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	 Patient:	 Female, 62-year-old
	 Final Diagnosis:	 Medullary thyroid microcarcinoma
	 Symptoms:	 No pain or swelling in her neck • no dysphagia or odynophagia • no changes in voice
	 Medication:	 —
	 Clinical Procedure:	 Genetic analysis
	 Specialty:	 Genetics

	 Objective:	 Unusual clinical course
	 Background:	 RET p.V804M is a known activating oncogenic variant that confers an increased risk for medullary thyroid carci-

noma (MTC). Based on age-specific penetrance, the American Thyroid Association (ATA) categorizes this variant 
as posing moderate risk. Therefore, ATA guidelines endorse prophylactic thyroidectomy for carriers in childhood 
(by age 5–10 years) or adulthood, or when the serum calcitonin level becomes elevated. The recommendation 
for thyroidectomy is increasingly controversial due to the recently reported low penetrance of the RET p.V804M 
variant in a large unbiased ascertainment cohort.

	 Case Report:	 We describe the unexpected identification of this variant in a 62-year-old woman undergoing broad, multigene 
cancer panel testing for her personal and family history of breast cancer. There was no known family history of 
MTC. Biochemical screening prompted by the RET p.V804M result revealed a mildly elevated serum calcitonin. 
Pathology examination of her thyroidectomy specimen revealed multifocal medullary thyroid microcarcinoma; 
her sibling’s prophylactic thyroidectomy after a RET p.V840M-positive result similarly revealed early-stage MTC.

	 Conclusions:	 This report demonstrates the value of genetic counseling, shared decision-making, cascade testing, and time-
ly thyroidectomy in the management of a patient with an unexpected RET p.V804M result.
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Background

Medullary thyroid carcinoma (MTC) is an aggressive malignan-
cy of parafollicular C cells of the thyroid gland connective tis-
sue, resulting in abnormal production of calcitonin hormone. 
MTC accounts for 5%-8% of all thyroid cancers [1]. While most 
cases are sporadic, 25% of MTCs occur in patients with familial 
multiple endocrine neoplasia type 2 (MEN2) syndrome. MEN2 
has 3 distinct phenotypes: MEN2A, MEN2B, and familial MTC. 
MEN2A and familial MTC have an autosomal dominant pat-
tern of inheritance characterized by the presence of hetero-
zygous pathogenic variants in the RET proto-oncogene. The 
RET gene encodes a transmembrane receptor protein kinase. 
Oncogenic activating variants in specific RET codons are as-
sociated with different MEN2 phenotypes [2,3].

The p.V804M variant is the most common pathogenic variant 
(PV) in RET associated with MTC [4]. The 2015 revised MTC 
Clinical Guidelines by the American Thyroid Association (ATA) 
placed RET p.V804M in the moderate-risk category, with the 
recommendation of thyroidectomy in heterozygous carriers in 
childhood (by 5–10 years of age) or adulthood, or when the 
serum calcitonin level becomes elevated [5]. Estimates of age-
specific MTC penetrance vary widely. In a study of 160 sub-
jects with PVs in codon 804 ascertained through family can-
cer history who underwent pathologic or clinical evaluation, 
MTC penetrance was reported to be approximately 85% by 
age 70 [6]. In contrast, a more recent study of MTC in a large, 
unbiased ascertainment cohort from the Exome Aggregation 
Consortium (ExAC) dataset (n=51 000) estimated the lifetime 

penetrance to be only 4% [4]. In that study, penetrance was 
calculated using conservative, best-baseline estimates (MTC 
lifetime risk, 1 in 3000; genetic heterogeneity, 20%; allelic het-
erogeneity, 25%). Based on their results, the authors contend-
ed that prophylactic thyroidectomy may be inappropriate for 
individuals with an incidental RET p.V804M finding and no ap-
parent family history of disease, and they therefore called for 
urgent review of the ATA guidelines [4].

Herein, we present our experience with and clinical manage-
ment of a patient with breast cancer who had an unexpected 
finding of the RET p.V804M variant. The finding led to screen-
ing, surgical management, and diagnosis of MTC.

Case Report

A 62-year-old woman with a personal and family history of 
breast cancer was referred to the Division of Cancer Genetics 
and Prevention at Dana-Farber Cancer Institute for evaluation. 
One year prior to her visit, she had been diagnosed with mul-
tifocal, ER-positive, PR-positive, and HER-2 negative invasive 
lobular carcinoma of the right breast. She was treated with 
curative intent with a unilateral mastectomy and aromatase 
inhibitor systemic therapy.

Reported family history was notable for the proband’s moth-
er having multiple primary cancers, including breast cancer 
at age 49, colorectal cancer at age 60, and leukemia at age 
65 (Figure 1). There was no reported family history of thyroid 

Figure 1. �Pedigree of a family with RET p.V804M 
variant. The pedigree depicts individ-
uals with cancer, cancer types, and 
RET p.V804M genotype when avail-
able. Positive and negative signs de-
note presence and absence of RET 
p.V804M, respectively. Circles and 
squares denote female and male fam-
ily members, respectively. Arrow in-
dicates proband. Numbers under cir-
cles or squares reflect current age or 
age at death if deceased, and num-
bers beside diagnosis reflect age at 
diagnosis. Filled quadrants denote 
affected conditions. BR – breast can-
cer; CO – colon cancer; MTC – med-
ullary thyroid cancer; CLL – chronic 
lymphoid leukemia.
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cancer, calcium disorder, or pheochromocytoma. The patient’s 
maternal ancestry is English and French, and her paternal an-
cestry is Czech, with no known Ashkenazi Jewish ancestry or 
consanguinity. Given her personal and family breast cancer 
histories, the patient was counseled and consented to genet-
ic testing analyzing 84 cancer susceptibility genes (Invitae, CA, 
USA). Results were positive for the heterozygous pathogenic 
variant RET p.V804M (NM_020975.6: c.2410G>A) (ClinVar ID: 
37102). The remainder of the genetic testing was unremarkable.

Given the association of RET p.V804M with MTC, the patient 
was counseled about the associated cancer risks. Both the his-
torical lifetime MTC penetrance estimates of 80–90% and the 
more recently published attenuated risks of 4% were discussed. 
The low risks for other tumors, specifically pheochromocyto-
ma and parathyroid adenoma, were reviewed. Risk-reducing 
thyroidectomy was discussed as the historical cornerstone of 
management for RET activating variants due to incomplete 
sensitivity of serum calcitonin markers and aggressiveness 
of MTC. Additionally, cascade testing for family members was 
recommended.

The patient underwent thyroid oncology evaluation. She was 
asymptomatic at the time with no pain or swelling in her 

neck, no dysphagia or odynophagia, and no changes in voice. 
Physical examination was normal with no evidence of enlarged 
thyroid, palpable lymph nodes, or thyroid masses. A thyroid 
ultrasound and biochemical screening were obtained. The ul-
trasound results were normal (with no thyroid nodules or ab-
normal adenopathy) as were plasma metanephrine, parathy-
roid hormone (PTH), serum calcium, and carcinoembryonic 
antigen (CEA). Calcitonin (electrochemiluminescence assay 
by Roche Diagnostics Inc., IN, USA) was mildly elevated at 
9.9 pg/mL (normal <7.6 pg/mL). The calcitonin remained ele-
vated 2 weeks later at 10.4 pg/mL.

The patient underwent surgical evaluation and, after careful 
consideration of the surgical risks and benefits, proceeded with 
thyroidectomy. She had an uncomplicated total thyroidecto-
my with no evidence of extrathyroidal invasion. There were 
no grossly abnormal lymph nodes. The left upper and bilater-
al lower parathyroid glands were preserved on their normal 
blood supplies. The right upper parathyroid gland was devas-
cularized during dissection and was reimplanted into the right 
sternocleidomastoid muscle. The bilateral recurrent larynge-
al nerves were dissected. They were left intact and with nor-
mal electromyography signals with stimulation of the ipsilat-
eral vagus nerve at the outset and completion of all dissection.

Pathology examination of the specimen identified 4 foci of 
medullary thyroid microcarcinomas (largest measuring 0.2 cm) 
in the right mid-upper and left mid-upper lobes (Figure 2). No 
lymphovascular invasion and no extrathyroidal extension were 
identified. Background thyroid tissue showed C-cell hyperpla-
sia, highlighted by calcitonin stains (Figure 2).

Figure 2. �Histologic findings in the thyroidectomy specimen.
(A) An example of a medullary microcarcinoma (H&E 
stain) at ×100 magnification. (B) C-cell hyperplasia 
(H&E stain) at ×400 magnification. (C) Calcitonin 
stain highlights the C cells at ×400 magnification. 
H&E, hematoxylin and eosin.
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The patient’s course was complicated by postoperative hy-
pocalcemia with hypoparathyroidism (calcium of 8.2 mg/dL 
with PTH of 5 pg/mL). She was weaned off calcitriol, and she 
is maintained on calcium citrate 950 mg (200 mg elemental) 
3 times a day and levothyroxine 100 μg daily. Follow-up labo-
ratory results were normal as follows: calcitonin undetectable, 
calcium 9.2 mg/dL, PTH 14 pg/mL, and thyrotropin 1.94 μIU/mL.

One of the patient’s sisters (age 57) tested positive for the 
RET p.V804M variant and was found to have elevated calcito-
nin. She likewise proceeded with thyroidectomy, and pathol-
ogy also revealed multifocal MTC. As per ATA guidelines, both 
the patient and her sister will be followed annually with phys-
ical evaluation of the neck and thyroid bed, ultrasound of the 
neck, and blood tests (free thyroxine, thyrotropin, calcitonin, 
and CEA). In addition, they will also need to undergo annual 
surveillance for pheochromocytoma with plasma metaneph-
rines and primary hyperparathyroidism. The patient’s maternal 
aunt (age 90) and an adult child (age 25) were subsequently 
also found to have the RET p.V804M allele.

Discussion

RET is a proto-oncogene that maps on 10q11.21 and encodes 
a transmembrane receptor tyrosine protein kinase. Activating 
variants render the protein oncogenic as the key alteration in 
both sporadic and inherited MTC.

The p.V804M variant is the most frequent pathogenic variant 
in the RET gene associated with MTC [4]. The age-related pen-
etrance and expressivity of RET p.V804M is well document-
ed, with clear association with later age of MTC onset [7,8]. 
There are also reports of kindreds, including large consanguin-
eous families, in which only individuals homozygous for the 
RET p.V804M variant, and not the heterozygous carriers, pre-
sented clinically with MTC [9,10]. Other studies have reported 
C-cell hyperplasia as the sole finding in thyroidectomy speci-
mens of RET p.V804M carriers [8,11–13]. Notably, in hereditary 
MTC families, C-cell hyperplasia precedes MTC [14]. The vari-
able penetrance and expressivity of RET p.V804M suggest a 
possible role for unlinked genetic modifiers, epigenetic chang-
es, or environmental factors related to MTC.

Data from retrospective analysis of 140 cases of MTC have 
shown that the majority of MTC cases (56%) were diagnosed at 
stage IV, while only 19% of patient were diagnosed at stage I, 
15% at stage II, and 10% in stage III [15]. The 10-year survival 
rates for patients with stages I, II, III, and IV MTC are report-
ed to be 100%, 93%, 71%, and 21%, respectively [5,16]. A re-
cent Danish nationwide retrospective study of MTC patients 
(diagnosed with hereditary MTC by screening, without region-
al metastases, or with stage I-III disease) had similar survival 

to the general population. However, the presence of distant 
metastasis resulted in a worse outcome [17]. With late tu-
mor stage being a reliable predictor of survival in MTC pa-
tients [18], the efforts to identify at-risk patients and manage 
risk remain important.

Risk stratification of MEN2 is by the RET genotype [4,5,7]. The 
2015 revised ATA guidelines on diagnosis and clinical manage-
ment of MTC categorizes RET PVs as “moderate,” “high,” or 
“highest” levels for risk associated with MTC [5]. A retrospec-
tive cohort study using an institutional MEN2 registry report-
ed that patients with moderate- and high-risk germline RET 
PVs had similar time to distant metastatic disease after MTC 
diagnosis [19]. This finding led the authors to propose RET PV 
classification by disease age of onset, rather than by risk lev-
el (high vs. moderate). The current ATA guidelines report that 
RET p.V804M is associated with moderate risk, with recom-
mendations for thyroidectomy in carriers in childhood (by 5 
or 10 years old) or adulthood or when serum calcitonin level 
becomes elevated [5].

Measurement of serum calcitonin has been used as an impor-
tant tumor marker in patients with MTC. However, consensus 
on its role in the evaluation of a thyroid nodule remains elu-
sive [20]. Studies have reported negative calcitonin in nonse-
cretory MTC [21], indicating that normal serum calcitonin does 
not exclude the presence of MTC [22,23]. In a study evaluating 
30 family members spanning 3 generations of a Turkish family, 
17 members were positive for RET p.V804M. Of the 7 with an 
MTC diagnosis, only 3 had abnormally elevated calcitonin lev-
els [24]. Further, hypercalcitoninemia has also been reported 
to be associated with C-cell hyperplasia and not MTC [25,26], 
and false-positive calcitonin results have reportedly led to un-
necessary thyroidectomies [27].

Based on the estimated penetrance of RET p.V804M from the 
ExAC dataset, the allele contribution of RET p.V804M in MTC 
has recently been questioned. In that report, unbiased by as-
certainment, the penetrance of this allele was estimated to be 
4% [4]. Given the low estimated penetrance of RET p.V804M 
in conjunction with the potential expansion of incidental find-
ings of this variant in nonpenetrant families due to large-scale 
sequencing efforts, Rich et a.l [6] call for reconsideration of 
the ATA recommendations for prophylactic thyroidectomy. RET 
is one of the 59 genes recommended for reporting as an in-
cidental finding in clinical exome or genome sequencing by 
the American College of Medical Genetics and Genomics [28].

Our group and others have previously reported incidental 
findings in which the majority of pathogenic or presumed 
pathogenic cancer variants in various studies were unexpect-
edly discovered in genes not directly related to the patient’s 
primary indication [29–31]. Indeed, in this era of large-scale 
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genome sequencing, incidental or unexpected findings involv-
ing cancer genes will only increase. Reexamination of classic 
phenotypes and penetrance across the cancer predisposition 
syndrome spectrum is required and is occurring for genes in-
cluding TP53 [32] and CDH1 [33,34].

Conclusions

We have described the early diagnosis of medullary thyroid 
microcarcinomas through the unexpected finding of the RET 
p.V804M oncogenic variant precipitated by a patient’s breast 
cancer and extensive family cancer history. Cascade testing 
resulted in the early diagnosis of multifocal MTC in the pa-
tient’s sister. Management of other relatives found to share 
this risk allele will likely be informed by the presence of MTC 
in the proband and her sister.

As the epidemiology of various cancer predisposition syn-
dromes is re-evaluated and guidelines for management re-
considered, shared decision-making with the patient is crit-
ical. In this case, patient-specific factors were important in 
the management of this unexpected cancer predisposition. 

Patient-specific factors were good overall health and excellent 
breast cancer prognosis. Variant-specific factors included the 
attenuated penetrance in individuals not ascertained through 
MTC families. Disease-specific factors included sensitivity and 
specificity of biochemical surveillance. The patient preferred 
surgical management due to low risk tolerance secondary to 
prior malignancy and tolerability of the health consequences 
of surgical intervention.

This report highlights the value of shared decision-making 
and cascade genetic testing in the clinical management of a 
patient who was unexpectedly revealed to be a carrier of the 
RET p.V804M variant.
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