 410 patients with 
low grade or intermediate grade pancreatic neuroendo-
crine tumors were randomized to receive EVL or pla-
cebo. EVL significantly prolonged progression-free sur-
vival and was associated with a low rate of  severe adverse 
events[92].

In the BOLERO-2 trial mTOR inhibitor EVL, added 
to endocrine therapy showed antitumor activity. In such 
patients indeed the resistance to endocrine therapy in 
breast cancer is associated with activation of  the mTOR 
intracellular signaling pathway[93].

Recently a synergistic effect of  mTOR inhibitor and 
chemotherapy in a rat model of  hepatocellular carcinoma 
has been found[94]. Many clinical trials now at their final 
or preliminary publication, are planned or are actively 
recruiting patients for treatment of  liver carcinoma with 
mTOR inhibitors.

CONCLUSION
mTOR inhibitors are a group of  parent drugs with a 
well defined immunosuppressive property and are widely 
used as immunosuppressant drugs in kidney, liver, lung 
and heart transplantation. Thanks to their mechanism 
of  action, favouring apoptosis and inhibiting prolifera-
tion of  both immune and non immune cells, such drugs 
have a documented antineoplastic action in transplant 
patients. Some of  them as SRL (rapamycine), EVL (afini-
tor/certican), temSRL (torisel) and deforolimus are either 
launched or in advanced development stage in cancer 
therapy also outside transplantation.

As aforementioned their mechanism of  action is still 
now not fully understood and most probably this group 
of  drugs will prove to be effective in controlling some 
types of  cancer, and other not. The complexity of  the 
mTOR pathway, mainly considering the negative feed-
back loops that exist, suggests that only properly designed 
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clinical trials will provide the final answer. Nonetheless, 
our present knowledge of  the mTOR pathway supports 
such trials.
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