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Abstract
Objectives—To formally study the prevalence and histological classification of renal cell
carcinoma (RCC) in a series of patients with PTEN Hamartoma Tumor syndrome (PHTS).

Methods—We evaluated prevalence of RCC within a prospectively-accrued series of 219
patients found to have pathogenic germline PTEN mutations. Clinical data including pathology
reports were requested for all participants. Slides and tumor blocks were requested for central
pathology re-review and immunohistochemistry (IHC) analysis.

Results—Nine patients were identified with RCC. Based on SEER data 0.28 RCC cases were
expected for the group, giving an overall age-adjusted Standardized Incidence Ratio (SIR) of 31.7
(95% CI 15.4–58.1, p<0.001) with a higher sex-adjusted SIR for females (46.7 vs. 21.6 for males).
Reported histology of each mutation positive patient’s RCC was variable. However, on central
pathology re-review of 8 patients, six examined lesions were determined to be of papillary
subhistology (pRCC), with the other two patients’ tumors consistent with the initial report of
chromophobe RCC (chRCC). IHC demonstrated complete loss of PTEN protein in all PTEN
mutation positive patients’ pRCCs and patchy positivity in one chRCC.

Conclusions—PHTS is a hereditary syndrome newly associated with pRCC, and PTEN IHC
may be a helpful screening tool to identify pRCC patients with PHTS. Physicians caring for PHTS
patients should note the >31-fold increased risk for RCC and have a low threshold for
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investigating possible RCC in patients with relevant complaints. Renal ultrasound is not sensitive
for detecting pRCC and so PHTS patients should have alternate renal imaging (CT or MRI).

Keywords
PTEN germline mutations; Cowden syndrome; Bannayan-Riley-Ruvalcaba syndrome; Carcinoma,
Kidney

INTRODUCTION
PTEN Hamartoma Tumor Syndrome (PHTS) is a molecularly-defined umbrella term used to
describe individuals with Cowden Syndrome (CS, OMIM 158350), Bannayan-Riley-
Ruvalcaba Syndrome (BRRS, OMIM 153480), and other conditions with germline
mutations of the PTEN tumor suppressor gene, localized to 10q23.1,2 CS is an autosomal
dominant condition which causes increased risk for benign and malignant neoplasias, most
notably up to a 50% lifetime risk for female breast cancer and 10% lifetime risk for
epithelial thyroid carcinoma.2,3 It is assumed that individuals with BRRS or another clinical
diagnosis who have germline PTEN mutation, i.e. PHTS, carry similar risks, and
management guidelines focus on reducing morbidity and mortality from the two known
major component cancer types. Case reports exist which describe PHTS, CS and BRRS
patients with an array of other cancer types, including renal cell carcinoma (RCC),4,5 and
the operational diagnostic criteria for CS recognize genitourinary tumors and malformations
as a minor feature.6 Previous studies have demonstrated loss of PTEN protein in a minority
of sporadic RCC tissue and RCC-derived cell lines with one study correlating loss of
heterozygosity at 10q23 with poor patient prognosis, but others finding no association
between reduced PTEN expression and patient survival.7–13 It seems reasonable that
patients with PHTS, who have one mutated PTEN gene in all bodily tissues, would be at
increased risk for RCC. However, RCC prevalence and histology have yet to be studied
systematically in a large PHTS patient series. Thus, we sought to determine the incidence of
RCC in our PHTS patients and performed central pathology re-review to determine the
histological types of RCC and PTEN expression analysis by immunohistochemistry (IHC)
of these RCC.

MATERIALS AND METHODS
From October 15, 2005 to August 4, 2011, 3,333 eligible patients were enrolled into
Cleveland Clinic IRB# 8458 (as approved by the Cleveland Clinic Human Subjects’
Protection Committee) if they minimally met the following: “relaxed” criteria for the
diagnosis of CS (presence of 2 major/pathognomonic, 1 major/pathognomonic + 2 minor, or
3 minor characteristics of Cowden syndrome per the International Cowden Consortium
diagnostic criteria6); presence of macrocephaly and developmental disability/autism;
presence of penile freckling; or presence of a known germline PTEN alteration. Clinical data
including pathology reports were requested for all participants.

PTEN mutation analysis was performed using genomic DNA isolated from research
participants’ peripheral blood leukocytes or from banked germline DNA samples. Mutation
analysis for all subjects included promoter sequencing and mutation scanning of all exons
and flanking intronic regions by denaturing gel gradient electrophoresis (DGGE) or
LightScanner technology; variants detected by DGGE or LightScanner were confirmed with
single exon Sanger sequencing as per routine of the Eng lab as previously described.14

Samples from patients meeting ICC criteria, those with macrocephaly and developmental
disability/autism, and those with a personal/family history of a known large PTEN
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rearrangement also underwent multiplex ligation probe assay (MLPA); MLPA-identified
rearrangements were confirmed with quantitative PCR.14

Expected numbers of cancers were obtained using age-specific SEER incidence rates from
2004–2008 (http://seer.cancer.gov). OpenEpi software was used to calculate Standardized
Incidence Rate (SIR). The 95% confidence interval and corresponding p-value were
calculated using the mid-P exact test.

Hematoxylin and Eosin-stained (HE) sections and tumor blocks were requested for patients
with an RCC diagnosis. Materials were available for 8 patients and were blindly reviewed
by a dedicated uropathologist (MZ). PTEN IHC was performed on unstained sections using
the 6H2.1 monoclonal antibody (Cascade Biosciences, dilution 1:50). Briefly, 4 µm sections
were deparaffinized and antigen retrieval was performed for 30 minutes at 98°C in an EDTA
solution (pH 8.0). Endogenous biotin was blocked with an avidin/biotin blocking step prior
to primary antibody incubation. After overnight incubation of primary antibody at 4°C,
sections were incubated with a biotinylated anti-mouse IgG secondary antibody. PTEN
antigen detection was visualized by a 3,3’-diaminobenzadine chromogen step. Normal
kidney tissue was used as an internal positive control (Figure 1a).

RESULTS
Of the 3,333 eligible research participants, 219 were found to have pathogenic germline
PTEN mutations. To be conservative, patients carrying variants of unknown significance
were ineligible for the current study. Nine of the 219 PTEN mutation positive patients were
identified with a prevalent or incident history of RCC (Table 1). Based on SEER data, only
0.28 cases were expected for the total group. Thus, the age-adjusted SIR for RCC in this
PTEN mutation positive group is 31.7 (95% CI 15.4–58.1, p<0.001). When stratified by
gender, the SIR was higher for females (46.7, 95% CI 18.9–97.2) than for males (21.6, 95%
CI 5.5–58.7). One patient had bilateral metachronous RCC; all other patients had unifocal
tumors, and no patient had RCC-related metastases or mortality. Family history was absent
for RCC in the relatives of our 9 patients with germline PTEN mutation and RCC.

Initial reporting of tumor histology was variable and complex, with papillary features
identified in a majority of tumors. Re-review of nine tumors identified in eight patients for
which materials were available showed that six patients had pRCC and the other two had
chRCC (including one patient with bilateral chRCC, Table 2). Four cases were type I pRCC
with tumor cells with scant cytoplasm and low grade nuclei. Two cases were type IIB pRCC
with abundant eosinophilic cytoplasm and high grade (Fuhrman grade III or IV) nuclei.
Precursor lesions consisting of papillary adenomas were identified in two cases of pRCC.
The histologic appearance of these papillary and chromophobe RCCs is identical to sporadic
cases. IHC analysis found complete loss of PTEN expression in all five pRCCs studied and
patchy positivity in one chRCC (Figure 1b–c).

COMMENT
We observed an increased SIR for RCC in our PHTS patients, with an over-representation of
papillary histology among these RCC. Given that papillary and chromophobe RCCs make
up only 10–15% and 5% of all RCC cases, respectively,15,16 identifying these histologic
types and not the more common clear cell histology in PHTS patients is notable. According
to SEER data (www.seer.cancer.gov), the median age at diagnosis for cancer of the kidney
and renal pelvis is 64 years of age, with 71.4% of cases diagnosed after age 55 and
approximately a 2:1 male-to-female ratio. In our series, the median and mean ages at
diagnosis were 49 and 45.4 years respectively, with a 2:1 female-to-male ratio. These data
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are consistent with the knowledge that patients with cancer as part of an inherited syndrome
have an earlier age at diagnosis than sporadic cases.17

Previous studies of PTEN expression in sporadic RCC were mainly on clear cell RCC and a
relatively small number of papillary and chromophobe RCCs. In the largest series, PTEN
expression was negative in 2/44 (4.5%) papillary and 1/22 (4.5%) chromophobe RCCs, with
the majority of these tumors (68% and 82% respectively) showing positive, but decreased,
staining.9 A smaller study found PTEN expression in all studied RCCs, with reduced
expression in 0/2 papillary and 4/8 chromophobe tumors. In contrast, the pRCC tumors from
PHTS patients all showed completely negative PTEN expression, supporting a causative
role for PTEN in the development of these tumors. Understanding the exact mechanism
causing the observed loss of expression in these cases – whether a second mutation, loss of
heterozygosity (i.e., deletion), promoter hypermethylation, or other – would make for an
interesting follow-up study.

The patchy positivity observed in one chromophobe RCC studied does not allow us to draw
a similar conclusion for PTEN’s role in the development of this tumor type. However,
reduced Pten dose has been associated with risk of tumorigenesis in murine models18,
implicating that this patient’s PTEN mutation may still have contributed to this cancer risk.
More recently, we observed a hint of the importance of PTEN dosage by germline protein
studies in our large PHTS series.14 Papillary adenomas are commonly identified in kidneys
from sporadic pRCC cases19 and thus we were not surprised to identify them in two of our
PHTS patients with papillary RCC.

All patients had other clinical features, which before the age of molecular diagnosis, would
have granted them a clinical diagnosis of Cowden syndrome or sufficient suspicion for this
condition to warrant a genetics evaluation. Eight of the nine patients in this series have
germline PTEN mutations which are predicted to lead to protein truncation, the most
common type of mutation observed in PHTS.14 Four patients possessed the mutations
Arg130Ter and Arg335Ter which are well-studied “hot-spot” mutations. Arg130Ter is
within PTEN’s phosphatase core motif; mutations in this area destroy PTEN’s ability to
dephosphorylate protein and lipid substrates, thereby causing loss of its tumor suppression
functions.20 This type of mutation has been shown to prevent PTEN from exiting the
nucleus, limiting its ability to promote apoptosis through the AKT pathway.21 This evidence
may show that RCC tends to occur in those patients with a PTEN mutation predicted to
cause a more severe phenotypic outcome.

The National Comprehensive Cancer Network (NCCN) carries screening guidelines for
PHTS patients, but they do not include RCC screening. We have recently recommended
biannual RCC screening for PHTS patients beginning at age 40 because of the 34% lifetime
risk calculated.22 The 31-fold SIR for RCC identified in this patient population is notable,
and clinicians caring for patients with PHTS should have a low threshold for investigating
possible RCC in PHTS patients with relevant symptoms such as hematuria. Renal ultrasound
is not sensitive for detecting papillary and other solid histology RCC due to their
hypovascular nature23, thus we recommend alternative imaging by CT or MRI.

IHC of mismatch repair proteins is a cost-effective screening tool to identify patients with
Lynch syndrome, an inherited condition causing increased risks for colorectal, uterine, and
other cancer types. A study by the Centers for Disease Control and Prevention estimated
cost-effectiveness ratios of $45,000–$75,000 per year-life saved when mutation analysis is
performed on colorectal cases with abnormal IHC results, implicating a risk for germline
mutation in one of the four mismatch repair genes. Cost-effectiveness is increased further
when family members of a mutation positive individual are able to discover their mutation
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status and pursue earlier and more frequent colonoscopy screening to remove adenomatous
polyps and identify tumors at the earliest, most treatable stage. 24 Given the findings in this
study, a similar approach may be feasible for pRCC tumors in PHTS.

Until such a tumor screening protocol is established, patients with papillary or chromophobe
RCC may be referred for clinical cancer genetics consultation, which includes genetic
counseling, for a comprehensive personal and family history analysis assessing for features
consistent with PHTS or other inherited neoplasia syndromes (Table 3). Several of these
syndromes have considerable overlap in features, and thorough assessment by a genetics
professional can help pinpoint which condition is most likely so that testing can proceed in a
step-wise and cost-saving manner. Should an inherited syndrome be identified, the patient as
well as their family members can benefit greatly from this knowledge. The conditions listed
in Table 3 are inherited in an autosomal dominant manner, meaning that if a patient has the
condition, their first-degree relatives (parents, siblings, and children) are assumed to be at
50% risk to also be affected. If a gene mutation can be identified, predictive testing can be
offered to at-risk relatives to help them learn their genetic status, and if mutation positive,
seek preventive screening and surgical measures to reduce their cancer risks. Genetic
counseling is a vital part of this process. The American Society of Clinical Oncology
recommends pre- and post-test counseling when genetic testing is considered to ensure the
patient is aware of the benefits and limitations of testing and provides their informed
consent.25 Genetic counselors are health professionals with specialized graduate degrees,
most commonly Master’s level, skilled at analyzing a personal and family history to assess
risk for an inherited syndrome, educating patients about this risk, facilitating appropriate
testing, and helping the patient understand what results mean for themselves as well as their
family members (www.nsgc.org).

In many inherited cancer syndromes, patients are at increased risk for second primary
tumors and increased surveillance and prophylactic surgical options are offered. For the
patient him/herself, knowing which specific gene is mutated is important to understand
which non-RCC malignancies he/she is at risk for and to be able to tailor surveillance or
prophylactic measures in a gene-specific manner. For example, female breast and epithelial
thyroid cancers are the two most common cancer risks in CS, with similar risks presumed in
PHTS. The NCCN (www.nccn.org) recommends screening start at age 18 with a baseline
thyroid ultrasound, and that women begin having semiannual clinical breast exams at 25 and
annual mammography and breast MRI at age 30–35, with these screenings beginning even
earlier should family history dictate. Risk-reducing prophylactic mastectomy is also offered
as an option. These aggressive approaches to medical management are offered to prevent
cancer diagnoses in their entirety and to detect any cancers at the earliest, most treatable
stages. If a syndromic diagnosis is missed, the patient would not be aware of these increased
neoplasia risks and would be directed to adhere to the American Cancer Society’s general
population screening guidelines, which do not include screening for thyroid cancer at all and
include only mammography for women beginning at age 40 with high-risk screening offered
to only those women with a 20–25% risk for breast cancer based on personal and family
history factors.26,27

Should genetic testing be negative, genetics providers can also offer appropriate
opportunities for research and be a source of continued contact for a patient should new
genes be discovered or new family history information come to light which alter the
patient’s risk assessment. New genetics research uncovers additional genes involved in
cancer predisposition on a regular basis. Our group has previously identified variants in the
SDHB and SDHD genes and germline hypermethylation of KILLIN as being involved in
PTEN mutation negative Cowden and Cowden-like syndromes. This preliminary work and
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other reports have shown that variation in SDHB/D and germline KILLIN hypermethylation
are associated with increased risks of RCC over those with germline PTEN mutations.28–30

CONCLUSIONS
Patients with PHTS are at increased risk of developing RCC with an adjusted SIR>31.
Papillary RCC was the most common histology identified when tumor materials underwent
central re-review by a dedicated GU pathologist. Until larger studies are done to determine
the sensitivity and specificity of reflexing to germline PTEN gene testing for pRCC patients
with negative PTEN IHC, patients with papillary and chromophobe RCC may be referred to
cancer genetics clinics for personal and family history assessment to determine if testing for
PHTS or another hereditary syndrome is indicated. Given the decreased sensitivity of
ultrasound for detecting pRCC, CT or MRI should be utilized when investigating symptoms
concerning for RCC in PHTS patients.
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Figure 1.
PTEN IHC staining, demonstrating normal expression in normal kidney tissue (A), complete
loss in a representative papillary RCC tumor with positive internal control staining of
glomeruli and blood vessels (B), and patchy expression in the chromophobe carcinoma (C).
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Table 3

Genetic Differential Diagnoses of Papillary and Chromophobe RCC

Syndrome Gene OMIM # Renal features Other features

Familial papillary
renal cell cancer

MET 605074 Multiple
bilateral type 1
papillary RCCs

None

Hereditary
leiomyomatosis
and renal cell
cancer

FH 605839 Type 2
papillary RCC

Cutaneous and uterine
leiomyomas; leiomyosarcoma

Birt-Hogg-Dubé
syndrome

FLCN 135150 Multiple
chromophobe-
oncocytoma
hybrid, clear
cell, papillary
RCCs

Facial fibrofolliculomas, lung
cysts, spontaneous
pneumothoraces

Familial
Paraganglioma
Syndrome

SDHB,
SDHD

115310,
168000

Chromophobe,
clear cell,
papillary RCC;
oncocytoma

Benign and malignant
paragangliomas, papillary
thyroid carcinoma

PTEN
Hamartoma
Tumor
syndrome

PTEN 601728 Unifocal
papillary RCC,
chromophobe
RCC

Macrocephaly; GI
polyposis; malignant and
benign breast, non-
medullary thyroid, and
uterine tumors; autism
spectrum/developmental
delays; benign
mucocutaneous lesions
(trichilemmomas, skin and
oral papillomas, acral
keratoses, lipomas,
freckling of the glans penis)
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