
Medullary Thyroid Cancer:
Management Guidelines of the American Thyroid Association

The American Thyroid Association Guidelines Task Force*

Richard T. Kloos (Chair),1 Charis Eng,2 Douglas B. Evans,3 Gary L. Francis,4

Robert F. Gagel,5 Hossein Gharib,6 Jeffrey F. Moley,7 Furio Pacini,8 Matthew D. Ringel,9

Martin Schlumberger,10 and Samuel A. Wells Jr11

Background: Inherited and sporadic medullary thyroid cancer (MTC) is an uncommon and challenging ma-
lignancy. The American Thyroid association (ATA) chose to create specific MTC Clinical Guidelines that would
bring together and update the diverse MTC literature and combine it with evidence-based medicine and the
knowledge and experience of a panel of expert clinicians.
Methods: Relevant articles were identified using a systematic PubMed search and supplemented with additional
published materials. Evidence-based recommendations were created and then categorized using criteria adapted
from the United States Preventive Services Task Force, Agency for Healthcare Research and Quality.
Results: Clinical topics addressed in this scholarly dialog included: initial diagnosis and therapy of preclinical
disease (including RET oncogene testing and the timing of prophylactic thyroidectomy), initial diagnosis and
therapy of clinically apparent disease (including preoperative testing and imaging, extent of surgery, and
handling of devascularized parathyroid glands), initial evaluation and treatment of postoperative patients (in-
cluding the role of completion thyroidectomy), management of persistent or recurrent MTC (including the role of
tumor marker doubling times, and treatment of patients with distant metastases and hormonally active me-
tastases), long-term follow-up and management (including the frequency of follow-up and imaging), and di-
rections for future research.
Conclusions: One hundred twenty-two evidence-based recommendations were created to assist in the clinical
care of MTC patients and to share what we believe is current, rational, and optimal medical practice.

Introduction

Inherited and sporadic medullary thyroid cancer

(MTC) is an uncommon and challenging malignancy. Its
low incidence has limited both widespread clinical expertise

and definitive randomized clinical trials. Scientific advances
relevant to MTC are reported in a wide range of literature
including subspecialty publications of endocrinology, genet-
ics, pediatrics, radiology, nuclear medicine, surgery, and on-
cology, which make it challenging for clinicians to remain
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current on all of these developments. Guidelines for the di-
agnosis and management of MTC have been previously
published by several organizations, including some that
are periodically updated in print and=or online (1–4).
The American Thyroid association (ATA) chose to create
specific MTC Clinical Guidelines that would bring together
and update the diverse MTC literature and combine it with
evidence-based medicine and input from a panel of expert
clinicians.

It is our goal that these guidelines assist in the clinical care
of patients; it is also our goal to share what we believe is
current, rational, and optimal medical practice. In some cir-
cumstances, it may be apparent that the level of care re-
commended may be best provided in limited centers with
specific expertise. Finally, it is not the intent of these guide-

lines to replace individual decision making, the wishes of the
patient or family, or clinical judgment.

Methods

Presentation of results and recommendations

Table 1 presents the organization of the Task Force’s re-
sults, recommendations, and definitions. Readers of the print
version are referred to the page number for information about
specific topics, recommendations, and definitions. The loca-
tion key can be used if viewing the guidelines in a file or web
page. Each location key is unique and can be copied into the
Find or Search functions to rapidly navigate to the section of
interest. Specific recommendations and definitions are pre-
sented as bulleted points in the main body of this scholarly

Table 1. Organization of Medullary Thyroid Carcinoma Guidelines, Recommendations, and Definitions

Location keya Page Section Subsection R or D number

[A] 568 Background

[B] 569 Initial diagnosis and therapy of preclinical disease in MEN 2 syndromes

[B1] 569 Clinical manifestations and syndromes of RET mutations
in MEN 2A

D1

[B2] 570 Clinical manifestations and syndromes of RET mutations
in FMTC

D2

[B3] 572 Clinical manifestations and syndromes of RET mutations
in MEN 2B

D3

[B4] 573 Role of germline RET testing in MTC patients R1–R5

[B5] 574 Prophylactic thyroidectomy R6–R8

[B6] 575 RET testing in asymptomatic people R9–R10

[B7] 576 RET testing methodologies R11–R15

[B8] 576 Genetic testing: privacy vs. notification of potentially
affected family members

R16

[B9] 577 Reproductive options of RET mutation carriers R17

[B10] 577 Possibility of inherited disease in RET mutation–negative
MTC patients and families

R18

[B11] 577 Preoperative testing of asymptomatic RET mutation–positive
patients for MTC, PHPT, and PHEO

R19–R26

[B12] 578 Sources of Ct assay interference R27

[B13] 579 Effects of age and sex on the normal Ct range R28–R31

[B14] 579 Surgery for the youngest MEN 2B patients R32–R33

[B15] 580 Surgery for the youngest MEN 2A or FMTC patients R34–R36

[B16] 580 Preoperative imaging and biochemical testing to evaluate
for MTC in older RET mutation–positive patients

R37

[B17] 580 Surgery for the older MEN 2B patients without evidence
of cervical lymph node metastases and normal
or minimally elevated Ct levels

R39–R40

[B18] 581 Surgery for the older MEN 2A or FMTC patients without
evidence of cervical lymph node metastases and normal
or minimally elevated Ct levels

R41–R42

[B19] 581 Diagnostic testing for RET mutation–positive patients
suspected of having metastases based on imaging
or serum Ct level

R43

aIf viewing these guidelines on the Web, or in a File, copy the Location Key to the Find or Search Function to navigate rapidly to the desired
section.

MTC, medullary thyroid carcinoma; R, recommendations; D, definitions; MEN, multiple endocrine neoplasia; FMTC, familial medullary
thyroid carcinoma; Ct, calcitonin; PHPT, primary hyperparathyroidism; FNA, fine-needle aspiration; DT, doubling time; CEA, carcino-
embryonic antigen.

(continued)
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Table 1. (Continued)

Location keya Page Section Subsection R or D number

[B20] 581 Management of normal parathyroid glands resected
or devascularized during surgery

R44–R46

[B21] 581 Treatment of PHPT in MEN 2A R47–R50

[C] 582 Initial diagnosis and therapy of clinically apparent disease R52

[C1] 583 Preoperative laboratory testing for presumed MTC when
an FNA or Ct level is diagnostic or suspicious for MTC

R53

[C2] 583 Evaluation and treatment of PHEO R54–R57

[C3] 584 Preoperative imaging for presumed MTC when an FNA
or Ct level is diagnostic or suspicious for MTC

R58–R60

[C4] 584 Surgery for MTC patients without advanced local invasion
or cervical node or distant metastases

R61

[C5] 585 Surgery for MTC patients with limited local disease
and limited or no distant metastases

R62–R64

[C6] 585 Surgery for MTC patients with advanced local disease
or extensive distant metastases

R65–R66

[C7] 586 Thyrotropin suppression therapy in MTC R67

[C8] 586 Somatic RET testing in sporadic MTC R68

[D] 586 Initial evaluation and treatment of postoperative patients

[D1] 586 Postoperative staging systems R69

[D2] 587 Completion thyroidectomy and lymph node dissection
after hemithyroidectomy

R70–R72

[D3] 588 Laboratory testing after resection of MTC R73

[D4] 588 Testing and treatment of patients with an undetectable
postoperative basal serum Ct

R74

[D5] 588 Testing and treatment of patients with a detectable,
but modestly elevated postoperative basal serum Ct

R75–R78

[D6] 590 Testing and treatment of patients with a significantly
elevated postoperative basal serum Ct

R79–R84

[D7] 591 Role of postoperative radioiodine ablation R85

[D8] 591 Role of empiric liver or lung biopsy, hepatic vein sampling,
systemic vascular sampling, or hepatic angiography

R86

[E] 591 Management of persistent or recurrent MTC

[E1] 591 Goal of management of patients with metastatic MTC:
choosing when metastases require treatment

R87

[E2] 592 Management of patients with metastatic MTC: determining
tumor burden and rate of progression using sequential
imaging and tumor marker DTs

R88–R89

[E3] 592 Management of Ct-positive, but imaging-negative patients R90–R91

[E4] 592 Adjunctive external beam irradiation to the neck R92–R95

[E5] 593 Brain metastases R96

[E6] 593 Bone metastases R97–R103

[E7] 594 Lung and mediastinal metastases R104

[E8] 594 Hepatic metastases R105

[E9] 594 Palliative surgery R106

[E10] 594 Chemotherapy and clinical trials R107–R109

[E11] 595 Symptoms, evaluation, and treatment of hormonally active
metastases

R110–R113

[F] 596 Long-term follow-up and management

[F1] 596 Goals of long-term follow-up and management of patients
with and without residual disease

R114–R118

[F2] 596 Follow-up of patients without MTC at thyroidectomy R119

[F3] 597 Role of stimulation testing for serum Ct R120

[F4] 597 Management of CEA-positive, but Ct-negative patients R121

[F5] 597 Lichen planus amyloidosis R122

[G] 597 Directions for future research
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guidelines dialog. Table 2 presents a guide to the abbrevia-
tions used.

Administration

The ATA Executive Council selected a MTC Guidelines
Task Force chairman using criteria that included MTC clinical
experience and the absence of dogmatically held views in
areas of recognized controversy. A Task Force was selected
based on clinical expertise to include representation of endo-
crinology, genetics, pediatrics, nuclear medicine, surgery,
oncology, and clinical laboratory testing. The Task Force
additionally included experts from both North America and
Europe, and all members disclosed potential conflicts of in-
terest. Guidelines funding was derived solely from the general
funds of the ATA and Thyroid Cancer Survivors’ Association,
Inc. (ThyCa) through an unrestricted educational grant and
were devoid of commercial support.

The Task Force considered how patients with MTC or a
genetic predisposition for the disease are encountered, diag-
nosed, and treated. In this framework, a series of flow dia-
grams was created and revised, and a list of questions were
developed and assigned to individual Task Force members to
answer utilizing the published literature and expert opinion
when relevant. Based on these documents a preliminary
Guideline and a series of Recommendations were made and
then critically reviewed and modified by the full Task Force.
The level of evidence to support the Recommendations was
categorized and reviewed. Finally, the full Task Force again

critically reviewed the entire Guideline and Recommenda-
tions through several iterations and arrived at a document of
consensus. In most cases the consensus was unanimous while
in some cases there were disparate views held by a minority of
panel members; the most significant of which are noted in this
document. The final document is the product of face-to-face
meetings in Phoenix, Arizona, October 12, 2006; Columbus,
Ohio, November 11, 2006; and Toronto, Ontario, June 2, 2007;
and multiple electronic communications and telephone con-
ference calls. The final document was approved by the ATA
Board of Directors, and officially endorsed (in alphabetical
order) by: American Academy of Otolaryngology—Head
and Neck Surgery (AAO-HNS) Endocrine Surgery Com-
mittee, American Association of Clinical Endocrinologists
(AACE), American Association of Endocrine Surgeons
(AAES), American College of Endocrinology (ACE), Asia and
Oceanic Thyroid Association (AOTA), British Association of
Endocrine and Thyroid Surgeons (BAETS), British Associa-
tion of Head and Neck Oncologists (BAHNO), The Endocrine
Society (ENDO), European Society of Endocrinology (ESE),
European Society of Endocrine Surgery (ESES), European
Thyroid Association (ETA), International Association of En-
docrine Surgeons (IAES), and the Latin American Thyroid
Society (LATS).

Literature review and evidence-based medicine

Relevant articles were identified by searching PubMed
MEDLINE at Pubmed (NLM) using the following search
terms: (medullary carcinoma) OR (medullary thyroid cancer)
OR (medullary thyroid carcinoma) OR (RET) OR (calcitonin)
which yielded 30,095 articles on March 10, 2007. Limiting
the search to include ‘‘humans’’; and ‘‘randomized controlled
trials’’ or ‘‘meta-analysis’’ from (medullary carcinoma) OR
(medullary thyroid cancer) OR (medullary thyroid carcinoma)
yielded 12 articles, of which 8 were relevant and they were
reviewed in detail by the Task Force. In addition to these
articles, numerous additional relevant articles, book chap-
ters, and other materials were also supplied by Task Force
members, including works published after the initial search.
Published works were utilized to devise this Guideline as
referenced.

The Task Force categorized our recommendations using
criteria adapted from the United States Preventive Services
Task Force, Agency for Healthcare Research and Quality
(Table 3) as was used in the ATA publication Management
Guidelines for Patients with Thyroid Nodules and Differentiated
Thyroid Cancer (5).

Results

[A] Background

MTC was first described by Jaquet in the German literature
as ‘‘malignant goiter with amyloid’’ (6). In 1959, Hazard et al.
(7) provided a definitive histological description, while Wil-
liams further suggested that MTC originated from the calci-
tonin (Ct)-secreting parafollicular C cells of the thyroid gland,
which derive from the neural crest (8–10). Currently, MTC
accounts for about 4% of all thyroid cancer cases in the United
States (11). MTC presents worldwide as part of an autosomal
dominant inherited disorder in about 20–25% of cases and as a
sporadic tumor in the remainder (12–15).

Table 2. Definitions Used for Medullary Thyroid

Cancer Management Guidelines

ACTH Adrenocorticotropic hormone

CEA Carcinoembryonic antigen

CEA DT Carcinoembryonic antigen doubling time

CLA Cutaneous lichen amyloidosis

CRH Corticotropin-releasing hormone

Ct Calcitonin

Ct DT Calcitonin doubling time

CT Computed tomography

DT Doubling time

DTPA Diethylenetriamine pentaacetic acid

EBRT External beam radiation therapya

FMTC Familial medullary thyroid cancer

FNA Fine-needle aspiration

HSCR Hirschsprung disease

MEN Multiple endocrine neoplasia

MIBG Metaiodobenzylguanidine

MRI Magnetic resonance imaging

MTC Medullary thyroid carcinoma

OS Overall survival

PHEO Pheochromocytoma

PHPT Primary hyperparathyroidism

PTH Parathyroid hormone

RAI Radioactive iodine

US Ultrasound

aMay include intensity-modulated radiation therapy.
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Inherited MTC syndromes (multiple endocrine neoplasia
type 2, MEN 2) affect approximately 1 in 30,000 individuals
(16,17) and consist of MEN 2A (Sipple’s syndrome), familial
MTC (FMTC), and MEN 2B. Interestingly, the founding
de novo mutations have occurred exclusively on the paternal
allele (18,19). Affected individuals initially develop primary
C-cell hyperplasia (CCH) that progresses to early invasive
medullary microcarcinoma, and eventually develop grossly
invasive macroscopic MTC (20). Secondary CCH has been
described with aging, hyperparathyroidism, hypergas-
trinemia, near follicular derived tumors, and in chronic lym-
phocytic thyroiditis (21). Familial CCH is a preneoplastic
lesion as opposed to secondary CCH, which is associated with
much less, if any, malignant potential (21). Although there is
controversy surrounding the definition of CCH (22), its util-
ity to identify or confirm MEN 2 has been essentially replaced
by RET (REarranged during Transfection) protooncogene
testing.

Sipple (23) published a case report and review of the liter-
ature that demonstrated the association of thyroid cancer with
pheochromocytoma (PHEO) in 1961. Steiner et al. (24) asso-
ciated the presence of primary hyperparathyroidism (PHPT)
with the syndrome and introduced the term ‘‘multiple endo-
crine neoplasia 2.’’ Recent molecular evidence has demon-
strated that the first description of PHEO in 1886 was a young
woman with MEN 2A (25). FMTC is a variant of MEN 2A with
multigenerational MTC without PHEO or PHPT. This variant
was first categorized by Farndon and colleagues in 1986 (26).
Initial descriptions of MEN 2B were recorded by Wagenmann
in 1922 (27), Froboese in 1923 (28), and then Williams and
Pollock in 1966 (29).

The RET gene was first identified in 1985 (30). In 1987, the
genetic defect causing MEN 2A was located on chromosome
10 (31). In 1993 and 1994 it was demonstrated that MEN 2A
and FMTC (16,17), and MEN 2B (32–34), respectively, were
caused by germline RET mutations. Thus, a RET gene muta-
tion occurring in the germline that results in expression of
abnormally overactive Ret protein in all tissues in which it is

expressed causes these specific inherited syndromes. Somatic
RET mutations that occur later in life and are limited to C cells
are present in 40–50% of sporadic MTCs (35–37).

The 10-year disease-specific survival of MTC is about 75%
(11). Important prognostic factors that predict adverse out-
come include advanced age at diagnosis, extent of primary
tumor, nodal disease, and distant metastases (11,13,38–40).
The current American Joint Committee on Cancer (AJCC) 6th
edition TNM (tumor, node, metastasis) classification system
(41) is shown in Table 4. Using a prior TNM classification
system, 10-year survival rates for stages I, II, III, and IV are
100%, 93%, 71%, and 21%, respectively (40). Unfortunately,
there has been no significant trend toward earlier stage of
disease at diagnosis with just under half of the patients pre-
senting with stage III or IV disease (11), and no significant
increase in the survival of patients with MTC in recent decades
(42,43).

[B] Initial diagnosis and therapy of preclinical
disease in MEN 2 syndromes

MEN 2 is an autosomal dominant hereditary cancer syn-
drome that implies a 50% risk to offspring of a carrier to
inherit the disorder. It is caused by missense mutations in the
RET protooncogene, that result in ‘‘gain of function’’ (44). All
three clinical subtypes of MEN 2 are characterized by the
presence of MTC.

[B1] Clinical manifestations and syndromes of RET mutations
in MEN 2A (Table 5). The most common clinical subtype of
MEN 2 is type 2A. The typical age of onset of this condition
is the third or fourth decade of life and is characterized by a
triad of features: MTC, PHEO, and PHPT. Nearly 90% of gene
carriers will develop MTC, but this is dependent upon the
mutation (2). The risk of developing unilateral or bilateral
PHEO is as high as 57%, and 15–30% of gene carriers will
develop PHPT (2,40,45). In the vast majority of cases, MEN 2A
is caused by mutations affecting cysteine residues in codons

Table 3. Strength of Recommendations Based on Available Evidence

Rating Definition

A Strongly recommends. The recommendation is based on good evidence that the service or intervention can
improve important health outcomes. Evidence includes consistent results from well-designed, well-conducted
studies in representative populations that directly assess effects on health outcomes.

B Recommends. The recommendation is based on fair evidence that the service or intervention can improve
important health outcomes. The evidence is sufficient to determine effects on health outcomes, but the strength
of the evidence is limited by the number, quality, or consistency of the individual studies; generalizability
to routine practice; or indirect nature of the evidence on health outcomes.

C Recommends. The recommendation is based on expert opinion.

D Recommends against. The recommendation is based on expert opinion.

E Recommends against. The recommendation is based on fair evidence that the service or intervention does not
improve important health outcomes or that harms outweigh benefits.

F Strongly recommends against. The recommendation is based on good evidence that the service or intervention
does not improve important health outcomes or that harms outweigh benefits.

I Recommends neither for nor against. The panel concludes that the evidence is insufficient to recommend
for or against providing the service or intervention because evidence is lacking that the service or intervention
improves important health outcomes, the evidence is of poor quality, or the evidence is conflicting. As a result,
the balance of benefits and harms cannot be determined.

Adapted from the U.S. Preventive Services Task Force, Agency for Healthcare Research and Quality.
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609, 611, 618, and 620 within exon 10 and, most commonly,
codon 634 in exon 11 of RET (46).

Mutations in the RET codon 634 are causative of cutane-
ous lichen amyloidosis (CLA) in some MEN 2A=FMTC fam-
ilies (47).

Brauckhoff et al. (48) described papillary thyroid cancer in
9.1% of patients with RET mutations in exons 13 and 14, al-
though this is considered a fortuitous association.

Germline mutations in RET have also been implicated in
10–40% of cases of Hirschsprung disease, with higher fre-
quencies associated with familial cases (49,50). Hirschsprung
disease is defined as the congenital absence of the enteric in-
nervation, which causes bowel obstruction in infancy. In
this disorder, deletions, insertions, missense, and nonsense
mutations have been demonstrated throughout RET. These
alterations cause loss of function, or inactivation of the en-
coded protein, and have reduced, sex-dependent penetrance
and are associated with Hirschsprung disease without
MEN 2A=FMTC. However, Mulligan et al. (51) found that
Hirschsprung disease cosegregated with some activating
mutations of MEN 2A=FMTC, although the penetrance is
low. In all of these patients, the mutations occurred in exon
10 (Table 5) (51).

& DEFINITION 1
MEN 2A is defined as the presence of MTC, PHEO, and
PHPT associated with a germline RET mutation. There are
rare families with classical features of MEN 2A in the ab-
sence of an identifiable RET mutation. In a patient with one
or two of the clinical features of MEN 2A, the only way to
be certain of a diagnosis of MEN 2A is to identify a RET
mutation or identify the clinical features of MEN 2A in
other first-degree relatives. In the absence of an autosomal
dominant familial inheritance pattern or RET mutation, at
least two of the classical clinical features of MEN 2A are
required to make a clinical diagnosis of MEN 2A. In the
presence of a germline RET mutation and in the absence of
any clinical features, that individual is said to be at risk for
the clinical features of MEN 2A, and appropriate medical
management should ensue.

[B2] Clinical manifestations and syndromes of RET mutations in
FMTC. Defining and separating FMTC from MEN 2A has
been challenging. The most rigid definition is multigenera-
tional transmission of MTC in which no family member has
PHEO or PHPT (26); a less rigid definition is the presence of
MTC in four affected family members without other mani-
festations of MEN 2A (46). The controversy regarding this
syndrome focuses on the concern that premature categoriza-
tion of a family with a small number of MTC-affected indi-
viduals as FMTC could mask the eventual identification of a
PHEO (52). The typical age of onset of this condition is later in
life than in MEN 2A patients, and the penetrance of MTC is
lower (53,54).

In the era of genetic testing, FMTC has been most com-
monly associated with mutations in codons 609, 611, 618, and
620 in exon 10; codon 768 in exon 13; and codon 804 in exon 14
(46). When FMTC is associated with mutations in codon 634 in
exon 11, it is almost never C634R and is most commonly
C634Y (46). Given the accumulating genotype–phenotype
data over the last decades, and the eventual development of
MEN 2A clinical features in some families once thought to

Table 4. American Joint Committee on Cancer

TNM Classification

Primary tumor (T)

T0—No evidence of primary tumor

T1—Tumor 2 cm or less in greatest dimension limited
to the thyroid (Supplementum to the 6th edition: T1a,
tumor 1 cm or less; T1b, tumor more than 1 cm but not
more than 2 cm)

T2—Tumor more than 2 cm, but not more than 4 cm,
in greatest dimension limited to the thyroid

T3—Tumor more than 4 cm in greatest dimension limited
to the thyroid or any tumor with minimal
extra-thyroidal extension (e.g. extension to sternothyroid
muscle or perithyroid soft tissues)

T4a—Tumor of any size extending beyond the thyroid
capsule to invade subcutaneous soft tissues, larynx,
trachea, esophagus, or recurrent laryngeal nerve

T4b—Tumor invades prevertebral fascia or encases carotid
artery or mediastinal vessels.

Regional lymph nodes (N) are the central compartment, lateral
cervical, and upper mediastinal lymph nodes

NX—Regional lymph nodes cannot be assessed

N0—No regional lymph node metastases

N1—Regional lymph node metastases

N1a—Metastasis to Level VI (pretracheal, paratracheal,
and prelaryngeal=Delphian lymph nodes)

N1b—Metastasis to unilateral, bilateral, or contralateral
cervical or superior mediastinal lymph nodes

Distant metastases (M)

MX—Distant metastasis cannot be assessed

M0—No distant metastasis

M1—Distant metastasis

Stage
� Stage I

* T1, N0, M0
� Stage II

* T2, N0, M0
� Stage III

* T3, N0, M0
* T1, N1a, M0
* T2, N1a, M0
* T3, N1a, M0

� Stage IVA
* T4a, N0, M0
* T4a, N1a, M0
* T1, N1b, M0
* T2, N1b, M0
* T3, N1b, M0
* T4a, N1b, M0

� Stage IVB
* T4b, any N, M0

� Stage IVC
* Any T, any N, M1

Sixth edition (41).
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Table 5. Genotype–Phenotype Correlations and Risk Levels for Aggressive Medullary Thyroid Cancer

ATA
risk

levela

MTC
risk

levelb FMTCc

MEN 2Ad MEN 2Bd

ReferencesMutation Exon MTC PHPT PHEO CLA HSCR MTC PHEO

R321Ge 1 A þ MA � � � � � � (100)

531=9 base pair
duplication

8 A þ MA � � � � � � (364)

532 duplicatione 8 A þ ? � � � � � � (177)

C515Se 8 A þ MA � � � � � � (365)

G533C 8 A þ MA � R � � � � (99,366–368)

R600Qe 10 A þ MI � � � � � � (369)

K603Ee 10 A þ MI � � � � � � (370)

Y606Ce 10 A þ ? � � � � � � (371,372)

C609F=R=G=S=Y 10 B 1 þ MA MI R � þ � � (14,46,85,373–375)

C611R=G=F=S=W=Y 10 B 2 þ MA MI R � þ � � (46,85)

C618R=G=F=S=Y 10 B 2 þ MA MI MI � þ � � (46,85)

C620R=G=F=S=W=Y 10 B 2 þ MA MI MI � þ � � (46,85,374)

C630R=F=S=Y 11 B þ MA R R � � � � (73,376,377)

D631Ye 11 B þ ? � � � � � � (378)

633=9 base pair
duplication

11 B þ MA MI MI � � � � (379)

C634R 11 C 2 � MA MI MA þ � � � (46,85,380,381)

C634G=F=S=W=Y 11 C 2 þ MA MI MA þ � � � (46,85,380–382)

634=12 base pair
duplication

11 B þ MA MI � � � � � (383)

635=insertion
ELCR;T636P

11 A þ MA � � � � � � (371)

S649L 11 A þ MI R � � � � � (14,124,384,385)

K666Ee 11 A þ MI=MA � MI � � � � (371)

E768D 13 A 1 þ MA R R � � � � (46,73,90,378)

N777Se 13 A þ MI � � � � � � (386)

L790F 13 A 1 þ MA R R=MI � � � � (86,378)

Y791F 13 A 1 þ MA MI MI � � � � (86,378,387)

V804L 14 A 1 þ MA MI R � � � � (46,86,388)

V804M 14 A 1 þ MA R R � � � � (46,86,388,389)

V804MþV778If 13=14 B þ MA � � � � � � (390)

V804MþE805K 14 D � � � � � � MA MA (71)

V804MþY806C 14 D � � � � � � MA MA (72–74)

V804MþS904Cg 14=15 D � � MI � � � MA � (101)

G819Ke 14 A þ ? � � � � � � (14)

R833Ce 14 A þ ? � � � � � � (391)

R844Qe 14 A þ ? � � � � � � (14,378)

R866We 15 A þ MA � � � � � � (392)

A883F 15 D 3 � � � � � � MA MA (393,394)

S891A 15 A 1 þ MA R R � � � � (14,395–397)

R912P 16 A þ MI � � � � � � (14,398)

M918T 16 D 3 � � � � � � MA MA (46)

aRisk from aggressive MTC: level D is highest risk.
bRisk from aggressive MTC from the Seventh International Workshop on MEN (2): level 1, high risk; level 2, higher risk; level 3, highest risk.
cPresence (þ) of inherited MTC in the absence of PHPT or PHEO has been described, although the number of family members and number

of family generations studied and duration of follow-up is variable. Historically, mutations initially considered diagnostic of FMTC have
eventually demonstrated some penetrance of the MEN 2A phenotype. The absence (�) of association with FMTC indicates that inheritance of
MTC in isolation is very unlikely.

dOrgan-specific penetrance: MA, majority; MI, minority; R, rare.
eMutations based on limited families=case reports and may represent variants of unknown significance.
fPhenotype associated with corneal nerve thickening.
gPhenotype associated with mucosal neurilemmomas.
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have FMTC (52), FMTC is now viewed as a phenotypic var-
iant of MEN 2A with decreased penetrance for PHEO and
PHPT rather than a distinct entity.

& DEFINITION 2
Familial MTC is a clinical variant of MEN 2A in which MTC
is the only manifestation. To prove that a particular kindred
has FMTC it is necessary to demonstrate the absence of a
PHEO or PHPT in two or more generations within a family
or to have a RET mutation identified only in kindreds with
FMTC (Table 5). In smaller kindreds or in those with a
single affected generation, caution should be exercised in
the classification of FMTC as there is the possibility of
failure to recognize MEN 2A and the risk of PHEO.

[B3] Clinical manifestations and syndromes of RET mutations
in MEN 2B. MEN 2B is the most rare and aggressive form
of MEN 2 based on its development of MTC earlier in life
(55–59). More than 50% of cases are de novo germline RET
mutations (18,60). In multivariate analyses that incorporate
disease stage and other factors, it has been suggested that the
higher mortality rate of MEN 2B reflects its more advanced
stage at presentation, rather than the tumor behavior once
established (12,43,61,62). Like MEN 2A, MEN 2B is associated
with PHEO. The youngest age at diagnosis of PHEO has been
12 years of age for the 918 RET mutation (63). In two series of
MEN 2B patients, O’Riordain et al. (58) and Leboulleux et al.

(64) reported median ages (range) at presentation of PHEO as
23 (13–32) and 28 (17–33) years, respectively. MEN 2B is dis-
tinguished from MEN 2A by the absence of PHPT and the
presence of distinct developmental defects. These typical
phenotypic features include musculoskeletal abnormalities
(marfanoid habitus, pes cavus, pectus excavatum, hyponia,
proximal muscle weakness); neuromas of the lips, ante-
rolateral surface of the tongue, and conjunctiva; medullated
corneal-nerve fibers; urinary ganglioneuromatosis and mal-
formations; and ganglioneuromatosis of the intestine. Gastro-
intestinal manifestations including vomiting, dehydration,
failure to thrive, and possible intestinal obstruction are often
initial disease manifestations that present for medical at-
tention (58,65–69). In one study of 21 MEN 2B patients, 90%
had colonic disturbances, typically chronic constipation
from birth (58). Megacolon developed in two thirds of pa-
tients, and about one third required colonic surgery.
Brauckhoff et al. (70) reported that fewer than 20% of MEN
2B children manifested the typical MEN 2B phenotype dur-
ing the first year of life, whereas 86%, 61%, and 46% dem-
onstrated the inability to cry tears, constipation, or feeding
problems, respectively. The average age of onset of MTC is
10 years earlier than seen in MEN 2A (2,55,63). The mutation
M918T (exon 16) is present in>95% of patients with MEN 2B
with 2–3% of patients harboring the A883F mutation in exon
15 (46). Rare patients with the MEN 2B phenotype have a
double RET mutation (71–74) (Table 5).

MEN 2B
mutation
(ATA-D)

Germline
RET  mutation 
positive and normal 
thyroid exam:

obtain preoperative 

serum calcium.1

obtain serum 
calcitonin in MEN 2B 
if age >6 months, and 
MEN 2A or FMTC if 
age >3 years. 
obtain skilled neck 

US2 in all MEN 2B 
patients, and in MEN 
2A/FMTC if age >3–5 
years.

MEN 2A or 
FMTC

NO

Age 0–1 year old3

1 Treat hyperparathyroidism with 4 gland resection and autograft to heterotopic site, or subtotal parathyroidectomy. Consider cryopreservation.  

PHEO preoperative screening should begin by age 8 years for MEN 2B and mutated RET codons 634 and 630; otherwise by age 20 years  for other  

RET  mutations.
2Neck US to include the superior mediastinum and central and lateral neck compartments.
3 Insufficient data to recommend routine prophylactic level VI compartment dissection.
4Parathyroid glands resected or devascularized should be autografted in the neck in RET-negative, MEN 2B, and FMTC patients, while MEN 2A   

glands should be auto graphed to a heterotopic site.

Surgery in an experienced tertiary 
care setting. 
Total thyroidectomy.4 

Level VI compartmental dissection if 
clinical lymph node metastases.
Give high priority to preserve 
parathyroid function.

 Lateral neck compartmental 
dissection of image- or biopsy-
positive compartments.

ATA-C (634 mutations): 
prophylactic thyroidectomy 
before age 5 years.
ATA-A and ATA-B: 
prophylactic surgery may 
be delayed beyond age 5 
years in the setting of a 
normal annual basal ± 
stimulated serum calcitonin, 
normal annual neck US, 
less aggressive MTC family 
history, and family 
preference. 
For higher risk mutations 
(ATA-B), consider 
treatment before age 5 
years regardless of other 
factors.

Go to Fig. 2

No lymph node 
metastases, all thyroid 
nodules <5 mm, and 
calcitonin <40 pg/mL

YES

Age >1 year old include 
prophylactic level VI 
compartment dissection.

FIG. 1. Initial diagnosis and therapy of pre-clinical disease.
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& DEFINITION 3
MEN 2B is defined as the presence of MTC, marfanoid
habitus, medullated corneal nerve fibers, ganglioneuro-
matosis of the gut and oral mucosa, and PHEO associated
with a germline RET mutation. There are rare families with
classical features of MEN 2B in the absence of an identifi-
able RET mutation. In a patient with one or two of the
clinical features of MEN 2B, the only way to be certain of a
diagnosis of MEN 2B is to identify a RET mutation or
identify the clinical features of MEN 2B in other first-degree
relatives. In the absence of an autosomal dominant familial
inheritance pattern or RET mutation, the preponderance of
the classical clinical feature of MEN 2B are required to
make a clinical diagnosis of MEN 2B. In the presence of a
germline RET mutation in a child, and in the absence of
some or all of the clinical features, that individual is said to
be at risk for developing the clinical features of MEN 2B,
and appropriate medical management should ensue.

[B4] Role of germline RET testing in MTC patients (Figs. 1 and
2, Table 6). Germline testing of RET can be used to distinguish
cases of sporadic from hereditary MTC (Fig. 2), and the precise
RET mutations may suggest a predilection toward a particular
phenotype (Table 5) and clinical course. This is important be-
cause the patient may also require surveillance and manage-
ment of PHEO and PHPT, and additional family members may

be at risk for developing MTC. Knowledge of the RET mutation
can guide decisions regarding prophylactic thyroidectomy
(Table 6) and intra-operative management of the parathyroid
glands. Approximately 95% of patients with MEN 2A and
MEN 2B, and 88% of those with FMTC will have an identifiable
RET mutation (2). In addition, about 1–7% of apparently spo-
radic cases have identifiable RET mutations (75,76), including
about 2–9% with de novo germline mutations (19,77). RET
mutations are more likely to be identified in patients with
multifocal disease and=or MTC at a young age.

& RECOMMENDATION 1
All patients with a personal medical history of primary C
cell hyperplasia, MTC, or MEN 2 should be offered germ-
line RET testing. Grade: A Recommendation

& RECOMMENDATION 2
The differential diagnosis in patients with intestinal gang-
lioneuromatosis should include MEN 2B, which together
with their history and physical examinations, family his-
tory, and ganglioneuromatosis histology may prompt
germline RET testing. Grade: B Recommendation

& RECOMMENDATION 3
All people with a family history consistent with MEN 2 or
FMTC, and at risk for autosomal dominant inheritance of

Mandatory skilled 
neck US to include the 
superior mediastinum, 
central and bilateral 
lateral neck 
compartments
serum calcitonin, 
CEA, and calcium 1

RET mutation 
analysis2 

Treat PHEO before 
MTC.3 PHEO excluded 
if negative: 1) RET and 
family history, or 2) 
plasma free 
metanephrines and 
normetanephrines, or 
24-hour urine 
metanephrines and 
normetanephrines, or 
3) adrenal CT or MRI

N0 + calcitonin < 400 pg/mL

FNA or 
calcitonin
diagnostic

or 
suspicious 
for  MTC

M0 or 
minimal M1

Extensive M1

Palliative neck operation if needed 
for trachea compromise or local 
pain.5

1Treat hyperparathyroidism with 4 gland resection and autograft to heterotopic site, or subtotal parathyroidectomy. Consider cryopreservation.
2Ideally performed with genetics counseling and completed preoperatively.
3PHEO preoperative screening should begin by age 8 years for MEN 2B and mutated  RET codons 634 and 630;  and by age 20 years for other 

RET mutations.
4 Parathyroid glands resected or devascularized should be autografted in the neck in RET-negative, MEN 2B, and FMTC patients, while MEN 2A 

glands should be autografted to a heterotopic site.
5Consider external beam radiation of TNM stage T4 disease to prevent recurrent local disease.

FNA, fine-needle aspiration biopsy.

N1 or  calcitonin > 400 pg/mL

Obtain:
Chest CT
Neck CT
3-phase contrast-
enhanced multidector 
liver CT, or contrast 
enhanced MRI

Thyroidectomy + level VI compartmental 

dissection3,4

Thyroidectomy + level VI
compartmental dissection.4,5

 Lateral neck compartmental
dissection of image or biopsy 
positive compartments.
 In the presence of M1 disease or 
advanced local features, consider 
less aggressive neck surgery to 
preserve: speech and swallowing, 
and maintain locoregional disease 
control to prevent central neck 
morbidity.
 Consider EBRT for high risk 
patients (controversial)

Consider clinical trials, and palliative 
therapies including surgery, EBRT, 
percutaneous interventions, and 
hepatic embolization.

FIG. 2. Initial diagnosis and therapy of clinically apparent disease.
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the syndrome, should be offered RET testing. For MEN 2B
this should be done shortly after birth. For MEN 2A and
FMTC this should be done before 5 years of age (Table 6).
Grade: A Recommendation

& RECOMMENDATION 4
Lichen planus amyloidosis or pruritis in the central upper
back may indicate the presence of a 634 codon mutation
and should prompt genetic testing. Grade: C Re-
commendation

& RECOMMENDATION 5
Pre- and post-test genetics counseling by a genetics coun-
selor, or other qualified professional, should be offered to
all patients undergoing RET testing. Grade: C Recom-
mendation

[B5] Prophylactic thyroidectomy (When should it be
performed in a clinically asymptomatic individual with docu-
mented RET mutation but a normal thyroid physical examination
and no suspicious lymph nodes or thyroid nodules >5 mm on US
(if obtained)? See Fig. 1 and Table 6). MEN 2 patients who
present with palpable MTC have a low rate of cure (78,79). In
MEN 2 patients, biochemical surveillance to detect CCH or
early MTC significantly increased the rate of surgical cure
(79), yet sensitivity and specificity were imperfect because
some individuals who had surgery did not harbor RET mu-
tations, while others experienced MTC recurrence (59,78).
Unfortunately, in one series of MEN 2A or FMTC children
who underwent prophylactic thyroidectomy at age 4 years or
later, 11% experienced biochemical persistence or recurrence,
all of whom were operated at age 13 years or later (80). Si-
milarly, there was no persistent or recurrent MTC in a series of
50 children when they underwent prophylactic thyroidec-
tomy and central neck dissection before age 8 years (81). Six
children had persistent or recurrent disease postoperatively
and had undergone surgery at ages 8, 10, 11, 14, 16, and 19
years old with RET mutations in codons 634, 620, 618, 620,

634, and 618, respectively. Of these children, four had no ev-
idence of lymph node metastases at the primary surgery.
Conversely, of the three patients with lymph node metastases
at surgery, only one remained biochemically free of disease.
Thus, biochemical surveillance for MTC has largely been re-
placed by the use of RET mutation status and knowledge of
the age and penetrance of MTC in the codon mutated to guide
the timing of prophylactic thyroidectomy (2,82,83). Un-
fortunately, metastatic MTC is not universally preventable in
all MEN 2B patients despite prophylactic thyroidectomy
shortly after birth (67).

At the Seventh International Workshop on MEN, a classi-
fication system was created for RET mutations based on risk
for aggressive MTC (2). The purpose of the classification sys-
tem was to offer recommendations for age of prophylactic
thyroidectomy, predict phenotype, and establish who should
be screened for PHEO (2). This system has been important, but
may be improved by recognizing the more aggressive course
of the 634 mutation, with young age of onset and a higher rate
of PHPT and PHEO (15,84,85). Additionally, some RET mu-
tations were not categorized by that system (including codon
630), or were judged appropriate to be reclassified based on
more recent data (e.g. codon 609) (63). For these reasons, we
have created a categorization system that makes these chan-
ges, and allows for periodic updating (see Table 5). ATA level
D (ATA-D) mutations carry the highest risk for MTC. These
mutations include codons 883 and 918, and are associated with
the youngest age of onset and highest risk of metastases and
disease specific mortality. ATA level C (ATA-C) mutations
carry a lower, yet still high risk of aggressive MTC and include
mutations at codon 634. ATA level B (ATA-B) mutations carry
a lower risk for aggressive MTC mutations and include mu-
tations at RET codons 609, 611, 618, 620, and 630. ATA level A
(ATA-A) mutations carry the ‘‘least high’’ risk. Compared to
ATA-B mutation carriers of the same age, these patients have
lower serum Ct levels, lower tumor stage, and a higher rate of
biochemical cure when they undergo prophylactic thyroidec-
tomy at age �4 years old (80). ATA-A mutations include RET

Table 6. American Thyroid Association Risk Level and Prophylactic Thyroidectomy Testing and Therapy

ATA risk level
Age of RET

testing
Age of required

first US
Age of required
first serum Ct

Age of prophylactic
surgery

D ASAP and within the
1st year of life

ASAP and within the
1st year of life

6 months, if surgery
not already done

ASAP and within the
1st year of life

C <3–5 years >3–5 years >3–5 years Before age 5 years

B <3–5 years >3–5 years >3–5 years Consider surgery before age 5.
May delay surgery beyond
age 5 years if stringent criteria
are met.a

A <3–5 years >3–5 years >3–5 years May delay surgery beyond age
5 years if stringent criteria
are met.a

aA normal annual basal� stimulated* serum Ct, normal annual neck US, less aggressive MTC family history, and family preference.
ASAP, as soon as possible.

*Stimulated Ct testing historically was done by measuring serum Ct levels at intervals after intravenous administration of the secretagogue
pentagastrin and=or calcium (92). Pentagastrin is not available in the United States and many other countries. Additionally, newer calcitonin
assays have significantly improved functional sensitivities, currently as low as 1–2 pg=mL. Resultingly, most experts believe that there is
rarely a need for stimulated Ct testing in the diagnosis or follow-up of MTC.
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gene mutations at codons 768, 790, 791, 804, and 891. Despite
this ATA categorization into four levels (A–D), differences in
the development and behavior of MTC and the development
of MEN 2A features are present between various RET muta-
tions even within the same ATA level (86).

With the possible exception of certain ‘‘least high risk’’
ATA-A RET mutations, patients with germline RET muta-
tions require prophylactic thyroidectomy (Table 6). At the
MEN97 Workshop it was determined that surgery should be
performed based on the results of RET testing for individuals
with MEN 2 (87), as RET testing has a lower rate of false
negatives and false positives than Ct testing (88), which was
previously used for early identification and treatment of MTC
(2). ATA levels B–D RET mutations are associated with nearly
complete penetrance of the MTC phenotype at young ages
and once metastatic are associated with a low rate of cure (81),
and high rate of morbidity and eventual mortality. Early de-
tection and intervention of MTC has been shown to signifi-
cantly alter the associated mortality (2,79–81). Thus, the main
debate now is the timing of prophylactic thyroidectomy
during childhood, rather than if it should be done or not.
ATA-A RET mutations comprise a group of phenotypes that
are typically characterized by later onset of MTC that is as-
sociated with less aggressive clinical behavior. However, the
phenotype of these RET mutations is heterogeneous within
and between the various RET mutations so that at one end of
the spectrum, and composing the majority, are MTC pheno-
types with late onset, incomplete penetrance, and rare MTC-
related death (89,90). At the other end of the spectrum, are the
unpredictable minority that have demonstrated aggressive
MTC, as witnessed in a 6-year-old child with metastatic MTC
with an 804 RET mutation (84,91). Proposed strategies to
determine the timing of prophylactic thyroidectomy for RET
mutations have included age cut-offs based on the youngest
child reported in the literature with metastatic disease, the
more typical age of MTC development for the genotype,
basal� stimulated* serum Ct measurements, annual neck
ultrasound (US), the age that MTC developed in family
members, and combinations of these factors (2,79,84,93). The
incentive for early prophylactic thyroidectomy is to intervene
before the development of metastases because once meta-
static, these patients are often incurable (81,94). Further, thy-
roidectomy prior to lymph node metastasis obviates the need
for central compartment lymph dissection which is associated
with a higher rate of hypoparathyroidism (81) and vocal cord
paralysis. The incentive to delay prophylactic thyroidectomy
is to optimize patient safety by operating on older children,
whose surgery is technically less difficult and in whom
treatment of iatrogenic hypoparathyroidism may be easier.
Children undergoing thyroidectomy or parathyroidectomy
have higher complication rates than adults, and have better
outcomes when operated on by high-volume surgeons (95).
There is also some benefit to delayed iatrogenic hypothy-
roidism (80). From a technical standpoint regarding preser-
vation of parathyroid function, and a developmental
standpoint regarding iatrogenic hypothyroidism, experi-
enced surgeons report little benefit to delaying thyroidectomy
beyond 3–5 years of life.

& RECOMMENDATION 6
Infants with ATA-D mutations (MEN 2B) should undergo
prophylactic total thyroidectomy as soon as possible and
within the first year of life in an experienced tertiary care
setting. Grade: B Recommendation

& RECOMMENDATION 7
Children with ATA-C mutations (codon 634) should un-
dergo prophylactic total thyroidectomy before they are 5
years old in an experienced tertiary care setting. Grade: A
Recommendation

& RECOMMENDATION 8
In patients with ATA-A and ATA-B RET mutations, pro-
phylactic total thyroidectomy may be delayed beyond age 5
years in the setting of a normal annual basal� stimulated*
serum Ct, normal annual neck US, less aggressive MTC
family history, and family preference. Surgery is indicated
if all of these features are not present. For higher risk mu-
tations (ATA-B), consider treatment before age 5 years in an
experienced tertiary care setting, regardless of other factors.
Grade: B Recommendation

[B6] RET testing in asymptomatic people (In clinically
asymptomatic people with normal thyroid physical examinations,
who should undergo RET testing and why?). Ideally, the initial
individual to undergo RET testing in any family would be an
affected individual with features of MEN 2. Once a germline
RET mutation has been identified in a family, genetic coun-
seling and RET mutation analysis should be offered to all first-
degree relatives (96,97). Offspring of a RET mutation–affected
individual have a 50% risk of inheriting the mutation. Addi-
tional risks to members of the kindred are dependent on the
relation to a known mutation carrier. Because the absence or
presence of the family’s mutation in a relative is so important
to their future care, some experts advocate that the test be
repeated to confirm the result. In the absence of affected in-
dividuals available for testing (due to death or other barriers)
within an affected kindred to determinate the presence of a
causative RET mutation, testing can be offered to unaffected
individuals; however, the limitations of such testing need to
be carefully discussed with the individual to be tested.

& RECOMMENDATION 9
Once a germline RET mutation has been identified in a
family, RET mutation analysis should be offered to all first-
degree relatives of known mutation carriers which should
be done before the age of recommended prophylactic thy-
roidectomy whenever possible. Grade: A Recommendation

Additionally, testing of exon 10 should be considered in
individuals with Hirschsprung disease (46). Although muta-
tions are distributed throughout the gene, and some prefer
sequencing of all exons in this setting, the most important
clinical decision for Hirschsprung disease is whether they also
have an activating exon 10 mutation which would confer risk
of MEN 2.

*See footnote, page 574.
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& RECOMMENDATION 10
Testing of exon 10 for activating RET mutations should be
considered in individuals with Hirschprung disease.
Grade: A Recommendation

[B7] RET testing methodologies (Is all RET testing the same? How
is this testing optimally done?). A review of the laboratories
listed in the GeneTests directory identifies 38 laboratories that
are currently performing DNA analysis of RET for MEN
2A, MEN 2B, and familial or sporadic MTC (98). All of the
laboratories listed use direct sequence analysis for muta-
tion identification with or without the addition of target
mutation analysis for selected hotspots. Although their
approaches differ slightly, nearly all evaluate patients for
mutations in the five most commonly mutated codons in
exons 10 and 11 (C634R, C609, C611, C618, and C620) (46).
Multiple laboratories additionally sequence exons 13, 14,
15, and=or 16, while only a few include exon 8. Typically, the
cost of the analysis increases as more exons are sequenced. A
few laboratories sequence the entire coding region of RET,
but at a substantially higher cost, and this is likely to be
more testing than most patients require. Some laboratories
(98) use a two-tiered approach to the analysis, starting with
sequence analysis of the most commonly mutated ‘‘hotspot’’
exons and, at the request of the ordering physician, se-
quencing the remaining exons of RET if the initial analysis is
negative (99,100). Tiered approaches are at risk of failing to
detect rare double mutations. For example, there are a few
reports suggesting that codon 804 mutations in conjunction
with a second variant in RET could be associated with MEN
2B (71–73,101). Unfortunately, the phenotype is not partic-
ularly well documented in these reports.

& RECOMMENDATION 11
Analysis of the MEN 2–specific exons of RET is the re-
commended method of initial testing in either a single or
multi-tiered approach. Grade: A Recommendation

& RECOMMENDATION 12
Sequencing the entire coding region of RET to identify
MTC causative mutations is not recommended as the initial
testing method (Grade: E Recommendation). However, it
should be done when the analysis using the recommended
method is negative in the clinical setting of MEN 2 or when
there is a discrepancy between the genotype and pheno-
type. Grade: B Recommendation

& RECOMMENDATION 13
Testing of patients with MEN 2B should include analyses
to detect the M918T (exon 16) and A883F mutations (exon
15) present in virtually all of these patients. Grade: A Re-
commendation

& RECOMMENDATION 14
In the clinical setting of MEN 2B and negative testing for
M918T and A883F mutations, sequencing the entire cod-
ing region of RET should be performed. Grade: B Recom-
mendation

& RECOMMENDATION 15
Until the phenotype of MEN 2B associated with codon 804
mutations in conjunction with a second variant in RET

is clarified, these patients and mutation carriers should
be treated similarly to those with the more typical MEN
2B RET-causing mutations. Grade: C Recommendation

[B8] Genetic testing: privacy vs. notification of potentially
affected family members. In a physician–patient relationship
the duty to warn third parties of risk has been established in
the case of Tarasoff et al. v Regents of the University of California,
defined as the ‘‘duty to act to prevent foreseeable harm’’ (102).
However, as of 2006, only three legal cases regarding disclo-
sure of genetic information have been brought to trial, two of
which are specific to testing for cancer predisposition syn-
dromes that take into account the duty to warn as well as the
right to confidentiality (103–105). The case of Pate v Threlkel
(104), a case assessing duty to warn in an instance of FMTC
tried in New Jersey, determined that ‘‘a physician can fulfill
the duty to warn by notifying the patient of the risk the dis-
order poses to family members with the patient expected to
pass the warning, and to require the physician to seek out at
risk relatives would place too heavy a burden upon the
physician.’’ However, in Safer v the Estate of Pack (105), a case
assessing duty to warn in a family with familial polyposis
syndrome, it was ruled that there was ‘‘no impediment, legal
or otherwise, to recognizing a physician’s duty to warn those
known to be at risk of avoidable harm from a genetically
transmissible condition. In terms of foreseeability especially,
there is no essential difference between the type of genetic
threat at issue here and the menace of infection, contagion, or
a threat of physical harm.’’ Thus, the law appears to have
taken divergent views on the issue in these two cases under
the two different jurisdictions.

Current accepted standards of clinical practice, existing
as established professional guidelines, are extremely varied and
provide room for interpretation with each case. These guide-
lines range from prohibiting direct communication between a
patient’s physician and their relatives, to allowing contact un-
der special considerations regardless of patient consent. The
American Medical Association and American Society of Clin-
ical Oncology guidelines take into consideration the belief that
the confidentiality of genetic testing is an absolute with no ex-
ceptions, and that the duty to warn at-risk relatives falls to the
moral obligation of the patient, owing to the belief that the
physician’s foremost obligation is to the patient directly
(106,107). However, many guidelines do allow for disclosure of
results to at-risk individuals without the patient’s consent,
particularly when efforts to obtain consent have failed; when
the information disclosed will prevent serious harm; when
there is no other reasonable alternative to preventing harm;
and precautions are made to only disclose the appropriate in-
formation. The World Health Organization, the American So-
ciety of Human Genetics, and the National Human Genome
Research Institute, as well as many other national and inter-
national groups, have adopted this view (108). Probably su-
perseding all of these opinions, guidelines, and case law are the
Health Insurance Portability and Accountability Act privacy
regulations that make few exceptions for disclosure to inform or
warn family members of genetic risk (109–111).

& RECOMMENDATION 16
The duty to warn should be fulfilled by notifying a com-
petent patient (or legal guardian) of the risk the inherited
RET mutation may pose to family members, ideally in the
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setting of formal genetic counseling. This notification
should include the seriousness of the disease and available
forms of treatment and prevention. The highest recom-
mendation should be made that the patient pass this
warning to potentially affected family members, and the
opportunity for genetic counseling and testing of these
individuals should be provided. Conversely, physicians
should not disclose confidential genetic or medical infor-
mation without the patient’s permission. When a patient
or family refuses to notify relatives of their risk or to
provide testing or treatment to legal dependents, the
physician may involve the local medical ethics committee
and=or legal system. Grade: C Recommendation

[B9] Reproductive options of RET mutation carriers. Both
preimplantation and prenatal testing are available to indi-
viduals with MEN 2 (112–115). These testing options rely on
identification of the familial RET mutation prior to fetal or
embryonic testing. Prenatal testing can be performed in the
first or second trimester via chorionic villus sampling or am-
niocentesis, respectively. Preimplantation genetic diagnosis
(PGD) is an in vitro fertilization technique that isolates and
tests a single embryonic cell for single-site RET testing. The
unaffected embryos are then transferred to the uterus. There-
fore, PGD has the potential to remove the disease from the
family as only embryos without a RET mutation are im-
planted.

The role of PGD in adult-onset disease remains controver-
sial; it is generally offered for syndromes that have a young
age of onset with significant cancer risk and associated mor-
bidity or mortality. With an average age of onset under 30
years of age for ATA level B–D mutations (63) (and cases of
metastatic MTC reported in the first months of life in MEN
2B), and a >90% lifetime risk for MTC and up to 57% risk for
PHEO, PGD may be an option for individuals with MEN 2
and a known RET mutation (114,115).

While a couple may not wish to proceed with prenatal or
preimplantation diagnosis, the clinician may have a ‘‘duty to
warn’’ and at the minimum, notify the couple that these op-
tions are available should they be interested, according to the
case of Meier v Malloy (103,115).

& RECOMMENDATION 17
All RET mutation carriers of childbearing age should
be considered for counseling about the options of prenatal
or preimplantation diagnostic testing. Grade: C Recom-
mendation

[B10] Possibility of inherited disease in RET mutation–negative
MTC patients and families (How should RET-negative MTC
patients=families be advised about the possibility of inherited dis-
ease?). Patients with sporadic MTC tend to have unifocal
disease, later age of onset, and absence of CCH (116–121). The
probability that an individual with an apparent sporadic
MTC will be found to have a RET mutation is about 1–7%
(2,75,76,122–124). If one assumes a probability of �7%, and a
detection of RET mutations in 95% of MEN 2A and 2B indi-
viduals and 88% in FMTC individuals, then the remaining
risk of a patient with apparently sporadic MTC still actually

having hereditable MTC despite no RET mutation being
identified is <1% [prior probability�(1�mutation detection
frequency)] (2). Thus, additional testing of the patient or
family for the development of MEN 2 features is not neces-
sary. Conversely, in the rare family meeting clinical criteria for
MEN 2A or 2B, or FMTC in the absence of a RET mutation,
first-degree relatives of an affected individual have a 50% risk
for inheriting the familial syndrome.

& RECOMMENDATION 18
In a family meeting clinical criteria for MEN 2A or 2B, or
FMTC despite negative sequencing of the entire region of
the RET oncogene, at-risk relatives should be periodically
screened for MTC (neck US, basal� stimulated* Ct mea-
surement) and associated PHPT (albumin-corrected cal-
cium or ionized calcium) and=or PHEO (plasma free
metanephrines and normetanephrines, or 24-hour urine
metanephrines and normetanephrines) as indicated by the
family phenotype. Screening should continue at 1–3 year
intervals at least until the age of 50 years or 20 years beyond
the oldest age of initial diagnosis in the family, whichever is
latest. Grade: C Recommendation

[B11] Preoperative testing of asymptomatic RET mutation–
positive patients for MTC, PHPT, and PHEO. In clinically
asymptomatic patients with a normal thyroid physical exami-
nation and documented RET mutation (Fig. 1), what are the
roles of preoperative testing for MTC (Ct and cervical US, Table
6), PHPT, and PHEO? In such patients, the primary issues
influencing their clinical care are the likelihood they have met-
astatic MTC, PHPT, and=or PHEO. The risk of metastatic MTC
in the youngest MEN 2A children undergoing prophylactic
thyroidectomy under age 5 years is very low (84), while there are
less data regarding MEN 2B children operated at less than 1 year
of age (55,58,67–70,96,125,126). Thus, the value of Ct or US
testing in MEN 2A and FMTC children under age 5 years has not
been established. Alternatively, of the published MEN 2B cases
that include postoperative data, about half of the children op-
erated by 1 year of life have demonstrated persistent disease.
Unruh et al. (67) described a 9-week-old MEN 2B child with a
preoperative Ct of 1150.9 pg=mL. The child was treated with
a total thyroidectomy, which demonstrated CCH and micro-
carcinoma, and excision of three central nodes (apparently
benign). Two months postoperatively the serum Ct was
14.1 pg=mL. Nine months later the Ct was 18.7 ng=mL and bi-
lateral neck dissection showed 39 benign lymph nodes and a
postoperative Ct of 31.1 ng=mL. This case demonstrates sev-
eral issues in the youngest MEN 2B patients: 1) post-natal
‘‘prophylactic’’ thyroidectomy to prevent metastatic disease
is not possible in all patients, 2) a potential benefit to prophy-
lactic lymph node dissection has not been demonstrated,
and 3) the role of the preoperative Ct level in these children is not
established. The influence of age on serum Ct is discussed below
under the heading Effects of age or sex on the normal Ct range.

& RECOMMENDATION 19
Children with MEN 2A or FMTC who are to undergo
prophylactic thyroidectomy before 5 years of age may
undergo preoperative Ct and cervical US assessment when

*See footnote, page 574.
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>3 years old, whereas children older than 5 years require
them because of the possibility of metastatic MTC, which
would change their clinical management. Caution should
be used in interpreting Ct values in children less than 3
years old, and especially in those during the first 6 months
of life. Grade: B Recommendation

& RECOMMENDATION 20
Children with MEN 2B who are to undergo prophylac-
tic thyroidectomy before age 6 months may undergo
preoperative Ct assessment, whereas older children require
it. Cervical US should be done in MEN 2B children as soon
as possible. These tests are recommended because of the
possibilities of metastatic MTC and of test results chang-
ing clinical management. Caution should be used in
interpreting Ct values in children <3 years old, and espe-
cially those in the first 6 months of life. Grade: B Re-
commendation

& RECOMMENDATION 21
When it is decided to delay prophylactic thyroidectomy
beyond the first 5 years of life in children with MEN
2A=FMTC:

A. Basal serum Ct testing and cervical US should be per-
formed annually starting by 5 years of age. Grade:
B Recommendation

B. The role of annual Ct stimulation* testing in these pa-
tients is less certain but may be performed. Grade:
C Recommendation

Childhood PHEO (127–129) is rare in MEN 2. The vast
majority of MEN 2 PHEOs are intra-adrenal and benign (63).
PHEO has been reported at 12 years of age for both the 918
and 634 RET mutations (59,63). However, PHEO has occurred
in younger children; 8 and 10 years old with 634 RET muta-
tions ( JF Moley and RF Gagel, respectively, personal com-
munications, February 9, 2009). Of the ATA-B mutations,
including the 609 mutation, the youngest have been 19 years
old (85), while the youngest ATA-A mutation has been age
28 years (63). From a series of 206 RET mutation carriers,
Machens et al. (63) reported that the 5th percentile for age of
PHEO diagnosis in those with RET mutations was in the
third and fourth decades of life, depending on the mutation
(63). They concluded that annual screening for PHEO may be
warranted from age 10 years in carriers of RET mutations
in codons 918, 634, and 630, and from age 20 years in the
remainder. Data suggest that measurement of plasma or uri-
nary fractionated metanephrines is the most accurate screening
approach for PHEO (130). There is a lack of consensus with
respect to imaging the abdomen periodically for PHEO in the
absence of abnormal metabolic screening (2).

& RECOMMENDATION 22
Screening abdominal imaging for PHEO is not re-
commended in the absence of symptoms or biochemical
data suggesting the tumor, except for the rare urgent need
to exclude PHEO. Grade: D Recommendation

& RECOMMENDATION 23
Symptoms or signs consistent with catecholamine excess,
or an adrenal mass, should prompt biochemical testing for
a PHEO. Grade: B Recommendation

& RECOMMENDATION 24
In the absence of symptoms or an adrenal mass to suggest
the possibility of PHEO, surveillance (including preopera-
tive testing) should include annual plasma free metane-
phrines and normetanephrines, or 24-hour urine collection
for metanephrines and normetanephrines beginning by age
8 years in carriers of RET mutations associated with MEN
2B and in codons 630 and 634, and by age 20 years in car-
riers of other MEN 2A RET mutations. Patients with RET
mutations associated only with FMTC (Table 5) should be
screened at least periodically from the age of 20 years.
Grades: B Recommendation for genotype–phenotype dis-
tinctions, and C Recommendation for the frequency of
testing.

& RECOMMENDATION 25
Because of the high risk to the fetus and mother, women
with a RET mutation associated with MEN 2 should be
biochemically screened for PHEO prior to a planned
pregnancy or as soon as possible during an unplanned
pregnancy. Grade: B Recommendation

Childhood PHPT (131–134) is rare in MEN 2. In two large
studies of MEN 2A patients affected by PHPT the median age
at diagnosis was 38 years (133,134). Skinner et al. (59) reported
children 13 and 18 years of age with PHPT from a series of 38
MEN 2A children.

& RECOMMENDATION 26
Surveillance for PHPT should include annual albumin-
corrected calcium or ionized serum calcium measurements
(with or without serum intact-parathyroid hormone [PTH])
beginning by age 8 years in carriers of RET mutations in
codons 630 and 634, and by age 20 years in carriers of other
MEN 2A RET mutations, and periodically with RET muta-
tions associated only with FMTC (Table 5) starting from
age 20 years. Grades: B Recommendation for genotype–
phenotype distinctions, and C Recommendation for the
frequency of testing.

[B12] Sources of Ct assay interference. Accurate and con-
sistent measurements of serum Ct levels are of critical im-
portance for the evaluation and long-term follow-up of patients
with MTC. Over the past decade, commercial assay methods
for Ct have progressed to the newest two-site, two-step
chemiluminescent immunometric assays (ICMAs) that are
highly specific for monomeric Ct. With two-site Ct-ICMAs,
cross-reactivity or change in results due to procalcitonin; re-
lated peptides; hyperparathyroidism (135); pregnancy or lac-
tation (136–138); inflammation, infection, or sepsis (139–141);
bilirubin; hemolysis or hemoglobin; and lipemia all appear to
be minimal (142–144).

Mild elevations in basal and pentagastrin-stimulated Ct
levels may occur with CCH (145), autoimmune thyroiditis

*See footnote, page 574.
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(146,147), chronic renal failure (142,148,149), and mastocy-
tosis (150–153). Compared to the Ct assay upper normal va-
lue, these elevations are often up to a few fold higher, but
occasionally be more than 10-fold higher (148). Minimal
changes in serum Ct occur in healthy subjects with hy-
pergastrinemia (154). The ‘‘hook effect’’ is less likely to occur
with the two-site monoclonal, two-step assays, but should
remain a concern in the interpretation of ‘‘low’’ Ct levels in
patients with widely disseminated disease (155). Heterophilic
antibodies (human antibodies that bind animal antibodies)
have been described to cause falsely elevated (and rarely
falsely lower) Ct levels (156–158). Nonthyroidal neuroendo-
crine tumors secreting Ct have been described including the
foregut (159), pancreatic tumors (160,161), insulinoma (162),
glucagonoma (163), VIPoma (164,165), carcinoid (166), pros-
tate (167), small cell lung cancer (159), and large cell lung
cancer with neuroendocrine differentiation (168). Two caveats
which may be helpful diagnostically are that these tumors
typically do not increase their Ct secretion in response to Ct
stimulation testing and they usually produce less Ct per gram
of tissue than is typical for MTC.

& RECOMMENDATION 27
It should be recognized that minimal or mild elevations
in serum Ct may be seen in multiple clinical settings
including CCH, renal failure, and autoimmune thyroid-
itis. Elevated Ct levels may occur from nonthyroidal neu-
roendocrine neoplasms and heterophilic antibodies. Falsely
low Ct levels may occur in the setting of heterophilic anti-
bodies and the ‘‘hook effect.’’ Grade: B Recommendation

[B13] Effects of age or sex on the normal Ct range. Consi-
derable variability among commercial assay results (142) in-
dicates a need to follow individual patients with the same
assay over time. Laboratories should report the assay being
used and notify clinicians of changes in methodology when
they occur. If the method changes, optimally, Ct levels should
be measured using both the current and prior methods to
allow for a ‘‘re-baselining’’ of values. Conversely, if an unex-
plained change occurs in the Ct levels in a patient, a change
in laboratory method should be considered as a potential
cause. Current reference ranges vary with sex and are higher
in men than women (142,144,169), possibly due to more C
cells in men than women (170). Weak correlations between
the Ct level and age, body mass index, and smoking have
been reported (142). Depending on the assay used, about 56–
88% of normal subjects have serum Ct levels below the as-
say functional sensitivity, while 3–10% of subjects have
Ct levels >10 pg=mL (142). Using the Advantage system
(Nichols Institute Diagnostics, San Juan Capistrano, CA),
Basuyau et al. (144) found the 95th percentile to be 5.2 ng=L
and 11.7 ng=L in women and men, respectively. Limited data
have suggested that serum Ct levels may increase in re-
sponse to a meal, although other studies have found no im-
pact (171–175).

& RECOMMENDATION 28
Optimally, an individual should be followed using the
same Ct assay over time. Whenever possible, a blood
sample should be measured using both assays to re-
establish the baseline when it is necessary to change the
assay. Grade: C Recommendation

& RECOMMENDATION 29
Laboratories should report the Ct assay being used, and
notify clinicians of changes in methodology when they
occur. Grade: C Recommendation

& RECOMMENDATION 30
In the setting of an intact thyroid gland, Ct values should be
interpreted in the setting of sex-specific reference ranges, at
least in adults. Grade: B Recommendation

Few data exist on age-specific Ct levels for young chil-
dren. Previous studies have suggested that Ct concentrations
are particularly high during the first week of life, in low-
birthweight children, and in premature infants (144). A previ-
ous two-site immunometric assay, that is no longer available,
reported no difference in the mean Ct value for children
(1.3� 2.7 pg=mL) and adults (0.9� 2.5 pg=mL) with more
than half of the children having Ct levels<0.2 pg=mL with this
assay (143). No significant sex difference was observed (143).

However, only a limited number of samples from children
<3 years of age have been analyzed using a contemporary two-
site immunometric assay. Using the Advantage system (Nichols
Institute Diagnostics), Basuyau et al. (144) proposed a reference
range of <40 ng=L in children under 6 months of age and
<15 ng=L in children between 6 months and 3 years of age, and
indicated that in children over 3 years of age the values were
indistinguishable from those observed in adults. The highest
value observed in their series was 75 ng=L at age 4.5 months
with a follow-up value of 32.4 ng=L one month later (144).

& RECOMMENDATION 31
Due to the limited data available on the normal range for
serum Ct in children <3 years of age and the probability
that it may be higher than in adults, caution should be
used in interpreting these values in young children.
Grade: B Recommendation

[B14] Surgery for the youngest MEN 2B patients (Fig. 1). The
youngest MEN 2B patients are<1 year of age. The age of MTC
onset is much earlier in MEN 2B than in MEN 2A and FMTC
(60,63). Foci of MTC may be present in infancy and nodal
metastases can become apparent in early childhood
(59,60,64,65,67,78). For these reasons, it is recommended that
genetic testing be done as soon as possible after birth in at-risk
infants (Table 6), and that thyroidectomy be performed in
MEN 2B RET-positive individuals as soon as possible and
within the first year of life if possible (Table 6, Fig. 1). It should
be noted, however, that this opportunity is uncommon given
the rarity of MEN 2B and that more than 50% of cases are
de novo germline RET mutations diagnosed much later in life
(18,60). Children undergoing thyroid or parathyroid surgery
have higher complication rates than adult patients that
are minimized when surgeries are performed by high volume
surgeons (95). This emphasizes that it is important that the
surgeon operating on infants be experienced, and familiar
with the recurrent laryngeal nerve and parathyroid gland
management in young children. The parathyroid glands are
very small and translucent in infants. Proper identification
and handling is critical to avoiding hypoparathyroidism.
Nodal metastases may already be present, and a thorough
central neck dissection may require removal and auto-
transplantation of parathyroid glands, a technique in which
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the surgeon should have expertise. While an elevated Ct level
may indicate the presence of MTC, and high levels are con-
sistent with metastases (94), the role, interpretation, and value
of preoperative Ct and other biochemical or imaging tests in
MEN 2B children <1 year old is unclear as published data
have largely described older MEN 2B children with elevated
Ct levels prior to thyroidectomy (58–60,64,176). While some
have advocated for prophylactic central neck dissection (with
or without lateral neck dissections) in the youngest MEN 2B
children (12,58,59,64), its unproven benefits must be balanced
against the risk and serious management challenge of hypo-
parathyroidism in this age group.

& RECOMMENDATION 32
MEN 2B patients undergoing prophylactic thyroidectomy
within the first 1 year of life should have this procedure
performed in an experienced tertiary care setting, and
preservation of parathyroid function should be given a
high priority. Grade: C Recommendation

& RECOMMENDATION 33
Prophylactic level VI central compartment neck dissection
may not be necessary in MEN 2B patients who undergo
prophylactic thyroidectomy within the first year of life
unless there is clinical or radiological evidence of lymph
node metastases or thyroid nodules >5 mm in size (at any
age), or a serum basal serum Ct> 40 pg=mL in a child >6
months old; all of which suggests the possibility of more
extensive disease that requires further evaluation and
treatment (see Fig. 1). Grade: E Recommendation

[B15] Surgery for the youngest MEN 2A or FMTC patients
(Fig. 1). The youngest MEN 2A and FMTC patients are 3–5
years of age. In the setting of a normal thyroid examination, it
is not clear that these children are benefited by preoperative
measurement of Ct, calcium, or neck US because the rates of
metastases or PHPT are so low. Still, many clinicians prefer to
obtain a preoperative basal serum Ct. If the basal Ct level is
less than 40 pg=mL it is unlikely that lymph node metastases
are present (80,94,177). Frank-Raue et al. (80) reported that
only one of their five patients who had persistent or recurrent
disease after undergoing prophylactic thyroidectomy had a
preoperative Ct <40 pg=mL. Scheuba et al. (178) evaluated 97
patients with MTC� 1 cm and reported one patient (1%) with
lymph node metastases and a basal serum Ct <40 pg=mL.
Thus, when the preoperative serum Ct is <40 pg=mL then a
total thyroidectomy without central (level VI) neck dissection
may be adequate therapy. In this procedure, all thyroid tissue
should be removed. This includes the tubercle of Zuck-
erkandl, pyramidal lobe, and all superior pole tissue. If a
thyroid US demonstrates a nodule>5 mm in size, or the basal
Ct level is over 40 pg=mL (which is unlikely in this age group),
there is a higher risk of lymph node metastases (94), and
further evaluation prior to intervention is warranted (see
Fig. 1). All efforts must be made during surgery to prevent
hypoparathyroidism.

& RECOMMENDATION 34
MEN 2A or FMTC patients who undergo prophylactic
thyroidectomy within the first 3–5 years should have this
procedure performed in an experienced tertiary care set-
ting, and preservation of parathyroid and recurrent laryn-

geal nerve function should be given a high priority. Grade:
C Recommendation

& RECOMMENDATION 35
MEN 2A or FMTC patients undergoing prophylactic thy-
roidectomy within their first 3–5 years should not undergo
prophylactic level VI compartmental dissection unless
there is clinical or radiological evidence of lymph node
metastases, or thyroid nodules>5 mm in size at any age, or
a basal serum Ct >40 pg=mL (see Fig. 1). Grade: E Re-
commendation

& RECOMMENDATION 36
In MEN 2A or FMTC, the clinical or radiological evidence
of lymph node metastases or thyroid nodules �5 mm in
size at any age, or a serum basal serum Ct of >40 pg=mL
when >6 months old, suggests the possibility of more ex-
tensive disease that requires further evaluation and treat-
ment (see Fig. 1). Grade: B Recommendation

[B16] Preoperative imaging and biochemical testing to evaluate
for MTC in older RET mutation–positive patients (Fig. 1).
Older asymptomatic MEN 2A and FMTC patients are those
>5 years of age, while for MEN 2B this cut-off is lowered to>1
year of age. Over these cut-offs, there is an increased possi-
bility that MTC may have already developed and possibly
metastasized. In these patients, evaluation should include
physical examination, serum Ct, and neck US. The neck US
should evaluate the thyroid, as well as the lymph nodes of the
superior mediastinum, the central neck, and the lateral neck
compartments. Experienced ultrasonographers have a high
sensitivity to identifying cervical metastases in adults, espe-
cially in the lateral neck, whereas experience with childhood
MTC is more limited. Machens et al. (94) reported from their
series that nodal metastases began to be seen with serum Ct
levels of 40 pg=mL, and primary tumors diameters as small as
5 mm. In MTC, the initial site of metastases is typically to
cervical lymph nodes. Cervical lymph node metastases, as
well as extra-thyroidal extension, are predictors of distant
metastases. The basal serum Ct can also indicate the risk of
distant metastases (94).

& RECOMMENDATION 37
In asymptomatic MEN 2A and FMTC patients who
present at age >5 years and asymptomatic MEN 2B
patients who present at age >1 year, preoperative basal
serum Ct and neck ultrasonography should be per-
formed. Grade: B Recommendation

& RECOMMENDATION 38
In asymptomatic MEN 2A and FMTC patients who present
at age >5 years and asymptomatic MEN 2B patients who
present at age >1 year, further evaluation prior to surgery
and more extensive surgery are needed if the basal serum
Ct is >40 pg=mL, if thyroid nodules are �5 mm, or if sus-
picious lymph nodes are identified on neck US. Grade:
B Recommendation

[B17] Surgery for the older MEN 2B patients without evidence
of cervical lymph node metastases and normal or minimally ele-
vated Ct levels (Fig. 1). Identification of an MEN 2B patient
>1 year old with all thyroid nodules <5 mm, normal-
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appearing cervical lymph nodes on US, and a serum Ct level
<40 pg=mL would be unusual. Most MEN 2B patients are
diagnosed later in life with markedly elevated Ct levels and
obvious lymph node metastases (58,59,64,176,179). Two re-
cent series report that the mean age of diagnosis among their
MEN 2B patients as 13–14 years old (70,180). In one of these
series, 2 of 5 (40%) children operated at age <5 years versus
only 1 of 20 (5%) children who were �5 years old at surgery
were biochemically cured of MTC (70). In a third series of 18
MEN 2B patients (64), the oldest child with disease status of
T1N0M0 or less was 3.4 years old. These reports are consistent
with other series showing that among MEN 2B children who
undergo surgery by age 10 years old about half have cervical
lymph node metastases (59,60,64) while still others will
demonstrate recurrent or persistent disease during follow-up
such that only about one-quarter remain free of disease.

& RECOMMENDATION 39
In an MEN 2B patient >1 year old with all thyroid nodules
<5 mm on US and with a serum Ct level<40 pg=mL, a total
thyroidectomy is recommended. Grade: A Recommenda-
tion

& RECOMMENDATION 40
In an MEN 2B patient >1 year old with all thyroid nodules
<5 mm on US and with a serum Ct level <40 pg=mL, in-
adequate data are available to guide decisions on prophy-
lactic lymph node dissections. Based on expert opinion, the
Task Force favored a prophylactic central neck dissection
(recognizing that this would likely require autotrans-
plantation of at least the inferior parathyroid glands),
without lateral compartment neck dissection except in the
setting of radiographic or clinically proven metastases to
these regions. Grade: C Recommendation

[B18] Surgery for the older MEN 2A or FMTC patients without
evidence of cervical node metastases and normal or minimally el-
evated Ct levels (Fig. 1). In an MEN 2A or FMTC patient >5
years old with all thyroid nodules <5 mm on neck US and
with a serum Ct level <40 pg=mL a prophylactic thyroid-
ectomy is indicated. However, there is no evidence to
compel prophylactic lymph node dissections because nodal
metastases are unlikely when the basal serum Ct level
is <40 pg=mL (80,94,178). Lymph node metastases are un-
common under the age of 11 years (3%), and when they are
present their resection may result in long-term biochemical
remission in only about one third of these patients, while
6% of all children undergoing central neck dissection may
suffer hypoparathyroidism (81). During the thyroidectomy,
all thyroid tissue should be removed including the tubercle
of Zuckerkandl, the pyramidal lobe, and all superior pole
tissue. If the basal Ct level is >40 pg=mL, there is a higher
risk of lymph node metastases, and further evaluation is
indicated (see Fig. 1).

& RECOMMENDATION 41
In an MEN 2A or FMTC patient >5 years old with all
thyroid nodules <5 mm on neck US and with a serum Ct
level <40 pg=mL, a total thyroidectomy is recommended.
The age when this is performed is based on the ATA risk
level (Tables 5 and 6). Grade: B Recommendation

& RECOMMENDATION 42
In an MEN 2A or FMTC patient >5 years old with all
thyroid nodules <5 mm on neck US and with a serum Ct
level <40 pg=mL, a prophylactic lymph node dissection is
not recommended. Grade: E Recommendation

[B19] Diagnostic testing for RET mutation–positive patients
suspected of having metastases based on imaging or serum Ct level.

& RECOMMENDATION 43
Patients harboring RET oncogene mutations who have
clinical or radiographic findings suspicious for metastatic
MTC, including those with thyroid nodules �5 mm or a
serum Ct level >40 pg=mL, should be considered for fur-
ther evaluation prior to surgery as outlined in Fig. 2. Grade:
B Recommendation

[B20] Management for normal parathyroid glands resected or
devascularized during surgery. Normal parathyroid glands
can be accidentally removed or devascularized during thy-
roidectomy or central neck lymph node dissection proce-
dures. In all instances, the operating surgeon should be
experienced at localizing the parathyroid glands, especially in
children, and have expertise with parathyroid autotrans-
plantation. Normal parathyroid tissue should be left in the
patient whenever possible, either on an adequate vascular
pedicle in situ, or if that is not possible, transplanted into the
neck or forearm (181). The location to place the transplanted
tissue is determined by the type of RET mutation present.
Patients with a strong family history of PHPT, or with a RET
mutation associated with a significant risk of PHPT (Table 5),
should have the parathyroid tissue placed in the forearm. If
the patient has MEN 2B, FMTC or a mutation with a low risk
of PHPT (Table 5), the grafts may be placed in the sterno-
cleidomastoid muscle.

& RECOMMENDATION 44
Devascularized normal parathyroid glands from patients
with MEN 2B or FMTC should be autografted into the
sternocleidomastoid muscle of the neck. Grade: C Re-
commendation

& RECOMMENDATION 45
Devascularized normal parathyroid glands from patients
with MEN 2A in a kindred with strong family history of
PHPT, or a RET mutation carrying a significant risk of
PHPT, should be autografted into the forearm. Grade: C
Recommendation

& RECOMMENDATION 46
Devascularized normal parathyroid glands from patients
with a RET mutation associated with both MEN 2A with a
low risk of PHPT and FMTC, whose kindred suggests
FMTC, may undergo autograft of the parathyroid tissue
into either the forearm or the sternocleidomastoid muscle.
Grade: C Recommendation

[B21] Treatment for PHPT in MEN 2A. For the patient who
has not had prior neck surgery and has PHPT diagnosed at the
time of planned thyroidectomy, surgical options include
resection of just the visibly enlarged glands (with a forearm
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autograft), subtotal parathyroidectomy leaving one or a piece
of one gland in situ (with a forearm autograft), and total
parathyroidectomy with forearm autograft (81,182–184). It is
argued that forearm parathyroid autografting should always
be performed when parathyroid tissue is removed unless a
functioning forearm autograft is known to already be present.
This is because of the increased risk that subsequent neck
operations will be needed (typically for recurrent MTC) and
the remaining in situ parathyroid tissue may not be identified
and preserved; resulting in permanent hypoparathyroidism.
Importantly, most MEN 2A patients with PHPT have un-
dergone prior thyroidectomy (prophylactically or thera-
peutically for MTC) with or without a complete level VI
dissection. Such patients who then develop PHPT should
not undergo a neck exploration without preoperative locali-
zation (e.g., US, sestamibi, computed tomography [CT]), and
in general, only localized, hypertrophied parathyroid glands
should be excised. Forearm parathyroid autografting should
be performed unless a functioning forearm autograft is known
to already be present, even if intra-operative PTH values
suggest the presence of additional parathyroid tissue in the
neck. This is because of the risk for MTC recurrence and the
need for subsequent neck operations at which time all re-
maining parathyroid tissue in the neck may be removed with
the tumor specimen and not recognized as parathyroid tissue.
The result would be permanent hypoparathyroidism; an
avoidable complication in most MEN 2A patients if auto-
grafting is performed at the first opportunity.

Considering medical therapy, calcimimetics increase the
sensitivity of parathyroid calcium-sensing receptors to extra-
cellular calcium, thereby reducing PTH secretion. A multicenter,
randomized, double-blind, placebo-controlled study has as-
sessed the ability of the oral calcimimetic cinacalcet HCl to
achieve long-term reductions in serum calcium and PTH con-
centrations in patients with PHPT. Cinacalcet rapidly normal-
ized serum calcium and reduced PTH in these patients and
these effects were maintained with long-term treatment (185).
Cinacalcet may be an effective, nonsurgical approach for man-
agement of PHPT, but whether or not these data are applicable
to MEN 2A–associated PHPT is uncertain, and data regarding
outcomes such as fractures, kidney stones, and cardiovascular
disease are not available. However, medical therapy is likely to
have an increased role in patients with persistent or recurrent
PHPT, and in those who are suboptimal surgical candidates.

& RECOMMENDATION 47
Because of the high rate of biochemical cure of PHPT in
MEN 2A with surgery, initial surgical therapy is preferred
to medical therapy, in the absence of contraindications such
as excessive surgical risk or limited life expectancy. Grade:
C Recommendation

& RECOMMENDATION 48
Surgical management of PHPT at the time of initial thy-
roidectomy should always be performed if the diagnosis of
PHPT is established. Surgical options include resection of
just the visibly enlarged glands (with a forearm autograft),
subtotal parathyroidectomy leaving one or a piece of one
gland in situ (with a forearm autograft), and total para-
thyroidectomy with forearm autografting. Because of the
risk for permanent hypoparathyroidism following one or
more neck operations in patients with MEN 2A, combined

with the frequent delay in autograft function, forearm
parathyroid autografting should always be performed
with the initial PHPT surgery. Most experts avoid total
parathyroidectomy unless all four glands are obviously
abnormal and preservation of an in situ parathyroid rem-
nant is not possible. Grade: C Recommendation

& RECOMMENDATION 49
For patients who are found to develop PHPT after a prior
thyroidectomy, operative management should be directed
parathyroid surgery and based on the findings from pre-
operative parathyroid localization studies. Forearm
parathyroid autografting should always be performed
unless a functioning forearm autograft is known to al-
ready be present; even if intra-operative PTH values
suggest the presence of additional parathyroid tissue in
the neck. Grade: C Recommendation

& RECOMMENDATION 50
Medical therapy to control PHPT in MEN 2A should be
considered in patients with high risk of surgical mortality,
limited life expectancies, and persistent or recurrent PHPT
after one or more surgical attempts for cure. Grade: C Re-
commendation

[C] Initial diagnosis and therapy of clinically
apparent disease

Fine-needle aspiration biopsy (FNA) of thyroid nodules is
one of the most useful, safe, and accurate tools in the diagnosis
of thyroid pathology. Chang and colleagues (186) investigated
the pitfalls in the diagnosis of MTC by FNA. Cytomorphology
was reviewed in the FNA slides of 34 patients with proven
MTC. Eighty-two percent of cases were diagnosed correctly as
MTC by FNA, three cases were misdiagnosed as follicular
neoplasm and one as desmoid, and two cases were suspicious
for MTC. Thus, FNA would have indicated the need for sur-
gery due to lack of benign findings in essentially all of these
patients. Similarly, Papaparaskeva et al. (187) reported that
FNA findings indicated the need for surgery in 99% of their
MTC cases, and diagnosed MTC in 89%. They reported
that the most important cytologic criteria of MTC with FNA
were dispersed cell-pattern of polygonal or triangular cells,
azurophilic cytoplasmic granules, and extremely eccentrically
placed nuclei with coarse granular chromatin and amyloid.
Bugalho et al. (188) reported the sensitivity of FNA for MTC as
63%, compared to a sensitivity of 98% for serum Ct. However,
while only 9% of patients might have escaped surgery based
on FNA results, attention to the central neck compartment
may have been diminished in a greater number due to the lack
of suspected MTC.

Elisei and colleagues (189) reported the results of Ct screening
in 10,864 patients with thyroid nodular disease. The prevalence
of MTC found by Ct screening was 0.40%. A positive Ct test had
a higher diagnostic sensitivity and specificity compared with
FNA. Ct screening allowed the diagnosis of MTC at an earlier
stage compared to an unmatched control group diagnosed with
MTC that did not undergo Ct screening. Normalization of serum
Ct levels (undetectable) after surgery was more frequently ob-
served in the Ct-screened group. At the end of follow-up,
complete remission was observed in 59% of the Ct-screened
group and in 2.7% of the control group ( p¼ 0.0001).
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Currently, the use of serum Ct to complement FNA in
making the diagnosis of MTC remains controversial. It is
recognized that basal (>20–100 pg=mL) and pentagastrin
stimulated serum Ct levels (>100–500 pg=mL) may be used to
identify patients with MTC, but with imperfect cut-off levels
to optimize sensitivity and specificity (190,191). Karges et al.
(3) recommended that to exclude MTC, serum Ct should be
determined in patients with nodular thyroid disease. If basal
serum Ct exceeds 10 pg=mL, Ct should be analyzed by pen-
tagastrin stimulation testing, after renal insufficiency and
proton pump inhibitor medication have been excluded as
confounding contributors to the Ct level. Karges et al. (3)
report that the risk for MTC is higher than 50% in patients
with stimulated Ct values >100 pg=mL. Conversely, they re-
ported that pentagastrin-stimulated Ct values <100 pg=mL
are associated with a low risk of MTC, or very rarely, non-
metastasizing micro-MTC (size <10 mm) (3). However, pen-
tagastrin is not available for stimulation testing in the United
States and many other countries. Costante et al. (190) reported
that the positive-predictive value of basal Ct to diagnose MTC
with values �20 and �50 pg=mL, �50 and �100 pg=mL, and
�100 pg=mL were 8.3%, 25%, and 100%, respectively.

Given that MTC is present in about 0.3–1.4% of patients
with thyroid nodules (189,191–199), routine serum Ct mea-
surement in all patients with thyroid nodules has raised
concerns of cost-effectiveness, especially when many of the
operated patients would not have disease based on the im-
perfect specificity if a cut-off was chosen that optimized sen-
sitivity. Additionally, the clinical significance and natural
history of MTC diagnosed by Ct screening is unknown.
However, cost-effectiveness studies in the United States have
been favorable (200,201), although these models are quite
sensitive to multiple important decision analysis variables,
including cost of the Ct test, such that assuming a relatively
small increase in cost could substantially alter the conclusions.
Recent studies utilizing Ct measurement from thyroid nodule
FNA washings may significantly improve this testing accu-
racy (202,203), although some questions of cost-effectiveness
are likely to remain. However, the low rate of cure once dis-
ease is present outside of the thyroid gland bolsters interest in
early diagnosis and treatment.

& RECOMMENDATION 52
This Guideline defers the recommended approach to thy-
roid nodules, including FNA and serum Ct testing, to the
ATA Guideline that addresses thyroid nodules (5). How-
ever, if obtained, a basal or stimulated* serum Ct level
�100 pg=mL should be interpreted as suspicious for MTC
and further evaluation and treatment should ensue (Fig. 2).
Grade: A Recommendation

[C1] Preoperative laboratory testing for presumed MTC when
an FNA or Ct level is diagnostic or suspicious for MTC
(Fig. 2). Preoperative laboratory testing has three purposes:
first, to predict the extent of metastatic disease because this
will determine the extent of preoperative imaging and may
alter the surgical approach (Fig. 2); second, to identify the
comorbid conditions of PHPT and=or PHEO in MEN 2 that

would alter the surgical approach and surgical priorities; and
third, to identify RET mutation carriers so that testing of ap-
propriate family members can allow for early diagnosis and
treatment of affected individuals.

Although a variety of substances including carcinoem-
bryonic antigen (CEA), chromogranin A, Ct gene-related
peptide, adrenocorticotropic hormone, amyloid, somato-
statin, serotonin, and vasoactive intestinal peptide can be
produced by MTC tumor cells, Ct is the main biochemical
marker used for detection, staging, postoperative manage-
ment, and prognosis in patients with MTC. Very rarely Ct
may not be elevated in the serum despite clinically apparent
MTC (204).

Concomitant PHPT is unlikely in the absence of MEN 2A,
however, because measurement of serum calcium is readily
available and because RET oncogene testing results may
not be available before surgery (although when possible, the
germline RET mutation status of the patient should be
determined prior to surgery), preoperative measurement of
serum calcium is prudent. Similarly, PHEO is unlikely in the
absence of MEN 2. However, because PHEO would alter
operative planning it is critical that this tumor be excluded or
treated prior to surgery for MTC. Completion of both the
adrenal and neck surgeries during the same anesthesia in-
duction may be considered.

& RECOMMENDATION 53
Preoperative evaluation of patients presumed to have MTC
(when an FNA or Ct level is diagnostic or suspicious for
MTC) should include serum measurements of basal Ct, CEA,
and calcium (albumin-corrected or ionized); and RET
protooncogene analyses. PHEO preoperative screening
should begin by age 8 years for those with MEN 2B, and
mutated RET codons 634 and 630; and by age 20 years
for other RET mutations. Exclusion of PHEO may include
any of the following tests: 1) negative RET protooncogene
analysis and family history; 2) negative plasma free meta-
nephrines and normetanephrines, or negative 24-hour urine
metanephrines and normetanephrines; 3) negative adrenal
CT or magnetic resonance imaging (MRI). Grade: A Re-
commendation

[C2] Evaluation and treatment of PHEO. Routine PHEO
screening was discussed above. The high risk of anesthesia
and surgery in the presence of a PHEO dictates that its man-
agement takes the highest surgical priority. In the setting of
MTC, the presence of an extra-abdominal PHEO is rare.

& RECOMMENDATION 54
Patients with MTC and elevated plasma free metane-
phrines or normetanephrines, or elevated 24-hour urine
metanephrines or normetanephrines should undergo ad-
renal imaging for PHEO with MRI or CT scan. Grade: A
Recommendation

& RECOMMENDATION 55
In the setting of MTC, routine extra-abdominal imaging for
PHEO is not indicated. Grade: E Recommendation

*See footnote, page 574.
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& RECOMMENDATION 56
PHEO should be surgically resected after appropriate pre-
operative preparation and prior to surgery for MTC or
PHPT, preferably by laparoscopic adrenalectomy. Grade: A
Recommendation

One study documented that 22% of patients experienced
several episodes of Addisonian crisis, including a death,
after bilateral adrenalectomy. The authors concluded that
adrenal-sparing adrenalectomy and close monitoring of the
remnant may be the treatment of choice for hereditary bi-
lateral PHEO in MEN 2A, since overall recurrence is low
(205).

& RECOMMENDATION 57
Cortical-sparing adrenal surgery may be considered in
patients requiring surgery when there is only one remain-
ing adrenal gland, or when bilateral PHEOs are present.
Grade: C Recommendation

[C3] Preoperative imaging for presumed MTC when an FNA
or Ct level is diagnostic or suspicious for MTC (Fig. 2). Pre-
operative imaging is indicated because local neck or distant
metastatic disease may change the operative approach. The
sensitivity of intra-operative palpation to detect lymph node
metastases by experienced surgeons is only 64% (117). Lymph
node metastases are present in >75% of patients with palpa-
ble MTC (117,119). In the setting of an experienced ultraso-
nographer, neck US is the most sensitive test to detect local
metastases in the cervical compartments and upper aspect of
the superior mediastinum (206). However, it is common that a
higher number of malignant lymph nodes are removed sur-
gically during compartmental lymph node dissections than
were visualized preoperatively with US, which demonstrates
the reduced sensitivity of all diagnostic maneuvers to localize
the smallest lymph node metastases.

Patients with distant metastases are viewed as incurable,
and the goals of locoregional surgery may differ from the
goals of surgery in patients with less extensive disease. Distant
metastases most commonly affect the bones=bone marrow,
liver, and lungs (207). Metastases to brain and skin are less
common and associated with multisystemic disease and poor
1-year survival (208). Liver metastases often appear similar to
hepatic hemangiomas with calcifications (209). Unfortunately,
radiographic detection of distant metastatic disease is unlikely
when the preoperative Ct level is<250 pg=mL (210). Machens
et al. (94) found that radiographically identifiable distant
metastases began to appear in the primary surgery setting at a
preoperative basal serum Ct level of 400 pg=mL and at pri-
mary tumor diameters of 12 mm. In the setting of the primary
surgery, the risk of radiographically detectable distant me-
tastases exceeded 50% at preoperative basal serum Ct levels of
15,000 pg=mL, and primary tumor diameters of 50 mm (94).
Distant metastases were almost always present when preop-
erative basal serum Ct levels were >100,000 pg=mL or the
primary tumor diameter was >60 mm (94). The cumulative
risks of distant metastases did not differ between sporadic and
hereditary MTC (94).

Giraudet et al. (206) reported that the most sensitive
methods to detect metastases in the neck was US followed by
contrast-enhanced CT. CT was most sensitive to detect lung
and mediastinal lymph node metastases. Contrast-enhanced

MRI was the most sensitive to detect liver metastases. Axial
MRI and bone scintigraphy were complementary and most
sensitive to detect bone metastases. Fluorodeoxyglucose
positron emission tomography (FDG PET) was less sensitive
than these modalities to identify metastases. Oudoux et al.
(211) also found that CT was more sensitive than FDG PET for
the lung and liver, and that MRI of the spine and pelvis was
more sensitive than FDG PET to detect bone and bone mar-
row metastases. However, FDG PET was more sensitive than
CT to detect disease in the neck and mediastinum in their
series. While correlated, Ct doubling time (DT) and the CEA
DT are better predictors of tumor progression than is the
FDG PET maximum standardized uptake value (SUVmax)
(211,212).

Unfortunately, no single test provides optimal whole-body
imaging. This Task Force concluded that a comprehen-
sive preoperative imaging strategy was not practical, and
probably was not necessary to guide initial therapy as nearly
all patients with residual disease postoperatively can be
identified biochemically and selected then for further evalu-
ation.

& RECOMMENDATION 58
Preoperative neck US is recommended for all patients
when an FNA or Ct level is diagnostic or suspicious for
MTC. Grade: A Recommendation

& RECOMMENDATION 59
Preoperative chest CT, neck CT, and three-phase contrast-
enhanced multidector liver CT or contrast-enhanced MRI is
recommended for all patients with suspected MTC when
local lymph node metastases are detected (N1), or the se-
rum Ct is >400 pg=mL. Grade: C Recommendation

& RECOMMENDATION 60
FDG PET imaging and somatostatin receptor imaging
are not recommended for routine initial screening for
MTC metastases in patients when an FNA and=or Ct level
is diagnostic or suspicious for MTC. Grade: E Recom-
mendation

[C4] Surgery for MTC patients without advanced local invasion
or cervical node or distant metastases (Fig. 2). These patients
have not undergone prior thyroidectomy, have no evidence of
cervical lymph node metastases by physical examination and
cervical US. MTC has a high rate of lymph node metastases
(117,119) that are suboptimally detected preoperatively in the
central compartment by US or intra-operatively by the sur-
geon (117), and re-operation is associated with a higher rate of
surgical complications (119). For these reasons, most au-
thors advocate for a total thyroidectomy and prophylactic
central neck dissection in the setting of clinically detected
MTC (12).

& RECOMMENDATION 61
Patients with known or highly suspected MTC with no
evidence of advanced local invasion by the primary tumor,
no evidence cervical lymph node metastases on physical
examination and cervical US, and no evidence of distant
metastases should undergo total thyroidectomy and pro-
phylactic central compartment (level VI) neck dissection.
Grade: B Recommendation
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Because of the low rate of biochemical cure in patients with
lymph node metastases or large primary tumors, there is di-
minished enthusiasm for prophylactic lateral neck dissec-
tions. Indeed, Machens et al. (94) reported that the cumulative
rates of biochemical remission (basal and pentagastrin-
stimulated serum Ct <10 pg=mL) in node-negative MTC pa-
tients declined to 50% when the preoperative basal serum Ct
levels was>300 pg=mL, or the primary tumor measured more
than 10 mm. Overall, 38% of node-negative MTC patients
who undergo extensive surgery failed to achieve normal
postoperative serum Ct levels, suggesting early radiographi-
cally occult distant metastases (94). In node-positive patients,
only 10% achieved postoperative basal and pentagastrin-
stimulated serum Ct levels <10 pg=mL, which did not hap-
pen when the preoperative basal Ct level was >3000 pg=mL
or the tumor was >40 mm in diameter (94). The correlation
with biochemical remission was better for basal than for
pentagastrin-stimulated serum Ct levels. About 3.3% of pa-
tients that achieve biochemical remission are likely to dem-
onstrate biochemical recurrence over the subsequent 0.7 to
7.5 years (213). In addition, lateral neck compartmental
dissection can be associated with long-term cosmetic and
functional consequences. Thus, in the current era of high
resolution neck imaging, lateral neck dissection (levels IIA,
III, IV, V) may be best reserved for patients with positive
preoperative imaging, although a minority of the Task Force
favored prophylactic lateral neck dissection when lymph
node metastases were present in the adjacent paratracheal
central compartment.

[C5] Surgery for MTC patients with limited local disease and
limited or no distant metastases (Fig. 2). Limited local dis-
ease is considered �T3 and �N1b lymph node status with
subcentimeter lymph node metastases including those with
minor extra-nodal extension (Table 4). Limited distant me-
tastases are typically subcentimeter in size but may also in-
clude macroscopic distant metastases when they are few in
number. Significant differences in survival times are present
between patients who achieve complete remission, those
with biochemically persistent disease postoperatively, and
those with distant metastases (214). Unfortunately, most
MTC patients with metastases to regional lymph nodes are
not biochemically cured despite aggressive surgery to in-
clude bilateral neck dissection. Modigliani et al. (40) dem-
onstrated in multivariate analysis that age and stage were
independent predictive factors of survival, whereas the type
of surgery was not. However, in patients with persistent
elevations in Ct levels, survival was still good: 80.2% and
70.3% at 5 and 10 years, respectively. Similarly, Pelizzo et al.
(12) demonstrated in multivariate analysis that age, stage,
and extent of surgery were independent predictive factors of
survival; with more extensive surgery correlating with a
worse prognosis. Leggett et al. (215) demonstrated that an
increased number of lymph nodes resected was associated
with improved survival in node-positive patients by cate-
gorical (1 lymph node versus >1 lymph node), but not con-
tinuous, multivariate analysis. This finding was interpreted
to indicate a finite benefit to increasing the number of lymph
nodes resected with patient outcome being dominated by
patient age and tumor size. Machens et al. (94) reported a 10%
rate of normalization of postoperative basal Ct levels in node-
positive MTC patients. Metastases in 10 or more lymph

nodes, or involvement of more than two lymph node com-
partments nearly precludes normalization of serum Ct
(119,216,217). Unfortunately, lymph node involvement is
common and the incidence of lateral compartment lymph
node metastases is related to the incidence of central com-
partment lymph node metastases. Machens et al. (218) re-
ported that the rate of ipsilateral lateral compartment lymph
node metastases when no central compartment lymph node
metastases were present, 1–3 central lymph node metastases
were present, or when �4 central lymph nodes were pres-
ent was 10.1%, 77%, and 98%, respectively. The rate of con-
tralateral lateral compartment lymph node metastases when
no central compartment lymph node metastases were pres-
ent, 1–9 central lymph node metastases were present, or
when �10 central lymph nodes were present was 4.9%, 38%,
and 77%, respectively. However, resection of local disease
may decrease the risk of local recurrence (13,119,219), and
clearance of the central compartment may prevent future
complications such as invasion into the recurrent laryngeal
nerve or aerodigestive track with resulting loss of speech or
swallowing (12). For these reasons, most authors suggest that
if metastastic lymph nodes are identified, then a compart-
ment-oriented lymph node dissection should be done
(12,81,94,220–224).

& RECOMMENDATION 62
MTC patients with suspected limited local metastatic
disease to regional lymph nodes in the central compart-
ment (with a normal US examination of the lateral
neck compartments) in the setting of no distant (extra-
cervical) metastases, or limited distant metastases
should typically undergo a total thyroidectomy and
level VI compartmental dissection. A minority of the
Task Force favored prophylactic lateral neck dissection
when lymph node metastases were present in the adjacent
paratracheal central compartment. Grade: B Recom-
mendation

& RECOMMENDATION 63
MTC patients with suspected limited local metastatic dis-
ease to regional lymph nodes in the central and lateral neck
compartments (with US-visible lymph node metastases in
the lateral neck compartments) in the setting of no distant
metastases, or limited distant metastases should typically
undergo a total thyroidectomy, central (level VI), and lat-
eral neck (levels IIA, III, IV, V) dissection. Grade: B Re-
commendation

& RECOMMENDATION 64
In the presence of distant metastatic disease, less aggressive
neck surgery may be appropriate to preserve speech,
swallowing, and parathyroid function while maintaining
locoregional disease control to prevent central neck mor-
bidity. Grade: C Recommendation

[C6] Surgery for MTC patients with advanced local disease or
extensive distant metastases (Fig. 2). In most patients, the sur-
gical goal is thyroidectomy, level VI compartmental dissec-
tion, and therapeutic (clinical or image-positive) lateral neck
dissection. However, in the presence of extensive distant
metastases or advanced local features, the goals of surgi-
cal therapy are typically more palliative with attention to

ATA MEDULLARY THYROID CANCER GUIDELINE 585



minimizing complications, such as hypoparathyroidism, and
maintaining normal speech and swallowing. These patients
should additionally be considered for clinical trials, and other
palliative therapies including surgery, external beam radiation
therapy (EBRT), and hepatic embolization. In patients with in-
filtrative central neck disease that does not involve the trachea or
esophagus, the extent of local surgery—especially with respect
to unilateral resection of the recurrent laryngeal nerve when the
tumor or associated nodal disease can not be completely sepa-
rated from the nerve—remains controversial even among the
expert panel. In patients with high volume extra-cervical meta-
static disease, preservation of speech and swallowing is the
major goal of therapies (to include surgery) directed at the neck.
In patients with small volume extra-cervical metastatic disease,
or disease confined to the neck, a more aggressive approach to
locally invasive central compartment disease may be more ap-
propriate to prevent local tumor recurrence; in some patients,
resection of a unilateral recurrent laryngeal nerve and the use of
adjuvant EBRT may be appropriate.

In patients with locally invasive MTC that involves the
trachea, thyroid cartilage, and=or esophagus, the extent
of extirpative surgery performed in the neck (palliative
debulking, laryngectomy, esophagectomy, laryngopharyn-
gectomy, or observation alone) is influenced by an assess-
ment of the patient’s life expectancy based on the extent of
extra-cervical metastatic disease and other medical co-
morbidities. The desire for the short-term maintenance of
speech and swallowing is balanced by the concern for long-
term locoregional disease control and critical to this balance
is the estimated duration of survival. These decisions may be
best individualized by an experienced multidisciplinary
treatment team.

& RECOMMENDATION 65
In the presence of advanced local or distant disease, less ag-
gressive neck surgery may be appropriate to maintain local
disease control while preserving speech, swallowing, and
parathyroid function. Grade: C Recommendation

& RECOMMENDATION 66
In patients with extensive distant metastases a palliative neck
operation may still be needed when there is pain, or evidence
of tracheal compromise and the need to maintain a safe
airway. Otherwise, in the setting of moderate to high volume
extra-cervical disease, neck disease may be observed and
surgery deferred (Task Force opinion was not unanimous).
Grade: C Recommendation

[C7] Thyrotropin suppression therapy in MTC. Differ-
entiated epithelial cell–derived thyroid cancers are thyrotropin
(TSH)-dependent and suppression of TSH is desirable to arrest
or retard the rate of cell growth (5). By contrast, C-cell tumors
are not TSH-dependent and there is no evidence that thyroxine
(T4) therapy aimed at TSH suppression reduces recurrences or
improves survival of patients with MTC. Serum TSH should be
measured 2–3 months postoperatively, and T4 dose adjusted to
keep the TSH in the normal range.

& RECOMMENDATION 67
Replacement rather than suppressive T4 therapy with
target serum TSH levels between 0.5 and 2.5 mIU=L is

recommended for patients with MTC. Grade: B Recom-
mendation

[C8] Somatic RET testing in sporadic MTC. The presence of
somatic RET mutations in sporadic MTC cells is about 40–50%
(35–37), however, these tumors are heterogeneous and me-
ticulous microdissection studies have shown somatic RET
mutations in up to 80% of sporadic MTCs, most commonly
918ATG?ACG (225,226), and less frequently at codon 634
and others (37).

There are two main reasons to consider genotyping spo-
radic MTCs. First, is that tumor mutation status may predict
its response to therapy. Many of the new small molecule
therapeutics are designed to target RET, or its downstream
pathways, thus theoretically patients whose MTCs contain
somatic RET mutations, compared to those whose MTCs do
not, might be more likely to respond to these compounds.
So far, however, this hypothesis has not been proven in
MTC. Moreover, because many of the tyrosine kinase inhibi-
tors entering clinical trials at present inhibit multiple kinases,
the precise mechanisms by which they may inhibit tumor
growth and=or progression may not be predicted by RET
mutations.

A second reason to consider analyzing sporadic MTCs for
somatic RET mutations is that some studies have demon-
strated that tumors with an identifiable RET mutation have a
more aggressive course than those without RET mutations
(36,37,227). However, others have not found this associa-
tion (226). Recently, Elisei et al. (37) reported that the presence
of a somatic RET mutation in sporadic MTC was associated
with larger tumor size, the presence of nodal and distant
metastases, and advanced stage at diagnosis. On multivariate
analysis of all prognostic factors correlated with persistent
disease or death, only advanced stage at diagnosis and the
presence of a RET mutation showed an independent correla-
tion. However, it is not clear how knowledge of the somatic
RET mutational status would change patient management, or
how this predictor of the clinical course compares to others
such as the Ct or CEA DTs.

& RECOMMENDATION 68
Currently, sporadic MTC tumors should not be routinely
evaluated for somatic RET mutations, although agreement
amongst the Task Force was not unanimous. Grade: D
Recommendation

[D] Initial evaluation and treatment
of postoperative patients

[D1] Postoperative staging systems. Postoperative staging
is helpful in separating low-risk from high-risk patients with
MTC. The updated (2002) American Joint Committee on
Cancer (AJCC)=International Union Against Cancer (UICC)
staging system has been applied to MTC by a number of
investigators. The TNM system utilizes tumor size, extra-
thyroidal invasion, nodal metastasis, and distant spread of
the cancer (Table 4). However, the TNM classification lacks
important prognostic factors such as gradations of age, the
postoperative Ct level, or the postoperative Ct and CEA DTs.
Indeed, Barbet et al. (228) reported that only the Ct DT re-
mained an independent predictor of survival by multivariate
analysis.
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& RECOMMENDATION 69
Postoperatively, the TNM classification (Table 4) and other
factors, such as the postoperative Ct level and the Ct and
CEA DTs, should be used to predict outcome and to help
plan long-term follow-up of patients with MTC (Figs. 3 and
5). Grade: C Recommendation

[D2] Completion thyroidectomy and lymph node dissection after
hemithyroidectomy (Fig. 4). Occasionally, a patient undergoes
a hemithyroidectomy and the diagnosis of MTC is made
postoperatively. Patients with (or at risk) of residual meta-
static or contralateral MTC are likely to benefit from

completion thyroidectomy, including (bilateral) central com-
partment lymph node dissection. The incidence of multifocal
MTC in heritable MEN 2 is about 75% (116–119), while in
sporadic MTC the incidence is 0–22% (116,119–121). Additional
patients likely to benefit from further surgery would include
those treated with a hemithyroidectomy who have an elevated
postoperative basal serum Ct value. However, the ideal post-
operative Ct cut-off value is unknown. Pelizzo et al. (12) ad-
vocated for completion thyroidectomy and lymphadenectomy
if the postoperative serum Ct remained detectable; however,
the outcome of this procedure in their patients was not
reported. Using the Advantage system (Nichols Institute
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FIG. 4. Management of MTC after hemithyroidectomy.
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Diagnostics), Basuyau et al. (144) found the 95th percentile of
adult serum Ct to be 5.2 and 11.7 ng=L in women and men,
respectively (144). In the setting of a hemithyroidectomy, one
may expect the normal range in women and men to be ap-
proximately half of these values. For simplicity, the upper
normal value of the reference range may be a reasonable cut-off
value. Patients with a post-hemithyroidectomy serum Ct levels
above this cut-off should likely be evaluated and treated ac-
cording to Fig. 2. However, there is an absence of data on which
to base these conclusions, and the decision to follow a patient
with sporadic MTC after hemithyroidectomy without central
lymph node dissection should be made on an individual basis
weighing the potential risks and benefits of additional surgery.
During follow-up, a rise in the basal serum Ct should prompt
additional imaging (Fig. 5).

& RECOMMENDATION 70
Patients with MTC diagnosed after hemithyroidectomy
(including those with microscopic MTC) should undergo
RET oncogene testing, measurement of serum Ct, and neck
US. Grade: A Recommendation

& RECOMMENDATION 71
Additional testing and therapy (to likely include comple-
tion thyroidectomy and central lymph node dissection)
should be offered if histology shows multicentric tumor,
CCH, extra-thyroidal extension, or positive surgical mar-
gin; when neck US is suspicious for persistent local disease
in the contralateral thyroid lobe, or central or lateral neck
compartments; when RET mutation is positive; or when
family history is positive for MEN 2. See Fig. 2. Grade: B
Recommendation

& RECOMMENDATION 72
Patients treated with hemithyroidectomy who demon-
strate unifocal intrathyroidal sporadic MTC confined to the
thyroid who have no CCH, negative surgical margin, and
no suspicion for persistent disease on neck US may be
considered for additional surgery or follow-up without
additional surgery if the basal serum Ct is below the upper
normal of the reference range more than 2 months after
surgery (Fig. 5). Those with a basal serum Ct above the
normal reference range should undergo additional testing
and therapy (to often include completion thyroidec-
tomy and central lymph node dissection) per Fig. 2. Grade:
B Recommendation

[D3] Laboratory testing after resection of MTC
(Fig. 3). Measurements of the serum markers Ct and CEA
are important in the follow-up of patients with MTC, and
reliably reflect the presence and volume of disease in the vast
majority of patients (229). These tumor markers typically re-
quire several months after surgery to achieve their nadir, al-
though even longer time frames have been reported (229,230).

& RECOMMENDATION 73
MTC serum tumor markers (Ct and CEA) should be
measured 2–3 months postoperatively. Grade: B Re-
commendation

[D4] Testing and treatment of patients with undetectable
postoperative basal serum Ct (Fig. 5). Serum Ct is a sensitive
marker of residual MTC. In a study of 214 athyreotic patients
following thyroidectomy for differentiated thyroid carci-
noma, the Ct concentrations were below the detection limit in
all patients (231). In addition to basal serum Ct, a pentagastrin
(or calcium when pentagastrin is not available) stimulated* Ct
level may be obtained (232). When both the basal and the
stimulated serum Ct are undetectable the patient is in com-
plete biochemical remission and has about a 3% chance of
biochemical recurrent disease during follow-up (213). Mod-
igliani et al. (40) reported that biochemical cure (using a less
stringent definition) was predicted solely by disease stage,
rather than type of surgery, and predicted a survival rate of
97.7% at 10 years.

Pentagastrin is not available in the United States and cal-
cium stimulation testing is widely held to be inferior. The role
of stimulation testing has diminished in recent years in the
absence of pentagastrin and the improved sensitivity of basal
serum Ct. Currently, when only the stimulated Ct level is
detectable, the volume of residual disease is very low, un-
likely to be found by imaging, and unlikely to be resolved
with additional therapy.

& RECOMMENDATION 74
When the postoperative basal serum Ct is undetectable
(along with an undetectable stimulated serum Ct if
performed, although the majority of the Task Force felt it
was unnecessary), the risk of persistent or recurrent resid-
ual disease is low, and other tests or imaging techniques are
not immediately required and the patient may enter into
long-term follow-up. A neck US may be considered to es-
tablish a baseline. Grade: E Recommendation

[D5] Testing and treatment of patients with a detectable, but
modestly elevated postoperative basal serum Ct (Fig. 3). Modest
Ct levels after surgery are considered detectable, yet
<150 pg=mL. These levels may be associated with only
locoregional disease. Distant metastases are also possible
(212), but when associated with modest serum Ct levels they
are usually of small size or in limited number, and are difficult
to detect (210,233). An example of the average relationship
between tumor volume and serum Ct concentration is the
report by Wells and colleagues (79) that 1 cm3 of MTC pri-
mary tumor was associated with a serum Ct level of ap-
proximately 1000 pg=mL (79). However, there are rare
patients with poorly differentiated MTC that is associated
with limited Ct levels despite large tumor deposits. They may
be suspected based on their disproportionately high CEA
levels and rapid CEA DTs, although even more rare MTC
patients are described that lack elevation of both serum Ct and
CEA (234).

Localization of disease should start with careful examina-
tion by neck US (235). If suspicious lymph nodes are detected,
FNA should typically be performed to confirm the diagnosis.
Recently, several studies have suggested that measurement of
Ct in the FNA washout fluid from suspected local recurrences
and lymph node metastases may have higher sensitivity and
specificity (203).

*See footnote, page 574.
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Other optional imaging techniques include neck and chest
CT, liver three-phase contrast-enhanced CT or contrast-
enhanced MRI, liver US, bone scintigraphy, bone MRI of the
spine and pelvis, 18F-dihydroxyphenylalanine (DOPA) PET,
and FDG-PET (206,207,209,233,236–241). The sensitivity of
these tests range between 50% and 80% in localizing the dis-
ease, but is likely to be significantly lower in the setting of
modest serum Ct values (233,240,241). Anti-CEA antibodies
have been used for imaging and therapy (207,242), while
scintigraphy with several tracers—such as somatostatin ana-
logs (243–247), metaiodobenzylguanidine (MIBG), dimercap-
tosuccinic acid (DMSA), and gastrin—are usually less sensitive
(233,248,249), and have also been used for therapy (250,251).

& RECOMMENDATION 75
Postoperative MTC patients with detectable serum Ct lev-
els <150 pg=mL should be evaluated with neck US. Grade:
B Recommendation

& RECOMMENDATION 76
In addition to neck US, postoperative MTC patients with
detectable serum Ct levels that are <150 pg=mL may be
considered for additional imaging to serve as baseline ex-

aminations for future comparison even though these
studies are usually negative. Alternatively, this additional
imaging can be deferred and subsequently implemented
should the serum Ct rise over time. Grade: C Recom-
mendation

Regarding treatment, the surgical principles outlined for
initial surgical therapy largely apply. Whenever the residual or
recurrent disease has been localized in the neck, there is the
opportunity for a second surgical procedure. Several series
have reported experience with repeat neck surgery for MTC
(252–257); however, there have been no randomized trials
whereby patients have been staged and randomized to treat-
ment versus observation alone cohorts. In most of the series,
about one third of patients have their basal or stimulated
plasma Ct levels in the ‘‘normal range’’ after re-operation, while
the number achieving an undetectable serum Ct level using a
sensitive assay is less clear. Long-term outcomes in these pa-
tients have been fairly good, with excellent prevention of re-
currence in the central neck, and durable reductions in Ct levels
reported by some groups. Perhaps the most encouraging re-
sults were reported by Fialkowski et al. (258) from a series of
148 patients who had re-operations for recurrent or residual
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while those associated only with FMTC should be screened at least periodically.    

Status—post 
hemithyroidectomy
in sporadic MTC
(Fig. 4)

Is calcitonin 
above the 
normal 
reference 
range?

Disease not 
identified.

FIG. 5. Long-Term surveillance.

ATA MEDULLARY THYROID CANCER GUIDELINE 589



MTC. Compartmental ‘‘microdissection’’ was performed on all
patients, as described by Tissel et al. (255). Four patients died of
their disease while 50 patients were alive with 8–10 year follow-
up data available; 23 of 50 patients (46%) had basal Ct
levels greater than or equal to their basal Ct levels prior to re-
operation. Thirteen of 50 (26%) had basal Ct levels at least 30%
lower than their basal preoperative levels, and 14 of the 50
(28%) had basal Ct levels of <10 pg=mL. Overall, 6 of 54 pa-
tients (11%) had an undetectable basal serum Ct level at their
last follow-up evaluation. A total of 25 of the 54 (46%) patients
had a basal serum Ct level<100 pg=mL at their last evaluation
and none had any radiologic evidence of recurrence. Kebebew
et al. (253) reported on 33 MTC patients who underwent 46 re-
operations for locoregional residual MTC, and only two (6%)
had postoperative undetectable basal Ct levels. These two pa-
tients had relatively low preoperative basal Ct levels of only
53 ng=L and 322 ng=L, and only three of their resected lymph
nodes demonstrated metastases. On balance, re-operation with
curative intent has a place in the management of patients with
persistent or recurrent MTC localized to the neck which may
prevent clinical or radiographic tumor recurrence; however,
the majority of these patients will not become biochemically
free of disease.

& RECOMMENDATION 77
Surgical resection of locoregional recurrent or persistent
MTC in patients without distant metastases or with mini-
mal distant metastases should include compartmental
dissection of image or biopsy positive disease in the central
(level VI) or lateral (levels IIA, III, IV, V) neck compart-
ments. Removal of only grossly metastatic lymph nodes, or
other limited procedures, should be avoided in the absence
of extensive prior surgery in that compartment. Grade: B
Recommendation

When there is no anatomic evidence of disease, despite
detectable serum Ct, the best option is observation (259).
Empiric surgical procedures aimed to remove all the lymph
nodes of the neck and the mediastinum have been proposed,
but the results have largely been disappointing. These pro-
cedures may yield no tumor resection and are unlikely to
provide a biochemical remission (80).

& RECOMMENDATION 78
In the absence of residual anatomically identifiable disease
(neck US and CT) in a thyroidectomized patient with a
measurable Ct level who has not previously undergone a
level VI compartmental dissection, an empiric central com-
partment dissection may be considered but remains contro-
versial. Grade: C Recommendation

In case of distant metastases (M1), observation or palliative
therapy (including surgery) may be considered. It is impor-
tant to remember that these patients are incurable, and the
risks and benefits of any procedure should be carefully con-
sidered. Considerations typically include the location of the
lesion(s), their risk for harm, and their rate of growth (if
known). These issues are further addressed below under the
heading Management of persistent or recurrent MTC.

[D6] Testing and treatment of patients with a significantly
elevated postoperative basal serum Ct (Fig. 3). Significantly

elevated Ct levels after surgery are defined as >150
pg=mL. The higher the Ct level, the greater the chance that the
patient has demonstrable distant metastases (212). The evalu-
ation of these patients is similar to when the basal postoperative
Ct is detectable but limited (<150 pg=mL); however, a search
for distant metastases is now emphasized (Fig. 3). Machens et al.
(94) reported that distant metastases began appearing at pre-
operative basal serum Ct levels of 150 pg=mL in patients un-
dergoing re-operation. The cumulative risks of identifiable
distant metastases exceeded 50% at preoperative basal serum
Ct levels of 5000 pg=mL in the re-operative setting. In the re-
operative setting, distant metastases were almost always found
when the preoperative basal serum Ct level exceeded
20,000 pg=mL. Similarly, Giraudet et al. (212) reported that in
patients with one, or two to four sites of distant metastases the
median Ct values were 1510 pg=mL (21–6000 pg=mL) and
18,450 pg=mL (276–247,000 pg=mL), respectively (212).

& RECOMMENDATION 79
In addition to neck US, postoperative MTC patients with
serum Ct levels �150 pg=mL should undergo additional
imaging techniques to evaluate for distant metastases (see
Fig. 3). Grade: Recommendation B

The concepts regarding therapy for postoperative MTC
patients with serum Ct levels �150 pg=mL are similar to those
outline for initial therapy (Fig. 2) (260). However, these patients
typically require consideration of locoregional disease control
and may require palliation of distant metastases that ideally
would benefit from an effective systemic therapy. Un-
fortunately, while several chemotherapeutic protocols have
been proposed, all of them have limited value, with remission
(usually partial) reported in no more than 30% of the cases, and
usually short lasting. Stabilization of the disease has been re-
ported in several series, but due to the slow evolution of the
disease, it is difficult to definitively attribute the stabilization to
the therapy rather than to the natural history of the disease
alone. In many MTC patients with metastatic disease, the lo-
coregional disease is small (<1 cm) and nonthreatening, and
distant metastases are asymptomatic and stable. For these
patients, immediate intervention is of unknown benefit and
they may be observed. Current highly sensitive neck imaging is
increasingly identifying small lymph node metastases that can
be challenging for the surgeon to find and remove in their
entirety, especially from neck compartments that have previ-
ously been operated. Many surgeons have arbitrarily consid-
ered 1 cm as a clinically appropriate size for lymph node
metastases to consider re-operation. Percutaneous ethanol in-
jection of locoregional MTC has been utilized (261) and may be
a useful tool for locoregional disease control, although it is
unclear exactly where and when it is best utilized. Rapid
progress in drug development may allow more meaningful
systemic therapy for MTC patients in the future should they
demonstrate progressive disease. Treatment with somatostatin
analogs or interferon has shown no convincing evidence of
tumor stabilization or regression (262).

& RECOMMENDATION 80
In postoperative MTC patients with serum Ct levels
�150 pg=mL with small (<1 cm) locoregional lymph node
metastases that are nonthreatening, and with no evidence
of distant metastases, immediate intervention is of un-
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known benefit and such lymph nodes may be observed
or undergo re-operative compartmental dissection of
image or biopsy-positive compartments. Grade: C Re-
commendation

& RECOMMENDATION 81
In postoperative MTC patients with serum Ct levels
�150 pg=mL with small (<1 cm) locoregional metastatic
disease that is asymptomatic and nonthreatening, and with
distant metastases, immediate intervention towards the
locoregional disease is of unknown benefit and such lymph
nodes may be observed. Grade: C Recommendation

& RECOMMENDATION 82
Postoperative MTC patients with serum Ct levels
�150 pg=mL with symptomatic and=or progressive locor-
egional disease >1 cm should be considered for locor-
egional therapy (e.g., surgery), while those with
symptomatic distant metastases should be considered for
clinical trials and palliative therapies such as surgery,
EBRT, percutaneous interventions, and hepatic emboliza-
tion. Grade: B Recommendation

& RECOMMENDATION 83
The routine use of cytotoxic chemotherapy should be dis-
couraged in patients with MTC. It may be considered for
selected patients with rapidly progressive disease not
amenable to clinical trials or other palliative therapies dis-
cussed below under Management of persistent or recur-
rent metastatic MTC. Grade: E Recommendation

& RECOMMENDATION 84
Somatostatin analogs are ineffective to control tumor
growth and typically should not be considered for this
purpose. Grade: F Recommendation

[D7] Role of postoperative radioiodine ablation. In the past a
few reports suggested that metastatic MTC could be identi-
fied by radioactive iodine (RAI) scanning and, there-
fore, could be treated by RAI. However, it seems likely that
metastatic differentiated epithelial cell–derived thyroid car-
cinoma may have been erroneously diagnosed as MTC.
Others considered the possibility that RAI uptake into
nearby follicular cells may provide therapy to adjacent MTC
via a ‘‘bystander effect’’ (263,264). However, recent studies do
not confirm that RAI treatment plays a role in the postoper-
ative management of patients with MTC, either as remnant
ablation or treatment of residual, recurrent, or metastatic
disease (248).

& RECOMMENDATION 85
Postoperative radioactive iodine is not recommended
for patients with MTC in the absence of concomitant epi-
thelial cell–derived differentiated thyroid cancer. Grade: E
Recommendation

[D8] Role of empiric liver or lung biopsy, hepatic vein sampling,
systemic vascular sampling, or hepatic angiography. Sampling
procedures have most commonly been considered for one of
two reasons. One reason is that a suspicious anatomic lesion

was identified and positive sampling of the lesion would alter
therapy towards it. Empiric sampling or empiric biopsies
were also used to exclude distant occult metastases before
embarking on extensive locoregional surgery with curative
intent. Previously, routine direct liver examination by lapa-
roscopy was found to be helpful in staging patients with el-
evated Ct levels, and no anatomic evidence of MTC
metastases by routine imaging. Diagnostic laparoscopy en-
abled the surgeon to examine the surface of the liver with
magnification, and small liver metastases were detected in
25% of these patients (265). Re-operation with ‘‘microdissec-
tion’’ in these patients was avoided in these Ct-positive patients
who typically had previously undergone thyroidectomy
without node dissection (266). Now, however, most patients
have a lymph node dissection done as part of their primary
operation, so the opportunity to apply this method is less fre-
quent. In addition, it is recognized that many of these patients
undergoing re-operation are still not biochemically rendered
free of disease despite their negative liver evaluations, so that
enthusiasm for re-operation in the absence of anatomically
identified neck disease is diminished and the goals of therapy
have shifted to more palliative rather than curative approaches.
Further, radiological evaluation of the neck has become much
more sensitive (especially US). Thus, patients with elevated
serum Ct levels and negative imaging may be observed. Recent
natural history studies indicate that such patients have a good
prognosis (39,62,118,214,228,267). This approach can likely be
extended to similar patients with small (<1 cm) locoregional
metastases, especially if the Ct and CEA DTs are >2 years
(62,212,228,268,269) (see section below on Management of
persistent or recurrent metastatic MTC).

Concomitantly, enthusiasm for hepatic vein sampling (270)
and hepatic angiography (271) have also diminished. These
methods have been used to identify otherwise occult hepatic
metastases, and improve preoperative staging in patients
considering re-operation (270). Similarly, systemic vascular Ct
sampling searching for Ct gradients from the neck or lungs
have attempted to localize residual disease (272–274). How-
ever, biological cure was obtained in only a small percentage,
if any, of these operated patients (272). Furthermore, recur-
rence rate and death rate were not significantly lower than
those observed in patients treated by surgery without venous
sampling (252–257,259,273).

& RECOMMENDATION 86
We do not recommend the routine use empiric liver or lung
biopsies, hepatic vein sampling, systemic vascular sam-
pling, or hepatic angiography prior to re-operation. These
diagnostic procedures should be used sparingly, if at all.
Grade: D Recommendation

[E] Management of persistent or recurrent MTC

[E1] Goal of management of patients with metastatic MTC:
choosing when metastases require treatment. All patients with a
history of cancer, especially one that is incurable and pro-
gressive, benefit from good psychological support. The ideal
goal for all cancer patients would be to be free of disease
without morbidity. Unfortunately, that is currently unlikely
in patients with metastatic MTC because multifocal, and often
multi-organ, metastases frequently develop early in the course
of the disease. More realistic aims of current therapy are
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palliative and strategically prophylactic. The goals of man-
aging patients with persistent or recurrent metastatic disease
are to provide locoregional disease control; palliate the
symptoms of hormonal excess (such as diarrhea or Cushing’s
syndrome); palliate symptomatic distant metastases (such as
pain); and control distant metastases that threaten to cause
harm (such as impending bronchial obstruction, fracture, or
spinal cord compression). The availability of new therapeutic
compounds may change the management of metastatic dis-
ease in the future.

Metastases are often discovered at an early stage because
detectable Ct levels lead to a compulsive search for them.
When distant metastases are discovered, the initial decision is
to choose which lesions require therapy. This decision must
balance the usual slow rate of progressive disease and the
prolonged life expectancy with good quality of life that many
patients enjoy against the limited efficacy and potential toxi-
cities of available local and systemic therapies.

& RECOMMENDATION 87
Active treatment is most often indicated in patients with
lesions in critical locations such as brain metastases, im-
pending or active central nervous system compression,
airway compromise, symptomatic lesions, hormonal se-
cretion, and impending or active fracture of a weight
bearing bone. Grade: A Recommendation

[E2] Management of patients with metastatic MTC: determin-
ing tumor burden and rate of progression using sequential imaging
and tumor marker DTs. Patients requiring active treatment
typically include those with either a large tumor burden and=
or a rapid rate of progression. Tumor burden is estimated
from a complete imaging work-up (Fig. 5) (206,211,241). The
progression rate can be assessed using response evaluation
criteria in solid tumors (RECIST) on sequential imaging ex-
aminations or using a surrogate marker, such as Ct DT and
CEA DT that are closely related to the progression rate
(62,212,228,268,269). The use of tumor marker results from
multiple time points helps eliminate the impact of short-term
tumor marker fluctuation often seen when comparing results
to only the prior values. Barbet et al. (228) studied MTC pa-
tients with abnormal Ct levels after total thyroidectomy and
bilateral lymph node dissection. When the Ct DT was less
than 6 months, the 5- and 10-year survivals were 25% and 8%,
respectively; when 6–24 months, the 5- and 10-year survivals
were 92% and 37%, whereas all patients with Ct DT greater
than 2 years were alive at the end of the study. TNM stage,
European Organization for Research and Treatment of Cancer
score, and Ct DT were significant predictors of survival by
univariate analysis, but only the Ct DT remained an inde-
pendent predictor of survival by multivariate analysis. Ct DT
was a better predictor than CEA DT, and Ct DT calculated
using only the first four measurements was also an indepen-
dent predictor of survival. Giraudet et al. (212) reported that
the Ct DT and CEA DT were strongly correlated in 80% of
patients, such that when they were both �24 or >24 months
then progressive disease at 1 year was seen in 94% and 14% of
cases, respectively. However, when the DTs were discordant,
if only Ct DT or CEA DT was �24 months then progressive
disease at 1 year was seen in 40% and 75% of cases, respec-
tively, and thus determination of both DTs was recommended
(212). To calculate the tumor marker DT, single exponentials

are fitted to the tumor marker concentration by nonlinear least
square regression. Reliable estimates are obtained using a
minimum of four data points obtained over a minimum of 2
years for most patients; however, the DT of patients with DT
<6 months can be reliably estimated within the first 12
months (228). To assist with these computations a tumor
marker DT calculator is available on the ATA website
(http:==www.thyroid.org).

& RECOMMENDATION 88
Asymptomatic patients with small volume metastatic
disease that is stable to slowly progressive as deter-
mined by anatomic imaging, or Ct and CEA DT >2 years,
typically do not require systemic therapy, and the deci-
sion to initiate such treatment should be made with
the patient only after a thorough discussion. Grade: E
Recommendation

& RECOMMENDATION 89
Patients with rapidly progressive disease by anatomic im-
aging or biochemical DT<2 years should be considered for
treatment, ideally in the context of a well-designed clinical
trial. Grade: B Recommendation

[E3] Management of Ct-positive, but imaging-negative pa-
tients. Patients with detectable serum Ct levels should be
imaged to detect persistent or recurrent disease as previously
described (Fig. 3). In those without anatomically identified
disease, long-term surveillance is indicated. The optimal
timing of this follow-up has not been determined, but because
the Ct and CEA DTs are predictive of tumor progression
(212,228) it follows that they may be useful to determine the
interval of follow-up (Fig. 5).

& RECOMMENDATION 90
Patients with detectable basal serum Ct levels postoper-
atively with negative imaging should have the basal Ct
and CEA levels obtained approximately every 6 months
initially to determine the DTs. Ongoing follow-up of
these tumor markers and physical examination should
occur at one fourth the shortest DT or annually, which-
ever is more frequent (i.e., follow the patient every 6
months if the shortest DT is 24 months). Grade: B Re-
commendation

& RECOMMENDATION 91
In patients with detectable basal serum Ct levels postop-
eratively with negative imaging, if the Ct or CEA rises
substantially since the previous anatomic imaging evalua-
tion, then a neck US should be performed. The Ct eleva-
tion required to trigger this action typically depends on the
basal serum Ct and the clinical situation, but elevation by
more than 20% to 100% may prompt this evaluation. If the
serum Ct is >150 pg=mL then systemic imaging should be
repeated as well (Fig. 5). Grade: C Recommendation

[E4] Adjunctive external beam irradiation to the neck. The
benefits of EBRT are poorly evaluated and only retrospective
series are available (275–281). Normalization of serum Ct
after EBRT is unlikely (278). Currently, the role of EBRT in
MTC is controversial; however, some evidence suggests that
EBRT may improve locoregional disease control in high risk
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patients, although an improvement in overall survival has not
been established (275,278). The morbidity of EBRT is typically
greater in the elderly.

In a patient with macroscopic residual tumor in the neck
after incomplete surgery, Schlumberger and colleagues (281)
advocated EBRT for local disease control. Brierley et al. (279)
reported in a series of MTC patients that the local=regional
relapse free rate between patients that received EBRT and those
that did not was no different; however, in high risk patients
(microscopic residual disease, extraglandular invasion, or
lymph node involvement), the local=regional relapse-free rate
was 86% at 10 years with postoperative EBRT, and 52% for
those with no postoperative EBRT ( p¼ 0.049). Similarly, Chow
et al. (276) reported than in seven patients with lymph node
metastasis, EBRT gave 100% (4=4) 10-year locoregional control
compared with 33.3% (1=3) in those without EBRT.

After resection of extensive disease the use of EBRT is
controversial in patients in whom surgery was macroscopi-
cally complete but who have persistently high Ct level in
the absence of detectable distant metastases (278,281). The
clinical dilemma is whether the residual disease is locor-
egional, distant, or both. In these patients, the benefits of
EBRT to limit locoregional tumor recurrence may be coun-
terbalanced by the fact that its morbidity may not be neces-
sary, or that it may hamper any surgical procedure in case of
clinical recurrence. Schlumberger and colleagues (281) stud-
ied 207 patients with MTC, 98 of who received EBRT. In 97
patients without distant metastases, EBRT was associated
with decreased relapse in the neck only in patients with ele-
vated postoperative serum Ct levels, even if surgery was
macroscopically complete.

& RECOMMENDATION 92
EBRT should not be used as a substitute for surgery in
patients in whom neck tumor foci can be resected without
excessive morbidity. Grade: E Recommendation

& RECOMMENDATION 93
Postoperative EBRT to the neck and mediastinum may be
indicated in patients who undergo a gross incomplete re-
section (R2 resection). Prior to initiating EBRT, physicians
should ensure that optimal surgery has been performed as
re-operation (other than major ablative procedures) is
much more difficult, and may not be safely or technically
possible, after EBRT. Grade: B Recommendation

& RECOMMENDATION 94
Postoperative adjuvant EBRT to the neck and mediastinum
may be considered in patients who are found to have
microscopic positive margin(s) (R1 resection) following
surgery for moderate to high volume disease involving the
central compartment (level VI) and one or both lateral neck
compartments (levels 2A–V). EBRT may also be considered
in those who appear to have undergone a margin-negative
(R0) operation in the setting of moderate to high volume
disease with extra-nodal soft tissue extension of tumor
when the post-operative serum Ct remains detectable in the
absence of distant metastases. Physicians should be sure
that optimal surgery has been performed before proceed-
ing with EBRT. (Task Force opinion was not unanimous as
some questioned the benefits of EBRT in these settings)
Grade: C Recommendation

& RECOMMENDATION 95
Postoperative adjuvant EBRT to the neck should not be
performed in an effort to treat a persistent elevation in se-
rum level of Ct in the absence of a gross or microscopic
positive margin or moderate to high volume neck dis-
ease with extra-nodal soft tissue extension. Grade: E
Recommendation

[E5] Brain metastases. Clinically apparent brain metas-
tases from MTC are uncommon, but are probably more
prevalent than has been reported due to the lack of rou-
tine CNS imaging. The possibility of brain metastases is most
often considered in patients with residual or recurrent MTC
and suspicious symptoms, in the setting of extensive distant
metastases, and before initiation of systemic therapy (espe-
cially in the setting of a clinical trial). No randomized clini-
cal trials exist on which to base treatment recommendations
(282–284).

& RECOMMENDATION 96
Patients with isolated or limited brain metastases should be
considered for surgical resection. EBRT (including stereo-
tactic radiosurgery) may be indicated for brain metastases
not amenable to surgery. Grade: C Recommendation

[E6] Bone metastases. Bone metastases may be found on
anatomic or functional tumor imaging. Unfortunately, some
patients present with painful bone lesions, fracture, or spinal
cord compression.

& RECOMMENDATION 97
Patients with spinal cord compression require urgent glu-
cocorticoid therapy, surgical evaluation, and subsequent
radiation oncology consultation. Grade: C Recommendation

& RECOMMENDATION 98
Surgery is indicated in weight-bearing bone metastases
with fracture or impending fracture. Grade: C Recom-
mendation

& RECOMMENDATION 99
EBRT should be considered to treat painful bone metasta-
ses and is indicated for clinically significant lesions that are
not candidates for surgery, especially if they demonstrate
disease progression or may threaten adjacent structures if
they progress. Grade: C Recommendation

& RECOMMENDATION 100
EBRT is indicated postoperatively for bone metastases that
are incompletely resected. Grade: C Recommendation

Experience with osseous metastases from tumors other than
MTC have demonstrated that percutaneous methods such as
vertebroplasty (percutaneous osteoplasty=cementation) (285),
radiofrequency ablation (286–289)� cementation (290–292),
cryosurgery (287,293), and arterial embolization (294–296)�
follow-up surgery (297), cementation (298), or EBRT (299) have
been associated with pain reduction.

& RECOMMENDATION 101
Minimally invasive percutaneous methodologies (alone or
in combination) should be considered to treat painful bone
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metastases, especially those that have failed or are not
candidates for surgery or EBRT. Grade: C Recommenda-
tion

Asymptomatic isolated bone metastases may be surgically
resected, but it is extremely uncommon for these patients to be
rendered free of disease.

& RECOMMENDATION 102
Small bone metastases that are asymptomatic and are not
an immediate threat may be followed. Grade: C Recom-
mendation

Intravenous bisphosphonates have been prescribed
for painful bony metastases from other primary malig-
nancies with some success. The use of bisphosphonates to
prevent progression of existing osseous metastases has
been well-studied in both hematological and solid malig-
nancies, but there is no substantial published experience in
MTC (300).

& RECOMMENDATION 103
Recommend neither for nor against the use of bisphosphonates
in the setting of MTC with osseous metastases. Grade: I
Recommendation

[E7] Lung and mediastinal metastases. Uncommonly,
dominant mediastinal lesions may be considered for surgical
resection. More often, lung and mediastinal lesions are left
untreated or considered for clinical trials if the lesions are
progressive. Lung or mediastinal lesions causing local com-
pression of an airway or bleeding may be considered for sur-
gery, EBRT, or radiofrequency ablation. Lesions with central
airway invasion may be amenable to the addition of photo-
dynamic therapy or airway stenting.

& RECOMMENDATION 104
Lung or mediastinal lesions that are progressive should be
considered for clinical trials, or focal therapy. Grade: C
Recommendation

[E8] Hepatic metastases. The liver is a major site of MTC
metastases. When liver metastases are large or progressive or
are associated with symptoms such as diarrhea or pain, there
is a need for treatment. Single or limited large metastases re-
quiring therapy should be surgically resected if possible.
However, liver metastases are usually multiple and dissemi-
nated throughout the liver, and are usually not amenable
to surgery, percutaneous ethanol ablation (261), or radio-
frequency ablation (301,302), and may be best treated with
chemoembolization (261,303,304) or systemic therapy (pref-
erably within a clinical trial).

Chemoembolization has been reported to be effective in
anecdotal MTC patients; in 11 patients, symptomatic im-
provement was observed in all, with transient remission or
stabilization in 60% (303); in 12 MTC patients, 42% had partial
responses and 42% had stabilization, while diarrhea improved
in 40% (304). The extent of liver involvement was the main
factor that influenced the results: partial responses being ob-
served only in patients with liver involvement<30% and when
metastases were <30 mm. Following a single cycle, the dura-
tion of partial responses and stabilizations was longer than 1

year. When disease progression occurred, additional therapy
offered the opportunity for another partial tumor response, but
of shorter duration. Despite these favorable responses, che-
moembolization did not allow for subsequent curative surgery,
which is typically not possible given the frequently diffuse
nature of these metastases. It is important that patients have
adequate liver and renal function prior to treatment. Toxicity
was mild and transient, but care must be taken to exclude the
presence of a PHEO, since one death was reported in a patient
with an occult PHEO who was treated by this technique (303).

& RECOMMENDATION 105
Liver metastases that are progressive, large, or associated
with symptoms such as diarrhea or pain, should be con-
sidered for active treatment. The method of treatment often
depends on whether the lesions requiring therapy are
limited or multiple and disseminated. Grade: B Recom-
mendation

[E9] Palliative surgery. Surgery offers effective palliative
treatment for metastatic disease in several situations. First,
MTC neck metastases are frequently painful, resistant to
medical treatment, and their resection may offer significant
pain relief. Second, mechanical effects of bulky metastases
such as acute spinal cord compression, or airway and esoph-
ageal obstruction (with coughing, dyspnea, and difficulty
swallowing) can be improved by palliative resection of tumor
in these areas (266). Third, the diarrheal syndrome caused by
large MTC tumor burden can be alleviated by surgical tumor
debulking (305,306). Another method to reduce the volume of
liver metastases for palliation of diarrhea and pain is che-
moembolization (303,304).

& RECOMMENDATION 106
Palliative therapy, including surgery, should be consid-
ered for symptomatic lesions causing pain, mechani-
cal compression, or hormonal secretion. Grade: C
Recommendation

[E10] Chemotherapy and clinical trials. Clinical trials of che-
motherapeutic regimens in patients with persistent or recurrent
MTC have shown limited efficacy, with best responses of partial
remission generally in the range of 10–20%, and these responses
are short lived. The agents yielding the best results have been
dacarbazine, fluorouracil, and doxorubicin (307–313).

‘‘Complementary’’ or ‘‘alternative’’ therapies can include a
myriad of ‘‘nontraditional’’ approaches to promote a good at-
titude and healthy spirit; acupuncture and reflexology;
herbs and vitamins; fasting, juicing, and other dietary practices;
and nontraditional pharmacologic and biological therapies
(314). Some cancer patients find that therapies can relieve some
symptoms or side effects, ease pain, and enhance their lives
during treatment. Unfortunately, there are no data that they
enhance disease-specific survival or disease-free survival.

& RECOMMENDATION 107
The use of standard chemotherapeutic agents should not be
considered as first-line therapy for patients with persistent
or recurrent MTC given the low response rates and the
advent of promising new compounds entering clinical
trials and other available treatment options. Grade: D Re-
commendation
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The experience with radio-labeled molecules delivering
high radiation dose is limited, but only modest responses
have been reported. Iten et al. (251) studied [90Yttrium-
DOTA]-TOC in MTC patients with rising Ct levels and tumor
uptake on 111In-Octreoscan. Twenty-nine percent of patients
demonstrated decreasing Ct levels after therapy. Thirteen
percent developed hematologic toxicities and 23% developed
renal toxicities. The visual grade of 111In-Octreoscan tumor
uptake was not associated with treatment response or sur-
vival.

The efficacy of pretargeted radio-immunotherapy with
bispecific monoclonal antibody (BsMAb) and a 131I-labeled
bivalent hapten has been evaluated (211,315,316). Patients
with advanced, progressive MTC (defined by short serum Ct
DT) received an anti-CEA=anti-diethylenetriamine pentaacetic
acid (DTPA)–indium BsMAb, followed 4 days later by a 131I-
labeled bivalent hapten (315). Overall survival (OS) was
compared with contemporaneous untreated MTC patients
with comparable prognostic indicators. OS was significantly
longer in high-risk, treated patients (Ct DT <2 years) than in
high-risk, untreated patients (median OS, 110 v 61 months;
p< 0.030). Forty-seven percent of treated patients demon-
strated a greater than 100% increase in Ct DT. Treated patients
with bone or bone-marrow disease had a longer survival than
patients without such involvement (10-year OS, 83% vs. 14%;
p< 0.023). Toxicity was mainly hematologic and related to
bone or bone-marrow tumor spread.

Treatment with 131I-MIBG is generally regarded as inef-
fective for MTC, although some reports have described partial
tumor remission or stability, improved symptoms and quality
of life, and limited data suggesting prolonged survival
(250,317–319).

& RECOMMENDATION 108
Treatment with radio-labeled molecules may be considered
in selected patients, ideally in the setting of a well-designed
clinical trial. Grade: C Recommendation

Recently, a number of promising agents have been studied
in phase I and phase II clinical trials with results presented at
national scientific meetings (320–324). Several of these agents
have demonstrated significant partial response rates in the
range of 20–50% with a larger number of patients demon-
strating stable disease. Thus, while these cytostatic agents are
unlikely to demonstrate a complete remission, they have the
potential to provide high rates of disease control with durable
responses and relatively low toxicity. Improved quality of life,
such as diminished diarrhea, is also possible. However, it is
difficult to make a specific recommendation regarding their
use in patients with advanced MTC, since there is little peer-
reviewed published data and most of these compounds have
not been approved by the U.S. Food and Drug Administra-
tion. Further, long-term toxicity of these compounds needs to
be investigated. Additionally, it is possible that combination
therapy with two or more of these targeted agents, or a
combination of a targeted agent with conventional cytotoxic
chemotherapy will eventually prove more efficacious than a
single targeted therapy alone.

& RECOMMENDATION 109
Given the absence of an established effective systemic
therapy for patients with advanced MTC, physicians

should give high priority to facilitating enrollment of their
patients into well-designed clinical trials. Grade: C Re-
commendation

[E11] Symptoms, evaluation, and treatment of hormonally
active metastases. Diarrhea, ectopic corticotropin-releasing
hormone (CRH), and ectopic adrenocorticotropic hormone
(ACTH) are the main hormonally mediated complications of
MTC. Other rare situations include the ectopic production of
PTH-related peptide, insulin, and glucagon.

Diarrhea occurs most frequently in the setting of advanced
disease, frequently in patients with hepatic metastases. The
diarrhea may be hypersecretory (325), or due to enhanced
gastrointestinal motility (326), or a combination of both. The
diarrhea can be debilitating both in terms of quality of life and
nutrition. Therapy with antimotility agents (such as loperamide
or codeine) is first-line therapy due to their low side effects and
ease of administration. Treatment with somatostatin analogues
and debulking of large tumor deposits have also been em-
ployed. Somatostatin analogue therapy for diarrhea has mostly
been reported in this setting in small nonrandomized cohort
studies with variable results that may suggest modestly im-
proved symptoms in some patients (327–330). The combination
of somatostatin analogs with interferon alpha has been re-
ported in single center studies to improve symptoms of flush-
ing and diarrhea in the majority of patients (331,332), although
these findings have not been confirmed by others. Local treat-
ment of large hepatic metastases using selective artery che-
moembolization has also been reported in nonrandomized
studies (303,304). Fromigue et al. (304) reported that five of their
patients had diarrhea, but only two had an objective response.
By contrast, Lorenz et al. (303) reported that all six of their
patients with diarrhea had improvement.

& RECOMMENDATION 110
Therapy to reduce the frequency and amount of diarrhea in
the setting of MTC should be employed. Initial therapy
should include antimotility agents. Alternative therapies
may include treatment with somatostatin analogues and
local therapies such as surgery or chemoembolization in
selected cases. Grade: C Recommendation

MTCs can occasionally secrete high levels of bioactive
hormones other than Ct that rarely cause clinical manifesta-
tions; typically in the setting of metastatic disease that fre-
quently includes large hepatic metastases. The most common
of these additional hormonal secretions is ACTH or CRH that
can result in Cushing syndrome, which may present with
hypokalemia. MTC is reported to account for up to 2–6% of
all cases of ectopic Cushing syndrome (333,334). Control of
cortisol levels (or action) and clinical manifestations may be
achieved by debulking of large hepatic metastases (surgery
or chemoembolization), by medical therapy using ketoco-
nazole, mifepristone, aminoglutethimide (335), metyrapone
(335), or mitotane (336), and=or by bilateral adrenalectomy
(333,334,337–339). Treatment with somatostatin analogs is
ineffective. Overall, based on individual case reports or small
clinical series, the development of Cushing syndrome from
MTC is associated with poor patient survival due to the
progressive MTC; however, because Cushing syndrome can
be severe and debilitating, treatment should be considered
even in the setting of widely metastatic MTC.
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& RECOMMENDATION 111
Clinicians should maintain a heightened vigilance for
Cushing syndrome due to tumoral production of ACTH
and=or CRH from MTC. Grade: C Recommendation

& RECOMMENDATION 112
While MTC patients with Cushing syndrome typically
have a poor prognosis, treatment should be considered
even in the setting of widely metastatic MTC because the
syndrome can be severe and debilitating. Grade: C Re-
commendation

& RECOMMENDATION 113
Cushing syndrome from MTC may be treated in a
multimodality manner with therapy directed towards the
tumor and medical therapy directed towards the Cushing
Syndrome, or bilateral adrenalectomy. The choice of ther-
apy may depend on multiple factors including the severity
and the stability of the MTC and the response of the
Cushing Syndrome to medical therapy. However, expert
opinion of the Task Force generally favored bilateral ad-
renalectomy. Grade: C Recommendation

[F] Long-term follow-up and management

[F1] Goals of long-term follow-up and management of patients
with and without residual disease. For patients with sporadic
or familial MTC with no evidence of residual disease after
initial surgery based on radiographic and biochemical test-
ing, long-term complete remission is a realistic goal. Early
detection of recurrent MTC may reduce the likelihood of
local complications or the development of distant metasta-
ses, but this has not been studied in a prospective manner.
In one large cooperative study of 899 patients from France
in which a biochemical recurrence was defined as an ele-
vation of Ct after postoperative Ct ‘‘normalization,’’ the rate
was 4.9% (40). In a follow-up study from the same group
utilizing a single and more sensitive Ct assay (sensitivity
2 ng=L), patients were identified who had an abnormal ba-
sal or pentagastrin stimulated serum Ct level >10 ng=L at
their last visit. Of these, 3.3% were considered to have
recurrent disease because they had previously demon-
strated a postoperative pentagastrin-stimulated serum Ct of
�10 ng=L within 6 months of surgery. Interestingly, one
third of these patients had no evidence of nodal metastasis
at initial surgery. The recurrences occurred at a mean of
3.2 (range 0.7–7.5 years) after the initial surgery (213).
Disappointingly, about 7% of patients undergoing prophy-
lactic thyroidectomy experience biochemical recurrence, al-
though those children had surgery at 13 years of age or later
(80). Using the more strict criteria of an undetectable basal
and stimulated Ct, Skinner et al. (81) demonstrated a 2%
rate of persistent disease after prophylactic thyroidectomy
and a 10% rate of recurrence after 5–10 years of follow-up.
Eighty percent of these patients with recurrence had no
lymph node metastases found at the time of their thyroid-
ectomy and central neck dissection.

& RECOMMENDATION 114
Long-term biochemical monitoring for patients with MTC
who achieve a complete biochemical cure should be per-
formed. Grade: B Recommendation

& RECOMMENDATION 115
Long-term biochemical monitoring for MTC patients
who achieve a complete biochemical cure should include
annual measurement of serum Ct. Grade: C Recom-
mendation

In the setting of residual MTC after appropriate initial
surgical resection, it is unlikely that a complete remission will
be attained. The goals of follow-up in this setting are to pre-
vent local complications of progressive residual disease
and=or limit the likelihood and=or complications of meta-
static MTC. Early detection of progressive disease may reduce
the likelihood of local cervical complications and also com-
plications of distant metastases located near critical struc-
tures, such as the spinal canal.

& RECOMMENDATION 116
Patients with persistent MTC should be monitored by
measuring Ct and CEA levels, along with history and
physical examinations. The timing of follow-up anatomic
imaging may be based on the relative stability of these tests,
presence or absence of symptoms, and the location of
known or likely sites of metastatic deposits. Grade: C Re-
commendation

& RECOMMENDATION 117
Patients with detectable basal serum Ct levels postopera-
tively should have the basal Ct and CEA levels obtained
approximately every 6 months to determine their DTs.
Ongoing follow-up of these tumor markers and physical
examination should occur at one fourth the shortest DT or
annually, whichever is more frequent (i.e., follow patient
every 6 months if the shortest DT is 24 months). Grade: C
Recommendation

& RECOMMENDATION 118
In patients with detectable basal serum Ct levels postop-
eratively, if the Ct or CEA rises substantially since the
previous anatomic imaging evaluation, then a neck US
should be performed. The Ct elevation required to trigger
this action typically depends on the basal serum Ct and the
clinical situation, but elevation by more than 20–100% may
prompt this evaluation. If the serum Ct is>150 pg=mL then
systemic imaging should be repeated as well. Grade: C
Recommendation

[F2] Follow-up of patients without MTC at thyroidectomy
(Fig. 5). The risk of persistent or recurrent disease after pro-
phylactic thyroidectomy reveals normal tissue or CCH is very
low (84). Skinner et al. (81) studied 50 patients with MEN 2 who
underwent prophylactic thyroidectomy and central neck dis-
section. Sixteen of these patients demonstrated only CCH or
normal pathology, and none of them demonstrated any
measurable Ct after stimulation testing through a minimum of
60 months of follow-up. Conversely, 6 of their 50 patients
demonstrated persistent or recurrent disease, including
two patients whose pathology demonstrated only micro-
scopic evidence of MTC and no lymph node metastases. Their
follow-up stimulated Ct testing first became abnormal 5–7
years after initial therapy, while their basal levels remained
undetectable.
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& RECOMMENDATION 119
After prophylactic thyroidectomy demonstrates no evi-
dence of MTC, the risk of developing MTC is low, and the
optimal follow-up for these patients is uncertain. Annual
measurement of basal serum Ct without measurement of
CEA should be considered. Less frequent testing may be
considered if there is no evidence of disease after prolonged
follow-up. Grade: C Recommendation

[F3] Role of stimulation testing for serum Ct. In the past and
present, some MTC patients have demonstrated undetectable
basal serum Ct levels that rise after stimulation testing with
pentagastrin, calcium, or both (92). Stimulation testing adds
cost to patient follow-up, and pentagastrin frequently causes
transient unpleasant symptoms. A rise in serum Ct after
stimulation suggests residual or recurrent MTC (81). How-
ever, as the functional sensitivity of the Ct assays have become
lower, those patients with abnormal testing only after stim-
ulation typically have very low levels of disease that is un-
likely to be found by anatomic or functional imaging (231). It
is possible that knowledge of likely residual disease may
prompt the patient and physician to maintain regular sur-
veillance for disease progression. However, given the low rate
of biochemical remission in patients with metastatic MTC, the
impact of this knowledge is likely to be low. Further, penta-
gastrin is not available in many countries, and calcium stim-
ulation testing is accepted as inferior (although demonstrative
publications are largely lacking).

& RECOMMENDATION 120
Stimulated serum Ct testing may detect low levels of re-
sidual disease despite undetectable basal Ct values. Such
minimal disease is currently unlikely to be able to be lo-
calized or treated, and therefore this follow-up testing is not
recommended (agreement amongst the Task Force was not
unanimous). Grade: D Recommendation

[F4] Management of CEA-positive, but Ct-negative
patients. Laboratory factors that may result in falsely low Ct
levels were discussed previously. False elevation of serum
CEA may result from heterophilic antibodies (340). Other
possibility for this scenario include CEA coming from a con-
dition other than MTC or the loss of Ct production by the
MTC (341, 342).

CEA may be secreted by cancers of the digestive system,
lung, prostate, breast, and ovary. Benign conditions associ-
ated with CEA elevation, to varying degrees, have included
bronchogenic cyst, gastrointestinal tract inflammatory dis-
ease, chronic obstructive pulmonary disease, and benign
pulmonary disease.

In patients with MTC, rising CEA levels suggest progres-
sive disease, although the vast majority of such patients also
have elevated serum Ct levels (212,269). Some patients with
progressive disease demonstrate an increase in CEA while the
Ct levels decline, which has been considered a mark of tumor
dedifferentiation (343). Rarely MTC patients are described
that lack elevation of both serum Ct and CEA which is
thought to reflect more advanced dedifferentiation and con-
vey a poor prognosis (234,342).

Mendelsohn et al. (344) studied CEA and Ct in MTC by
immunohistochemistry. They found that in most cases, CEA
and Ct were similar in the tumors, being expressed by almost

every cell. This was especially true for CCH, in early disease
(microscopic MTC), and even in gross MTC confined to the
thyroid. In contrast, primary and metastatic tumors from pa-
tients with invasive disease had an inverse relationship be-
tween CEA and Ct staining such that the most aggressive
disease had persistent and intense CEA staining but minimal if
any Ct staining. They suggested that CEA was a marker for
early epithelial differentiation and therefore retained while Ct
was a late marker for terminal differentiation and therefore lost.

& RECOMMENDATION 121
Elevated CEA levels that are out of proportion to the serum
Ct may occur from several causes, including some unre-
lated to MTC, which should be considered and evaluated
as appropriate based on clinical judgment. Grade: C
Recommendation

[F5] Lichen planus amyloidosis. Lichen planus amyloidosis
(LPA) can be associated with MTC in the setting of MEN 2A
with codon 634 mutations in RET (46,345–347). Verga et al. (47)
reported an incidence of LPA, or pruritis without LPA, in 36%
of patients with the 634 mutation. The initial classic symptom of
LPA is intense pruritis between the scapulae that improves
with sun exposure and worsens during periods of stress. Hy-
perpigmented lesions later develop believed to be secondary to
the dermatomal scratching. However, amyloid in biopsies of
LPA has been shown to be comprised of Ct using atomic force
microscopy and MALDI-TOF analysis, suggesting a potential
role for Ct in its development (348). The pruritis is often present
in childhood and can pre-date the development of MTC
(47,349). The pruritis can be a significant problem for patients as
therapy typically provides incomplete symptom relief. Treat-
ments have included moisturizing lotions and creams, local
corticosteroids, systemic antihistamines, capsaicin, and photo-
therapy (47). Two patients with LPA treated with the tyrosine
kinase inhibitor vandetanib experienced rapid disappearance
of LPA, which reappeared with dose reduction (M. Schlum-
berger, personal communication, May 11, 2008).

& RECOMMENDATION 122
LPA should be treated symptomatically to minimize
pruritis. Grade: C Recommendation

[G] Directions for future research

Directions for future research include: 1) The refinement
of the cancer phenotype (especially age-related penetrance of
component features) associated with specific mutations of
RET to allow for more individualized surveillance and man-
agement recommendations, including the timing of prophy-
lactic surgery. These questions will likely be best answered in
the setting of an international consortium able to accrue large
numbers of patients. Further studies are needed to answer
whether there are truly mutations that predispose to only
FMTC, or, rather do these mutations confer lower (but not
nonexistent) penetrance for PHEO and PHPT. 2) The identi-
fication of potential modifier genes and ‘‘polymorphisms’’
within RET on the clinical phenotype (350–356). 3) Improving
murine models of MEN 2. 4) Advancing knowledge of the role
of RET signaling pathways in MTC biology; including tu-
morigenesis and progression, to devise novel therapies (357–
359). 5) Elucidating the reasons for tissue selectivity of tumors
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given the ‘‘germline’’ mutation status present in every cell. 6)
Identifying the potential role of targeting RET or its signaling
cascade at the level of the gene, mRNA, and=or protein in the
prevention and treatment of MEN 2 (359).

In the absence of nonsurgical methods to prevent MTC, the
optimal timing of prophylactic thyroidectomy in MEN 2 and
FMTC remains an issue that may benefit from further study,
particularly in identifying parameters that can identify sub-
sets of patients in whom surgery can be safely delayed,
thereby minimizing risks. Refinement of criteria that may al-
low the safe avoidance of central neck dissections may reduce
the incidence of hypoparathyroidism and recurrent laryngeal
nerve injuries. This includes a need for establishment and
reporting of the normal Ct range on each Ct assay in children,
especially in the first 12 months of life for the rare MEN 2B
patients. Educational opportunities should be explored on
how to optimally perform and interpret neck US in young
children to differentiate suspicious from benign lymph nodes.
The development and recognition of centralized referral
centers for such rare cases would likely be of benefit, but are
only practical if the medical and medical insurance commu-
nities endorsed such referral patterns. The fact that a high
percentage of MEN 2B children are not cured of MTC due to
both early metastases and late diagnosis suggests the need for
effective therapy beyond that of extirpative surgery.

In the setting of established MTC, the optimal extent of
preoperative metastatic screening is unclear. Should all pa-
tients have a significant metastatic survey preoperatively, or
should this evaluation be minimized with the potential for
further evaluation based on the postoperative Ct level? If a
more complete preoperative evaluation is considered, should
it be based on the extent of neck disease, the serum Ct level, or
both?

New strategies to treat metastatic MTC are being evaluated
and include radioimmunotherapy and vaccine-based thera-
pies. There has been recent focus on the use of compounds
that inhibit the function of receptors or intracellular kinases.
Compounds have been developed that block kinases with
greater or lesser degrees of specificity that are involved in the
pathogenesis or progression of cancer. In MTC, the most ob-
vious kinase target is RET due to its critical role in familial
cases, as well as in 40–50% of sporadic cases. Molecules that
block RET kinase activity directly, or that block subsequent
downstream signaling molecules, have been shown to inhibit
MTC cell proliferation and reduce the production of active
peptides (360–362). Other targets for therapeutic intervention
are proteins that facilitate cancer cell growth and=or blood
vessel formation, such as vascular endothelial growth factor
and its receptors. Currently, several kinase inhibitors are un-
der evaluation in clinical trials and preliminary evidence in-
dicates that they may have important clinical benefits (363).
However, the final results of these trials and adequate follow-
up observation times are needed. Further, most of these tar-
geted therapies are more likely to be cytostatic rather than
cytoreductive. While clinical stability is important in patients
with progressive disease, most clinical trials are based on
RECIST criteria that are designed to detect complete and
partial tumor remissions, the latter defined as the reduction of
the summed greatest tumor lengths of >30%. Additionally,
these therapies have significant short and=or long-term toxi-
cities. Thus, new approaches to clinical trial design and
analysis are likely to be needed to evaluate the relevance of

these new compounds regarding clinically important mea-
sures: progression-free survival, disease-specific survival,
overall survival, and quality of life.

Major future challenges including the likelihood that single
agent–targeted therapies will not be a panacea, and that tu-
mors will evade these blocks in signaling pathways and
eventually manifest progressive disease. Thus, combination
or sequential therapies may be required. Another concern is
that targeted therapies may actually exert pressure on the
tumor to find these alternative mechanisms for continued
survival and growth, and thus may encourage more aggres-
sive tumor behavior or dedifferentiation. Further, while re-
ductions in tumor volume may be seen, many of these
compounds are more likely to induce tumor stabilization, and
therefore the optimal duration of therapy is unknown. Rea-
listically, patients with metastatic MTC may be faced with
taking a systemic therapy for the remainder of their lives, and
the long-term effects of blocking these pathways for pro-
longed periods of time are currently unknown. The emer-
gence of an effective systemic therapy, or combination of
therapies, that is well-tolerated may lead to its potential use as
an adjuvant treatment to surgery, or as an option for primary
treatment for selected patients.

Acknowledgments

The patient organization, ThyCa: Thyroid Cancer
Survivors’ Association, Inc., contributed an unrestricted
educational grant towards the development of the medullary
thyroid cancer guidelines. The American Thyroid Association
provided the remainder of the funding without commercial
support.

The Task Force wishes to thank Ms. Barbara Smith, Ex-
ecutive Director, American Thyroid Association, for her va-
luable assistance, wisdom, and support. The ATA thanks
Victor J. Bernet for developing the tumor marker calculator for
the ATA website; David S. Cooper, Gilbert H. Daniels, and R.
Michael Tuttle for critically reviewing this manuscript; and
Emily Edelman, Shanna Gustafson, Brandie Heald Leach,
Cheryl Scacheri, Amy Shealy, and Kevin Zbuk for input into
early drafts of the manuscript.

Disclaimer

The American Thyroid Association develops Clinical
Practice Guidelines to provide guidance and recommenda-
tions for particular practice areas concerning thyroid disease
and thyroid cancer. The Guidelines are not inclusive of all
proper approaches or methods, or exclusive of others. The
Guidelines do not establish a standard of care and specific
outcomes are not guaranteed.

Treatment decisions must be made based on the in-
dependent judgment of health care providers and each pa-
tient’s individual circumstances. A guideline is not intended
to take the place of physician judgment in diagnosing and
treating particular patients.

The ATA develops guidelines based on the evidence
available in the literature and the expert opinion of the task
force in the recent timeframe of the publication of the
guidelines. Management issues have not been and cannot be
comprehensively addressed in randomized trials; therefore,
the evidence cannot be comprehensive. Guidelines cannot
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always account for individual variation among patients.
Guidelines cannot be considered inclusive of all proper
methods of care or exclusive of other treatments reasonably
directed at obtaining the same results.

Therefore, the American Thyroid Association considers use
of this guideline to aid in clinical decision-making to be vo-
luntary, with the ultimate determination regarding its appli-
cation to be made by the treating physician and health care
professionals with the full consideration of the individual
patient’s clinical history and physical status. In addition, the
guideline concerns the therapeutic interventions used in
clinical practice and do not pertain to clinical trials.
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Groupe d’étude des tumeurs à calcitonine. Clin Endocrinol
48:265–273.

41. Greene FL, Page DL, Fleming ID, Fritz A, Balch DM 2003
AJCC Cancer Staging Manual, 6th edition. Springer Verlag,
Chicago.

42. Kebebew E, Greenspan FS, Clark OH, Woeber KA, Grun-
well J 2005 Extent of disease and practice patterns for
medullary thyroid cancer. J Am Coll Surg 200:890–896.

43. Roman S, Lin R, Sosa JA 2006 Prognosis of medullary
thyroid carcinoma: demographic, clinical, and pathologic
predictors of survival in 1252 cases. Cancer 107:2134–2142.

44. Hansford JR, Mulligan LM 2000 Multiple endocrine neo-
plasia type 2 and RET: from neoplasia to neurogenesis.
J Med Genet 37:817–827.

45. Iihara M, Yamashita T, Okamoto T, Kanbe M, Yamazaki K,
Egawa S, Yamaguchi K, Obara T 1997 A nationwide clinical
survey of patients with multiple endocrine neoplasia type 2
and familial medullary thyroid carcinoma in Japan. Jpn
J Clin Oncol 27:128–134.

46. Eng C, Clayton D, Schuffenecker I, Lenoir G, Cote G, Gagel
RF, van Amstel HK, Lips CJ, Nishisho I, Takai SI, Marsh DJ,
Robinson BG, Frank-Raue K, Raue F, Xue F, Noll
WW, Romei C, Pacini F, Fink M, Niederle B, Zedenius J,
Nordenskjold M, Komminoth P, Hendy GN, Gharib H,
Thiobodeau SN, Lacroix A, Frilling A, Ponder, BAJ, Mul-
ligan LM 1996 The relationship between specific RET proto-
oncogene mutations and disease phenotype in multiple
endocrine neoplasia type 2. International RET mutation
consortium analysis. JAMA 276:1575–1579.

47. Verga U, Fugazzola L, Cambiaghi S, Pritelli C, Alessi E,
Cortelazzi D, Gangi E, Beck-Peccoz P 2003 Frequent asso-
ciation between MEN 2A and cutaneous lichen amyloid-
osis. Clin Endocrinol 59:156–161.

48. Brauckhoff M, Gimm O, Hinze R, Ukkat J, Brauckhoff K,
Dralle H 2002 Papillary thyroid carcinoma in patients with
RET proto-oncogene germline mutation. Thyroid 12:557–561.

49. Eng C 1996 Seminars in medicine of the Beth Israel Hos-
pital, Boston. The RET proto-oncogene in multiple endo-
crine neoplasia type 2 and Hirschsprung’s disease. N Engl J
Med 335:943–951.

50. Romeo G, Ceccherini I, Celli J, Priolo M, Betsos N, Bonardi
G, Seri M, Yin L, Lerone M, Jasonni V, Martucciello G 1998
Association of multiple endocrine neoplasia type 2 and
Hirschsprung disease. J Intern Med 243:515–520.

51. Mulligan LM, Eng C, Attie T, Lyonnet S, Marsh DJ, Hyland
VJ, Robinson BG, Frilling A, Verellen-Dumoulin C, Safar A,
Venter DJ, Munnich A, Ponder BAJ 1994 Diverse pheno-
types associated with exon 10 mutations of the RET proto-
oncogene. Hum Mol Genet 3:2163–2167.

52. Moers AM, Landsvater RM, Schaap C, Jansen-Schillhorn
van Veen JM, de Valk IA, Blijham GH, Hoppener JW, Vroom
TM, van Amstel HK, Lips CJ 1996 Familial medullary thy-

600 KLOOS ET AL.



roid carcinoma: not a distinct entity? Genotype-phenotype
correlation in a large family. Am J Med 101:635–641.

53. Machens A, Dralle H 2006 Multiple endocrine neoplasia
type 2 and the RET protooncogene: from bedside to bench
to bedside. Mol Cell Endocrinol 247:34–40.

54. Machens A, Gimm O, Hinze R, Hoppner W, Boehm BO,
Dralle H 2001 Genotype-phenotype correlations in heredi-
tary medullary thyroid carcinoma: oncological features and
biochemical properties. J Clin Endocrinol Metab 86:1104–
1109.

55. O’Riordain DS, O’Brien T, Weaver AL, Gharib H, Hay ID,
Grant CS, van Heerden JA 1994 Medullary thyroid carci-
noma in multiple endocrine neoplasia types 2A and 2B.
Surgery 116:1017–1023.

56. Jackson CE, Talpos GB, Block MA, Norum RA, Lloyd RV,
Tashjian AH Jr 1984 Clinical value of tumor doubling es-
timations in multiple endocrine neoplasia type II. Surgery
96:981–987.

57. Brunt LM, Wells SA Jr 1987 Advances in the diagnosis and
treatment of medullary thyroid carcinoma. Surg Clin North
Am 67:263–279.

58. O’Riordain DS, O’Brien T, Crotty TB, Gharib H, Grant
CS, van Heerden JA 1995 Multiple endocrine neoplasia type
2B: more than an endocrine disorder. Surgery 118:936–
942.

59. Skinner MA, DeBenedetti MK, Moley JF, Norton JA, Wells
SA Jr 1996 Medullary thyroid carcinoma in children with
multiple endocrine neoplasia types 2A and 2B. J Pediatr
Surg 31:177–181; discussion 181–172.

60. Kaufman FR, Roe TF, Isaacs H Jr, Weitzman JJ 1982
Metastatic medullary thyroid carcinoma in young children
with mucosal neuroma syndrome. Pediatrics 70:263–267.

61. Wygoda Z, Oczko-Wojciechowska M, Gubała E,
Pawlaczek A, Kula D, Wiench M, Włoch J 2006 [Medullary
thyroid carcinoma: the comparison of the hereditary and
sporadic types of cancer]. Endokrynol Pol 57:407–414. (In
Polish.)

62. de Groot JW, Plukker JT, Wolffenbuttel BH, Wiggers T,
Sluiter WJ, Links TP 2006 Determinants of life expectancy
in medullary thyroid cancer: age does not matter. Clin
Endocrinol 65:729–736.

63. Machens A, Brauckhoff M, Holzhausen HJ, Thanh PN,
Lehnert H, Dralle H 2005 Codon-specific development of
pheochromocytoma in multiple endocrine neoplasia type 2.
J Clin Endocrinol Metab 90:3999–4003.

64. Leboulleux S, Travagli JP, Caillou B, Laplanche A, Bidart
JM, Schlumberger M, Baudin E 2002 Medullary thyroid
carcinoma as part of a multiple endocrine neoplasia type 2B
syndrome: influence of the stage on the clinical course.
Cancer 94:44–50.

65. Samaan NA, Draznin MB, Halpin RE, Bloss RS, Hawkins E,
Lewis RA 1991 Multiple endocrine syndrome type IIb in
early childhood. Cancer 68:1832–1834.

66. Smith VV, Eng C, Milla PJ 1999 Intestinal ganglion-
euromatosis and multiple endocrine neoplasia type 2B:
implications for treatment. Gut 45:143–146.

67. Unruh A, Fitze G, Janig U, Bielack S, Lochbuhler H, Coerdt
W 2007 Medullary thyroid carcinoma in a 2-month-old
male with multiple endocrine neoplasia 2B and symptoms
of pseudo-Hirschsprung disease: a case report. J Pediatr
Surg 42:1623–1626.

68. Yin M, King SK, Hutson JM, Chow CW 2006 Multiple endo-
crine neoplasia type 2B diagnosed on suction rectal biopsy in
infancy: a report of 2 cases. Pediatr Dev Pathol 9:56–60.

69. Carney JA, Go VL, Sizemore GW, Hayles AB 1976
Alimentary-tract ganglioneuromatosis. A major component
of the syndrome of multiple endocrine neoplasia, type 2b.
N Engl J Med 295:1287–1291.

70. Brauckhoff M, Machens A, Hess S, Lorenz K, Gimm O,
Brauckhoff K, Sekulla C, Dralle H 2008 Premonitory
symptoms preceding metastatic medullary thyroid cancer in
MEN 2B: an exploratory analysis. Surgery 144:1044–1051.

71. Cranston AN, Carniti C, Oakhill K, Radzio-Andzelm E,
Stone EA, McCallion AS, Hodgson S, Clarke S, Mondellini
P, Leyland J, Pierotti MA, Whittaker J, Taylor SS, Bongar-
zone I, Ponder BA 2006 RET is constitutively activated by
novel tandem mutations that alter the active site resulting
in multiple endocrine neoplasia type 2B. Cancer Res
66:10179–10187.

72. Miyauchi A, Futami H, Hai N, Yokozawa T, Kuma K, Aoki
N, Kosugi S, Sugano K, Yamaguchi K 1999 Two germline
missense mutations at codons 804 and 806 of the RET
proto-oncogene in the same allele in a patient with multiple
endocrine neoplasia type 2B without codon 918 mutation.
Jpn J Cancer Res 90:1–5.

73. Kameyama K, Okinaga H, Takami H 2004 RET oncogene
mutations in 75 cases of familial medullary thyroid carci-
noma in Japan. Biomed Pharmacother 58:345–347.

74. Iwashita T, Murakami H, Kurokawa K, Kawai K, Miyauchi
A, Futami H, Qiao S, Ichihara M, Takahashi M 2000 A two-
hit model for development of multiple endocrine neoplasia
type 2B by RET mutations. Biochem Biophys Res Commun
268:804–808.

75. Eng C, Mulligan LM, Smith DP, Healey CS, Frilling A,
Raue F, Neumann HP, Ponder MA, Ponder BA 1995
Low frequency of germline mutations in the RET proto-
oncogene in patients with apparently sporadic medullary
thyroid carcinoma. Clin Endocrinol 43:123–127.

76. Bugalho MJ, Domingues R, Santos JR, Catarino AL, So-
brinho L 2007 Mutation analysis of the RET proto-oncogene
and early thyroidectomy: results of a Portuguese cancer
centre. Surgery 141:90–95.

77. Wohllk N, Cote GJ, Bugalho MM, Ordonez N, Evans DB,
Goepfert H, Khorana S, Schultz P, Richards CS, Gagel RF
1996 Relevance of RET proto-oncogene mutations in spo-
radic medullary thyroid carcinoma. J Clin Endocrinol Me-
tab 81:3740–3745.

78. Telander RL, Zimmerman D, Sizemore GW, van Heerden
JA, Grant CS 1989 Medullary carcinoma in children. Re-
sults of early detection and surgery. Arch Surg 124:841–843.

79. Wells SA Jr, Baylin SB, Gann DS, Farrell RE, Dilley WG,
Preissig SH, Linehan WM, Cooper CW 1978 Medullary
thyroid carcinoma: relationship of method of diagnosis to
pathologic staging. Ann Surg 188:377–383.

80. Frank-Raue K, Buhr H, Dralle H, Klar E, Senninger N,
Weber T, Rondot S, Hoppner W, Raue F 2006 Long-
term outcome in 46 gene carriers of hereditary medullary
thyroid carcinoma after prophylactic thyroidectomy: impact
of individual RET genotype. Eur J Endocrinol 155:229–236.

81. Skinner MA, Moley JA, Dilley WG, Owzar K, Debenedetti
MK, Wells SA Jr 2005 Prophylactic thyroidectomy in mul-
tiple endocrine neoplasia type 2A. New Engl J Med
353:1105–1113.

82. Machens A, Ukkat J, Brauckhoff M, Gimm O, Dralle H 2005
Advances in the management of hereditary medullary
thyroid cancer. J Intern Med 257:50–59.

83. Yip L, Cote GJ, Shapiro SE, Ayers GD, Herzog CE, Sellin RV,
Sherman SI, Gagel RF, Lee JE, Evans DB 2003 Multiple

ATA MEDULLARY THYROID CANCER GUIDELINE 601



endocrine neoplasia type 2: evaluation of the genotype-
phenotype relationship. Arch Surg 138:409–416; discussion
416.

84. Szinnai G, Meier C, Komminoth P, Zumsteg UW 2003 Re-
view of multiple endocrine neoplasia type 2A in children:
therapeutic results of early thyroidectomy and prognostic
value of codon analysis. Pediatrics 111:E132–139.

85. Quayle FJ, Fialkowski EA, Benveniste R, Moley JF 2007
Pheochromocytoma penetrance varies by RET mutation in
MEN 2A. Surgery 142:800–805; discussion 805.e1.

86. Frank-Raue K, Machens A, Scheuba C, Niederle B, Dralle
H, Raue F 2008 Difference in development of medullary
thyroid carcinoma among carriers of RET mutations in
codons 790 and 791. Clin Endocrinol 69:259–263.

87. Lips CJ 1998 Clinical management of the multiple endo-
crine neoplasia syndromes: results of a computerized
opinion poll at the Sixth International Workshop on Mul-
tiple Endocrine Neoplasia and von Hippel-Lindau disease.
J Intern Med 243:589–594.

88. Marsh DJ, McDowall D, Hyland VJ, Andrew SD, Schnitzler
M, Gaskin EL, Nevell DF, Diamond T, Delbridge L, Clifton-
Bligh P, Robinson BG 1996 The identification of false pos-
itive responses to the pentagastrin stimulation test in RET
mutation negative members of MEN 2A families. Clin En-
docrinol 44:213–220.

89. Shaha AR, Cohen T, Ghossein R, Tuttle RM 2006 Late-onset
medullary carcinoma of the thyroid: need for genetic test-
ing and prophylactic thyroidectomy in adult family mem-
bers. Laryngoscope 116:1704–1707.

90. Dabir T, Hunter SJ, Russell CF, McCall D, Morrison PJ 2006
The RET mutation E768D confers a late-onset familial
medullary thyroid carcinoma—only phenotype with in-
complete penetrance: implications for screening and man-
agement of carrier status. Fam Cancer 5:201–204.

91. Frohnauer MK, Decker RA 2000 Update on the MEN 2A
c804 RET mutation: is prophylactic thyroidectomy indi-
cated? Surgery 128:1052–1057;discussion 1057–1058.

92. Wells SA Jr, Baylin SB, Linehan WM, Farrell RE, Cox EB,
Cooper CW 1978 Provocative agents and the diagnosis of
medullary carcinoma of the thyroid gland. Ann Surg
188:139–141.

93. Gill JR, Reyes-Mugica M, Iyengar S, Kidd KK, Touloukian RJ,
Smith C, Keller MS, Genel M 1996 Early presentation of met-
astatic medullary carcinoma in multiple endocrine neoplasia,
type IIA: implications for therapy. J Pediatr 129:459–464.

94. Machens A, Schneyer U, Holzhausen HJ, Dralle H 2005
Prospects of remission in medullary thyroid carcinoma
according to basal calcitonin level. J Clin Endocrinol Metab
90:2029–2034.

95. Sosa JA, Tuggle CT, Wang TS, Thomas DC, Boudourakis L,
Rivkees S, Roman SA 2008 Clinical and economic outcomes
of thyroid and parathyroid surgery in children. J Clin En-
docrinol Metab 93:3058–3065.

96. van Heurn LW, Schaap C, Sie G, Haagen AA, Gerver WJ,
Freling G, van Amstel HK, Heineman E 1999 Predictive
DNA testing for multiple endocrine neoplasia 2: a thera-
peutic challenge of prophylactic thyroidectomy in very
young children. J Pediatr Surg 34:568–571.

97. Mulligan LM 2004 From genes to decisions: evolving views
of genotype-based management in MEN 2. Cancer Treat
Res 122:417–428.

98. GeneTests: Medical Genetics Information Resource (data-
base online). Available at http:==www.genetests.org. Ac-
cessed August 29, 2008.

99. Kaldrymides P, Mytakidis N, Anagnostopoulos T, Vassi-
liou M, Tertipi A, Zahariou M, Rampias T, Koutsodontis
G, Konstantopoulou I, Ladopoulou A, Bei T, Yannouka-
kos D 2006 A rare RET gene exon 8 mutation is found in
two Greek kindreds with familial medullary thyroid car-
cinoma: implications for screening. Clin Endocrinol
64:561–566.

100. Dvorakova S, Vaclavikova E, Duskova J, Vlcek P, Ryska A,
Bendlova B 2005 Exon 5 of the RET proto-oncogene: a
newly detected risk exon for familial medullary thyroid
carcinoma, a novel germ-line mutation Gly321Arg. J En-
docrinol Invest 28:905–909.

101. Menko FH, van der Luijt RB, de Valk IA, Toorians AW,
Sepers JM, van Diest PJ, Lips CJ 2002 Atypical MEN type
2B associated with two germline RET mutations on the
same allele not involving codon 918. J Clin Endocrinol
Metab 87:393–397.

102. Tarasoff v Regents of University of Calif, 551 P2d 334 (1976).
103. Malloy v Meier, 629 NW2d 711 (Minn 2004).
104. Pate v Threlkel, 661 So 2d 278 (Fla 1995).
105. Safer v Estate of T. Pack, 677 A 2d 1188 (NJ Supp 1996).
106. American Society of Clinical Oncology 2003 American

Society of Clinical Oncology policy statement update: ge-
netic testing for cancer susceptibility. J Clin Oncol 21:2397–
2406.

107. American Medical Association. Opinion 2.131 Disclosure of
familial risk in genetic testing. Code of Medical Ethics.
http://www.ama-assn.org/ama/pub/physician-resources/
medical-ethics/code-medical-ethics/opinion2131.shtml
accessed May 13, 2009.

108. Godard B, Hurlimann T, Letendre M, Egalite N 2006
Guidelines for disclosing genetic information to family
members: from development to use. Fam Cancer 5:103–116.

109. Fleisher LD, Cole LJ 2001 Health Insurance Portability and
Accountability Act is here: what price privacy? Genet Med
3:286–289.

110. Gostin LO 2001 National health information privacy: reg-
ulations under the Health Insurance Portability and Ac-
countability Act. JAMA 285:3015–3021.

111. 1996 Health Insurance Portability and Accountability Act.
Vol Public Law No 104–191.

112. Huang SM, Tao BL, Tzeng CC, Liu HT, Wang WP 1997
Prenatal molecular diagnosis of RET proto-oncogene mu-
tation in multiple endocrine neoplasia type 2A. J Formos
Med Assoc 96:542–544.

113. Martinelli P, Maruotti GM, Pasquali D, Paladini D, Agangi
A, Rippa E, Colantuoni V, Bellastella A, Sinisi AA 2004
Genetic prenatal RET testing and pregnancy management
of multiple endocrine neoplasia Type II A (MEN2A): a case
report. J Endocrinol Invest 27:357–360.

114. Offit K, Kohut K, Clagett B, Wadsworth EA, Lafaro KJ,
Cummings S, White M, Sagi M, Bernstein D, Davis JG 2006
Cancer genetic testing and assisted reproduction. J Clin
Oncol 24:4775–4782.

115. Offit K, Sagi M, Hurley K 2006 Preimplantation genetic
diagnosis for cancer syndromes: a new challenge for pre-
ventive medicine. JAMA 296:2727–2730.

116. Miyauchi A, Matsuzuka F, Hirai K, Yokozawa T, Kobaya-
shi K, Ito Y, Nakano K, Kuma K, Futami H, Yamaguchi K
2002 Prospective trial of unilateral surgery for nonheredi-
tary medullary thyroid carcinoma in patients without
germline RET mutations. World J Surg 26:1023–1028.

117. Moley JF, DeBenedetti MK 1999 Patterns of nodal metas-
tases in palpable medullary thyroid carcinoma: recom-

602 KLOOS ET AL.



mendations for extent of node dissection. Ann Surg
229:880–887; discussion 887–888.

118. Kebebew E, Ituarte PH, Siperstein AE, Duh QY, Clark OH
2000 Medullary thyroid carcinoma: clinical characteristics,
treatment, prognostic factors, and a comparison of staging
systems. Cancer 88:1139–1148.

119. Weber T, Schilling T, Frank-Raue K, Colombo-Benkmann
M, Hinz U, Ziegler R, Klar E 2001 Impact of modified
radical neck dissection on biochemical cure in medullary
thyroid carcinomas. Surgery 130:1044–1049.

120. Scopsi L, Sampietro G, Boracchi P, Del Bo R, Gullo M,
Placucci M, Pilotti S 1996 Multivariate analysis of prog-
nostic factors in sporadic medullary carcinoma of the thy-
roid. A retrospective study of 109 consecutive patients.
Cancer 78:2173–2183.

121. Beressi N, Campos JM, Beressi JP, Franc B, Niccoli-Sire P,
Conte-Devolx B, Murat A, Caron P, Baldet L, Kraimps JL,
Cohen R, Bigorgne JC, Chabre O, Lecomte P, Modigliani
E 1998 Sporadic medullary microcarcinoma of the thy-
roid: a retrospective analysis of eighty cases. Thyroid 8:

1039–1044.
122. Decker RA, Peacock ML, Borst MJ, Sweet JD, Thompson

NW 1995 Progress in genetic screening of multiple endo-
crine neoplasia type 2A: is calcitonin testing obsolete?
Surgery 118:257–263; discussion 263–254.

123. Kitamura Y, Goodfellow PJ, Shimizu K, Nagahama M, Ito
K, Kitagawa W, Akasu H, Takami H, Tanaka S, Wells SA Jr
1997 Novel germline RET proto-oncogene mutations asso-
ciated with medullary thyroid carcinoma (MTC): mutation
analysis in Japanese patients with MTC. Oncogene 14:

3103–3106.
124. Wiench M, Wygoda Z, Gubala E, Wloch J, Lisowska K,

Krassowski J, Scieglinska D, Fiszer-Kierzkowska A, Lange
D, Kula D, Zeman M, Roskosz J, Kukulska A, Krawczyk Z,
Jarzab B 2001 Estimation of risk of inherited medullary
thyroid carcinoma in apparent sporadic patients. J Clin
Oncol 19:1374–1380.

125. Jones BA, Sisson JC 1983 Early diagnosis and thyroidec-
tomy in multiple endocrine neoplasia, type 2b. J Pediatr
102:219–223.

126. Erdogan MF, Gursoy A, Gullu S, Aydintug S, Kucuk B,
Baskal N, Kamel N, Hoppner W, Erdogan G 2007 Clinical
and genetic experience in Turkish multiple endocrine neo-
plasia type 2 families. Endocrinologist 17:273–277.

127. Barontini M, Levin G, Sanso G 2006 Characteristics of
pheochromocytoma in a 4- to 20-year-old population. Ann
N Y Acad Sci 1073:30–37.

128. De Krijger RR, Petri BJ, Van Nederveen FH, Korpershoek E,
De Herder WW, De Muinck Keizer-Schrama SM, Dinjens
WN 2006 Frequent genetic changes in childhood pheo-
chromocytomas. Ann N Y Acad Sci 1073:166–176.

129. Mora J, Cascon A, Robledo M, Catala A 2006 Pediatric
paraganglioma: an early manifestation of an adult disease
secondary to germline mutations. Pediatr Blood Cancer
47:785–789.

130. Pacak K, Eisenhofer G, Ahlman H, Bornstein SR, Gimenez-
Roqueplo AP, Grossman AB, Kimura N, Mannelli M,
McNicol AM, Tischler AS 2007 Pheochromocytoma: rec-
ommendations for clinical practice from the First Interna-
tional Symposium. October 2005. Nat Clin Pract Endocrinol
Metab 3:92–102.

131. Jackson MB, Guttenberg M, Hedrick H, Moshang T Jr 2005
Multiple endocrine neoplasia type 2A in a kindred with
C634Y mutation. Pediatrics 116:e468–471.

132. Decker RA, Geiger JD, Cox CE, Mackovjak M, Sarkar M,
Peacock ML 1996 Prophylactic surgery for multiple endo-
crine neoplasia type IIa after genetic diagnosis: is parathy-
roid transplantation indicated? World J Surg 20:814–820;
discussion 820–811.

133. Kraimps JL, Denizot A, Carnaille B, Henry JF, Proye C,
Bacourt F, Sarfati E, Dupond JL, Maes B, Travagli JP, Boneu
A, Roger P, Houdent C, Barbier J, Modigliani E 1996 Primary
hyperparathyroidism in multiple endocrine neoplasia type
IIa: retrospective French multicentric study. Groupe d’Etude
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