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Background: Germline missense mutations of the RET protooncogene cause a clinical spectrum
called multiple endocrine neoplasia (MEN) type 2. A strong genotype-phenotype correlation re-
sults in major implications for the clinical approach. More information on less common mutations
is needed to advance specific guidance.

Patients and Methods: We report individualized patient information on 36 carriers of the intra-
cellular RET gene mutation S891A from three centers and clustered data of 38 former patients
reported in the literature in nine additional studies.

Results: S891Amutationaccounts forupto5%ofallpatients todatereportedwithRETmutationsand
16%ofthosehithertoreportedwithintracellularmutations.S891Amutationcausedmedullarythyroid
cancer (MTC) in 69.4%, pheochromocytoma in 2.8%, and parathyroid hyperplasia in 8.3% of the 36
patients of this case series and in 63.5, 4.1, and 4.1%, respectively, for the entire groups of 74 patients.
The youngest age of onset for MTC in this group was 17 yr (median, 46 yr; range, 17–80 yr), for
pheochromocytoma 46 yr (median, 46 yr), and for parathyroid hyperplasia 17 yr (median, 20 yr, range,
17–46 yr). Persistence of MTC was described in 14.3% of patients with available follow-up. Additional
findings included corneal nerve thickening in three of 74 patients (4.1%).

Conclusion: This intracellular mutation can initiate the full spectrum of MEN2a, initiates MTC at an
early age, and causes recurrence and death if undertreated. We recommend stringent adherence to
established guidance in MEN2a in this rare mutation. (J Clin Endocrinol Metab 95: E92–E97, 2010)

The RET gene on chromosome 10q11.2 encodes a ty-
rosine kinase with essential function in growth reg-

ulation of endocrine tissues including calcitonin (Ct)-pro-
ducing parafollicular C-cells, parathyroid chief cells, and
adrenomedullary cells. The resulting endocrine tumors
constitute the core spectrum of multiple endocrine neo-
plasia (MEN) type 2 (1). In contrast to extracellular mu-

tations in codons 609–634, intracellular mutations do not
target cysteine codons. Lesser constitutive RET kinase ac-
tivation results in lesser transforming capacity (2). Early
reports stress association with familial medullary thyroid
cancer (FMTC). Accumulating evidence shows their ca-
pacity to induce the wider spectrum of MEN2a (3, 4).
S891A mutation accounts for less than 5% of all patients
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Abbreviations: CCH, C-cell hyperplasia; CNT, corneal nerve thickening; Ct, calcitonin;
FMTC, familial medullary thyroid cancer; PH, parathyroid hyperplasia; Pg, pentagastrin;
PHEO, pheochromocytoma; PTC, papillary thyroid cancer; MEN, multiple endocrine neo-
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to date reported with RET mutations and 16% of those
hithertoreportedwith intracellularmutations.Specifically, it
was found in three of 141 German RET families (2.1%) (5)
or17of356ContinentalEuropeanRET families (4.8%) (6).
We here establish the phenotype of the hitherto rarely re-
ported intracellular RET mutation S891A.

Subjects and Methods

Subjects
Patients (n � 36) were identified from existing databases by

the teams in London, Halle, and Milan. Patients of the Milan (7)
and Halle (8) groups have been subject to previous publication.
One patient (KMS-10) had died after repeated operations for
MTC in another hospital more than 10 yr before establishment
of the diagnosis of familial disease.

Clustered data on other patients with RET S891A mutations
were identified searching the NCBI resources PubMed and
Google Scholar with a cutoff date in December 2009 (http://
www.ncbi.nlm.nih.gov/pubmed/) using the terms RET mutation
and intracellular. This retrieved 81 publications. All publications
with information relating to codon S891A were subjected to
forward and backward quotation searches using the Thompson
resource ISI Web of Knowledge (http://apps.isiknowledge.
com/). This identified a total of nine publications (3, 9–15) con-
taining data on 38 more patients with S891A mutation. Data in
these publications are clustered but suitable for analysis (as pre-
sented in Table 2).

RET mutation analysis
Genetic testing was arranged for affected or at-risk family

members after genetic counseling and fully informed consent.
Sequence analysis of selected exons 10, 11, 13, 14, 15, and 16
was done in accredited genetic testing laboratories.

Clinical evaluation
All 35 patients of this case series with proof of mutation un-

derwent evaluation for MTC, pheochromocytoma (PHEO), and
primary hyperparathyroidism. KMS-10 died without recogni-
tion of her MEN2a syndrome. The suspicion of MTC was eval-
uated by basal Ct in all patients. Serum levels of carcinoembry-
onic antigen were determined in 22 patients. Ultrasound of the
thyroid, fine-needle aspiration biopsy, 99mtechnetium scintiscan,
or dimercaptosuccinic acid scan was performed in 33 of 35 pa-
tients (94%). The suspicion of PHEO was evaluated by triple
24-h urine collection and analysis of excreted amounts of cat-
echolamines. Specific imaging was performed in eight of 35 pa-
tients (22.8%).

Primary hyperparathyroidism was defined as raised corrected
serum calcium and PTH level and was evaluated in 16 of 35
patients (45.7%).

Details of investigations in formerly reported patients are not
known (3, 9–15).

Pentagastrin (Pg) stimulation was performed with an indwelling
catheter, and Ct was measured at �10, 0, 2, 5, and 10 min (Milan)
or 0, 2, and 5 min (Halle) after an iv bolus of 0.5 �g/kg Pg.

Histopathology
All cases were classified according to the World Health Or-

ganization classification criteria (16). Standard criteria were

used to identified for C-cell hyperplasia (CCH) (50 or more C-
cells in at least one low-power field, �100). TNM (tumor-node-
metastasis staging) of MTC and papillary thyroid cancer (PTC)
was performed according to the International Union Against
Cancer sixth edition system 2006.

PHEO was diagnosed based on histopathological findings as
a tumor of chromaffin cells of the adrenal medulla of at least 1
cm in diameter.

Histopathological parathyroid hyperplasia (PH) was defined
by enlarged glands (more than 60 mg) with diffuse or nodular
growth patterns, variable amount of mature adipose tissue, and
mild nuclear pleomorphism in the absence of histologically nor-
mal or atrophic parenchyma. In case of nodular configuration,
internodular transition was identified.

Results

The clinical presentation of 36 patients with detailed in-
formation is shown in Table 1. A summary of these 36 and
38 previous patients is shown in Table 2.

Thyroid disease, surgery, and related outcomes in
the 36 patients of this case series

Thyroidectomy
Among carriers of the S891A mutation, 29 patients

underwent at least a total thyroidectomy, 22 with central
neck dissection (level VI). Eight patients from Milan did
not undergo surgery (Table 1).

MTC and C-cell-associated pathology
Histopathological proof of CCH and MTC was found

in 23 and 21, respectively, of the 29 patients treated by
surgery. MTC is likely present in an additional three Milan
patients with elevated basal Ct and pathological Pg tests or
elevated carcinoembryonic antigen levels. MTC may
hence be present in as many as 25 of the 36 patients or
69.4% with an age range of 17–80 yr. Age-related pen-
etrance is shown in Table 3.

Lymph node metastasis pattern of MTC
The extent of lymph node dissection varied between

centers. Six of 10 London patients underwent ipsilateral
modified radical neck dissection (MRND) level II-V, and
4 of these also underwent contralateral MRND. Three of
8 patients from Halle underwent bilateral MRND because
of high basal Ct, significant Ct rise of Pg stimulation, or
established macroscopic cancer.

Persistent/recurrent MTC
Persistent measurable Ct levels were identified in two of

10 patients from London, in two of eight from Halle, and
in seven of 11 patients from Milan, giving a total of 11 of
29 patients, or 37.9%. Redo modified radical bilateral
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neck dissection in one patient from London, who initially
presented with PHEO and MTC stage pT1 (m) N1a (1/62)
Mx, found one additional lymph node metastasis in 111
lymph nodes and resulted in biochemical cure. The mother
of this patient (KMS-10) had elsewhere undergone more
than five neck operations before dying from locoregional
MTC recurrence at age 69. Her sister displayed a persis-
tently 1- to 3-fold elevated Ct at 20 months follow-up.

PHEO
Clinical evidence of catecholamine excess was identified

in one of 36 patients (KMS-2). She was the London index
case and presented at age 46 with severe arterial hyperten-
sion, spells, and headaches. Twenty-four-hour urine epi-
nephrine output was elevated 21-fold, and norepinephrine
was elevated 11-fold, with a normal dopamine. Computed
tomography and [123I]meta-iodobenzylguanidine scanning
identified a PHEO, which was removed laparoscopically
combined with a total thyroidectomy and bilateral MRND.
Histology demonstrated a locally invasive PHEO sized 45 �
30 � 25 mm, extending through the adrenal capsule in mul-
tiple areas, and infiltrating the periadrenal soft tissue. Tumor
cells were arranged in a nested pattern and with basophilic
granularcytoplasmwith fewer thanonemitotic figureper50
high-power fields and no necrosis or lymphovascular or per-
ineural invasion.Ki67showedaproliferation fractionof less
than 1%.

Parathyroid disease
Calcium levels were normal in 17 patients and border-

line normal in one patient (2.6 mM; normal, 2.2–2.6 mM).
All patients had normal PTH levels. Histology identified
PH in three of 10 patients from London in whom at least
one parathyroid had been removed on grounds of mac-
roscopic enlargement. All patients remain eucalcemic and
euparathyroid on follow-up.

PTC
PTC was observed in four of 29 patients (13.8%) with

surgical specimens. PTC presented as microcarcinoma, in
some cases multifocal, without lymph node metastases.TA
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TABLE 3. Age-related penetrance of 36 patients with
RET S891A mutation

Age range (yr)

0–20 21–40 41–60 >60
Cancer (n) 2 5 12 6
Gene carriers (n) 10 7 13 6
Age-related penetrance (%) 20.0 71.4 92.3 100.0

n, Number of patients.
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Corneal nerve thickening (CNT)
Corneal nerve thickening (CNT) was confirmed in

three of 74 patients (4.1%).

Other solid cancers
One colon cancer was identified among the 36 patients

of this case series.

Discussion

ThemutationS891Aisuncommonand located in thesecond
intracellular tyrosine kinase domain TK2 of the RET pro-
tooncogene. It belongs to those RET mutations with low
(E768D, V804L, S891A and A919P) rather than high
(A883F, M918T and E768D) transforming activity (17).
This publication characterizes the phenotype of the S891A
mutation.

Histopathology revealed CCH in 23 of 28 specimens
(Table 1). MTC was found in 25 of 29 mutation carriers
(86.2%) in the present case series if three nonoperated
patients with 3.6- to 10.0-fold elevated basal Ct and one
patient with 8-fold Ct rise after Pg are included (Table 1).
MTC was described in 22 of 38 former patients (57.9%)
(3, 9–15) or 47 of 74 (63.5%) of all reported S891A mu-
tation carriers. It is noteworthy that five patients without
CCH yet manifested with MTC. Patient KMS-5 had a
single focus of a 2-mm microinvasive MTC in the absence
of CCH. Four patients from Halle without CCH showed
seven, four, two, and two microcancers, respectively. This
is clearly different from patients with extracellular muta-
tions where multiple foci of CCH precede and outnumber
foci of microscopic MTC. CCH in extracellular mutations
aremonoclonal, geneticallyheterogeneous, andconsistent
with an intraepithelial neoplasia, due to embryonic clonal
expansion before divergence of each thyroid lobe. The
pattern of MTC appearing without background CCH in
25.0% of our patients points toward a different pathway.

Outcome in the London patient with initial Ct persis-
tence is encouraging. Redo surgery identified MTC in only
one more of 111 cervical lymph nodes, and Ct became
undetectable. Absence of lymph node metastasis in most
patients with established MTC indicates a mitigated pro-
pensity of lymphatic spread. For the S891A mutation, the
guidelines of the American Thyroid Association for
class-A mutations should be followed (18). Given the
moderate metastatic potential, secondary surgical cure
can be attempted in cases with persistent Ct.

PTC and microcancer are increasingly frequent find-
ings (Supplemental Appendix 1, published on The Endo-
crine Society’s Journals Online web site at http://jcem.
endojournals.org). We observed four cases of multifocal

PTC in 74 patients at risk, or merely 5.4%, close to the
expected background frequency. There is no epidemio-
logical support for a causal relationship but a strong ar-
gument for a chance coincidence (19).

We confirm that intracellular RET mutations can in-
duce PHEO. Former reports on PHEO in such mutations
include fewer than 20 patients (Supplemental Appendix
1). Jimenez et al. (9) identified the first PHEO associated
with S891A mutation. This review of 74 patients identi-
fied three patients, or 4.1% of patients, to have a PHEO,
one new and two former patients (9, 13). PHEO needs to
be an integral part of clinical screening of patients with
S891A mutations.

PTH excess is rare if not absent in this mutation. Al-
though three patients had histopathological PH, none met
endocrine criteria for primary hyperparathyroidism.

CNTwas initially thought tobeanexclusive featureof the
MEN2b due to mutations in codon 918, where it is routinely
observed. However, it can be observed outside the context of
identified RET mutation and has been found in more than
60% of patients with MEN2a. CNT has been observed in a
minority of patients with intracellular RET mutations. De-
tails can be found in the internet repository (Supplemental
Appendix1).AssociationofS891AmutationwithCNTwas
first reported in1999 (11), followedbyadditionalpatients in
2008 (12) (Table 2). Moderate degrees of CNT are hard to
detect unless using slit lamp examination. CNT is hence
likely underreported.

Our report shows that mutation S891A can produce
the phenotype of MEN2a, including metastatic MTC, in-
vasive PHEO, and CNT. PH seems to be of little functional
consequence.
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