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ABSTRACT

Multiple Endocrine Neoplasia (MEN) type 2 A and B
are rare autosomal dominant inherited cancer
syndromes characterized by tumors of the C cells of
the thyroid, of the adrenal medulla, and parathyroid
glands. MEN2 is caused by a genetic defect in the
REarranged during Transfection (RET) proto-
oncogene on chromosome 10 (10g11-2), leading to a
ligand-independent activation of the transmembrane
RET receptor tyrosine kinase and consequently its
intra-cellular pathways. Different mutations lead to
different levels of activation and MEN2 is therefore
characterized by a strong genotype-phenotype
correlation. Nearly all patients with MEN2A have either
C-cell hyperplasia (CCH) or medullary thyroid cancer
(MTC), 50% have pheochromocytoma (PHEO), and
20-30% hyperparathyroidism (pHPT) but incidence of
these manifestations is depending on the underlying
RET mutation. Patients with MEN2B have a 100%
incidence of CCH or MTC, PHEO in 30-50%, mucosal

neuromas, and rarely pHPT. Endocrine tumors in
MEN2 are often multifocal and bilateral. Nowadays,
the diagnosis of MEN2 is made by genetic testing.
After diagnosis, annual screening for associated
manifestations and prophylactic thyroidectomy for
preventing metastasized MTC are advised. Optimal
age for preventive surgery or when to start screening
for each manifestation is based upon the underlying
RET mutation. In patients with MTC present at
diagnosis, adequate staging is needed before surgical
resection, since surgery is the only curative treatment.
The most important biomarker for MTC is calcitonin.
Fractionated metanephrines are used for early
diagnosing PHEO and calcium and PTH for
hyperparathyroidism. For PHEO, a minimal invasive
surgical resection is recommended. In pHPT the
surgical approach should be tailored to the amount
and location of the enlarged glands visualized with
imaging. Recurrent MTC requires physical
examination, neck ultrasound, and measurement of
serum calcitonin and carcinoembryonic antigen (CEA)
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levels every 6 months. For metastasized MTC,
treatment can be successful with multikinase inhibitors
(vandetanib, cabozantinib) and selective RET
inhibitors (pralsetinib, selpercatinib).

INTRODUCTION

Multiple Endocrine Neoplasia (MEN) type 2 is a rare
autosomal dominant inherited cancer syndrome
characterized by benign and malignant tumors of
multiple endocrine organs. MEN2 is caused by a
genetic defect in the REarranged during Transfection
(RET) proto-oncogene on chromosome 10, leading to
a gain-of-function in the RET tyrosine kinase receptor
(1-4). As a result, cell growth, proliferation, and
differentiation is promoted, leading to multiple tumor
formation in all tissues were RET predominantly is
expressed (C-cells of the thyroid gland, adrenal
medulla, and neurons) (5,6). Major clinical
manifestations in MEN2 are medullary thyroid
carcinoma (MTC), pheochromocytoma (PHEO) and,
in case of MENZ2A, primary hyperparathyroidism
(pHPT).

MTC is a neuroendocrine tumor arising from the
calcitonin secreting parafollicular C-cells of the thyroid
gland. MTC in persons with MEN2 typically presents
at a younger age than sporadic MTC (sMTC) and is
more often associated with C-cell hyperplasia as well
as multifocality or bilaterality. There is a genotype-
phenotype correlation with the age of onset of MTC
being associated with the underlying RET mutation.

PHEOs are catecholamine-secreting tumors that arise
from chromaffin cells of the adrenal medulla. The
frequency of PHEO depends upon the underlying RET
mutation. As with MTC, it manifests earlier in MEN2,
compared to sporadic forms. PHEO usually present
after MTC or concomitantly; however PHEO can be
diagnosed before the (not clinically detected) MTC in
13-27% of individuals with MEN2A (7,8).

pHPT is suspected in patients with elevated serum
calcium concentrations, in combination with a

parathyroid hormone (PTH) concentration that is
elevated or within the normal range but inappropriately
given the patients hypercalcemia. In MEN2A, pHPT is
typically mild and may range from a single parathyroid
adenoma to marked parathyroid hyperplasia (9).
pHPT usually presents many years after the diagnosis
of MTC; the average age at onset is 38 years of age
(10).

Nearly all patients with MEN2A have either C-cell
hyperplasia (CCH) or MTC, approximately 50% have
a PHEO and 20-30% have pHPT, but the incidence of
these manifestations depends on the underlying RET
mutation (11,12). Patients with MEN2B have a 100%
incidence of CCH and MTC, frequently have PHEO
(30-50%), and typically have physical characteristics
including mucosal neuromas, intestinal
ganglioneuromatosis (IGN), alacrima (the lack of
tears), and hyperflexible joints. They rarely have
pHPT. Both MEN2A and MEN2B have autosomal
dominant transmission patterns and therefore children
of affected individuals have a 50% chance of inheriting
the genetic abnormality. However, MEN2B most
frequently occurs as a de novo mutation. Offspring of
MENZ2B patients have not frequently been reported.

Early diagnosis of affected patients and families is
critical to obtain the best outcomes. For MENZ2A,
genetic screening in individuals at risk enable early
screening. For MEN2B awareness for and early
recognition of presenting syndromes (IGN, alacrima,
mucosal neurinomas) is of utmost importance.
Management of MEN2 patients is challenging, and the
decision making is often not straightforward, as impact
of screening and early surgery have to be balanced
with possible benefits, particularly in younger patients.
Patients and families suspected of harboring or
diagnosed with MENZ2 should be evaluated by an
experienced multidisciplinary team.

Classification

Close to 200 RET germline variants have been
identified with a clear genotype-phenotype correlation
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(13,14). Two distinct clinical syndromes are
recognized within MEN2 syndrome: MEN2A (95%)
and MEN2B (5%). MEN2A is categorized in four
subtypes.

1. Classic MEN2A

2. MENZ2A with cutaneous lichen amyloidosis (CLA)
3. MEN2A with Hirschsprung’s disease (HD)

4. Familial medullary thyroid cancer (FMTC)

Incidence and prevalence rates vary with the
population studied. Based on an analysis of
Surveillance, Epidemiology, and End Results (SEER)
data, MEN2A is most common, with an incidence of
about 1 patient in 2 million, compared to MEN2B with
an incidence of about 1 patient in 39 million (12). A
nationwide study in Denmark described higher rates
with MEN2A incidence of 28 per million live births per
year and a point prevalence of 24 per million (15).
MEN2B had an incidence in Denmark of 2.6 per million
per year and a point prevalence of 1.06 per million.
The patient distribution among the subtypes varies
with the series and the population studied as well. A
large series from China showed that of 65 families
(214 patients) with MEN2, 30 (46%) families had
classical MEN2A, 5 (8%) had MEN2A with CLA, 1
(2%) MEN2A with HD, 24 (37%) had FTMC, and 5
(8%) had MENZ2B (16).

Previously, patients with FMTC were classified as a
separate entity, because affected families appeared to
have MTC alone, lacking other associated endocrine
or neural-tissue involvement of MEN2. With extended
follow-up, some members in many of these families
developed PHEO or pHPT. Data such as these
suggested FMTC patients might be more
appropriately classified as a variant of MEN2A (12).
Furthermore, distinguishing classical MEN2A from
FMTC is difficult, making the clinical relevance of this
phenotype limited.

In some families, MEN2A was associated with CLA
(17). This might be limited to families with specific
mutations in the RET gene, with C634 as most

frequently described (table 1). Not all family members
with the same mutation develop CLA and there is a
variation in clinical appearance, although the scapular
region of the upper back is typically affected in MEN2A
(see clinical features). CLA can precede the other
MEN2A manifestations (17).

The same goes for the association of MEN2A and HD.
This association is especially challenging, since the
type of mutation leading to the different phenotypes
result in different effects in the RET gene (a gain of
function in the MEN2A phenotype and a loss of
function in the HD phenotype). Pathogenic RET
variants are mainly associated with both these
conditions when located at the 620 position. Mutations
that impair RET signaling cause HD owing to failure of
enteric neural crest-derived cells to migrate, proliferate
and/or differentiate properly within the intestine. This
seemingly paradoxical occurrence has led to
speculation of a ‘Janus mutation’ in RET that causes
overactivation or impairment of RET activity
depending on the cellular context. In animal studies an
alternative explanation was suggested that the
coexistence of these two seemingly opposite
phenotypes can be explained by excessive RET
signaling alone and without invoking a Janus mutation.
In this study it was also demonstrated that the cells
comprising the ganglioneuroma-like masses induced
by RET activation maintain their embryonic potential
to generate an enteric nervous system, suggesting
that these ganglioneuromas, and possibly other MEN-
associated neoplasms, may be amenable to
reprogramming along normal  developmental
trajectories (18).

GENETICS

The RET proto-oncogene (OMIM 164761) encodes
one of the receptor tyrosine kinases, cell-surface
molecules that transduce signals for cell growth and
differentiation (6). The RET gene was defined as an
oncogene by a classical transfection assay. RET can
undergo oncogenic activation in vivo and in vitro by
cytogenetic rearrangement (19). The RET protein

www.EndoText.org 3



comprises an extracellular domain, a transmembrane
segment that traverse the plasma membrane, and the
intracellular domain that consist of the intracellular
juxtamembrane segment and the tyrosine kinase
domain (TKD). Activation of RET is complex and
occurs throughout a binding of a ligand-coreceptor
composition, leading to RET homodimerization,
resulting in activation of several downstream
pathways, including RAS/MAPK and PI3K/AKT
pathways (20).

The oncogene contains 21 exons spanning more than
60kb of genomic DNA. It is expressed in tissues of
neural crest origin, and appears to have an important
function in cell migration and development. RET
germline mutations in MEN2 typically result in
constitutive activation. Different mutations lead to
different levels of activation, which may have an effect
on the clinical spectrum. In 95% of patients with
MENZ2A syndrome, germline RET mutations cluster in
cysteine C609, C611, C618, C620 (in exon 10), or
C630 and C634 (in exon 11), with mutation of C634
being the most frequent. These mutations, leading to
affected cysteines in the extracellular domain of the
RET receptor due to replacement of other amino acids
in the cysteines, cause dimerization of receptor
molecules, enhanced phosphorylation and thus
ligand-independent  activation  of intra-cellular
pathways (14,21). Germline pathogenic variants in the
intracellular tyrosine kinase domain of RET are less
frequent and encoded in exon 13-16. MEN2B is
almost exclusively associated with a mutation in RET
exon 16, which causes a methionine to threonine
(M918T) substitution within the activation segment of
RET kinase. This substitution increases ATP-binding
and auto phosphorylation activity, thereby mediating a
dimerization-independent activation of RET kinase. In
less than 10% of MEN2B patients, other mutations are
found: the pathogenic A883F variant (exon 15)
encoded in exon 15 of RET also leads to increased
and independent activating of RET. Furthermore, very
rare dual germline variants (E768D/L790F,
V804M/Q781R, V804M/E805 K, V804M/Y806C) have
been described to cause MEN2B (22,23).

Since the discovery of the RET receptor tyrosine
kinase in 1985 (24), somatic alterations of this protein
have also been found in sporadic tumors, like non-
small cell lung cancer (1-2%), papillary thyroid
carcinoma (10-20%) and sMTC (21,25). Somatic RET
mutations have been found in up to 60% of patients
with sMTC. The prevalence is higher in patients with
large tumors, and up to 85% of patients with distant
metastases have somatic RET mutations (21). The
most common somatic mutation is M918T, which is
present in up to 40% of patients with sMTC and is
associated with disease aggressiveness. Other single
amino acid changes might occur at residues C611,
C618, C620, C630, C634, E768, A883 and S891;
small RET deletions and/or insertions have also been
detected.

Genotype-Phenotype Correlation

Genotype-phenotype correlations in MEN2 are well-
established and have long been used to guide
clinicians in making medical management
recommendations. Currently, patients are classified
based on their phenotype into three groups, according
to the American Thyroid Association (ATA) guideline
(table 1) (12):

e Highest risk: classic MEN2B - M918T carriers

e High Risk: patients with the RET codon C634
mutations and the RET codon A883F mutation

o Moderate risk includes patients with hereditary
MTC (hMTC) and RET codon mutations other
than M918T, C634, and A883F

These risk categories are based on the
aggressiveness of MTC and used as a guidance for
timing of prophylactic thyroid surgery (see therapy).
Furthermore, there is evidence that certain mutations
are more commonly associated with PHEO. Besides
M918T and A883F, both leading to MEN2B, all C634
mutations and D631Y mutations have a high risk of
PHEO (~50%). Some mutations, like RET variant
R912P and E768D are not associated with PHEO. For
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pHPT, C634 mutations have the highest risk as well.
A clear overview of all manifestation per RET variant
is illustrated in table 1. Despite a higher incidence of
the various manifestations in some mutations, current
data remain insufficient to determine the risk of PHEO
or pHPT in a given patient or family, since there is also
clear, yet unexplained intrafamilial variability. This
suggests a role for genetic modifiers, such as
polymorphisms/haplotypes. This leads to the
suggestion that multi-step carcinogenesis may be
applicable to patients with MEN2, with other non-RET
genetic changes or modifiers responsible for the

phenotypic differences. Limited evidence
demonstrated that copy number variations (CNVs)
play an important role in phenotypic expression, but
other possible contributing factors have been
evaluated as well (13,26). Since the observed intra-
and interfamilial variability is still poorly understood, a
possible divergent course of disease cannot be
predicted in an individual patient. Thus, all patients
need to be followed for the development of these
tumors. Furthermore, ongoing evaluation of new data
will be needed to update the risk categories and
genotype-phenotype correlations periodically.

Table 1. Incidence and Occurrence of MEN2 Manifestations in Relation to Different Germline
Mutation and the Advised Management According to ATA Guideline 2015 (12)
ATA risk RET Mutation | MTC timing | Incidence | Incidence | Start Occurrence
category surgery of PHEO | of pHPT PHEO/pHPT | CLA/HD
Screening
Highest MO18T Within first | 50% - At age 11 -/ -
year (PHEO only)
High C634 At 5 years 50% 20-30% At age 11 +/-
A883F or earlierif | 50% - -/-
elevated
calcitonin
Moderate All others When At age 16
- C609 calcitonin 10-30% 10% -+
FIG/RISIY becomes 10-30% 10% -1+
- elevated or | 10-30% 10% -1+
C611F/G/S/Y/ | prophylactic | 10-30% 10% -/ +
w before 10-30% 10% -/ -
- C618F/R/S apparent 50% - -/-
- C620F/R/S disease - - -/ -
- C630R/Y 10% - -/ -
- D6311Y 10% - -/ -
- E768D 10% - -/ -
- G553C - - -/ -
- K666E 10% 10% -/ -
- L790F 10% 10% -/ -
- R912P 10% 10% +/-
- S891A
- V804L
- V804M
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Abbreviations: ATA, American thyroid association; RET, REarranged during Transfection; MTC, medullary
thyroid carcinoma; PHEO; phaeochromocytoma; PHPT, primary hyperparathyroidism; CLA, cutaneous lichen

amyloidosis; HD, Hirschsprung’s disease; +, yes; -, no.

CLINICAL FEATURES

MEN2A and MEN2B share the same genetic defect
and common manifestations but also have specific
clinical features and course of disease, making them
two separate clinical entities. The occurrence of
multicentric tumor formation in the thyroid and
adrenal glands is shared. However, MEN2B is
characterized by a specific clinical phenotype with
ganglioneuromas of the lips, tongue and conjunctiva,
musculoskeletal abnormalities, narrow long face, and
thickened lips, among other features (see

below). Clinically relevant pHPT is absent in MEN2B.
In general, patients with MEN2B will develop tumors
at an earlier age and these tumors will show a more
aggressive behavior (26). Biochemically, the tumors
that arise in patients with MEN2 are similar to those
with the sporadic forms and discrimination cannot be
made based on biomarkers.

MEN2A

Virtually all patients with MEN2A will develop CCH or
MTC, but there is much inter- and intra-familial
variability in the other manifestations. Approximately
50% will develop a PHEO and 20-

30% will develop pHPT, but the incidence depends
on the underlying mutation (table1). No clear clinical
phenotype is present to recognize MEN2A patients.
Most index patients present with MTC as the first
manifestation (27). Some patients will develop

HD which then will reveal the diagnosis of MEN2
(table 1). CLA is dermatologic disease, typically
located in the interscapular region of the back and is
characterized by secondary skin changes (papular,
pigmented) and intense pruritus (figure 1). It
becomes apparent during late adolescence or young
adulthood and can be the first presenting
manifestation as well. For mutations associated with
CLA, see table 1.
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Figure 1. Cutaneous lichen amyloidosis.
MEN2B

All MEN2B patients will develop CCH or MTC, and 30-
50% of them will have a PHEO (table 1). In the MEN2
literature, there is often reference to a characteristic
Marfanoid physical
appearance with hyperflexible joints but without the
Marfanoid lens or aortic abnormalities. However, no
studies have been published describing body
proportions in MEN2B. A recent case series from the
Netherlands described 8 MEN2B patients: all children
and adults had normal body proportion(28). The
typical marfanoid appearance in MEN2B is therefore
questionable.

MEN-2B patients can have mucosal neuromas of the
eyelids, lips, and tongue, and wide-
spread ganglioneuromatosis of the gastrointestinal
tract resulting in an abnormal gastrointestinal motility
with complaints of diarrhea, constipation, colonic
dilatation, or even megacolon at a young age (29).

As most MEN2B patients present with de novo
mutations, the diagnosis is almost always delayed,
even in the presence of clinical features (29,30).
Recognition of nonendocrine symptoms like ocular
symptoms (tearless crying) or the highly penetrant oral
manifestations is important. Recent studies re-
emphasize neonatal gastro-intestinal manifestations
due to ganglioneuromatosis as the most important
early feature for MEN2B diagnosis while body
proportions and stature were non-specific in children
with MEN2B (28,31). Those diagnosed based on
nonendocrine symptoms instead of symptomatic MTC
or PHEO were significantly younger (mean of 5.3 vs.
17.6 years), emphasizing the importance of early
recognition.

Medullary Thyroid Carcinoma (MTC)

MTC is a tumor originating from the parafollicular cells
(C-cells) of the thyroid. The production of calcitonin is
a characteristic feature of this tumor. Most patients
present with a solitary nodule or cervical
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lymphadenopathy. Compared to sMTC, hMTC occur
at a younger age and has typically multifocal and a
bilateral pattern. It is often localized in the middle to
upper regions of the thyroid lobe (32). In sMTC, up to
60% of cases appear to harbor a (driver) RET
mutation, amongst other mutations, which has
therapeutic implications (21). hMTC is preceded by
CCH (33). The age-related penetrance of CCH and
hMTC is mutation dependent. Most MEN2A patients
(85%) are asymptomatic at MTC diagnosis, while 15%
have presenting complaints (34). Especially in
advanced disease diarrhea can be present. Peak
incidence in index patients is in the third decade of life
in MEN2A.

In MEN2B, MTC occurs very early, over 80% have
MTC in their first year of life (30), underscoring the
necessity of thyroidectomy before the age of 1.
Unfortunately, the substantial diagnostic delay due to
the high proportions of de novo mutations, median age
of thyroidectomy in MEN2B patients is 14 years (30).
The outcome of MTC in MEN2B is correlated to
the way the diagnosis is made. If the diagnosis is
made after recognition of nonendocrine symptoms,
patients are significantly younger at diagnosis and
therefore have often less lymph node metastases
(43% vs 100%) or distant metastases (8% vs 79%)
and were more often biochemically cured after
treatment (58% vs 0%) (35). If the diagnosis is made
before the age of 1 year, when there is only a
preliminary stage of MTC, patients can be cured.

Pheochromocytoma (PHEO)

PHEOs are catecholamine-secreting tumors that arise
from chromaffin cells of the adrenal medulla.
Prevalence of PHEO in MEN2A is 17-42% compared
to 50% in MEN2B with median age at diagnosis 42 and
24 years respectively (13). Extra-adrenal PHEO is
very rare in MEN2. Tumoral hypersecretion of
epinephrine and norepinephrine causes episodic
headache, sweating, and tachycardia with 50% of
MEN2 patients being symptomatic. PHEO was the first
presenting manifestation in 25% in MEN2A patients

and 6% in MEN2B (8). PHEO is bilateral in most
cases and rarely malignant (0-4%) (8,13). MEN2-
related PHEO typically produce epinephrine or both
epinephrine and norepinephrine, but not exclusively
norepinephrine (36).

Primary Hyperparathyroidism (pHPT)

pHPT is caused by a parathyroid adenoma or
hyperplasia with autonomous secretion of PTH,
leading to elevated calcium levels. Disease is
multiglandular in the majority of patients, but can occur
metachronous, with long intervals with
normocalcemia, simulating single gland disease (37).
The prevalence in MEN2 is RET-mutation dependent,
varying from 0-35% and pHPT is rarely the first
manifestation with median age at diagnosis between
35-46 years of age (23,38). Since most MEN2 patients
have mild pHPT, most patients are asymptomatic at
diagnosis (56-88%). Symptoms of pHPT are often
nonspecific, like constipation, fatigue, depression,
anorexia, nausea, and polyuria. pHPT is rarely seen in
MEN-2B patients.

Cutaneous Lichen Amyloidosis (CLA)

CLA isan uncommon disease characterized by
pruritic lichenoid papules and

occurs rarelyin ~ MEN2A  patients. In  sporadic
cases they occur in the pretibial bilateral regions,
and in MEN2A patients the lesions typically occur in
the (inter)scapular regions (fig 1) (39). Although
MEN2A patients rarely develop CLA, if it occurs this
will be at a mean age of 20 years and is often 11 years
prior to the diagnosis of MEN2A in index patients.
Therefore patients with an atypical location
of CLA must be considered for RET testing (39).

Hirschsprung’s Disease (HD)
Most patients with HD will present shortly after birth

and those with exon 10 RET mutation must
be screened for MEN2A (12). Older MEN-2A patients
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with exon 10 RET mutations and colonic symptoms
must be evaluated for HD.

DIAGNOSIS AND SCREENING

The diagnosis of MEN2 is established when a RET
pathological variant is detected by molecular genetic
testing. Genetic screening can identify gene carriers
with high accuracy (98%) (40). Sanger or next
generation sequencing are the recommended
methods to detect RET mutations in exon 10 (codons
609, 611, 618, and 620), exon 11 (codons 630 and
634), and exons 8, 13, 14, 15, and 16 (12). For
MEN2B, the M918T mutation (exon 16) and A883F
mutation (exon 15) should be evaluated. If initial
sequence analysis is negative, and the clinical
suspicion of a genetic syndrome remains high based
on family history, physical characteristics, young age
at diagnosis, or pathologic findings in the thyroid such
as extensive CCH or bilateral MTC, then whole gene
sequencing should be considered (12). Patients who
present with MTC, even with a negative family history
need to be screened for RET mutations, as up to
~25% will be found to have a hereditary syndrome. At
least 33% of all PHEO patients have a familial
disorder, affected succinate dehydrogenase genes,
Von Hippel Lindau (VHL) and MEN2 are the most
frequently identified syndromes (41,42). The relative
percentage of underlying germline mutation depends
on the age of onset, family history, or clinical features
like multifocal-, bilateral- or metastatic disease, but
genetic screening need to be considered in all patients
with PHEO. Those with other clinical characteristics,
associated with MEN2, such as HD or CLA in the
interscapular/scapular region should also be
considered for testing (12). Those with physical
characteristics suggestive of MEN2B such as mucosal
neuromas and alacrima also need to be considered for
genetic screening. Accurate evaluation of early onset
severe constipation can lead to the detection of
intestinal ganglioneuromatosis. These patients need
to be screened as well for MEN2(31). A negative
family history is not reliable in excluding patients from
genetic testing, since about 40% of MEN2A gene

carriers do not develop clinically apparent disease. De
novo mutations are rare in MEN2A (up to 10%), in
contrast to MEN2B, where de novo mutations are
more frequent (45% of A883F carriers and 84%
M918T carriers), emphasizing the limited value of a
negative family history in MEN2B (13). First-degree
relatives of patients with proven MEN2 should be
offered genetic counseling. All patients of reproductive
age carrying RET mutations, particularly those with
mutations in codon 634 and 918, should be offered
genetic counseling and be informed on the benefits
and the potential risks of reproductive options, such as
prenatal diagnosis and preimplantation diagnostic
testing (12). Furthermore, the option of genetic testing
in offspring should be discussed with future parents,
where testing either directly after birth or at an older
age could be discussed, based on the specific
mutation in the family as well as individual preferences
of the parents.

Patients at risk or with MTC, where genetic testing is
not possible, should be under surveillance for MTC,
PHEO and pHPT. There are very rare families who
meet the clinical criteria for MEN2A (one or more first-
degree relatives have characteristic clinical features
for MEN2A), where no causative pathogenic variant in
RET can be found. In these families, the periodically
screening for MTC, PHEO and pHPT should be
considered in the first degree relatives at risk (12).

Once a mutation is identified, the carrier should be
screened for related manifestations, e.g., MTC, PHEO
and pHPT. Prophylactic thyroidectomy is the mainstay
of the treatment with the risk classification of the
mutation defining the optimal age (see section on
surgical treatment for MTC). Annual biochemical
screening for all three manifestations s
recommended, combined with neck ultrasound and
physical examination, starting at an age based on the
ATA risk category (12). Patients with M918T mutation
should have a thyroidectomy within the first year of life.
Patients with an ATA high risk often develop MTC in
the first years of life as well, so annual screening from
the age of 3 with physical examination, serum
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calcitonin, and cervical ultrasound is recommended by
the current ATA guideline (12). The phenotypes in the
ATA moderate risk category varies significantly and
the development of MTC is at a later age in most
patients, but clinical MTC can occur before the age of
10 in this group as well. Therefore, annual screening
for MTC is advised from the age of 5 (12). Family
members, who have no pathological RET variant, do
not need to undergo biochemical testing.

Medullary Thyroid Cancer

For MTC, biochemical testing is similar to patients with
sporadic disease. Patients with clinical MTC have
elevated serum calcitonin. Calcitonin is a
neuropeptide derived from the parafollicular cells (C-
cells) of the thyroid and calcitonin levels are directly
related with C-cell (tumor) volume (43,44).

Patients with CCH or subclinical MTC usually do not
have elevated basal serum levels of calcitonin.
Physicians screening patients for CCH or subclinical
MTC must be thoroughly familiar with the particular
calcitonin assay being used, as normal ranges vary.
Reference ranges for calcitonin differ among
laboratories, and are also gender and age dependent
(45,46). Calcitonin is higher in boys and in both sexes,
a significant decrease in calcitonin levels is observed
after the second year of life. Several studies defined
age-, and gender specific calcitonin levels in a
pediatric population, but since the normal range of
calcitonin varies between the different assays and
laboratories, basal calcitonin is of limited help in the
initial management of very young children and infants
(45,46). Since, there are no globally accepted
calcitonin cutoff levels to predict MTC, each institution
has to define its own reference ranges and clinicians
should use the same laboratory and essay for serial
measurements. Elevated calcitonin levels are an
indication for thyroidectomy.

Provocative tests like pengastrin- or calcium
stimulated calcitonin tests have no added value
anymore since identification of mutation carriers is

replaced by genetic testing and the newest
immunochemiluminometric calcitonin assays are
highly sensitive and specific for monomeric calcitonin.
A recent study by Niederle, et al. illustrated no added
value of calcium-stimulated calcitonin compared to
basal calcitonin in the diagnosis of (sporadic) MTC or
to differentiate between patients with CCH and micro-
MTC in those with only mildly elevated calcitonin
levels (47).

Pheochromocytoma

Screening for PHEO should be performed in all MEN2
patients prior to therapeutic thyroidectomy, as well as
in female MEN2 patients who are considering
pregnancy, to avoid a potential hypertensive crisis.
Furthermore, annual screening for PHEO should be
performed in all children in ATA highest and high risk
categories from age 11 onwards, and in moderate risk
children by age 16 (table 1) (12). PHEO is likely when
elevated plasma concentrations of free metanephrines
or elevated 24-hour urinary  fractionated
metanephrines and normetanephrines are detected.
Practitioners should be aware of the pitfalls, conditions
of sampling and possible influencing factors when
analyzing the (nor)metanephrines to minimize the risk
of false-positive results (42). MEN2-related PHEO
produce epinephrine or both epinephrine and
norepinephrine, but not exclusively norepinephrine
(36).

When there is biochemical evidence for PHEO,
imaging studies need to be initiated to locate the
PHEO. Computed tomography (CT) or magnetic
resonance imaging (MRI) of the adrenal glands is the
first choice of imaging. CT has a high sensitivity (93-
100%) in detecting intraadrenal tumors > 5 mm(36).

Primary Hyperparathyroidism

Screening for pHPT is similar to those with sporadic
disease and includes measurement of (ionized)
calcium or serum calcium with albumin and intact
PTH. Additional evaluation and follow up of bone
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density and kidney function in patients with pHPT is
advised. ATA guidelines recommend that annual
screening start at the same time as screening for
PHEOQO: at age 11 for those in the high risk category
and at age 16 for those in the moderate risk category
(table 1) (12). Once pHPT is diagnosed, imaging
studies are advised to visualize enlarged parathyroid
glands. Neck ultrasound should be part of the
diagnostic strategy. Combined radiology techniques
increase localization accuracy, so the combination of
neck ultrasound with parathyroid scintigraphy with
Technetium (Tc) 99m sestamibi, '®F-fluorocholine
PET/CT, or 4-dimensional CT is recommended. The
type of imaging to use must be based on knowledge
of the clinician regional imaging capabilities and
experience (48).

Given the intra- and interfamilial variability in PHEO
and pHPT incidence, a static surveillance was advised
by the ATA guideline. Some authors have suggested
to tailor the frequency of biochemical screening for
PHEO and pHPT, based on age and ATA risk category
(49). However, large prospective studies are needed
to validate their findings on age-related penetrance
before a more tailored surveillance by age can be
applied.

SURGICAL MANAGEMENT

PHEO may cause a dangerous hypertensive crisis
during surgery (12,50). Therefore, PHEO should be
excluded preoperatively in all patients. Very young
patients who undergo prophylactic thyroidectomy may
be excluded from this advice, since PHEO is not
described in patients <8 years old (51). If present, the
PHEO should be resected prior to surgery for either
MTC or pHPT (12).

Adrenalectomy

Surgical resection is the cornerstone of treatment for
PHEO (52). To prevent hypertensive crisis during
surgery, caused by vasoconstriction due to
catecholamine release, adult as well as pediatric

patients should be prepared preoperatively during 1-2
weeks using a-adrenergic blockade (52-54). In case
of tachycardia, additional treatment with B-adrenergic
blockade should be started (52,54). A minimally
invasive technique such as the laparoscopic or
retroperitoneoscopic approach is recommended
(12,52). The transabdominal and retroperitoneal
approach take place in the lateral and prone position,
respectively. There is increasing evidence in favor of
the retroperitoneoscopic approach due to less blood
loss, shorter operation time and length of stay, and
less postoperative pain (55,56). Sixty-five percent of
MENZ2 associated PHEO are initially bilateral (54). The
majority of patients with unilateral PHEO develop
contralateral disease within 10 years (12,54). To
prevent lifelong steroid dependency, adrenal cortical
function should be preserved for as long as possible.
Therefore, for patients with unilateral PHEO, unilateral
resection is the treatment of choice, despite the high
chance of developing a contralateral PHEO (12).
Moreover, cortical function can be preserved by
performing a subtotal adrenalectomy. This is
appropriate for patients with bilateral, as well as
unilateral PHEO (12,57). An international
retrospective study showed excellent results in 563
MEN2 patients of who 114 (21%) underwent adrenal-
sparing surgery. Steroid dependency was avoided in
57% of patients after adrenal-sparing surgery for
bilateral PHEO. Recurrence of PHEO after adrenal-
sparing surgery occurred in 3% of the 153 operated
glands (57).

Parathyroidectomy

The amount of affected parathyroids in MEN2A
patients varies from a single to all glands (5). Only the
enlarged glands should be resected (12,48). Due to
the short half-life (3 minutes) of PTH, intraoperative
PTH monitoring can help determine whether
parathyroidectomy has been successful. If PTH values
remain elevated, it is necessary to look for other
enlarged parathyroids (48). The surgical approach is
tailored to the amount and location of the enlarged
glands. In case of one affected parathyroid, minimally
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invasive adenomectomy is the treatment of choice. In
case of more enlarged glands a conventional
exploration is performed. If all (four) glands are
enlarged, a part of one parathyroid should be left in
situ on a vascular pedicle or transplanted
heterotopically to preserve parathyroid function
(12,48). In some cases, pHPT is diagnosed at the
same time as MTC. For these patients, thyroidectomy
and parathyroidectomy can be performed during one
surgery.

Preoperative imaging and marking of the location of
the parathyroid adenoma is essential to perform
minimally invasive adenomectomy. The incision is
made right above the parathyroid, to reduce incision
length and limit dissection. Conventional neck
exploration is a more extensive procedure. After
incision of the skin and passage of the platysma, the
linea alba colli is dissected and the strap muscles are
lateralized. Hereafter, mindful of the recurrent
laryngeal nerve, the parathyroids can be identified and
removed beyond the thyroid (58).

Thyroidectomy

Surgery is the only curative option for patients with
MTC and remains the cornerstone of MTC treatment.
Since virtually all MEN2 patients develop MTC, the
question is not whether MEN2 patients should
undergo thyroidectomy, but at what age? To prevent
recurrence, it is essential that the thyroid is entirely
removed, given the multifocal and bilateral growth in
inherited MTC. If possible, thyroidectomy should be
performed  prophylactically, before developing
(clinically relevant) MTC (12). Central neck dissection
is not indicated in MEN2A patients with normal
calcitonin  and neck ultrasound undergoing
prophylactic thyroidectomy. Genetic screening in
family members of RET mutation carriers have led to
the early diagnosis of MEN2 in a significant proportion
of patients. Early prophylactic thyroidectomy in these
patients is associated with excellent results and
minimal operative morbidity: biochemical cure rates
approximating 100% over 7-16 years of follow up

(59,60). However, timing of thyroidectomy in known
mutation carriers is challenging as risk of surgery in
younger infants should be balanced with the
probability of curing the patient. Surgery in (young)
pediatric patients should be performed in specialized
centers by experienced surgeons. Current decision
making is mostly based on specific RET mutation
(ATA risk category), age, and calcitonin levels (12,61).

Patients in the highest ATA risk category (table 1)
should undergo total thyroidectomy within the first year
of life. Timing of surgery in this group cannot be based
on calcitonin levels since calcitonin levels are naturally
high in the first months after birth. Risk of
complications, especially the risk of
hypoparathyroidism due to the inability to identify the
parathyroids, is increased in children and infants (62).
Therefore, if there are no suspicious lymph nodes and
the parathyroids cannot be identified, central neck
dissection might not be necessary.

The ATA high risk category consists of patients with
RET codon C634 and A883F mutation. Children in this
category should undergo screening for possible MTC
from the age of three. These patients should undergo
total thyroidectomy before the age of five, or earlier
based on their calcitonin values (12). Considering the
risk of complications, surgery before the age of three
is not advised in this group (63). If lymph node
metastases are suspected or calcitonin levels are >40
pg/ml, central neck dissection is needed.

Patients in the ATA moderate risk category generally
develop a less aggressive type of MTC at an older
age. These patients should be screened every 6-12
months from the age of five and should undergo
thyroidectomy in childhood or early adulthood
primarily based on calcitonin levels. Alternatively,
thyroidectomy can be timed before calcitonin is
elevated as yearly screening and calcitonin elevation
might impose a psychological burden. Timing of
thyroidectomy should be in consultation with child’s
parents and involved pediatricians and surgeons.
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‘Prophylactic’ thyroidectomy is advised from the age of
five in this moderate risk group (12).

The best calcitonin cut off point to prevent loco
regional disease varies between studies. A large
French multicenter study showed that no lymph node
metastases were detected when calcitonin was <31
pg/mL while a Norwegian study found that all patients
were cured when calcitonin was <40 pg/mL before
total thyroidectomy (64,65). These studies on
calcitonin levels illustrate that progression from CCH
to MTC is imminent once calcitonin levels exceeds the
upper limit of normal and the ‘window of opportunity’
to perform surgery without addition of extended node
dissection is closing. Therefore, thyroidectomy should
be performed once calcitonin levels exceed the upper
limit of normal (12).

For patients with de novo mutations or unknown
MEN2, MTC is often already present at first
presentation. In adults with normal calcitonin values,
the ATA guideline advises yearly screening and
surgery when calcitonin becomes elevated (12). Two
studies show that calcitonin values <20 and <60 pg/mi
are associated with intrathyroidal MTC, and that
calcitonin can be safely used to determine timing of
surgery (61,66). Unfortunately, these patients usually
present with higher calcitonin values and advanced
disease. Ultrasound of the neck is performed prior to
therapeutic surgery as it may give important
information as to the extent of macroscopic thyroid
and lymph node disease, not apparent on clinical
exam. Patients with clinically apparent MTC on either
clinical exam or neck ultrasound should undergo
screening for metastatic disease, with attention to the
most common sites such as the lungs, mediastinal
lymph nodes, liver, and bones. Patients with markedly
elevated serum calcitonin levels (>500 pg/ml) or
extensive neck disease should also be screened for
distant metastatic disease.

The standard treatment for MTC consists of total
thyroidectomy and central neck dissection. There is no
controversy regarding the need for central neck (level

6) lymph node dissection for MEN2 patients with
clinically apparent MTC. Metastases to central neck
lymph nodes are noted in up to 81% of patients with
palpable tumors (67,68).

In case of cervical lymph node metastases in the
lateral compartment of the neck, patients should
undergo additional dissection of the lateral neck
compartments (levels 11-V) (12). Unfortunately,
patients with cervical lymph node metastases can only
be cured by total thyroidectomy and extensive lymph
node dissection in 10% of cases (54,69,70). Lateral
neck dissection in the absence of clinical or radiologic
pathological lymph nodes (prophylactic lateral
dissection) has no prognostic value (71). Patients with
distant metastases cannot be treated with curative
intent. In case of poor prognosis and locally advanced
disease invading the surrounding structures, a less
aggressive palliative resection should be considered
for the purpose of local control and preservation of
quality of life (12).

Standard procedure for thyroidectomy is the open
approach. The patient’'s neck is positioned in
hyperextension. After Kocher incision 1 cm above
jugulum, the thyroid is visualized by dissection of the
platysma, opening of the linea alba colli and
lateralization of the strap muscles. The thyroid is
dissected and mobilized starting at the superior or
inferior pole, depending on the surgeon’s preference.
The thyroid vasculature should be ligated, clipped or
sealed. Identification and preservation of the recurrent
laryngeal nerve (located in the tracheoesophageal
groove) and parathyroids (located posterior to the
thyroid) is essential to prevent complications. After
mobilization of one lobe, the same procedure is
performed on the contralateral lobe. Thereafter,
dissection of the central neck is performed (72,73).

RECURRENT OR METASTATIC DISEASE

Surveillance After Surgery
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Patients who underwent surgery for one of the
manifestations should be screened for disease
recurrence. For PHEO and pHPT, screening is the
same as initial screening, i.e. annual biochemical
evaluation with plasma fractionated metanephrines
and calcium (see diagnosis and screening), with the
first evaluation 2-4 weeks after surgery, followed by
imaging in case of biochemical evidence for disease
(42).

After thyroidectomy, the risk of recurrence is based on
the American Joint Committee on Cancer (AJCC)
Tumor, Node, Metastases (TNM) classification, the
total number of metastatic lymph nodes resected and
pre- and postoperative calcitonin (12,64,65,69,74).
Since calcitonin is a marker for tumor volume, pre- and
post-operative calcitonin correlate with the extend of
disease. A fairly standard post-operative follow up
regimen to detect recurrent MTC includes physical
examination, neck ultrasound, and measurement of
serum calcitonin and carcinoembryonic antigen (CEA)
levels every 6-12 months, depending on the initial
postoperative findings (12). Post-operative calcitonin
should be measured 3 months after surgery and
undetectable following complete removal of thyroid
tissue (75).

In patients with undetectable post-operative calcitonin,
surveillance should be repeated after 6 months and
then every 12 months if it remains undetectable.
These patients are considered biochemically cured
with 10-year disease specific survival rate of 100%
(61).

In patients with detectable calcitonin <150 pg/ml,
persistent disease is mostly confined to cervical lymph
nodes. Calcitonin should be repeated every 6 months
in these cases together with ultrasound of the neck to
detect persistent disease (12,76). Fine-needle
aspiration for cytology can be used to confirm
recurrence or residual disease.

Post-operative calcitonin >150 pg/ml is an indication
for evaluation of distant metastasis by imaging

procedures (CT or MRI) with focus on the lungs, liver
and axial skeleton. The clinical utility of PET/CT with
various radiopharmaceutical tracers in MTC is limited
(77). Currently, only ®F-FDOPA PET/CT have an
acceptable sensitivity for the detection of distant
metastatic disease in MEN2 with a patient detection
rate of 66% in patients suspected of recurrent MTC
(77,78).

CEA is a non-specific marker which may be elevated
in patients with MTC. It is not useful for early
diagnosis, but has a role for monitoring disease
progression and for detecting recurrence after
thyroidectomy. CEA levels should be obtained
concurrently with calcitonin measurements. In rare
cases, serum CEA increases progressively while
calcitonin remains stable or decreases. This suggests
cellular dedifferentiation and a more aggressive
course of disease, or secondary non-MEN2 related
malignancy like colon carcinoma.

In case of biochemical or radiological evidence for
residual disease, recurrence, or metastatic disease,
the tumor growth rate can be estimated from
sequential imaging studies using response evaluation
criteria in solid tumors (RECIST) or by CEA and
calcitonin serial measurements over time (12).
Calcitonin and CEA doubling times are efficient
biomarkers for assessing tumor progression. In one
study, 94% of patients with doubling times within two
years showed RECIST defined disease progression
(79). Consequently, the doubling time of each
biomarker has an important prognostic value,
especially when values double within a year, survival
rates are much lower compared to longer doubling

times (80,81). Disease progression should be
confirmed on imaging before initiating systemic
treatment.

Treatment of Recurrent or Metastatic Disease in
MTC

LOCAL RECURRENCE
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The treatment of recurrent MTC in patients with
genetic syndromes is similar to their sporadic
counterparts and remains challenging. In patients with
disease confined to the neck, an aggressive surgical
approach may be considered since surgery is the only
curative treatment in MTC. There is generally little role
for external beam radiation therapy (EBRT) to the
neck. The intent of EBRT is to achieve local control
since there is no survival benefit demonstrated
(82,83). The recent ATA guidelines suggest that EBRT
may be helpful in selected circumstances where the
risk of local recurrence is felt to be high (12). These
circumstances are very limited since the benefits must
outweigh toxicity and the potential for making
subsequent neck re-exploration, if required, more
difficult. Post-operative radiation therapy is reasonable
in those patients in whom there is gross residual
disease, particularly if there is a concern for potential
airway compromise.

METASTATIC DISEASE

Patients with metastatic disease should be carefully
evaluated and the course of disease must be
determined to optimize and tailor treatment. The
timing of treatment initiation and the choice of
treatment depends on the rate of disease progression
and symptoms versus the quality of life, treatment
efficacy and toxicity.

In patients with an indolent course of disease or low
tumor burden without symptoms, a watch-and-wait
strategy can be followed. Imaging should be repeated
every 6 months in these patients. If calcitonin doubling
time is less than 6 months, imaging should be more
frequent (84).

In patients presenting with local symptoms or
complications such as airway- or spinal cord
compression, neurological symptoms, or pathological
bone fractures, local treatment modalities such as
surgery, glucocorticoid therapy, and/or ERBT must be
used before initiating systemic therapy. Treatment of
symptomatic bone or brain metastases from MTC is

similar to metastases due to other histologic types.
Those with painful bone metastases may have a good
symptomatic response to EBRT, and bisphosphonate
therapy may also be helpful (12,85).

In patients with symptomatic or RECIST defined
progressive disease and a significant tumor burden,
systemic therapy should be considered. A significant
tumor burden is defined as multiple lesions >1-2
centimeters in diameter (84).

The choice of first line systemic treatment is not clear,
since the armamentarium of therapeutic options is still
expanding, direct head-to-head comparison is
missing, and availability and approval is varying
between countries. There is no role for radioactive
iodine (RAI). C-cells do not take up RAI and no benefit
was observed in a multicenter study (86). Current
options in metastatic MTC are chemotherapy,
multikinase inhibitors (vandetanib, cabozantinib) and
selective RET inhibitors (pralsetinib, selpercatinib).

Data on cytotoxic chemotherapy is heterogeneous
and the study population is small in most papers. The
response rate is around 20% in most studies and
5FU/dacarbazine regimen or doxorubicin, alone or in
combination with cisplatin seems to be the best choice
(84). Because of the poor response rates and adverse
events, chemotherapy is no longer first line treatment.

Two multikinase inhibitors (MKI) have been approved
by both the US Food and Drug Administration (FDA)
and the European Medicines Agency (EMA) for the
treatment of MTC patients: vandetanib and
cabozantinib. Other multikinase inhibitors are under
investigation (23). The kinases of RET and of vascular
endothelial growth factor receptor-2 (VEGFR-2) are
the main targets in MTC. Vandetanib and cabozantinib
target both these kinases among others. Significant
increases in progression free survival (PFS) were
observed (vandetanib +11 months; cabozantinib +7
months), compared with placebo but toxicity was also
significant (toxicity (>grade 2) for vandetanib and
cabozantinib: 55% (24%) and 69% (33%))
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respectively, leading to discontinuation of treatment or
dose reduction in a significant proportion of study
participants (87,88). Studies in hMTC showed better
response rates. Vandetanib had an overall disease
control rate of 73% in 30 patients with hMTC with an
estimated PFS of >27 months (89). In 17 adolescents
and children with MEN2B-associated MTC, 10 had
partial response and 6 stable disease with vandetanib
(90). PFS was prolonged with cabozantinib versus
placebo (60 vs 20 weeks) in a subgroup of patients
with RET mutations (91).

Selpercatinib and pralsetinib are selective RET kinase
inhibitors with more specific RET-targeting. This have
led to an improved side effect profile and higher
response rates in phase /Il studies (92,93).

Selpercatinib (former LOX0O-292) showed a 69%
response rate and 82% 1-year PFS in 55 patients with
progressive RET-mutant MTC who had previously
received vandetanib or cabozantinib. Response rate
in MKI treatment naive patients (n=88) was 73% and
1-years PFS 92%. Hypertension (21%) and diarrhea
(6%) were the most important grade 3 side effects and
2% discontinued medication because of adverse
events (92).

Pralsetinib (former BLU-667) is being evaluated in the
ARROW trial (ongoing). Response rate in previously
MKI treated patients was 60% and 71% in TKI-naive
patients. Serious treatment related adverse events

were reported in 15% and 4% discontinued
medication.
Several other potential therapies are under

investigation, including immunotherapy and peptide
receptor radionuclide therapy (PRRT) (23). Despite
the advances of MKI over conventional chemotherapy,
the clinical utility is still limited. The absence of overall
survival benefit and severe toxicity profiles leading to
a reduction in quality of life are thresholds for
treatment initiation. Drug resistance is another major
issue in MKI treatment and still poorly understood. A
selective RET kinase inhibitor seems to be a better

treatment choice in patients harboring RET germline
mutations, regarding the high objective response rates
and better toxicity profiles in phase /Il studies.
However, trials are still ongoing and large, phase 3
trials are needed before we can determine its true
value in the clinical armamentarium.

Treatment of Metastatic Disease in PHEO

Malignant PHEO is rare in MEN2 (0-4%). Surgery is
the only potential curative option in malignant PHEO.
In recurrent or low volume metastatic disease, local
inventions such as surgical resection, ablation, or
ERBT must be discussed in an experienced
multidisciplinary team. For the time being, systemic
treatment is similar to sporadic malignant PHEO. With
ongoing advances in MKl and selective RET inhibitors,
tailored management for MEN2-related PHEO could
be possible in the future. Current systemic options in
metastatic disease are lodine-131
metaiodobenzylguanidine (131I-MIBG), PRRT with
radiolabeled somatostatin analogues (PRRT), MKI
(i.e. sunitinib), or conventional chemotherapy with
cyclophosphamide, vincristine, and dacarbazine
(13,94).

PROGNOSIS

MTC is the major cause of death in MEN2. PHEO does
not seem to have an association with shorter survival:
median survival is 499 months in patients with PHEO
vs. 444 months without (95). Prognosis of patients with
sMTC and those with inherited disease is similar after
adjustment of age and disease stage at diagnosis in
multivariate analysis (34). Together with the presence
of certain RET mutations, serum calcitonin, and
number of lymph node metastases, these parameters
are important factors influencing prognosis. The 10-
year overall survival for patients with MTC was 64 %
in population based study from Denmark (34)

Disease stage is one of the most important prognostic
factors: 10-year disease specific survival for patients
with MTC is 98%, 93%, 87%, and 53% for disease
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stage I-1V, respectively (34). In children with MTC,
higher disease stage also portends a worse prognosis
(90).

Age as an independent prognostic factor is preserved
in some studies but not all studies (23). A poorer
prognosis in older patients may be related to a more
advanced tumor stage at diagnosis. The 5-year and
15-year survival rates in children with MTC is 95% and
86%, respectively. Mean survival after diagnosis in
children is 28 years (96).

10-year survival rate in MEN2A patients (97%) is
better than in patients with MEN2B (76%) which might
be influenced by an earlier onset of disease and delay
in diagnosis of MTC in (de novo) MEN2B patients (97).

Furthermore, as mentioned above, a rapid CEA and/or
calcitonin doubling time and high number of lymph
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