





novarus}), hip disorders such as slipped capital femoral
epiphysis and bilateral disiocations, and kyphoscoliosis or
lordosis.

Although patients with MEN2a are a minority of those
seen on initial visit, the use of CT measurement to screen
primary relatives of MTC-affected patients increases case
finding. By screening the primary relatives of 36 presumed
sporadic MTC patients, who initially visited Mayo Clinic over
a period of five years, our group found that seven patients
(19%) were actually index cases to new familial disease.
Table 1 classifies the patients under our care for five years,
both those seen initially and those added by family screening.

Table |. Cases of Medullary Thyroid Carcinoma and
Associated Endocrine Diseases

MTC (124)

Familial (75) Sporadic (49)
Normal Ganglioneuroma Normal
phenotype phenotype phenotype
MTC alone 39 6 3 44
MTC +
pheochromo-
cytema 8 3 2 0
MTC +
parathyroid
disease 14 0 0 0
MTC +
phecchromo-
cytoma + 5 0 0 0
parathyroid
disease o _
66 14 44
MEN2a MENZ2b

Rarely, there may be serendipitous radiographic detec-
tion of coarse calcification within a primary MTC or aregional
metastasis. A paraneoplastic syndrome may be recognized.
Adrenocorticotropic hormone immunoreactivity has been
demonstrated in the majority of tumors studied and Cushing's
syndrome occurs in some. As many as 30% of patients with
MTC develop watery diarrhea. Causation by a humoral agent
is suggested by cessation when the tumor is removed or
reduced. The diarrheal agent is not known; it may be CT.
Medullary thyroid carcinoma patients with this probiem in-
variably have high circulating CT concentrations,.and when
CT is infused into normal persons it causes increased se-
cretion into the jejunum of water, sodium, potassium, and
chloride. Other possible agents include prostaglandins,
serotonin, and vasoactive intestinal polypeptide (VIP). Gen-
erally the paraneoplastic syndromes occur in patients with
advanced disease. Many substances with unknown physio-
logic and pathophysiologic significance may be produced
by or found in MTC celis. They include the following: carcino-
embryonic antigen, histaminase, serotonin, prostaglandins,
dopa-decarboxylase, kallikrein, corticotropin-releasing fac-
tor, somatostatin, melanocyte-stimulating hormone, VIP,
epinephrine, and a factor thought to stimulate prolactin pro-
duction. Carcinoembryonic antigen and histaminase have
been used as tumor markers.

Diagnosis
Medullary carcinoma of the thyroid gland is a neoplasm
of C-cells that secrete the polypeptide hormone CT. Calci-

tonin is a biological marker uniquely useful for the early
detection and in the postoperative management of MTC.?
Its measurement is simple, reproducible, widely available,
and cost effective; therefore, it may be applied to large
numbers of patients. it is a highly sensitive discriminator. It
detects a quantitative difference between patients with and
without MTC.When properly applied, CT measurement gives
few false-negative and false-positive results.

Most patients with MTC have high concentrations of
plasma immunoreactive calcitonin (iCT). Patients with spo-
radic disease, who are oider at the time of diagnosis, gen-
erally have higher iCT values than those with familial tumor.*
Many younger affected kindred members have C-cell hyper-
plasia, the precursor of MTC, which apparently does not
continually secrete large quantities of CT. At Mayo Clinic,
27% of patients having familiat MTC have basal iCT concen-
trations within the normal range; repeated basal iCT con-
centrations have little variation. To identify early forms of
MTC, provocative tests of CT secretion have been developed
that increase the sensitivity of the marker.

Our group has used two secretagogues for this pur-
pose, four-hour calcium infusion {15 mg/kg Ca++)}, and
pentagastrin injection. In the pentagastrin test, a bolus intra-
venous injection (0.5 mcg/kg pentagastrin) is given in 5.0
seconds and blood samples are taken for iCT measurement
at0,1.5t02.0,and 5.0 minutes; the maximal response occurs
at 1.5 or 5.0 minutes. Figure 3 illustrates the iCT concentra-
tions in 26 patients with familial MTC who were studied
prior to thyroidectomy. Note that 279% of patients having
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Figure 3

iCT concentrations with antiserum G1701 in the same 26 patients (male
patients = open circles; female patients = closed circies) with histologi-
cally proved familial MTC or C-cell hyperplasia hefore thyroidectomy.
Left, maximal basal plasma iCT concenirations in normal persons
(shaded area) is 0.09 ng/ml for men and 0.07 ng/mi for women. Middie,
maximal iCT concentration during four-hour calcium infusion in normal
persons (shaded area)is 0.21 ng/ml for men and 0.14 ng/ml for women.
Right, maximal iCT concentration after pentagastrin injection in normal
persons (shaded area) is 0.18 ng/mli for men and 0.07 ng/ml for women.
Note that 27% of patienis with familial MTC have normal basal iCT con-
centrations, 15% have normal maximal iCT concentrations during calcium
infusion, and all patients had high values after pentagastrin injection.



basal iCT measurement and 15% of patients having calcium
infusion had iCT values within the normal range. Iin contrast,
no affected patient had a normal pentagastrin-stimulated
iCT concentration. Thus, the pentagastrin test is a highly
sensitive means for detecting MTC .5

Rude and Singer proposed the use of a one-minute
calcium injection.® Sufficient calcium was injected to produce
mean serum calcium increases of 2.4 mg/dl; maximal iCT
secretion occurred at one to two minutes. Most imporiantly,
they showed that the rise in iCT concentration following
calcium injection was 1.6 fold to 2.8 fold greater than after
pentagastrin injection and that an affected pentagastrin-
nonresponder was diagnosed by the test. In a comparisen
between pentagasirin and calcium injections, Emmertsen
et al demonstrated that pentagastrin injection was a better
CT secretagogue than calcium injection in five of six MTC
patienis.” Linehan et al reported that a combined calcium
and pentagastrin injection produced mean maximal iCT se-
cretion that was greater than that of pentagastrin injection
or calcium injection alone.® The convenience and degree of
stimulation produced by the pentagastrin test and the newer
tesis are very good. When more groups have compared
the results of pentagastrin, caicium, and the combined injec-
tion in patients having occult C-cell disease, one or perhaps
two tests will probably become standard. Side effects of the
tests include a feeling of warm or cold, flushing and epi-
gastric pressure (lasting less than one minute with penta-
gastrin), and headache, nausea, and vomiting (lasting longer
with calcium).

Several caveats regarding the use of CT measurement
for the detection of MTC are important. By using these tests
to increase the sensitivity of CT measurement, earlier diag-
nosis is provided. Presumably, any test will allow false-
negative responses, that is, initially fail to detect minimali
C-cell disease; our laboratory has seen two with the penta-
gastrin test. Thus, sequential measurement must be per-
formed in high-risk patients whose initial test results are
negative. False-positive responses also may occur; our
laboratory has had two. Variable immunochemical specificity
of anti-CT antisera and the heterogeneity of circulating CT
species may account, in part, for the different absoiute iCT
values reported by various laboratories.® Finally, users of
referral laboratories should know which test battery is rec-
ommended for the purpose of early detection because each
laboratory will have a preference based on experience.

Hypercalcitoninemia is not absolutely specific for MTC
as it occurs in patients with other diseases (Table 2). Prac-
tically speaking, if patients are suspected of having MTC
for other reasons, such nonspecificity is not bothersome.
Malignant tumors are the most common non-MTC cause of
high iCT values. Several generalizations apply in the hyper-
calcitoninemia of non-MTC malignancy: (1) it may be seen
in patients with occult malignancy, but this is rare.(2) It may
be more common in hypercalcemic patients. (3) In com-
parable histologic tumor types, its prevalence is higher in
patienis with metastasis. These and other factors help o
separate patients with MTC from those with other tumors.
When the differential diagnosis of a high iCT value in a
patient is between MTC and other malignancy, the former
group generally has higher values as well as an obviously
palpable thyroid mass. Also, CT secretion in patients with
nonmedullary cancers is poorly stimulated by the standard
secretagogues.io

Treatment
Patients with MTC should have a total thyroidectomy

Table iil. Conditions Associated with High iCT Concentrations

Meduliary Thyroid Carcinoma and C-celi Hyperplasia
Malignancy
1. Ectopic secretion
Lung
Breast
Carcinoid
Pheochromocytoma
2. Bone metastasis with hypercalcemia
Lung
Breast
Kidney
Ureter*
3. Associated with ectopic hyperparathyroidism
Lung
Renal cell
Sqguamous cells of neck*
4. Trophic stimulation of thyroidal secretion

Pancreas
Hepatoceliular
Trachea*

Lung

5. Unknown mechanism
Lung** Bladder
Breast** Testicle
Pancreas Prostate
Ovary Uterus
Lymphoma Maxilla
Myeloma Colon
Myelocytic leukemia Stomach
Kidney** Hepatocellular

Chronic Renal Failure

Gastrointestinal Disorders
Zollinger-Ellison syndrome
Pancreatitis*
Verner-Morrison syndrome
Pernicious anemia*

Acute bleeding*

Mineral and Bone Disorders
Low birth weight
Hyperostotic bone diseases
Hyperparathyroidism*
idiopathic hypercalciuria

Miscellaneous

Pregnancy Subacute thyroiditis*
Cord sera Hashimoto's thyroiditis*
Neonates Toxic shock syndrome
Children

*Limited information or lilerature disagreement.
**Mechanisms exhibited by specific tumors which appear to differ from
other mechanisms listed for tumors originating from the same organ.

at the earliest possible age (Figure 4). The recommendation
for total thyroidectomy is based on several facts. A patient
operated on for thyroid nodule on the ipsilateral side may
well have occult contralateral disease. At Mayo Clinic, the
incidence of multifocal or bilateral MTC or its precursor in
familial disease is at least 91%, and ten of 50 patients pre-
sumed to have sporadic medullary carcinoma have also had
bilateral or multicentric tumor. We have also established
that 19% of patients without family histories of MTC are
index cases to familial disease, a setting in which bilateral
tumors are expected. Finaily, the report of a high iCT con-
centration after operation in a patient who has had an in-
complete thyroidectomy will require total thyroidectomy
just to assure that bilateral disease is not present. When
performed by a skilled surgical team this procedure does
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Persistence of familial MTC after primary operation as a function of age
at the time of initial diagnosis. Note a progressive increase from zero
in the first decade, to 31% in the second decade, and 67% in the seventh
decade. (Modified from Sizemore GW, et al: Surg Ciin North Am 57:633,
1977, with permission.)

not produce significant increases in vocal cord paralysis or
hypoparathyroidism.

“Prophylactic” dissection of lymph nodes in the central
compartment of the neck from the hyoid bone to the in-
nominate vessels should be done at the time of primary
total thyroidectomy. This is advised because metastasis fre-
guently occurs in this central cervical zone. Miller et al
found metastatic carcinoma in this location in seven of 12
patients operated on for MEN2a.2 The central lymph nodes
of 50% of Mayo Clinic patients undergoing this procedure
have contained metastatic tumor and approximately one
third of our patients, who have had total thyroidectomy
without central lymphadenectomy, have had high iCT values
following operation.

Lymph nodes in the lateral compartments of the neck
should be sampled and, if positive, lymphadenectomy should
be done. If either the jugular vein or sternocieidomastoid
muscle is involved with tumor, resection of these structures
is indicated. The question of whether to perform a modified
neck dissection or a radical neck dissection is difficult and
the final answer must await a prospective, randomized sur-
gical trial.

Following operation, patients should receive thyroid
hormone replacement and CT stimulation test evaluation.
High iCT concentrations indicate persistence of C-cell dis-
ease. A major problem has been the management of thy-
roidectomized patients who have CT excess but no clinical
disease. The natural history of the disease should be a guide
to care in the individual patient. It is known that MTC in
patients with MEN2b is more virulent than that found in
patients with sporadic MTC or in patients with MEN2a. Thus,
more aggressive study and therapy seems reasonable inthe
former groups. Sixty-seven percent of our patients with
MENZ2b have residual MTC; the majority of our patients
with MENZ2b either have died or currently have evidence of
recurrent MTC."® Qur patients with sporadic MTC and cervi-
cal metastasis at initial operation have had a 46% ten-year
survival rate. By contrast, the MTC in our patients with
MENZ2a seems less virulent. Present data suggest the ma-
jority of thyroidectomized MENZ2a patients with clinically
inapparent disease, modestly elevated and stable iCT values
do not benefit from vigorous attempts to localize, resect,
or treat the tumor with other modalities.

in decreasing order of frequency, the major sites of
metastasis are: lymph nodes of the neck and mediastinum,
fung, liver, and bone. Many techniques are available for
localization of metastiasis. Sequential palpation of the neck
is important. Chest roentgenograms may show diffuse inter-

stitial infiitrates, particularly in the middle and lower lobes.
Computerized axial tomography of the lungs, mediastinum,
and liver is heipful. Isotope scans may document bony meta-
stasis but they are insensitive for liver metastasis as are
hepatic enzymes. Hepatic angiograms will demonsirate the
vascular-pattern metastasis of MTC more reliably than
enzyme determination, scans, or computerized axial tomog-
raphy. If these methods do not identify the site of metastasis,
selective venous catheterization with blood sampiing for
measurement of CT will localize more than one half of per-
sistent or recurrent tumors. Norton et al have combined
this technique with pentagastrin stimulation to provide
effective localization. Unfortunately, the great majority of
patients having second or third operations are not cured,
although they may have decrements of iCT.5

in patients with metastatic MTC, for whom further surgery
is not appropriate, iong-term objective remission is gener-
ally not produced by other therapies. Hellman et al used
311 as an adjunct to thyroidectomy in a young patient with
MTC.'¢ Deftos and Stein observed a gradual decrease iniCT
values after two 'l treatments in another patient.’” To date,
our group has not had success employing this treatment.
Further study is needed to define the value of ®{. Occasion-
ally patients with MTC have been treated by chemotherapy.
Gottlieb and Hill showed that doxorubicin is active against
this neoplasm with five of 11 patients responding to therapy.'s
Unfortunately, no complete responses have been reported.'®
External radiation may reduce clinically obvious tumor and
produce decrements in iCT concentrations. This treatment
benefits some patients, but it has not produced a cure.

Associated Diseases

The adrenal medullary disease (AMD) in MENZ2 is typi-
cally bilateral and multicentric or multilobular in contrast to
that in patients with sporadic pheochromocytoma. The
histologic spectrum ranges from diffuse and/or nodular
hyperplasia to carcinoma. This variance in pathological find-
ings, in conjunction with an absence of symptoms in patients
having early AMD, partially explains the differences in the
reported incidence of this component of MEN2; the inci-
dence varies from 13% to 21% in younger populations iden-
tified because of elevated levels of iCT found during family
screening, to approximately 50% in older patients identified
because of clinical MTC.

All patients having AMD do not have headache, palpi-
tations, tachycardia or bradycardia, perspiration, pallor, and
hypertension. The early pathological changes and, not un-
commonly, advanced changes may exist without producing
the symptoms or signs generally present in sporadic phec-
chromocytoma. Eight of 17 Mayo Clinic patients were
asymptomatic and nine were symptomatic {paroxysms, 6;
headache, 2; dizziness, 1); nine patients were normotensive,
hypertension was present in seven, and hypotension in
one.? Episodic rather than sustained hypertension is the
rule. Clearly, affected patients may have unanticipated and
unexplained sudden death. Six of 17 (35%) Mayo Clinic
patients died because of AMD (cerebral hemorrhage, 2,
hypotension, 2; metastasis, 2), and two others were alive
with metastasis.2° The authors also reported that 33 of 149
(22%) of patients described in the literature had deaths
attributable to pheochromocytoma.

A high urinary content of catecholamines and/or their
metabolites establishes the diagnosis of AMD. Gagel et al
emphasized the diagnostic value of a high urinary epineph-
rine content or a high urinary spinephrine/norepinephrine
ratio and showed the value of the ratio in sequential screen-



ing for AMD.2 In normotensive patients, who have normal
levels of urinary catecholamines and metabolites, results
from stimulation tests with glucagon and histamine are
sometimes diagnostic but they may be inconsistent and
falsely negative.

High resolution computerized tomography has not de-
tected adrenal medullary hyperplasia, but it is helpful for
localization of pheochromocytomas as small as 1.5 cm. The
nuclear medicine group at the University of Michigan has
developed a radioiodinated imaging agent, ¥l-metaiodo-
benzylguanidine, which is concentrated by catecholamine
storage vesicles and can be used to detect AMD in patients
with MEN2.22 The effectiveness of these two techniques
for the diagnosis of AMD likely will eliminate other less
sensitive or nonspecific techniques currently used for locali-
zation. When the diagnosis of AMD is established, appropriate
alpha- and beta-adrenergic blockade and glucocorticoid
preparation should be established. At Mayo Clinic, patients
are advised to have bilateral total adrenalectomy. The opera-
tion includes exploration of all paraganglionic areas, removal
of extra-adrenal paragangliomas, and examination of the
liver for metastasis either from a pheochromocytoma or MTC.

Clinical or anatomic evidence of parathyroid disease
has been present in 29% to 64% of patients with MEN2a.12.23
in the 45 patients with parathyroid disease summarized in
these articles, parathyroid hyperplasia was present in 84%
and parathyroid adenomas were presentin 16%. By contrast,
overt parathyroid disease is distinctly uncommon in patients
with MENZ2b, even though microscopic examination may
show subtle abnormalities.

Patients with MEN2a seldom have symptoms of hyper-
calcemia. In those who have clinical disease (recurrent
nephrolithiasis, asymptomatic renal calculi, nephrocalcinosis,
and chronic renal failure), there is nothing unique about
the hypercalcemia, hypophosphatemia, hyperphosphatasia,
and serum immunoreactive parathyroid hormone (iPTH)
concentrations. The diagnosis is established by finding si-
multaneously high serum calcium and iPTH concentrations.
MENZ2a patients may have occult normocalcemic parathy-
roid hyperplasia. These patients are normocalcemic and
have normal basal iPTH concentrations; yet, at cervical ex-
ploration, hyperpiasia of one or more parathyroid glands is
confirmed.242s Calcium infusion combined with the measure-
ment of iPTH has been used to detect this occult para-
thyroid hyperplasia preoperatively.2s

In patients with overt hyperparathyroidism, the surgeon
must remove obvious large tumors and, at the same time,
preserve parathyroid function. In general, this means making
a concerted effort to identify all four parathyroid glands,
removing three glands when multiple gland disease is en-
countered, and leaving a 30 to 50 mg remnant of one gland.
if a singie adenoma with three normal-sized glands is found,
selective excision of the enlarged gland with biopsy of those
remaining should be done. Remaining tissue should be
marked with radiopague clips and sutures to aid subsequent
identification. The natural history of parathyroid disease in
this syndrome is not known. Therefore, a conservative
approach to parathyroid surgery is appropriate.
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