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ABSTRACT

Purpose: Patients with Cowden syndrome (CS) have an increased lifetime risk of developing
cancers, particularly breast, uterus, thyroid, colon and renal cell cancer. CS is associated with a
germline mutation of PTEN, a gene that plays an important role in carcinogenesis. This review
hypothesized that inactivation of PTEN could have dramatic consequences on response of
treatments in patients with Cowden Syndrome.

Methods: This systematic review has been reported in line with PRISMA and AMSTAR, we
investigated to deficit of PTEN and the response to current available treatments for renal cell
cancer (RCC).

Results: Preclinical studies showed that PTEN loss determinate a growth level of AKT and
mTORC1. For this reason, many studies focused on inhibition of mTOR for treatment of
patient with Cowden Syndrome’s. In addition, preclinical data demonstrated that the loss of
PTEN is responsible for the increase in vascular endothelial growth factor (VEGF), to suggest
that the VEGF antibody bevacizumab in patients with renal cell carcinoma and CS should be
indicated.

Conclusion: Cowden syndrome associated renal cell carcinoma patients could benefit from
mTOR and anti VEGF therapy, and potentially also by tyrosine kinase inhibitors. Otherwise,
immunotherapy the use of would not be recommended. However, confirmatory studies are
needed in order to define the role of PTEN as a biomarker of response to treatment.

Key word: renal cell cancer, Cowden syndrome, loss PTEN, target therapy

INTRODUCTION

The study of the genetic basis of RCC has led to the identification of at least
twelve genes involved in the development of this cancer. Therefore, a single
germline alteration may be the cause of the development of RCC in 4-6% of
patients. Several of these conditions including VHL, HPRC, BHD, and HLRCC, CS (1).

CSis a rare hereditary syndrome with an estimated incidence of 1 in 200,000
individuals (2). CS patients have an increased lifetime risk of developing cancers,
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particularly breast, uterus, thyroid and colon cancers (3,
4). The diagnosis is essentially clinical and is based on a
combination of pathognomonic, minor and major
criteria (5). Genitourinary tumors such as kidney and
prostate cancer are associated with CS, in particular
RCC considered one of the diagnostic criteria. Skin
manifestations are present in almost all patients. The
characteristic skin findings of CS are: trichilemmomas,
acral keratosis and plantar cavities of the palm.
Papillomas of the oral cavity are frequent and generally
coalesce giving a “cobblestone appearance”. Macular
pigmentation of the glans is also a major diagnostic
criterion and may present in almost half of the male
patients (6). Gastrointestinal polyps are very common
in patients with CS, with a lifetime risk of developing
colon cancer of 16%. Histologic types include hamar-
tomatous, hyperplastic, inflammatory, lipomatous,
ganglioneuromatous, and adenomatous polyps (2).
Patients with CS may experience thyroid disorders with
benign and malignant features. In particular, benign

pathology occurs in 50-70% of cases and malignant in
14%. The most common histologic subtype of thyroid
carcinoma is papillary carcinoma, followed by follicular
and anaplastic carcinomas (7). One of the pathogno-
monic signs of people with CS is macrocephaly. Another
cerebral manifestation is the LDD, a dysplastic ganglio-
cytoma of the cerebellum that typically occurs in adult-
hood. Moreover, some studies suggest that individuals
with CS may have varying degrees of cognitive
impairment (3,8).

CS is associated with a germline mutation of phos-
phatase and TENsin homolog deleted on chromosome
10 (PTEN). The gene encodes for a multifunction
protein of 403 aminoacidic with lipid and protein
phosphatase activities. PTEN plays an important role in
numerous cellular processes such as control of cell
survivor and proliferation, angiogenesis, cellular
motility and regulation of glucoside metabolism (9). All
these processes depend of PI3K/AKT/mTOR pathway
(fig. 1). In particularly the PI3K is a lipid kinase activated
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by receptor tyrosine kinases; this converts the PIP2 to
PIP3 that recruits PDK1, mTORC2 and finally AKT. PTEN
is the most important negative regulator of PI3K
signalling. By dephosphorylating PIP3 to PIP2, PTEN
reverses the action of PI3K, thereby hampering all
downstream functions controlled by the AKT/mTOR
axis, such as cycle progression, induction of cell death,
regulation of transcription, translation, angiogenesis, and
stem cell self-renewal (10). However, PI3K signalling
downregulation is a part of a complex system in which
PTEN is involved. PTEN can also function as a tumour
suppressor in a PI3K independent manner. PTEN
protein exists in nuclear form (11), which is able to
reduce the activity of Cyclin D1, involved in DNA
double-strand damage repair (by interaction with
RAD51 protein), delaying the progression of the cell
cycle. Furthermore, at the nuclear level it plays an
unclear role in the regulation of centrosome stability,
mediated by interaction with CENP-C (12).

PTEN has such important role in biology of cancer.
This review shows some data known about correlation
between deficit of PTEN and the response to current
available treatments for RCC.

METHOD

This review has been reported in line with PRISMA
(Preferred Reporting Items for Systematic Reviews
and MetaAnalyses) and AMSTAR (Assessing the
methodological quality of systematic reviews)
Guidelines. This systematic review included all clinical
and preclinical studies that evaluated the correlation
between deficit of PTEN and the response to current
available treatments for RCC. A search was performed
through MEDLINE and Cochrane Database using a
combination of key terms: “Renal cell cancer”, “Cowden
syndrome”, “Loss PTEN”, “TKI”, “VEGF”, “PD1/ PDL1”",
“mTOR”, “PI3KCA”". Studies were considered eligible in
our systematic reviews if they met the following criteria:
(1) clinical and preclinical studies evaluating loss PTEN
and the response to treatments; (2) retrospective and
prospective studies; (3) studies published in English
only. The exclusion criteria were: (1) inappropriate
study design (conference abstracts, letters to editor and
ongoing randomized trial), (2) studies evaluating loss
PTEN in the absence of therapeutic correlations, and (3)
duplicate publication or provision of insufficient data.
The authors reviewed all the eligible studies, according
to the inclusion and exclusion criteria. The search strat-
egy was illustrated in the PRISMA flow chart (fig. 2). The
Newcastle—Ottawa Scale criterion was used to evaluate
the quality of the studies included.
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RESULTS
Tyrosine kinase inhibitors and PTEN

In recent studies, it has been evaluated how PTEN
mutation can be involved in resistance mechanism
induced by targeted receptor tyrosine kinase inhibitor
(TK1), the standard treatment in advanced RCC (13,14).
Although approximately 70% of patients show an initial
response to Sunitinib, later Sunitinib resistance and
disease progression occur (15). The Cancer Genome
Atlas data showed a correlation between bi-allelic loss
of PTEN and poor overall survival in RCC (16,17).

In a study of Hiroshima University, Sekino et al. have
studied the association between PTEN expression and
therapeutic outcomes in 74 metastatic RCCs treated
with Sunitinib and Sorafenib as first-line treatment.
They have found negative PTEN expression in 17 of 74
(23%) metastatic RCC patients. Kaplan-Meier analysis
revealed a significant association between negative
PTEN expression and poor progression-free survival
(PFS) in these patients. In particular in the Sunitinib
group, negative PTEN expression was significantly
associated with poor PFS (p=0.009), whereas in the
sorafenib group, there was no association between
negative PTEN expression and poor PFS (p=0.744).
Sekino et al. also aimed to analyze the effect of PTEN
knockout on Sunitinib and Sorafenib resistance in RCC
cell lines. They showed that knockout of PTEN induced
spheroid formation and promoted Sunitinib and
sorafenib resistance in RCC cell lines. Immunohisto-
chemistry revealed that negative PTEN expression was
correlated with a poor survival outcome of Sunitinib
treatment (15).

In another study, Sekino et al. analyzed the involve-
ment of miR-130b in Sunitinib resistance. The authors
demonstrated that the over-expression of miR-130b
decreased Sunitinib sensitivity in Caki-1 cells whereas
the down regulation of miR-130b improved Sunitinib
sensitivity in 786-O cells. So, they observed that the
expression of miR-130b was inversely correlated with
the expression of PTEN inducing Sunitinib resistance in
RCC through downregulation of PTEN (18).

Conversely, the RECORD-3 trial has shown that
negative PTEN expression was not associated with
therapeutic outcomes Sunitinib treatment (19). The
primary objective of this study was to assess PFS non-
inferiority of first-line Everolimus compared with
first-line Sunitinib and to determine the role of first-line
mTOR inhibitors in metastatic RCC. The median PFS
after first-line Sunitinib was 10.1 months compared
with 7.9 months for Everolimus. The median PFS for
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Figure 2 - PRISMA flow chart.

patients treated with Everolimus followed by Sunitinib
was 21.1 months compared with 25.8 months for those
treated with Sunitinib followed by Everolimus (HR, 1.4;
95% Cl, 1.2-1.8). The median QS for first-line
Everolimus followed by Sunitinib was 22.4 months
compared with 32.03 months for first-line Sunitinib
followed by Everolimus (HR, 1.2; 95% Cl, 0.9-1.6). The
final OS analysis of RECORD-3 continues to support
first-line Sunitinib followed by Everolimus (median OS
was 29.5 months compared to 22.4 months for
Everolimus followed by Sunitinib). These findings help
to explain why the predictive value of PTEN in Sunitinib
treatment is controversial. In fact, further studies are
necessary to identify the predictive value of PTEN.

Vascular endothelial growth factor
inhibitors and PTEN

Many studies have shown that the loss of PTEN is
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responsible for the increase in VEGF. One of the most
potent stimuli for increased VEGF production by tumor
cells is hypoxia, because it leads to the induction of
HIF-1, leading to the transcription of dozens of target
genes, including VEGF (20). Another mechanism is
activation of the EGFR/PI3K/AKT/mTOR pathway, that
could increase VEGF expression by up regulating HIF-1
(21). For example, PI3K is activated through loss of
PTEN, which in glioblastomas results in increased VEGF
expression mediated by HIF-1 stabilization (22).

Tian and colleagues exploring the role of PTEN in
hepatocellular carcinoma, found similar inhibition of
angiogenesis. Using a nude mouse model, was
demonstrated that PTEN decreased expression of HIF-1
and VEGF and suppressed angiogenesis induced by
human HCC cells with low expression of PTEN.
Interestingly, this study also suggested that PTEN
regulates angiogenesis through both phosphatase-
dependent and independent mechanisms (23).
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There are some studies about loss of PTEN and
VEGF-Inhibitors also about metastatic colon cancer. Loss
of PTEN in these patients was reported in 13-55% of
cases (24,25), and it is related to worse prognosis in
patients K-RAS wide type (26). These studies demon-
strated that in patients with low levels of PTEN, the
levels of circulating VEGF increased. In a study conducted
on 471 patients, Price et al. (27), aimed to analyse the role
of PTEN as a biomarker of therapy in advanced colon
cancer. The authors evaluated the prognostic impact of
PTEN loss based on copy number alterations, as well as
determining the potential for predictive outcomes in
patients receiving Bevacizumab treatment. They
found that PTEN wasn’t a predictive factor to anti-VEGF
therapy and it wasn’t related to progression free
survival, overall survival and prognosis. It wasn’t also
related to resistance to anti-EGFR therapy. However, the
limit of the study was the presence of 94% of primary
tumor, which may have reduced the impact of tissue
source variation and did not allow them to assess the
effect of PTEN loss in metastases on prognosis.

In another study, Sclafani et al. (28) have demon-
strated that the lack of PTEN expression in the metas-
tases was an independent predictor of response to
treatment with chemotherapy plus bevacizumab. PTEN
has been reported to act as a potential biomarker. In
particular, PTEN loss has been suggested to be a
negative predictive factor for benefit from other
targeted agents such as cetuximab in metastatic colon
cancer and trastuzumab in metastatic breast cancer.
They have not found a significant difference in survival
outcomes in their population according to the
expression of PTEN.

Koichi Hamada et Coll. had demonstrated that
the loss of PTEN specifically in mouse endothelial cells
is responsible for enhanced angiogenesis leading
accelerated tumour growth (29).

An identical mechanism may be operating in
humans with CS. A patient who inherits a mutated
PTEN allele is not only at risk for additional tumorigenic
mutations due to the loss of PTEN function but may
also experience accelerated growth of any incipient
tumors due to enhanced angiogenesis.

These preclinical data seem to suggest that the
VEGF antibody bevacizumab in patients with renal cell
carcinoma and CS should be more indicated than other
treatments.

Programmed death-1 receptor and ligands
inhibitors and PTEN

Peng et. Coll. have described the role of PTEN loss as
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a mechanism responsible for resistance to anti PD-1
and PD-L1 treatment (30), which represent an
important therapeutic opportunity for patients with
metastatic RCC (31). The loss of PTEN modifies the
cytokine secretion pattern responsible for the creation
of an immune-suppressive microenvironment that
promotes tumour progression (32).

Many data have described the ability of PTEN to
modulate the level of PD-L1 (33), so the role of PTEN
does not seem to be limited only to changes in
the tumour microenvironment. The loss of PTEN or
constitutive expression of the PI3K/AKT pathway can
regulate PD-L1 expression in some tumour types.

The loss of PTEN is responsible for the release from
the tumor of anti-inflammatory cytokines which
determines a significant reduction of T-cell activity. The
presence of infiltrated T-cells in the tumour micro-
environment is associated with high percentage of
immunotherapy efficacy, including targeting of the
immune checkpoint PD1/PD-L1 (34).

The constitutive activation of the PI3K/AKT/mTOR
signaling axis, as a consequence of the activation of
upstream oncogenic drivers such as NRAS, KRAS, and
RET, appear the main mechanism responsible for
resistance to immune checkpoint inhibition. Moreover,
loss of PTEN function is an alteration responsible for
constitutive activation of this signalling, as a
consequence of point mutation, gene deletion, or
hyper-methylation events (30). This pathway is both
active in tumour cells and in the microenvironment,
regulating not only cancer growth and dissemination,
but also the activity of immune cells inside the
tumor and other processes as neovascularization and
reorganization of tumour matrix (35).

Truijillo et Coll. (36) described two cases of secondary
resistance to immunotherapy with associated acquisi-
tion either active B-catenin signaling or PTEN gene
deletion in patients with metastatic melanoma. Initially,
the patients showed a durable partial response to
either a melanoma-peptide/interleukin-12 vaccine or
combined anti-CTLA-4 + anti-PD-1 therapy, but sub-
sequently developed treatment-resistant metastases. In
the first case, the recurrent tumor showed new robust
tumour expression of B-catenin, whereas in the second
case genomic sequencing revealed acquired PTEN loss.

Mammalian target of rapamycin inhibitors
and PTEN

Several studies have hypothesized that the presence
of PIK3/PTEN genomic aberrations represents a
potential indicator of response to therapy with
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selective mTOR inhibitors (37). Preclinical studies
showed that PTEN loss is responsible for PI3K-AKT
signaling activation with increased sensitivity to
Everolimus. These findings have enabled researchers to
apply mTOR inhibitors in many tumor-types with
specific genomic aberrations irrespective of tumor
histology and location. It’s known that inactivation of
PTEN determinate a growth level of AKT and mTORC1
(mTOR complex 1). For this reason, many studies
focused on inhibition of mTOR for chemo-prevention
and treatment of patient with Cowden Syndrome’s.

In an interesting study Squarize CH et all. (38)
described the effect of rapamycin (mTOR specific
inhibitor) in PTEN null murine model (K14Cre PTENF/F
mice). These mice, like patients affected by CS, show
several cutaneous lesions, alteration in thyroid gland
(including thyroid tumors whit follicular aspect) and
multiple mammary gland tumor. Mice treated with
rapamycin showed regression of muco-cutaneous
lesions. Moreover, mice treated before the lesions
developed showed reduction of heterologous lesions
and reduction of mortality.

Preclinical data (39), in particular studies on mouse
models, describe how PTEN loss was associated with
behavioral disorders, neuronal function and autism.
These data seem to promise a possible therapeutic
efficacy of mTOR inhibitors in the neuropsychiatric
context.

Komiya et coll. (40) have evaluated if Sirolimus could
modulate mTOR signaling and clinical symptoms in CS
patients. Fifty-six days treatment with Sirolimus was
well tolerated and was associated with some evidence
of improvement in symptoms, skin and gastro-intestinal
lesions, cerebellar function. Moreover, tissues showed
decreased mTOR signaling. These data suggest
that Sirolimus may have a role in the prevention of
malignancy in patients with CS. Instead, no strong data
support the efficacy of mTOR inhibitors in cancer treat-
ment of PTEN loss patient. Kim et coll. investigated the
anti-tumour activity of Everolimus in solid tumors
but the study did not meet its primary objective of
demonstrating the anti-tumour activity in these
patients maybe for heterogeneous patient population
such as different types of cancer, age and race.

PI3KCA inhibitor in PTEN loss cancer

In the last few years different trials focus on specific
catalytic domains of PI3K, in particular sub-unit alpha
(codified by PI3KCA gene). PI3K was deregulated in
many types of cancer, such as in hormone sensitive
breast cancer (HER2 not amplified) in which almost 40%
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of cases show a gain of function mediated by PI3KCA
mutation (41). For this reason, different types of PI3KCA
inhibitors were tested but at the moment only one
(Alpelisib) shown a good tolerability profile. In the
SOLAR1 study a cohort of 63 patients with breast
cancer PI3KCA mut (HR+, HER2-) was treated with
Alpelisib plus Fulvestrant. These patients shown a
significant best PFS respect population treated with
Fulvestrant alone (11 moth vs 5.7 moths; HR 0.65; 95%
Cl, 0.50 to 0.85; P<0.001) (PI3K1). PI3K partway play a
central role in kidney cancer to so different inhibitor of
PI3KCA was tested.

Likely in the future PI3K inhibitors will use for
treat some patients affected by renal cell carcinoma,
however in PTEN loss population, specific PI3KCA
inhibition could be useful. In their elegant work, Juric
and colleagues compared the results of whole genome
sequencing (WGS) performed in primary tumor
(excised at diagnosis) and several metastatic sites from
a patient with a PIK3CA-mutated breast cancer who
received Alpelisib. Molecular analysis revealed PTEN
loss in all progressing sites (42). Hosford et al. demon-
strated in xenografts model of endocrine-resistant
breast cancer that PTEN-deficient cancer is strongly
dependent on a different sub-unit of PI3K, (sub-unit
Beta p110B) (43). This data supports the hypothesis
that PTEN deficient cancer need a specific therapeuti-
cally approach.

DISCUSSION

Clinicians managing patients with kidney cancer
should be familiar with the hereditary RCC syndromes,
as the role of inherited predisposition to kidney
cancer is most likely underestimated. The diagnosis of
an inherited form of RCC is important in the manage-
ment for the patient, but also to define the correct
treatment. CS may be a challenging diagnosis due to
the complexity of a clinical diagnosis that requires a
combination of pathognomonic, major and minor
criteria. Family history of RCC may not provide an
indication of a hereditary component for CS.
Therefore, clinicians should be aware that family
history of RCC or other cancers does not exclude
individuals from CS. Those patients with a personal
history or clinical manifestations should be considered
for genetic counselling.

The prognostic role of PTEN loss in metastatic RCC
patients treated with TKI is controversial. Many
studies consider the loss of PTEN a cause of resistance
to TKI therapy, underlining the better prognosis of
PTEN positive patients (17-18). Controversially,
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Table 1 - Loss PTEN and the response to treatments.

Study No patients Loss PTEN Type of Cancer Treatment Evolution

Seknoetal. ... (L 17074 @8%) o MRCC o Sunitinb __poor PFS (p=0009)
Priceetal. ... 802 1170302(387%) ... mCRC o] Bevacizumab _not prognostic for PFS or 0S
Sclafanietal. A2 280142 (666%) .. mCRC ] Bevacizumab  _ response to treatment (p=0.02)
Komiya et coll. 18 18 of 18 (100%) CS Sirolimus improvement in CS symptoms

RECORD 3 study showed a first-line advantage in OS
with Sunitinib followed by Everolimus (19).

Several studies have described that the loss of PTEN
results in an increase in VEGF. We showed the benefits
in the context of various tumour types (glioblastoma,
hepatocarcinoma, colon cancer) and the potential use
of PTEN as a biomarker of response.

Clear and unclear renal tumors often present with
activation of the PI3K/AKT pathway. Deregulated
expression of the PTEN gene is associated with
resistance to immune checkpoint inhibition. Moreover,
the loss of PTEN expression is associated with
alterations of the tumour microenvironment with an
increase in the non-inflamed tumor as a consequence
of the release of anti-inflammatory cytokines and a
significant reduction in the activity of T lymphocytes. In
this context, the activity of immune checkpoint
inhibitors is ineffective (30,32).

In 2009 Everolimus and Temsirolimus are
approved for clinical use in RCC by FDA. Efficacy of
MTOR inhibitors is given by the inhibition of the
PI3K/AKT pathway as well as by the inhibitory effect
on HIF translation. pS6 and pAKT are potential bio-
markers of response in Temsirolimus-treated patients
with metastatic sporadic RCC. As pS6 and pAKT are
dysregulated by the loss of PTEN, those with CS-RCCiin
whom advanced disease develops may also benefit
from mTOR inhibition. Preclinical data demonstrated
the benefit that MTOR inhibitors have in terms of
chemoprevention in this population. The path of
MTOR targeting can potentially be followed in the
adjuvant setting (44).

PIK3CA genomic aberrations in patients affected by
HR+/HER2 negative Breast Cancer led to the approval
of specific inhibitors of sub-unit alpha catalytic
domain of PI3K. Similar treatments was tested in
patient affected by Renal cell carcinoma. However not
significant efficacy was noted. Moreover, pre-clinical
data suggest that PTEN null cancer tumor are resistance
at these drugs because a different catalytic domain (the
sub-unit beta) is involved in hyperactivation of
PI3K/PTEN pathway. Recently was tested BKM120 (a
PI3K beta inhibitor) in combination with bevacizumab
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in patient affected by glyoblastoma (45). This combi-
nation could be very efficacy in patient with PTEN null
mutation, however a great toxicity was observed so
introduction in clinical practice seems very far.

CONCLUSION

In the present study, we explored the potential
role of PTEN in patients with CS-RCC. Data showed
potentially benefit of use of mTOR and VEGF
inhibitors in these patients, and potentially also by
TKls (table 1). However, further confirmatory studies
are needed to identify the mTOR inhibitors as the
treatment of choice for RCC-CS patients. Moreover,
the role of PTEN loss as a potential response biomarker
and a predictor of response appears to be proposed
only by pre-clinical data (46). Therefore, there is an
emergent need to identify predictive markers of
response that may be useful to prospectively select
patients bearing tumours which may respond and
benefit from mTOR inhibition therapies.
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