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ABSTRACT

BACKGROUND

Medullary thyroid carcinoma is the most common cause of death in patients with mul-
tiple endocrine neoplasia (MEN) type 2A (MEN-2A) or type 2B or familial medullary
thyroid carcinoma. We sought to determine whether total thyroidectomy in asymp-
tomatic young members of kindreds with MEN-2A who had a mutated allele of the RET
proto-oncogene could prevent or cure medullary thyroid carcinoma.

METHODS

A total of 50 patients 19 years of age or younger who were consecutively identified
through a genetic screening program as carriers of a RET mutation characteristic of
MEN-2A underwent total thyroidectomy. Five to 10 years after the surgery, each patient
was evaluated by physical examination and by determination of plasma calcitonin lev-
els after stimulation with provocative agents.

RESULTS

In 44 of the 50 patients, basal and stimulated plasma calcitonin levels were at or below
the limits of detection of the assay (proportion, 0.88; 95 percent confidence interval,
0.76 t0 0.95). Two patients had basal and stimulated plasma calcitonin levels above the
normal range. Stimulated plasma calcitonin levels had increased but remained within
the normal range in four patients. The data suggest that there was a lower incidence of
persistent or recurrent disease in children who underwent total thyroidectomy before
eight years of age and in children in whom there were no metastases to cervical lymph
nodes.

CONCLUSIONS

In this study, young patients identified by direct DNA analysis as carriers of a RET mu-
tation characteristic of MEN-2A had no evidence of persistent or recurrent medullary
thyroid carcinoma five or more years after total thyroidectomy. A longer period of eval-
uation will be necessary to confirm that they are cured.
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EDULLARY THYROID CARCINOMA,
a cancer of the parafollicular (C) cells,
develops in virtually all patients with
multiple endocrine neoplasia (MEN) type 2A
(MEN-2A) or type 2B (MEN-2B) and in those with
familial medullary thyroid carcinoma.1-3 Medul-
lary thyroid carcinoma is the most common cause of
death in patients with these endocrinopathies, and
total thyroidectomy that is performed before medul-
lary thyroid carcinoma develops or spreads beyond
the gland is currently the only curative treatment.
Over time, patients with MEN-2A, MEN-2B,
or familial medullary thyroid carcinoma develop
a spectrum of C-cell disorders, beginning with C-cell
hyperplasia and progressing to intrathyroidal med-
ullary thyroid carcinoma, regional lymph-node me-
tastases, and distant metastases.* C cells secrete
the hormone calcitonin, and blood levels of this
polypeptide serve as a sensitive tumor marker as
well as an indicator of the C-cell mass.> Intravenous-
ly administered calcium and pentagastrin are potent
calcitonin secretagogues that markedly enhance
the sensitivity of the calcitonin assay.¢
In the early 1990s, it was shown that mutations
in the RET proto-oncogene cause MEN-2A; MEN-2B,
and familial medullary thyroid carcinoma.”- Thus,
by direct DNA analysis, it is possible to identify per-
sons within kindreds with these syndromes who
have inherited a mutated RET allele and in whom
medullary thyroid carcinoma is destined to devel-
op. This discovery changed the treatment of patients
at risk for hereditary medullary thyroid carcinoma,
since it provided a rationale to perform thyroidec-
tomy either before medullary thyroid carcinoma
developed or while the cancer was confined to the
gland.10
On the basis of clinical evaluation and biochem-
ical testing, we sought to determine whether young
patients with the MEN-2A genotype who had no
physical evidence of medullary thyroid carcinoma
were free of disease five or more years after total
thyroidectomy. We also sought to determine wheth-
er the outcome of surgery is related to the specific
RET codon mutation, the preoperative stimulated
plasma calcitonin level, the age of the patient at the
time of total thyroidectomy, the histologic status of
the resected thyroid gland, the presence or absence
of cervical lymph-node metastases, or all of these
factors.

METHODS

SUBJECTS
In 1993, our clinic initiated a genetic screening
program for patients atrisk for MEN-2A, MEN-2B,
and familial medullary thyroid carcinoma. We iden-
tified 85 patients who had inherited a mutated al-
lele that is characteristic of MEN-2A. Each patient
underwent total thyroidectomy, with the exception
of two children (a 9-year-old child with cerebral pal-
sy and a 12-year-old child with autism) whose par-
ents did not consent to surgery.

Our study concerns the 50 patients consecu-
tively identified as having MEN-2A who were 19
years of age or younger (range, 3 to 19 years; mean,
10 years) at the time of total thyroidectomy and who
were evaluated for evidence of medullary thyroid
carcinoma at least 5 years postoperatively (range,
5 to 10 years; mean, 7 years). Excluded from the
analysis were 24 patients who were older than 19
years of age at the time of total thyroidectomy and
9 patients who, although younger than 19 years at
the time of surgery, were evaluated only one to
four years postoperatively.

The protocols and informed-consent documents
for genetic testing, genetic counseling, total thy-
roidectomy, and postoperative evaluation were re-
viewed and approved by the institutional review
boards at the Washington University School of Med-
icine and the Duke University School of Medicine.
All patients and legal guardians of patients who
were minors gave written informed consent to par-
ticipate in the study.

CLINICAL AND HORMONAL ASSESSMENT

For each patient, a medical history was obtained
and a physical examination performed. In addi-
tion, plasma calcitonin levels were determined be-
fore and after provocative testing with calcium and
pentagastrin.® Pentagastrin (Peptavlon) was ob-
tained from Wyeth—Ayerst until 1999 and there-
after from Cambridge Laboratories. Five or more
years after total thyroidectomy, all patients were
evaluated by physical examination and by the de-
termination of plasma calcitonin levels; 48 patients
were tested both before and after the combined in-
fusion of calcium and pentagastrin, 1 patient was
tested with calcium gluconate alone, and 1 was test-
ed with pentagastrin alone.
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Plasma calcitonin levels were determined with
the use of assay kits from the Nichols Institute
(Quest Diagnostics). Until 1996, calcitonin levels
were determined with the use of a radioimmunoas-
say; thereafter, these measurements (including stud-
ies performed five or more years after total thyroidec-
tomy) were made by a chemiluminescent assay. In
all patients, postoperative blood calcium levels were
determined by atomic absorption analysis.

GENETIC TESTING

DNA was isolated from peripheral-blood leuko-
cyte samples with the use of standard methods. Pa-
tients and at-risk family members were screened
for mutations in the RET proto-oncogene with the
use of polymerase chain reaction (PCR) amplifica-
tion and direct sequencing for exons 10, 11, 13,
and 14, which are known to harbor pathogenic
MEN-associated mutations.11-13 Each exon region
was amplified with the use of two different pairs
of PCR primers to avoid any possible amplification
bias, and the DNA sequence from both strands
was determined. PCR amplification of exon 16, cou-
pled with restriction-enzyme digestion, was used
to detect the codon 918 mutation associated with
MEN-2B. Some point mutations in exons 10, 11, 13,
and 14 also involve restriction sites, and for these,
restriction-fragment-length polymorphism assays
were substituted for PCR sequencing of DNA.9:11,13
We required concordance of the sequence data or
restriction-fragment-length polymorphism pat-
terns from both PCR products, both DNA strands,
or all of these in order to report test findings.

OPERATIVE TECHNIQUE

One of four surgeons performed a total thyroidec-
tomy on each of the 50 patients. Each surgeon fol-
lowed an established operative protocol consisting
of removal of the entire thyroid gland (including
the posterior capsule) and resection of lymph nodes
in the central zone of the neck (from the hyoid bone
to the thoracic inlet and laterally to the carotid ar-
teries). The parathyroid glands were removed and
then placed as intramuscular autografts, either in
the nondominant forearm (if the patient had a RET
mutation associated with a high incidence of para-
thyroid hyperplasia) or in the neck.14

POSTOPERATIVE MANAGEMENT

Patients began taking oral calcium and vitamin D
after total thyroidectomy and were discharged af-
ter the serum calcium level was documented to be

normal or near normal and after a calcium—penta-
gastrin stimulation test was performed. Thereaf-
ter, patients were evaluated by our group in col-
laboration with the patients’ referring physicians.
Our group performed annual physical examina-
tions and intermittent calcitonin testing after thy-
roidectomy.

HISTOLOGIC ANALYSIS

The thyroid glands and soft tissues from the lymph-
node dissection in the central zone were fixed in for-
malin and embedded in paraffin. Sections stained
with hematoxylin and eosin were evaluated for the
presence of medullary thyroid carcinoma accord-
ing to the criteria of Wolfe et al.# and Mendelsohn
etal.15

STATISTICAL ANALYSIS

The marginal binomial proportions were estimat-
ed with the use of empirical proportions and exact
Clopper—Pearson interval estimators.1¢ The dis-
crepancy between two continuous distributions
was assessed with the use of the exact Wilcoxon
rank-sum test.17 The discrepancy between two bi-
nomial proportions was assessed with the use of
Fisher’s exact test for contingency tables.8 The as-
sociation between clinical covariates and binomial
responses was investigated with the use of condi-
tional logistic regression.19 All P values and confi-
dence intervals are two-sided and have not been ad-
justed to account for multiplicity.

The conditional logistic-regression analyses
were carried out with the use of LogXact software
(version 5, Cytel). All other statistical analyses were
carried out with the use of R software (version 1.9.1,
R Project for Statistical Computing). The imple-
mentation of the exact Wilcoxon rank-sum test'”
found in the 0.8-8 version of the exactRankTests
was used.

The study design, data gathering, data analysis,
and writing of the manuscript were carried out by
the study investigators.

RESULTS

DIRECT DNA ANALYSIS FOR RET MUTATIONS

RET mutations in the 50 patients with MEN-2A
were found at codons 609 (3 patients), 611 (1 pa-
tient), 618 (11 patients), 620 (16 patients), and 634
(19 patients). Of the six patients who had evidence
of persistent or recurrent medullary thyroid carci-
noma after total thyroidectomy, two had mutations
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in codon 618, 620, or 634. There was no statistical
evidence that the presence of persistent or recur-
rent medullary thyroid carcinoma was dependent
on the specific codon mutation (P=0.92).

PATHOLOGY

Thyroid Gland

On gross and histologic examination of the thyroid
glands, 17 patients (median age, 6 years) had either
no evident disease or isolated C-cell hyperplasia,
whereas 33 patients (median age, 10 years) had
microscopic or macroscopic evidence of medullary
thyroid carcinoma. The age distribution of patients
with either no evident disease or isolated C-cell hy-
perplasia differed from that of patients with med-
ullary thyroid carcinoma (P=0.02).

Lymph Nodes

Lymph nodes from the central zone of the neck
were resected in all but 1 of the 50 patients. The
number of nodes removed ranged from 3 to 30
(mean, 10.9 nodes per patient). Metastases to re-
gional nodes were found in three patients (one at
10 years of age, with 2 of 6 nodes positive, and two
at 11 years of age, with 3 of 11 nodes positive and
1 of 8 nodes positive, respectively). In two of the
three patients with metastases to regional nodes,
plasma calcitonin levels became elevated during the
postoperative period, indicating persistent or recur-
rent disease. The data suggest that patients with
negative nodes had a lower incidence of persis-
tent or recurrent medullary thyroid carcinoma than
those with positive nodes (P=0.04).

PLASMA CALCITONIN LEVELS

Preoperative Levels

The age distribution of the 27 patients (median age,
11 years) with elevated preoperative plasma calcito-
nin levels after stimulation appeared to differ, if
slightly, from that of the 23 patients (median age,
7 years) with normal preoperative levels (P=0.05).

Postoperative Levels

Forty-four of the 50 patients evaluated after total
thyroidectomy had no evidence of persistent or
recurrent disease, as evidenced by normal find-
ings on a physical examination and by plasma cal-
citonin levels that were at or below the limits of de-
tection of the assay before and after calcium and
pentagastrin stimulation (proportion, 0.88; 95 per-
cent confidence interval, 0.76 to 0.95) (Fig. 1A). In
the remaining six patients, basal or stimulated

plasma calcitonin levels became elevated after to-
tal thyroidectomy, indicating persistent or recur-
rent medullary thyroid carcinoma. Patient 24 had
basal plasma calcitonin values that exceeded the
normal range in the immediate postoperative peri-
od and that continued to increase on subsequent
testing (Fig. 1B and Tables 1 and 2). Stimulated
plasma calcitonin values in this patient increased
but remained within the normal range immediately
after total thyroidectomy and rose above the normal
range six years later.

Patient 13 had an elevated basal plasma calcito-
nin level three years after total thyroidectomy (Ta-
bles 1 and 2). The stimulated plasma calcitonin lev-
els then increased gradually and reached levels
above the normal range nine years after total thy-
roidectomy.

In Patients 1, 5, 19, and 36, basal plasma calci-
tonin levels were undetectable at all testing points
after total thyroidectomy (Tables 1 and 2). Howev-
er, the stimulated levels were elevated above basal
levels but within the normal range. In Patient 1,
the stimulated plasma calcitonin levels rose pro-
gressively but remained within the normal range
five and eight years after total thyroidectomy.
Nine years after surgery, Patient 19 had stimulat-
ed plasma calcitonin levels that had increased
but that remained within the normal range. In Pa-
tient 5, stimulated plasma calcitonin levels had in-
creased minimally above the basal level at five years.
Patient 36 had undetectable stimulated plasma
calcitonin levels three years after total thyroidec-
tomy but a minimal increase above the basal level
at six years.

TIMING OF SURGERY

Of 28 patients who were 8 years of age or older (me-
dian age, 13.5 years) at the time of total thyroidecto-
my, postoperative stimulated plasma calcitonin lev-
els subsequently became elevated in 6. Postoperative
stimulated levels remained undetectable in 22 pa-
tients who were 7 years of age or younger (median
age, 5.5 years) at the time of total thyroidectomy
(P=0.03). The specific cutoff age of eight years was
chosen posthoc, and since the Pvalue presented has
not been adjusted accordingly, the observation
should be interpreted with caution.

We attempted to perform a multivariate logis-
tic analysis, with evidence of persistent or recur-
rent disease as the response and, as candidate co-
variates, patients’ age at the time of thyroidectomy,
the specific RET codon mutation, thyroid histologic
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findings, preoperative calcitonin values, and region-
al lymph-node metastases. Because of the sparse-
ness of the covariate structure, the resulting esti-
mates were deemed to be unreliable and are not
presented in this article.

PARATHYROID FUNCTION

The postoperative serum calcium levels were evalu-
ated at least one year postoperatively in all patients
who underwent total thyroidectomy and dissection
of the lymph nodes in the central neck zone. Serum
calcium levels were normal in 47 of the 50 patients
(94 percent); however, in 3 patients (ages four, four,
and six years at the time of surgery), calcium and
vitamin D supplements were required to maintain
the serum calcium levels within or near the normal
range.

DISCUSSION

With the availability of molecular techniques that
identify persons in whom a specific solid-organ can-
cer is destined to develop, we have had the opportu-
nity to test the hypothesis that such a cancer can be
prevented or cured by preemptive removal of the
organ, either before the cancer develops or while it
is in situ. In order to confirm this hypothesis, sev-
eral conditions must be met: there mustbe a reliable
method of identifying patients in whom cancer in
a specific organ will develop, the organ must be ex-
pendable or its function amenable to suitable re-
placement, removal of the organ must pose mini-
mal risk to the patient, and there must be a sensitive
method to determine whether the patient has been
rendered free of disease and remains so after re-
moval of the organ.

The medullary thyroid carcinoma associated
with the type 2 MEN syndromes meets each of
these criteria. Direct DNA analysis for mutations
in the RET proto-oncogene can identify members
of kindreds with MEN-2A, MEN-2B, or familial
medullary thyroid carcinoma in whom thyroid can-
cer will develop. Thyroxine can replace the func-
tion of the removed gland. Elective total thyroidec-
tomy is a standard operative procedure associated
with minimal morbidity and virtually no mortality.
The medullary thyroid carcinoma cells secrete cal-
citonin, which serves as an excellent tumor marker
that indicates persistent or recurrent medullary
thyroid carcinoma after total thyroidectomy.

In our study, we established strict criteria for
determining whether young patients with MEN-2A
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Figure 1. Calcium—Pentagastrin Stimulation Testing.

Panel A shows the results of stimulated plasma calcitonin testing for Patient 8;
the data are representative of the 44 patients in whom the basal and stimulat-
ed plasma calcitonin levels remained at or below the limits of detection of the
assay from 5 to 10 years after total thyroidectomy. Panel B shows the results of
testing for Patient 24. In Panel B, time 0 represents the immediate postopera-
tive period. Calcium and pentagastrin were injected immediately after time 0.

were free of disease after total thyroidectomy. Each
of the 50 patients was evaluated by physical exam-
ination and calcitonin testing (with calcium and
pentagastrin stimulation in all but 2 patients) five
or more years after removal of the thyroid gland. A
plasma calcitonin value above the normal basal lev-
el at a single time point after provocative testing
was considered evidence of persistent or recurrent
medullary thyroid carcinoma, even if the value fell
within the range of plasma calcitonin values found
in normal persons.

In 44 of the patients (88 percent), and in all of
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those who underwent total thyroidectomy before
eight years of age, there was no evidence of persis-
tent or recurrent medullary thyroid carcinoma. Six
patients who had increased basal or stimulated plas-
ma calcitonin levels postoperatively were consid-
ered to have residual medullary thyroid carcinoma.
Moderate elevations in plasma calcitonin levels have
been reported in association with certain malignant
tumors and benign inflammatory conditions, none
of which were present in our patients.2°-23 The pro-
gressive increases in stimulated plasma calcito-
nin levels after total thyroidectomy in patients with

medullary thyroid carcinoma are characteristic of
an enlarging C-cell mass due to persistent or recur-
rent disease.

We evaluated the potential effects on outcome
of several factors: age at the time of surgery, the
histologic status of the resected thyroid gland (no
evident disease or isolated C-cell hyperplasia vs. ev-
idence of medullary thyroid carcinoma), the pres-
ence or absence of lymph-node metastases, the pre-
operative stimulated plasma calcitonin level, and
a specific RET codon mutation. The data from our
study suggest that there was a lower incidence of

Table 1. Characteristics of the Patients.*
Patient Codon with Age Pathological Lymph-Node Duration Postoperative
No. Sex RET Mutation  at Surgery Findings Status of Follow-up Calcitonin
Basal Peak
no. positive/
yr total no. resected mo pg/ml
17 F 618 19 MTC, MIC 0/5 97 <2 20
2 F 620 14 MTC, MAC 0/17 60 <3 <3
3 M 620 18 MTC, MIC 0/7 96 <4 <4
4 M 618 13 MTC, MAC 0/18 104 <3 <3
57 M 620 14 MTC, MIC 0/30 60 <3 6
6 M 620 14 CCH 0/6 110 <3 <3
7 M 634 19 MTC, MIC 0/19 60 <2 <2
8 F 634 7 MTC, MIC 0/5 104 <3 <3
9 M 620 6 CCH 0/16 94 <4 <4
10 M 620 9 MTC, MIC 0/14 96 <4 <4
11 F 611 17 MTC, MIC 0/27 107 <3 <3
12 M 620 18 MTC, MAC 0/12 65 <2 <2
135 M 634 16 MTC, MAC 0/6 109 89 1320
14 F 634 8 MTC, MIC 0/18 102 <3 <3
15 M 634 6 MTC, MIC 0/9 100 <2 <2
16 M 618 15 MTC, MAC 0/10 87 <4 <4
17 F 618 12 CCH 0/12 119 <3 <3
18 F 620 19 MTC, MIC 0/4 99 <3 3
197 F 634 8 MTC, MAC 0/4 109 <2 22
20 M 618 14 MTC, MIC 0/3 95 <3 <3
21 M 634 5 MTC, MIC 0/11 102 <2 <2
22 F 634 6 MTC, MAC 0/9 81 <4 <4
23 F 620 7 MTC, MAC 0/23 74 <4 <4
247 M 620 10 MTC, MAC 2/6 84 130 653
25 F 609 18 CCH 0/22 121 <4 <4
N ENGL J MED 353;11 WWW.NEJM.ORG SEPTEMBER 15, 2005
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persistent or recurrent disease in children who un-
derwent total thyroidectomy before eight years of
age and who had no metastases to cervical lymph
nodes.

The most important consideration with regard
to children known to have inherited a mutated RET
allele, which is characteristic of MEN-2A, is the tim-
ing of the thyroidectomy. Currently, our practice
is to perform total thyroidectomy when the child is
between five and eight years of age, regardless of
the RET codon mutation. In patients of this age, it
is probably unnecessary to perform a central-zone

lymph-node dissection, since none of our patients
younger than 11 years of age and none of the pa-
tients younger than 14 years described by Machens
et al.24 had lymph-node metastases at the time of
total thyroidectomy. It should be noted, however,
that Graham and colleagues reported lymph-node
metastases in a six-year-old child with MEN-2A
who underwent total thyroidectomy on the basis of
increased stimulated plasma calcitonin levels.25 Fur-
thermore, one would expect the incidence of per-
sistent hypocalcemia to be lower in children in
whom central-zone lymph-node dissection is not

Table 1. (Continued.)
Patient Codon with Age Pathological Lymph-Node Duration Postoperative
No. Sex RET Mutation  at Surgery Findings Status of Follow-up Calcitonin
Basal Peak
no. positive/
yr total no. resected mo pg/ml
26 F 620 5 MTC, MIC 0/7 74 <4 <4
27 M 634 7 MTC, MIC 0/5 82 <2 <2
28 M 620 5 NED 0/9 84 <3 <3
29 M 634 9 MTC, MAC 0/4 96 <3 3
30 F 634 7 MTC, MAC 0/11 101 <2 <2
31 M 618 9 MTC, MAC 0/5 79 <2 <2
32 M 620 9 CCH 0/6 73 <4 <4
33 M 620 3 CCH 0/20 73 <4 <4
34 F 620 7 CCH 0/9 73 <4 <4
35 M 618 16 MTC, MAC 0/20 81 <4 <4
367 F 618 11 MTC, MAC 3/11 70 <3 7
37 F 609 13 NED 0/0 89 <2 <2
38 F 634 5 MTC, MAC 0/16 64 <4 <4
39 M 634 4 CCH 0/11 64 <4 <4
40 F 618 4 CCH 0/6 63 <4 <4
41 M 620 6 NED 0/9 77 <2 <2
42 F 634 6 CCH 0/13 78 <2 <2
43 M 634 5 CCH 0/7 73 <2 <2
44 F 634 11 MTC, MAC 1/8 72 <2 <2
45 F 618 5 CCH 0/11 73 <2 <2
46 M 618 7 CCH 0/14 73 <2 <2
47 M 634 12 MTC, MAC 0/17 66 <2 <2
48 F 634 5 MTC, MIC 0/9 60 <2 <2
49 M 634 5 MTC, MIC 0/3 60 <3 3
50 F 609 13 NED 0/4 60 <3 <3

* MTC denotes medullary thyroid carcinoma, MIC microinvasive carcinoma (visible only microscopically), MAC macroin-
vasive carcinoma (grossly visible), CCH C-cell hyperplasia, and NED no evidence of disease.
T This patient had evidence of persistent or recurrent medullary thyroid carcinoma.
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Table 2. Plasma Calcitonin Levels before and after Calcium—Pentagastrin Stimulation in Patients with Persistent or Recurrent Disease

after Surgery.*
Patient No.  Age Sex Calcitonin Level (pg/ml)}
Immediate
Postoperative
Period 1 Year 2 Years 3 Years 5-7 Years 8-10 Years

yr basal  peak  basal  peak  basal  peak  basal  peak  basal  peak  basal  peak
24 10 M 9 65 26 142 ND 370 60 164 130 653 NT NT
13 16 M <4 <4 NT NT NT NT 11 22 14 46 89 1320
1 19 F <3 <3 NT NT NT NT <2 <2 <3 7 <2 20
19 8 F <3 <3 NT NT NT NT <3 <3 <3 <3 <2 22
5 14 M <3 <3 NT NT NT NT <3 <3 <3 6 NT NT
36 11 F <3 <3 NT NT <3 <3 <3 <3 <3 7 NT NT

* ND denotes not done, NT not tested.
T Basal denotes plasma calcitonin levels before calcium—pentagastrin stimulation, and peak denotes plasma calcitonin levels after stimulation.
Normal values are 4 pg per milliliter or less (basal) and 70 pg per milliliter (peak) in girls and 8 pg per milliliter or less (basal) and 491 pg per
milliliter (peak) in boys.

1112

performed at the time of total thyroidectomy than
in those in whom it is performed.

Although the data from our study are encour-
aging, definitive guidelines for the operative treat-
ment of children with MEN-2A, MEN-2B, and fa-
milial medullary thyroid carcinoma will require that
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