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Abstract

Objective—To analyze kidney cancer patients referred for evaluation at a high-volume genetics
service at a comprehensive cancer center, and identify factors associated with positive tests for
hereditary cancer syndromes.

Methods—A retrospective review of patients referred to the Clinical Genetics Service at
Memorial Sloan-Kettering Cancer Center was performed, and patients with a personal history of
kidney cancer were identified. Patient and disease characteristics were reviewed. Four variables
including age at diagnosis of kidney tumor, presence of syndromic manifestations, family history
of kidney cancer, and number of primary malignancies were evaluated for association with
positive test results in two groups: patients tested for renal cell carcinoma syndromes and Lynch
syndrome. Guidance for genetic testing strategy in kidney cancer patients is provided.

Results—Between 1999 and 2012, 120 patients with a history of kidney cancer were evaluated
by the Clinical Genetics Service. The mean age at kidney cancer diagnosis was 52 years (IQR: 42—
63), with 57% being female. A family history of kidney cancer was reported by 39 patients (33%).
Time between diagnosis of first cancer and genetic consultation was <1 year in 54%, 2-5 years in
23%, and >5 years in the remaining 23%. Overall, 95 patients were tested for genetic
abnormalities with 27 (28%) testing positive. Testing for renal cell cancer (RCC)- related
syndromes was performed on 43 patients, with 13 testing positive (30%). Lynch syndrome testing
was positive in 9 patients (32%) after 28 were tested. In RCC-associated syndromes, young age of
diagnosis was associated with positive test results. Conversely, syndromic manifestations and
increasing number of primary malignancies were associated with positive Lynch testing.

Conclusions—The discovery of inherited kidney cancer syndromes has provided a unique
opportunity to identify patients at increased risk for cancer. Factors associated with positive
genetic testing are unique to different syndromes. This data suggests that in kidney cancer patients
evaluated for hereditary cancer syndromes, young age is associated with diagnosis of RCC
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syndromes, while syndromic manifestations and multiple primaries are found in Lynch syndrome.
These results along with clinical awareness may be useful for practicing urologists to select kidney
cancer patients to refer for genetic counseling.
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INTRODUCTION

According to the American Cancer Society, it is estimated that about 65,150 new cases of
kidney cancer (40,430 in men and 24,720 in women) will be diagnosed in the United States
in 2013(1). The majority of primary renal malignancies are renal cell carcinomas (RCC)
with most of the remaining comprised of upper tract urothelial carcinoma (UTUC)(2, 3).
Several risk factors have been identified for both RCC and UTUC, including a shared link
between smoking and cancer development. Additionally, both have been associated with
hereditary cancer syndromes. The most extensively characterized RCC syndrome is von
Hippel-Lindau Syndrome (VHL), with others including Hereditary Leiomyomatosis and
Renal Cell Carcinoma (HLRCC), Hereditary Papillary Renal Cell Carcinoma (HPRCC),
Birt-Hogg-Dubé Syndrome (BHD), Tuberous Sclerosis (TSC), and SDH-associated Renal
Cell Carcinoma. Lynch syndrome is a DNA mismatch repair disorder associated with
development of UTUC.

The central tenet for extending survival for patients with hereditary cancer syndromes has
been early identification of at-risk patients. These patients are offered genetic testing and
syndrome specific screening to identify early manifestations that can be treated prior to
development of morbidity or mortality. For several RCC syndromes, studies have found that
conservative management appears to preserve renal function without increased mortality (4—
6). In other syndromes, such as HLRCC, early and aggressive treatment may be preferable
(7). Decreased colorectal cancer mortality has been demonstrated in patients with Lynch
syndrome enrolled in colorectal cancer surveillance programs (8). Patients can consider
assisted reproductive technology to avoid transmitting a syndrome to offspring.

The benefits of testing are not without risk, however. Testing can be costly for patients and
research indicates that insurance companies vary in reimbursement of genetic counseling
and testing (9). Increased levels of anxiety and psychological stress have been associated
with genetic testing in some cases. In patients evaluated for Lynch syndrome, anxiety at the
time of test disclosure was increased for patients testing positive although this declined over
time (10). In families with VHL syndrome, clinically relevant distress has been identified in
mutation carriers and those who tested negative (11). Increased anxiety levels have also been
documented in partners of VHL patients who do not share the genetic susceptibility (12).
Because of the complexities associated with genetic testing for cancer susceptibility, the
American Society of Clinical Oncology recommends pre- and post- test counseling for
patients undergoing genetic testing (13).

Identification of patients with hereditary cancer syndromes requires a multidisciplinary
team. Syndromic manifestations may be identified by a variety of care providers, including
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family physicians, dermatologists, gynecologists, urologists and medical oncologists.
Additionally, pathologists and radiologists may suspect cancer syndromes while reviewing
tumor specimen or imaging studies. At MSKCC, all groups have been instrumental in
identifying patients who may require clinical genetics counseling. In this study we identified
120 kidney cancer patients referred to the Clinical Genetics Service between 1999 and 2012.
We evaluated commonly associated factors and have made recommendations for referring
patients who may benefit from genetic counseling.

In an institutional review board-approved study, we performed a retrospective review of
patients with a history of kidney cancer referred to Clinical Genetics Service for evaluation
of potential hereditary cancer syndrome. Patients were included regardless of the potential
syndrome considered. All recommended clinical testing was performed in a CLIA-certified
laboratory and confirmed by our institution’s clinical genetics laboratory. Patient and disease
characteristics including age, gender, ancestry/ethnicity, family history, tumor size,
histology, nodal status, metastases, genetic testing results, time between first cancer
diagnosis and genetic consultation, associated manifestations, and history of previous
malignancy were recorded.

Genetic testing was grouped by association with renal cell carcinoma syndromes (VHL, FH,
FLCN, MET, TSC, and SDH), or Lynch syndrome (MSH2, MSH6, MLH1, and PMS2)
which is associated with upper tract urothelial carcinoma. Four variables were evaluated for
association with positive test results: age at diagnosis of kidney tumor, family history of
kidney tumaors, presence of manifestations associated with tumor syndromes, and total
number of primary malignancies. Examples of syndromic manifestations include uterine
fibroids, hemangioblastoma, pneumothorax, lung blebs, and cutaneous changes such as
characteristic rash, leiomyomata, or fibrofolliculomas. Fisher’s exact test and t-test were
used to test association with positive mutation status, with p<0.05 considered statistically
significant. Statistical analysis was performed using STATA version 12.0 (StataCorp,
College Station, TX).

In total, 120 patients with a history of kidney cancer were evaluated between 1999 and 2012
(Table 1). Patients were referred for genetic counselling based on the clinical judgment of
the managing clinical provider. The median age at diagnosis was 52 years (IQR: 42-63),
with 57% being females and 43% males. One hundred patients (83%) were Caucasian, of
which 44 reported Ashkenazi Jewish heritage and 7 were non-Ashkenazi. The remaining
included 6 African Americans, 6 Hispanics, 5 Asians, and 3 unknown/other. Thirty-nine
patients had a family history of kidney cancer (33%), and 103 (86%) had a family history of
other cancers. Time between diagnosis of first cancer and genetic consultation was 1 year or
less for 54% of the cohort, 2-5 years for 23%, and =5 years for the remaining 24%.

Kidney cancer was the first cancer diagnosis for 66 (55%) patients, with the majority being
clear cell renal cell carcinoma, followed by papillary and unclassified type both identified in
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6 patients (9%) respectively. Tumor size was reported in 88 (73%) patients, with a median
tumor size of 4.1 cm (interquartile range 2.5-7.8 cm) (Table 2). Of the patients with renal
cell carcinoma, 77% had T1 disease, 10% had T2 disease, and 13% T3 and higher. Of the 51
patients with data on disease grade, 23 (45%) patients had high-grade disease (10 patients
with transitional cell carcinoma) (Fuhrman grade I11 or IV or high-grade transitional cell
carcinoma). Fifteen (13%) patients had multiple tumors, 12 of whom presented with
synchronous tumors at diagnosis. Fourteen patients had metastasis at the time of evaluation,
and 6 of them died due to their disease within a median 1.5 years after cancer diagnosis.

Of the 120 patients referred for genetic evaluation, 95 underwent genetic testing and 27
(28%) tested positive for a genetic condition (Table 3). Testing performed was based on
discussing the individual cases by members of the Clinical Genetics Service. Lynch
syndrome represented the most common syndrome suspected, with 28 patients tested and
nine (32%) patients found to harbor mutations, three of which were associated with the
Muir-Torré subtype of the syndrome. Another five patients were suspected to have Lynch
syndrome based on clinical criteria, without confirmatory testing. BRCA1/BRCAZ testing
was recommended for 26 patients, of whom five (19%) were found to have mutations.
Sixteen patients were tested for VHL syndrome, with three (19%) mutations identified.
Fumarate hydratase () mutations were evaluated in 14 patients with 5 (36%) identified.
Folliculin (FLCN) testing in five patients was negative, while one patient tested positive at
an outside hospital. The remaining testing identified one 7SCZ mutation, one SDHB
mutation, one RET mutation, and one p53 mutation (Table 2). Of the patients who tested
positive for a genetic defect, the median age was 48.5 years (range 1-71). Kidney cancer
was the presenting cancer in 14/27, multiple tumors in 6/27, and was metastatic in 5/27.
Kidney cancer was the cause of death in 3/27 patients over a median time of 4 years after
cancer diagnosis. Twenty-two of the 27 patients (81%) had a family history of cancer, with
11 (41%) patients having a family history of kidney cancer. Tissue analysis was performed
when needed to make final diagnosis.

In bivariate analysis, we evaluated age at diagnosis of kidney cancer (continuous), family
history of kidney cancer, presence of syndrome manifestations, and multiple primary cancers
(>2) with positive genetic testing for either RCC-associated syndromes or Lynch syndrome
(Table 4). Positive genetic testing for RCC-associated syndromes was associated with early
age of kidney cancer diagnosis (Mean age: 37.1 vs 47.7, p=0.025), but not presence of
syndromic manifestations, family history of kidney cancer, or number of primary
malignancies. Positive testing for Lynch syndrome was associated with presence of
syndromic manifestations (p=0.035) and increasing number of primary malignancies
(p=0.042), but not age of kidney cancer diagnosis or family history of kidney cancer.

In an exploratory analysis, we evaluated for self-reported ancestry by separately using
Caucasian and Ashkenazi Jewish as variables. For RCC syndromes, ethnicity did not predict
genetic test results. For Lynch syndrome, Ashkenazi Jewish ethnicity appeared to be
associated with positive test results (p=0.049). Using the four clinical variables along both
ancestry groups, we evaluated for an association with positive testing in the entire cohort of
120 patients. In this, self-reported Caucasian race may be associated with positive testing
(p=0.036) but the remaining were not.
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DISCUSSION

The occurrence of hereditary cancer syndromes in kidney cancer patients is not well-
defined; however, studies have suggested nearly 4% of kidney cancers are attributable to
inherited susceptibility (14-16). Genetic registry data suggests that many patients with
hereditary syndromes remain unrecognized (17). Tumor surveillance after confirmatory
testing has been shown to improve outcomes, and is the objective following positive testing.
For this reason, several factors have been suggested to clinicians for consideration of genetic
testing in patients with kidney cancer. Among patients with RCC, young age at diagnosis,
positive family history of kidney cancer, and presence of syndromic features along with
histologic subtype have been used in testing schema(18), although with variable amounts of
supportive evidence. In Lynch syndrome patients, studies have found an association with
multiple primary malignancies and younger age of diagnosis (19-21). In this study we
confirmed that patients with positive testing for RCC syndromes were more likely to present
at a younger age, while patients with Lynch syndrome were more likely to have syndromic
manifestations and multiple primary malignancies.

Several authors have proposed young age at onset as a criterion for considering genetic
testing, with cutoffs varying between 40 and 46(18, 22). Patients with VHL syndrome have a
mean age at diagnosis of RCC between 38.9-44 years (17, 23). In patients with BHD
syndrome, median age at diagnosis is 50.7 years (24). While reporting on upper urinary tract
carcinoma in Lynch syndrome patients, Crockett et al. found the median age at tumor
diagnosis to be 62; this was significantly younger than patients without Lynch
syndrome(21). In our study, young age at diagnosis was significant, but only in patients
testing positive for RCC syndromes (37.1 vs. 44.7). Since we focused only on patients
undergoing testing, the older median age of onset in Lynch syndrome may have contributed
to the disparity in the association between younger age of onset and positive testing.

A family history of kidney cancer may raise suspicion of a hereditary syndrome. In our
study, we were unable to find an association between a family history of kidney cancer and
positive testing for RCC syndromes or for Lynch syndrome. Conversely, it is known that
having a family member with kidney cancer empirically results in an increased likelihood of
developing kidney cancer(25). However, a portion of this risk may be imparted by high
frequency low-penetrance alleles (26) or as yet unidentified genetic factors. Family members
also share known environmental risk factors, such as tobacco exposure. Furthermore, de
novo mutation rates vary across cancer syndromes and may explain the absence of family
history in some positive cases. For instance, the majority of Tuberous Sclerosis cases are the
result of de novo mutations(27), while about 20% of VHL cases are thought to be de
novo(28).

Syndromic manifestations are unique and easily identifiable signs that raise a clinician’s
attention to the possibility of an underlying hereditary cause; such manifestations range from
benign tumors such as lipomas, uterine fibroids or skin fibroids, to rare cutaneous lesions
such as Shagreen patches. In our study, only Lynch syndrome testing was found to be
associated with syndromic manifestations. In this case, syndromic manifestations included
the skin tumors associated with the Muir-Torré Lynch syndrome variant such as sebaceous
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adenomas, sebaceous carcinomas, and keratoacanthomas. Manifestations that occur
frequently in the general population may be coincidental and unrelated to a patient’s kidney
cancer. For instance, uterine fibroids are associated with HLRCC although the vast majority
of fibroids are not due to a cancer syndrome. Conversely, due to clinical variability, some
patients with syndromes do not display visible manifestations. As an example, our series did
include patients with HLRCC but without the oft-associated leiomyomata of the skin.

In a study of families meeting Amsterdam criteria for Lynch syndrome testing, mutations in
MLH1 and MSHZ conferred a 2.4 times increased risk of syndromic malignancies. This
became significant when limiting a founder mutation known to lack extracolonic tumors
(29). Subsequent case reports have demonstrated families with multiple malignancies and
Lynch syndrome mutations (30, 31). In this study, we confirmed that multiple primary
malignancies are associated with positive Lynch syndrome testing. This result is expected,
given the multi-organ cancer risks in Lynch syndrome. One would also expect Lynch
syndrome mutations to be associated with a family history of other associated cancer types,
including colon, uterine and upper gastrointestinal, although this hypothesis was not
specifically tested. For RCC syndromes, an association with multiple primaries was not
identified. This may be attributable to variations in mutation frequencies, penetrance, or
phenotypic variation. Unlike Lynch syndrome, some of the RCC syndromes are not
associated with carcinomas in multiple organs.

In an exploratory analysis, we found that self-reported ancestry was not associated with
positive RCC syndrome testing. However, Ashkenazi Jewish ethnicity may be associated
with Lynch Syndrome positivity. The association is likely due to the large regional Jewish
population and three founder mutations for Lynch syndrome identified in the Ashkenazi
Jewish population(32, 33). Evaluating all patients tested for any syndrome, Caucasian
ethnicity appeared to have a potential relationship with positive test results.

BRCA is a tumor suppressor gene that was associated with multiple malignancies including
breast, ovarian, and prostate tumors. Using the model of VHL and BAPI, it is plausible that
BRCA mutations could be a risk factor for kidney cancer, or associated with adverse
pathologic characteristics. In fact, previous reports did show germline mutations of BRCA1
in kidney cancer patients (34, 35). We therefore included those patients who were suspected
of having inherited form of kidney cancer, and who tested positive for BRCA, in this paper
as a hypothesis generating group of cases.

Because of the complexity of hereditary kidney cancer syndromes and the subtlety in
clinical presentation, clinicians may feel uncertain as to who would benefit from genetic
counseling. Figure 1 represents factors to consider in evaluating patients for referral to the
Clinical Genetics Service. Tumors that occur at an early age (<45 or especially under age
40), are bilateral or multifocal, or unexplained by traditional risk factors (smoking,
hypertension, obesity, diabetes, occupational, childhood radiation or chemotherapy,
analgesic abuse, etc) are suspicious for hereditary risk. Relevant tumor histological subtypes
and specific benign features in the patient or family members can raise suspicion. As noted
above, many kidney cancer syndromes display specific skin features such as leiomyomata in
HLRCC and fibroangiomas in TSC. Referring a patient for dermatology workup, and
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requesting skin biopsy reports, may be helpful in diagnosis. Attention should be paid to the
collection of multiple different features in an individual, and features that are otherwise rare
in the general population. Attention should also be paid to the fact that under-screening
patients for kidney cancer is common, and could be easily remedied by standardizing
management of kidney cancer patients through pathways similar to the one suggest in this

paper.

It is important to realize that our study group represents a highly selected group of patients
suspicious for a hereditary predisposition, by virtue of the fact that they have already been
referred to clinical genetics. Thus, the rates observed would not apply to a standard oncology
practice. Still our findings are significant in that a large percentage of the referred population
were found to carry germline mutations. Other limitations to this study include a small
sample size, the high representation of Ashkenazi Jewish (44/120) patients in our sample,
incomplete clinical data in some patients with remote cancer histories or treatments at other
centers, and the burden of multiple testing. It is unknown how many patients were referred
for genetic counseling but did not follow through. Further, some low-risk patients may have
self-referred out of concern for hereditary risk. These, however, would only have been
offered testing when medically appropriate. Some patients may have been referred for
reasons unrelated to their kidney cancer, such as a family history of breast and/or ovarian
cancer. Finally, it is difficult to isolate the effect of early-age cancer diagnosis on the referral
pattern from an actual association between young age and positive testing.

CONCLUSION

As understanding of hereditary cancer syndromes improves, kidney cancer provides a
unique example with readily available clinical testing. We identified several factors that may
predict positive test results in kidney cancer patients undergoing evaluation in a clinical
genetics clinic. Although these risk factors have previously been associated with cancer
syndromes, a need for studies of testing practices remains. Barriers to genetic testing include
cost, anxiety, and concerns of genetic discrimination. Concurrently, missed carriers lose the
opportunity for early screening, syndrome-specific treatment options, and assisted
reproductive technology. Our study identified a younger age of cancer diagnosis in patients
with RCC syndromes, while syndrome-positive patients were more likely to have syndromic
manifestations and multiple primary tumors. Although family history of kidney cancer was
not an indicator, we feel that familial kidney cancer clusters are a valid reason for referral. It
is possible that the sample size was not large enough to see this effect. Also, as medical
science advances, additional hereditary factors may be elucidated to further assist these
families. The guidelines presented here will hopefully assist practicing urologists to identify
patients at-risk for hereditary cancer syndromes.
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Figure 1.
Guidance for Referral of Kidney Cancer Patients for Genetics Evaluation, based on

histologic subtype. Standard referral criteria (such as those published by the National
Comprehensive Cancer Network (www.nccn.org)) for Lynch syndrome, breast and ovarian
cancer and other syndromes are not shown here, but should also be used.
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Patient characteristics

Table 1

All Patients (n=120)

RCC Syndrome Testing (n=43)

Lynch Syndrome Testing (n=28)

Gender

Male 52 (43%) 22 (51%) 12 (43%)

Female 68 (57%) 21 (49%) 16(57%)
Age of Kidney Cancer

<40 25 (21%) 15 (35%) 2 (7%)

40-49 28 (23%) 13 (30%) 4 (14%)

50-59 26 (22%) 6 (14%) 9 (32%)

60-69 29 (24%) 8 (19%) 7 (25%)

70+ 12 (10%) 1(2%) 6 (21%)
Race

Caucasian 101 (84%) 30 (70%) 26 (93%)

Non-Caucasian 19 (16%) 13 (30%) 2 (71%)
Heritage

Ashkenazi Jewish 44 (37%) 9 (21%) 11 (39%)

Non-Ashkenazi 76 (63%) 34 (79%) 17 (61%)
Family History Kidney Cancer

Present 39 (33%) 23 (55%) 8 (29%)

Absent 79 (67%) 19 (45%) 20 (71%)
Syndromic Manifestations

Present 46 (38%) 21 (49%) 10 (36%)

Absent 76 (62%) 22 (51%) 18 (64%)
Primary Malignancies

1-2 86 (72%) 41 (95%) 15 (54%)

>2 34 (28%) 2 (5%) 13 (46%)

*
One patient without data
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