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Abstract
Hereditary endocrine tumor syndromes are rare conditions with overlapping features. It is imperative that healthcare provid-
ers differentiate between these syndromes for proper patient care. Advances in genetic testing technologies have increased 
utilization of genetic counseling and testing in this field; however, few endocrine cancer genetics clinics exist. Two years 
ago, a genetic counselor (GC) specializing in endocrine cancer genetics was added to the multidisciplinary team of the James 
Neuroendocrine/Thyroid Clinic at The Ohio State University. Here, we report on this experience. In total, 358 patients were 
seen. The majority were referred by medical oncology (n = 204; 57%) for a personal history of disease (n = 249; 81%). The 
most common referral indications were pancreatic neuroendocrine tumors (n = 44; 17%), multiple primary tumors (n = 37; 
14%), and pheochromocytoma/paraganglioma (n = 35; 14%). Most patients completed genetic testing after genetic counseling 
(n = 200; 65%). Targeted gene panel testing was the most common testing ordered (n = 98; 32%). Thirty-one patients (15.5%) 
had ≥ one likely pathogenic variant (LPV) or pathogenic variant (PV) identified. Approximately 37% (n = 11) did not meet 
genetic testing guidelines for the gene they tested positive for. The most common genes with LPV/PVs were the SDH genes 
(n = 8) and MEN1 (n = 7). Referral indications with the highest likelihood of LPV/PVs were paraganglioma, medullary thyroid 
carcinoma, and multiple primary tumors. We believe this data can provide valuable guidance to healthcare providers who 
see patients with endocrine neoplasia or who are seeking to establish hereditary endocrine cancer clinics.
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Introduction

Hereditary endocrine tumor syndromes are rare genetic con-
ditions. While distinct, these syndromes often have similar 
clinical symptoms and tumor types. Healthcare profession-
als involved in the care of these patients, including physi-
cians and genetic counselors, must be able to recognize and 

differentiate between these conditions to ensure appropriate 
medical care. Early identification of these syndromes is ben-
eficial to the patient and has been shown to decrease mor-
bidity and mortality, avoid unnecessary surgeries, increase 
surveillance, and help identify at-risk family members [1, 2]. 
The most common hereditary endocrine tumor syndromes 
include multiple endocrine neoplasia type 1 (MEN1), multi-
ple endocrine neoplasia type 2 (MEN2), von Hippel-Lindau 
syndrome (VHL) and hereditary paraganglioma-pheochro-
mocytoma syndrome. Less common hereditary endocrine 
tumor syndromes include Carney complex, CDC73-related 
disorders/hyperparathyroidism-jaw tumor syndrome (HPT-
JT), multiple endocrine neoplasia type 4 (MEN4), and tuber-
ous sclerosis complex (TSC). Other hereditary tumor/cancer 
syndromes with endocrine manifestations include familial 
adenomatous polyposis (FAP), neurofibromatosis type 1 
(NF1), and PTEN hamartoma tumor syndrome/Cowden 
syndrome, among others. A brief review of the endocrine-
related tumors and cancers associated with these syndromes 
can be found in Table 1.
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Each of these hereditary endocrine tumor syndromes 
have known genetic etiologies with high identification rates 
through genetic testing. With recent advances in genetic 
testing technologies, such as next-generation sequencing, 
utilization of genetic counseling and testing for hereditary 
endocrine tumor syndromes has increased. However, there 
are only a small number of dedicated endocrine cancer clin-
ics in the U.S. with expertise caring for these patients. In 
addition, due to the rarity of many of these conditions, few 
guidelines on referral and genetic testing for endocrine can-
cer clinics exist. Two years ago, a genetic counselor special-
izing in endocrine tumor/cancer genetics was added to the 
multidisciplinary team of the James Neuroendocrine/Thy-
roid Clinic at The Ohio State University (OSU). In addition 
to the genetic counselor, the multidisciplinary team includes 
5 endocrinologists, 2 endocrine surgeons, 3 medical oncolo-
gists, and several nurse practitioners and physician assis-
tants. Genetic counseling appointments are scheduled on the 
same day as appointments with the physicians. The objec-
tive of this study was to report on this unique experience of 
embedded genetic counseling and evaluation services in a 
multidisciplinary endocrine cancer clinic.

Materials and methods

After obtaining approval through The Ohio State Univer-
sity (OSU) Institutional Review Board (IRB), the clinical 
database of the endocrine genetic counselor was reviewed 
to identify eligible patients. Eligibility criteria included any 
individual referred and seen for genetic counseling within 

the OSU James Multidisciplinary Neuroendocrine/Thyroid 
Cancer Clinic between April 5, 2016 and April 27, 2018. 
After identification of these patients, their electronic medical 
records were reviewed and the following information was 
obtained: referral source, referral indication, tumor pathol-
ogy, family history/pedigree, genetic testing ordered, genetic 
counseling note(s), and results from genetic testing. A total 
of 358 records were reviewed.

Results

Figure 1 shows the basic workflow of patient data analy-
sis. The embedded genetic counselor was involved with 358 
endocrine-specific patients between the dates of 4/5/16 and 
4/19/18. Two hundred four patients were referred by medi-
cal oncology, 64 patients by endocrinology, 51 patients by a 
family member for cascade testing, 31 patients by surgery/
surgical oncology, and 8 patients by another specialty/entity 
(self-referral, genetics, otolaryngology, etc.). Those referred 
by a family member for cascade testing were excluded from 
the next step of analysis and analyzed separately as their 
indication for referral/testing was fundamentally different; 
i.e. a known likely pathogenic variant (LPV) or pathogenic 
variant (PV) was present in the family. The remaining 307 
patients were categorized into one of three groups based 
on reason for referral: personal history of disease (referred 
only due to their own personal history), personal and family 
history of disease (referred due to a combination of personal 
and family history), or family history of disease (no personal 
history themselves; referred only due to family history). Two 

Table 1  Brief overview of endocrine tumors/cancers seen in hereditary tumor syndromes

Syndrome Gene(s) Main endocrine tumor/cancer types

Carney complex PRKAR1A Pituitary tumors, adrenal tumors, thyroid tumors/cancer
CDC73-related disorders/hyperparathyroidism-jaw 

tumor syndrome (HPT-JT)
CDC73 Parathyroid tumors

Familial adenomatous polyposis (FAP) APC Papillary thyroid cancer (cribriform-morular variant), 
adrenal tumors

Hereditary paraganglioma-pheochromocytoma syn-
drome

SHDA, SDHAF2, SDHB, 
SDHC, SDHD, TMEM127, 
MAX

Pheochromocytoma, paraganglioma

Multiple endocrine neoplasia type 1 (MEN1) MEN1 Parathyroid tumors, pituitary tumors, pancreatic neu-
roendocrine tumors

Multiple endocrine neoplasia type 2 (MEN2) RET Medullary thyroid cancer, pheochromocytoma, para-
thyroid tumors

Multiple endocrine neoplasia type 4 (MEN4) CDKN1B Parathyroid tumors, pituitary tumors, pancreatic neu-
roendocrine tumors, adrenal tumors

Neurofibromatosis type 1 (NF1) NF1 Pheochromocytoma, paraganglioma
PTEN hamartoma tumor syndrome/cowden syndrome PTEN Thyroid tumors and cancer (follicular and papillary)
Tuberous sclerosis complex (TSC) TSC1, TSC2 Pituitary tumors, parathyroid tumors, pancreatic neu-

roendocrine tumors
von Hippel-Lindau (VHL) VHL Pheochromocytoma, neuroendocrine tumors
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hundred forty-nine patients were referred due to a personal 
history of disease, 54 patients were referred due to a per-
sonal and family history of disease, and 4 patients were 
referred due to a family history of disease.

Referral indications for the 249 patients referred for a 
personal history of disease were analyzed and are depicted in 
Table 2. Eleven patients had two primary reasons for referral 

and were counted for each, increasing the total number of 
indications from 249 to 260. Patients in this clinic were most 
commonly referred for personal histories of pancreatic neu-
roendocrine tumors (panNETS; n = 44; ~ 17%), multiple 
primary tumors in the same individual (n = 37; ~ 14%), and 
pheochromocytomas (PCC) and/or paragangliomas (PGL; 
n = 35; ~ 13%). Other reasons for referral included personal 

Fig. 1  Flowchart of patient data analysis. LPV likely pathogenic variant, PV pathogenic variant, VUS variant of uncertain significance, d/t due to
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histories of lung/bronchial/thymic carcinoid (n = 17; ~ 7%), 
established molecular diagnosis (positive genetic testing) 
from another provider (n = 15; ~ 6%), adrenocortical car-
cinoma (ACC; n = 14; ~ 5%), clinical MEN1 (defined by 
the presence of 2–3 parathyroid tumors, pituitary tumors, 
and/or panNETs, hereafter referred to as the “p-triad”; 
n = 14; ~ 5%), two endocrine tumors (n = 14; ~ 5%), abnormal 
result on somatic/tumor testing (n = 13; ~ 5%), gastrointesti-
nal (GI) neuroendocrine tumors (NET; n = 12; ~ 5%), para-
thyroid disease, including hyperparathyroidism, parathyroid 
adenoma, and parathyroid carcinoma (n = 9; ~ 3%), medul-
lary thyroid cancer (MTC; n = 9; ~ 3%), NET not otherwise 
specified/site of origin unknown (NOS; n = 8; ~ 3%), and 
appendix carcinoid (n = 8; ~ 3%). Additionally, 11 patients 
(~ 4%) were referred for another diagnosis and are included 
in the “other” category (e.g., clinical diagnosis of VHL, 
personal history of ganglioneuromas). Individuals in the 
multiple primary tumors category had 2 or more primary 
tumors with at least one being an endocrine-related tumor. 
If the tumors were consistent with clinical MEN1 or if they 
were 2 endocrine tumors solely, they were included in those 
respective categories.

In total, 200 patients out of 307 (excluding those patients 
referred and seen for cascade testing) pursued and completed 
genetic testing after their visit with the genetic counselor, 
making the overall uptake rate of genetic testing in this clinic 

approximately 65%. Of note, 15 patients (~ 5%) had genetic 
testing performed by another provider prior to coming in 
for genetic counseling. Of the 200 patients who had genetic 
testing performed and completed after their visit with the 
endocrine genetic counselor, 98 (~ 32%) had targeted gene 
panel testing specific to their symptoms/tumor type/con-
dition, 61 patients (~ 20%) had multi-cancer gene panels 
(~ 60–80 genes), 16 patients (~ 5%) had common cancer 
gene panels (~ 30–40 genes), 16 patients (~ 5%) had sin-
gle gene testing, and 9 patients (~ 3%) had between 2 and 5 
genes tested. Examples of targeted gene panel tests that were 
commonly ordered include, but are not limited to: custom 
ACC panel (APC, EPCAM, MEN1, MLH1, MSH2, MSH6, 
PMS2, TP53), Hereditary PCC/PGL panel (MAX, NF1, 
RET, SDHA, SDHAF2, SDHB, SDHC, SDHD, TMEM127, 
VHL), and HPT panel (CASR, CDC73, CDKN1B, MEN1, 
RET). Test selection was based on the patient’s personal and/
or family history, as well as patient preference. All deci-
sions were made through a shared decision making model 
with the patient and genetic counselor. Eighty-six patients 
(~ 28%) did not have genetic testing performed after genetic 
counseling. Reasons for not pursuing genetic counseling 
included: they were determined to be low risk/low yield by 
the genetic counselor (n = 35), they wanted to think more 
about testing (n = 14), other family members were deter-
mined to be more appropriate for testing (n = 10), testing 
was not a covered benefit by their insurance company/high 
out pocket cost for testing (n = 6), they were not interested 
in testing (n = 6), they wanted to talk with family members 
before deciding (n = 4), they stated being overwhelmed/had 
a lot going on (n = 3), and additional records were needed 
prior to pursuing genetic testing (n = 3). Additionally, 2 
patients enrolled in a research study, 2 patients received 
referrals to other providers, and 1 patient wanted to complete 
surgery before doing testing.

Out of the 200 patients that completed genetic testing 
after genetic counseling, 31 patients had at least one likely 
pathogenic variant (LPV) or pathogenic variant (PV) identi-
fied, making the positive rate in this clinic 15.5%. Of those 
31 patients, 21 (~ 10%) had one LPV/PV identified, 2 (~ 1%) 
had more than one LPV/PV identified, and 8 (~ 4%) had one 
LPV/PV and one variant of uncertain significance (VUS) 
identified. Forty-three patients (~ 22%) without LPV/PVs 
had one VUS identified and 17 patients (~ 8%) had more than 
one VUS identified. The remaining 109 patients (~ 55%) 
had normal genetic testing results. It should be noted that 
our positive rate includes MUTYH heterozygotes in which 
cancer risks are contestable. Our positive rate excluding 
MUTYH heterozygotes was 13% (26 of 200).

In the 31 patients that tested positive for at least one 
LPV/PV, 34 total LPV/PVs were identified. There were 7 
LPV/PVs in MEN1, 6 in SDHB, 5 in MUTYH (heterozy-
gous state), 2 in RET, 2 in MITF, and one in each of the 

Table 2  Personal history of disease referral indications

PanNET pancreatic neuroendocrine tumor, PCC pheochromocytoma, 
PGL paraganglioma, ACC  adrenocortical carcinoma, MEN1 multiple 
endocrine neoplasia type 1, p-triad parathyroid, pituitary, pancre-
atic neuroendocrine tumors, GI NET gastrointestinal neuroendocrine 
tumor, MTC medullary thyroid carcinoma, NET NOS neuroendocrine 
tumor not otherwise specified/site of origin unknown

Referral indication Number of 
patients (%)

PanNET 44 (17)
Multiple primary tumors 37 (14)
PCC and/or PGL 35 (13)
Lung/bronchial/thymic carcinoid 17 (7)
Established molecular diagnosis (positive genetic test-

ing) from other provider
15 (6)

ACC 14 (5)
Clinical MEN1 (presence of 2–3 p-triad tumors) 14 (5)
Two endocrine tumors 14 (5)
Abnormal somatic/tumor testing 13 (5)
GI NET 12 (5)
Other 11 (4)
Parathyroid disease (hyperparathyroidism, parathyroid 

adenoma, parathyroid carcinoma)
9 (3)

MTC 9 (3)
NET NOS 8 (3)
Appendix carcinoid 8 (3)
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following genes: ATM, BARD1, CDKN1B, CHEK2, FH, 
MSH2, MSH6, NBN, SDHC, SDHD, TMEM1, and VHL. The 
phenotypes of the 31 patients with identified LPV/PVs were 
reviewed and are displayed in Table 3. The phenotypes of 
the patients listed are more comprehensive than their referral 
indication for the purpose of identifying if they met current 
genetic testing guidelines for the gene they tested positive in.

Of the 15 patients that came in with previously estab-
lished molecular diagnoses/positive genetic testing from 
another provider, there were 5 patients with LPV/PVs in 

MEN1, 5 in RET, 4 in the SDH genes (3 SDHB, 1 SDHA), 
and 1 in NF1.

To analyze which population of patients were yielding the 
most LPV/PVs, positive rates for each personal history refer-
ral indication were calculated and are displayed in Table 4. 
To calculate the positive rates, the number of LPV/PVs for 
each referral indication were divided by the total number of 
people from each referral indication that pursued genetic test-
ing. Of note, there was one patient who had both a PCC and 
PGL and was included in both the PCC and PGL categories. 

Table 3  Patients with positive genetic testing results

PTC papillary thyroid cancer, NET neuroendocrine tumor, NF1 neurofibromatosis type 1, PCC pheochromocytoma, MEN1 multiple endocrine 
neoplasia type 1, panNET pancreatic neuroendocrine tumor, HPT hyperparathyroidism, ACC  adrenocortical carcinoma, MTC medullary thyroid 
carcinoma, PGL paraganglioma, VHL von Hippel-Lindau

Patient Positive gene Patient phenotype

1 ATM
NBN

Multiple tumors (breast cancer at age 53 and lung carcinoid at age 59)

2 BARD1 Multiple tumors (breast cancer at age 40 and PTC at age 53)
3 CDKN1B Multiple tumors (prostate cancer at age 65, parathyroid adenoma at age 66, and NET of unknown primary at age 68), 

established diagnosis of NF1 previously
4 CHEK2 Multiple tumors (colon cancer at age 53, schwannomas at age 59, and PTC at age 62)
5 FH PCC at age 45
6 MEN1 Clinical diagnosis of MEN1 (recurrent HPT starting in the 30′s and panNET at age 57)
7 MEN1 Clinical diagnosis of MEN1 (recurrent HPT starting at age 50 and panNET at age 68)
8 MEN1 panNET at age 48 + MEN1 variant identified on tumor testing
9 MEN1 Clinical diagnosis of MEN1 (pituitary tumor in the 20′s, HPT at age 37, and panNET at age 37)
10 MEN1 NET of unknown primary, son with Lynch syndrome
11 MEN1 HPT at age 54 and family history of HPT
12 MEN1 PanNET at age 39 and lung carcinoid at age 56
13 MITF

MUTYH
TMEM127

Prostate cancer at age 56, NET of unknown primary at age 62

14 MITF Small bowel NET at age 33
15 MUTYH Breast NET at age 50, somatic testing with SMARC4 variant
16 MUTYH Small bowel carcinoid at age 43
17 MUTYH Appendix carcinoid at age 35
18 MUTYH Recurrent HPT started at age 57
19 MSH2 Bilateral ACC at age 40 and 42, respectively
20 MSH6 Multiple tumors: uterine cancer at age 47, colon cancer at age 47, bladder cancer at age 64, absent MSH6 on tumor 

testing
21 RET MTC at age 79
22 RET MTC at age 62
23 SDHB Malignant bladder PGL at age 46
24 SDHB Retroperitoneal PGL at age 26
25 SDHB Abdominal PGL at age 19
26 SDHB PCC at age 53 and PGL at age 63
27 SDHB Retroperitoneal PGL at age 80
28 SDHB Retroperitoneal PGL at age 27
29 SDHC Retroperitoneal PGL at age 48
30 SDHD Bilateral carotid PGLs at age 35
31 VHL Clinical diagnosis of VHL at age 24 (cerebellar and retinal hemangioblastomas, clear cell renal cancers)
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Patients with PGLs had the highest positive rate (50%), fol-
lowed by MTC (40%), multiple tumors (~ 26%), abnormal 
somatic/tumor testing (25%), clinical diagnosis of MEN1 
(presence of 2–3 p-triad tumors; ~ 23%), parathyroid disease 
(~ 22%), appendix carcinoid (20%), GI NET (~ 18%), PCC 
(~ 10.5%), ACC (~ 8%), two endocrine tumors (~ 8%), and pan-
NET (~ 4%). One patient in the “other” category had a clinical 
diagnosis of VHL and tested positive for a LPV/PV in VHL, 
making the positive rate from the “other” category ~ 13%. No 
LPV/PVs were identified in any patients with a personal his-
tory referral indication of lung/bronchial/thymic carcinoid or 
a NET NOS.

Lastly, the histories of individuals referred by a family 
member for cascade testing were analyzed. All 51 patients 
referred for this indication pursued genetic testing for the LPV/
PV known in their family. Twenty-seven patients (~ 53%) 
tested positive. There were 8 LPV/PVs identified in SDHB, 8 
in MEN1, 5 in RET, 2 in VHL, and 1 in SDHA.

Discussion

We found that the majority of patients (~ 65%) in our 
clinic pursued genetic testing after genetic counseling. Of 
these, 15.5% tested positive for at least one LPV/PV. The 
percentage of patients pursuing genetic testing and the 
positive yield in our clinic is generally in line with other 
reported cancer specialties which found uptake rates of 
genetic testing between 60 and 95% and positive yields of 
genetic testing between 9 and 20% [3–5]. Due to the high 
positive yield found in our clinic and the potential genetic 
risk many of these genes carry, we believe programs aimed 
at identifying hereditary risk need to better include endo-
crine-related tumors in their screening approaches. To our 
knowledge, this is the first study to examine uptake rates 
and positive rates of genetic testing in the endocrine can-
cer genetics field.

Of the 31 patients in our cohort that tested positive for 
at least one LPV/PV, we found that overall 11, or about 
35.5%, did not meet current genetic testing guidelines 
(such as the National Comprehensive Cancer Network 
(NCCN) guidelines), for the gene they tested positive in. 
Previous studies examining efficiency of genetic testing 
guidelines for other cancer syndromes have found that 
nearly 50% of patients with an identified LPV/PV do not 
meet current genetic testing guidelines [6, 7]. This data 
paired with the data from our clinic further highlights the 
need for improvements in genetic testing guidelines across 
cancer genetic specialties, and in particular in endocrine 
cancer genetics. If our clinic had strictly followed current 
genetic testing guidelines, over one third of our patients 
that had an identified LPV/PV would have been missed.

An interesting result from our study was the number of 
LPV/PVs in unrelated, or incidental, genes. Our rate of 
incidental findings in this study was 5%. These findings 
include 5 variants in MUTYH in the heterozygous state, 
as well as 1 in each of the following genes: ATM, NBN, 
BARD1, CHEK2, and MITF. While all of these genes are 
associated with an increased risk for cancer (with some 
controversy in regards to the cancer risk of MUTYH het-
erozygotes), none of them were definitively related to the 
endocrine indication of the patient being tested, although 
some studies have suggested a possible association with 
MUTYH heterozygote status and carcinoid risk [8]. This 
rate of incidental findings is generally in line with previ-
ously reported literature on the topic [9]. Additionally, 
many of the incidental findings in our study are in genes 
known to have a high frequency of variants in the gen-
eration population, such as MUTYH (1–2% population 
frequency in heterozygous state), ATM (1–2% population 
frequency in heterozygous state), and CHEK2 (up to 3% 
population frequency in the heterozygous state) [10–12]. 

Table 4  Positive genetic testing rates by personal history referral 
indication

PGL paraganglioma, MTC medullary thyroid carcinoma, p-triad 
pituitary, parathyroid, pancreatic neuroendocrine tumors, GI NET 
gastrointestinal neuroendocrine tumor, VHL von Hippel-Lindau, PCC 
pheochromocytoma, ACC  adrenocortical carcinoma, panNET pancre-
atic neuroendocrine tumor, NET NOS neuroendocrine tumor not oth-
erwise specified/site of origin unknown, + GT positive genetic testing

Personal history referral indication Positive rate 
(positive/total 
tested)

PGL 8/16 = 50%
MTC 2/5 = 40%
Multiple tumors 5/19 =  ~ 26%
Abnormal somatic/tumor testing 2/8 = 25%
2–3 P-triad tumors 3/13 =  ~ 23%
Parathyroid disease 2/9 =  ~ 22%
Appendix carcinoid 1/5 = 20%
GI NET 2/11 =  ~ 18%
Other (clinical diagnosis of VHL) 1/8 =  ~ 13%
PCC 2/19 =  ~ 10.5%
ACC 1/13 =  ~ 8%
Two endocrine tumors 1/13 =  ~ 8%
panNET 1/28 =  ~ 4%
Lung/bronchial/thymic carcinoid 0/10 = 0%
NET NOS 0/7 = 0%
Established molecular diagnosis (+ GT) from other 

provider
N/A
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Although identification of these LPV/PVs in our cohort 
will likely not affect endocrine-related risk management, 
most will affect other management for these patients. As 
additional research is done on these genes there may be 
important endocrine implications that are found; however, 
at this time they are seemingly incidental results.

MEN1 was one of the most common genes with a LPV/
PV identified in our study. Of the 7 patients that tested posi-
tive for a LPV/PV in MEN1, four of them did not meet clini-
cal criteria for MEN1 at the time of testing. One patient had 
only a panNET, one had a single NET of unknown origin, 
one had only HPT, and one had a panNET and a lung car-
cinoid. Further, if we look at our patients with a clinical 
diagnosis of MEN1 (i.e. presence of 2–3 p- triad tumors), we 
found that 10 out of 13 did not have an identifiable LPV/PV 
in MEN1. Based on this information, the positive predictive 
value (PPV) for MEN1 testing (i.e. the probability of having 
a positive gene test given clinical criteria are met) in this 
cohort was 23%. This PPV suggests that the clinical criteria 
for MEN1 are ineffective at predicting patients with MEN1 
LPV/PVs, at least in our population. These observations 
highlight both the vagueness of the current MEN1 clinical 
criteria and also the need for improved genetic testing in 
this syndrome, whether that be more comprehensive testing 
of the MEN1 gene and/or identification of other genes that 
may be causative of this phenotype, among others. Clearly, 
there is a discrepancy occurring between those with a clini-
cal diagnosis of MEN1 and those that tested positive for a 
LPV/PV in the MEN1 gene. We believe future research is 
needed in this area to determine why these discrepancies 
are occurring.

Based on current recommendations in the field and our 
clinical experience with embedded endocrine genetic coun-
seling, we propose guidelines for healthcare providers on 
when to refer patients for endocrine-related genetic coun-
seling and what genetic testing is appropriate for them. We 
recommend prioritizing patients that are easiest to identify, 
refer, and have a high likelihood of hereditary risk. In the 
context of endocrine genetic counseling, this would be 
any individual diagnosed with a PCC, PGL, and/or MTC. 
Recently, some endocrine cancer genetics clinics have rec-
ommended genetic testing in all patients with parathyroid 
carcinoma; however we cannot comment on this recommen-
dation as neither of our patients with parathyroid carcinoma 
(n = 2) had an identified LPV/PV. Additionally, our clinic 
saw high referral and mutation-positive rates for individuals 
with multiple primary tumors, indicating that these indi-
viduals may benefit from genetic counseling and testing, and 
should be considered for referral. We recommend a gene 
panel approach for patients with endocrine-related indica-
tions given the many overlapping clinical features/tumor 
types, variable expressivity, reduced penetrance, and emerg-
ing phenotypes of many of the hereditary endocrine tumor 

syndromes which makes it difficult to identify a single gene 
that might cause a given tumor. Additionally, we recommend 
regular follow-up and continued care for patients who test 
negative through genetic testing but whose histories are sug-
gestive of hereditary risk (i.e. young patients, patients with 
multiple tumors, patients with concerning endocrine mani-
festations, etc.) as genetics knowledge continues to grow 
and improved testing may identify mutations in new genes 
in patients who previously tested negative.

Limitations and future directions

A limitation of our study is the relatively small sample 
size. In particular, our number of patients with LPV/PVs 
was small and thus any conclusions need to be viewed with 
some caution. However, this study represents findings from 
the largest clinical cohort of endocrine cancer genetic coun-
seling patients to date that we are aware of. Another limita-
tion of this study is that the referral and practice patterns in 
this clinic and with this genetic counselor may be different 
from other clinics and other counselors. For example, the 
majority of patients diagnosed with MTC at our institution 
undergo RET testing without the endocrine genetic counselor 
involved. Therefore, MTC was not a common referral indi-
cation seen in our clinic. Additionally, the medical oncolo-
gists at our institution readily refer patients with panNETs 
for endocrine genetic counseling; which may explain why 
medical oncology was the most common referring specialty 
in our cohort and why panNETs were the most common 
referral indication. This study was also conducted at a large, 
tertiary care center and it is possible that the patients seen at 
this center are fundamentally different (i.e. more severe or 
syndromic cases) than those seen at community-based cent-
ers. Thus, experiences may differ in other clinical practices.

Future directions for this project are many-fold. Addi-
tional studies could determine if/how management changed 
for those who tested positive in this clinic, and how that 
impacted clinical outcomes. The VUS data from this pop-
ulation could be examined more in-depth as there were a 
significant number of patients who had VUS results in our 
study. Future studies could determine if the VUSs identi-
fied in our cohort were suspicious for pathogenicity and/
or if they were in line with patient phenotypes, among oth-
ers. Patient demographics (such as age, gender, ethnicity, 
education level, and socioeconomic status, etc.) would also 
be important to look at further to identify any barriers to 
genetic testing in this field and/or any patterns in genetic 
testing results. As there are a limited number of endocrine 
cancer genetics clinics with embedded genetic counselors 
in the country, it could be beneficial to compare practice 
patterns as well as uptake and positive rates to identify any 
potential modifications and/or improvements that could be 
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made in the field. Lastly, there could be benefit in providing 
resources to non-endocrine genetic counselors that are more 
representative of overall practice patterns in the endocrine 
cancer genetics field as opposed to those influenced by indi-
vidual or institutional factors.

Conclusion

We have reported on our unique experience of embedded 
genetic counseling and evaluation services in a multidis-
ciplinary endocrine clinic, including referring specialties, 
referral types, and personal history referral indications. This 
data may help in the establishment of new hereditary endo-
crine cancer clinics and in the practice of existing clinics. 
In our clinic, the majority of referrals (~ 57%) came from 
medical oncology and the most common reason for refer-
ral was for a personal history of disease (~ 81%). The most 
common personal history referral indications were panNETs 
(~ 17%), multiple primary tumors in the same individual 
(~ 14%), and PCC/PGL (~ 13%). The uptake of genetic test-
ing in our clinic was approximately 65% and the positive 
yield was 15.5%. MEN1 and the SDH genes were the most 
common positive results. Referral indications that yielded 
the highest frequency of positive results were PGL, MTC, 
and multiple primary tumors. Overall, approximately 35% of 
our patients that tested positive did not meet current genetic 
testing guidelines for the gene they tested positive in. These 
data can provide valuable guidance to other healthcare pro-
fessionals who see endocrine cancer patients or are seeking 
to establish hereditary endocrine cancer clinics.
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