CHAPTER 19

Therapy for Medullary Thyroid Cancer

O. GimM and H. DRALLE

19.1
Introduction

In 1959, Hazard described a thyroid carcinoma characterized by a nonfollicular
histological pattern, the presence of amyloid in the stroma, and a high incidence
of lymph node metastases as a clinicopathological entity [20]. This histological
subtype of thyroid carcinoma has already been described by Horn in 1951 [22],
and the description of thyroid tumors with amyloid deposition was made at the
beginning of the twentieth century [23]. But it was Hazard who clearly identified
it as an individual entity to be distinguished from other types of thyroid carci-
noma. Hazard also proposed the term “medullary thyroid carcinoma” (MTC).

The incidence of MTC is not well known. The only population-based studies
were made shortly after MTC had been identified as an entity [4, 21]. The low
incidence of 3.6—3.8% of MTC in those studies is, hence, at least in part most
likely due to misdiagnosis of MTC as anaplastic carcinoma. In contrast, recent
studies which emphasized the necessity of measuring calcitonin levels in pa-
tients with thyroid nodules reported the incidence of MTC as high as 16—40%
[36, 39, 42]. In general, MTC is believed to comprise about 5-10% of all thyroid
malignancies.

In contrast to differentiated thyroid carcinoma, MTC derives from the para-
follicular C-cells (see Chap. 2). Hence, it does not take up radioiodine and is,
therefore, not susceptible to radioiodine treatment. Surgery is still the treatment
of choice for the primary tumor and local metastases.

19.2
Sporadic Versus Familial Medullary Thyroid Carcinoma

The majority (75%) of MTCs are sporadic [38]. These tumors are often unifocal
but almost always larger than 1 cm in diameter at the time of diagnosis. At this
time, about 50—80% of patients have lymph node metastases [19].

About a quarter of patients with MTCs do have a familial form. More than
95% of these patients harbor a germline mutation in the proto-oncogene RET,
which is almost always a missense mutation (see Chap. 17) [13]. The remain-
ing patients, less than 5%, have a family history or accompanying diseases
suggestive of MEN 2 but no germline RET mutation. Clinically, three familial
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forms of MTC are distinguished: familial MTC only (FMTC), MTC as part of
multiple endocrine neoplasia type 2A (MEN 2A-MTC, pheochromocytoma,
hyperparathyroidism), and MTC as part of MEN 2B (MTC, pheochromocytoma,
marfanoid habitus, intestinal ganglioneuromatosis, mucosal neuromas, corneal
nerve fibers). In a given family, the “index patient” is that person who was first
identified as having MTC or, less likely, one of the accompanying diseases as
part of MEN 2, i.e., the diagnosis MTC is made and subsequent analysis revealed
a mutation in the proto-oncogene RET. These individuals often present with
multifocal tumors of which the largest one is almost always larger than 1 cm in
diameter. Like patients with sporadic MTC, they often present with lymph node
metastases. “Screening patients” are those members of a given family who are
identified as harboring the same germline mutation as the index patient. It is
estimated that RET mutation carriers have a risk of 70% of developing clinically
significant MTC by the age of 70 years [37]. Every single thyroid C-cell harbors
the potency to become malignant. This is the rationale for advocating removal
of the total thyroid gland in every patient with FMTC/MEN 2-specific RET mu-
tation. Patients can be screened at a very young age. The genetically determined
development of C-cell neoplasia might therefore still be at the beginning, when
solely C-cell hyperplasia (increased number of C cells) or even a normal thyroid
gland is found histologically. The risk of lymph node metastases is only given
once C-cell carcinoma (i.e., MTC) has developed.

Family members of FMTC/MEN 2 families are often referred to as “gene car-
riers.” This term is incorrect, since we all “carry” the gene and therefore pose a
threat. The correct term would be “FMTC/MEN 2-specific RET mutation carri-
ers.” Since this term is very long and awkward, the term “RET mutation carri-
ers” or just “mutation carriers” might be used instead.

19.3
Therapy

Among solid tumors, MTC is almost unique regarding its production of a quite
specific tumor marker. This tumor marker, calcitonin, is not only helpful in
making the diagnosis (see Chap. 17), but also in assessing the therapeutic suc-
cess. It has been shown that pre- and early postoperative calcitonin levels in a
given individual correlate very well with the remaining tumor burden [43]. In
some instances [e.g., extrathyroidal tumor extension (pT4 tumor), lymph node
metastases in all four locoregional lymph compartments, presence of distant
metastases], “biochemical cure” (i.e., calcitonin levels within normal basal
limits and after stimulation with either pentagastrin or calcium or both) cannot
be expected despite extensive surgery [17]. The indication to operate on these
patients is, however, still almost always given, since MTC is generally a slowly
progressing tumor and tumor-related complications (e.g., airway obstruction)
must be avoided.
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19.3.1
Surgical Treatment

Surgery is the treatment of choice for MTC, no matter whether MTC is sporadic
or familiar, primary or recurrent, restricted to the thyroid gland or extend-
ing beyond it. To facilitate the identification, preparation, and preservation of
important structures (e.g., parathyroid glands, recurrent laryngeal nerve), the
use of magnifying glasses, bipolar coagulation forceps, and neuromonitoring is
recommended [9, 34].

19.3.1.1
Thyroid gland

MTC is often multifocal (sporadic MTC 10-20%, familial MTC 80—90%) [41]
and not susceptible to radioiodine ablation. Hence, most investigators recom-
mend total thyroidectomy in any patient with MTC. However, a unifocal ap-
proach in sporadic cases has been proposed by some authors [30].

19.3.1.2
Lymph node metastases

Multivariate analysis of long-term follow-up data showed that lymph node me-
tastases are of prognostic value in MTC [2, 7]. Based on anatomical structures,
four locoregional lymph node compartments have been defined [11]:

+ Cervicocentral compartment (C1). This compartment is limited laterally by
the carotid sheaths, cranially by the hyoid bone, and caudally by the bra-
chiocephalic vein, and includes the cervical paratracheoesophageal lymph
nodes.

+ Cervicolateral compartments (C2, right; C3, left). These compartments ex-
tend laterally from the carotid sheath to the trapezoid muscle, and caudally
from the subclavian vein up to the hypoglossal nerve.

+ Mediastinal compartment (C4). The mediastinal compartment lies retroster-
nally and includes the lymph nodes between the brachiocephalic vein and the
tracheal bifurcation in the upper anterior and posterior mediastinum.

This classification has been proved useful both for defining the extent of
lymphadenectomy (compartment-oriented lymphadenectomy) [8, 14] and for
comparing patterns of metastasis [17, 19]. Once, the decision to operate on a
compartment is made, the whole compartment, i.e., lymph nodes and the sur-
rounding adipose and connective tissue should be removed en-bloc. The tech-
nique has been termed “systematic compartment-oriented lymphadenectomy”
or “compartment-oriented microdissection” [9]. The reason for advocating this
technique is that pre- and/or intraoperative detection of lymph nodes can be
impossible, since they tend to be small.
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Routine lymphadenectomy of the cervicocentral compartment (Cl1) as part
of total thyroidectomy is recommended and widely accepted for the following
reasons:

1. Lymph node metastases derived from MTC have a prognostic influence [2,
7].

2. About 50—-80% of patients with sporadic MTC have lymph node metastases
at the time of diagnosis, most often in the cervicocentral compartment [19].
Lymph node metastases are also found in almost 9% of patients with familial
MTC who underwent screening procedures [25]. Among children and adoles-
cents with FMTC/MEN 2A (younger than 20 years), lymph node metastases
are still found in 4—6% [10, 35].

3. No adequate nonsurgical treatment modalities exist yet.

It is also widely accepted to dissect compartments which obviously contain
lymph node metastases. No strategy has gained common acceptance in the ab-
sence of obvious lymph node involvement. The following algorithms have been
proposed.

19.3.1.2.1

Inclusion of the cervicolateral compartments (C2 and/or C3)

1. Bilateral cervicolateral (C2 and C3) lymphadenectomy in any patient with
clinical evidence of disease [29]

2. General inclusion of the ipsilateral cervicolateral (with regard to the site of
the primary tumor) compartment (C2 or C3)

3. Inclusion of the cervicolateral compartments (C2 and/or C3) only in the pres-
ence of cervicocentral lymph node metastases

4. Inclusion of the ipsilateral cervicolateral compartment (C2 or C3) if the pri-
mary tumor is >2 cm in diameter [31]

19.3.1.2.2

Inclusion of the mediastinal compartment (C4)

1. More than three lymph node metastases in the cervicocentral compartment
(C1) [18]

2. Lymph node metastases in one of the cervicolateral compartments (C2 and/
or C3) [18]

3. Lymph node metastases in the cervicomediastinal transition.

Based on the results reported [3, 8, 12, 17, 19, 31, 32], the following approach is

currently recommended:

1. Total thyroidectomy and lymphadenectomy of the three cervical (cervicocen-
tral, cervicolateral right and left) compartments is performed in any patient
with primary MTC. The only exception to perform a less extended operation
is given in a young RET mutation carrier; see below)

2. Since involvement of the mediastinal compartment rarely (<10%) enables
“biochemical cure” and since dissection of this compartment via a trans-
sternal approach inherits a higher morbidity rate, dissection is nowadays
recommended if mediastinal metastases are proven by imaging techniques.
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19.3.1.3
Distant metastases

Surgical treatment of distant metastases derived from MTC is rarely, if ever,
curative. Hence, the indications to operate are prevention of local complications
and alleviation of symptoms. For example, removal of asymptomatic retroster-
nal lymph node metastases via a transsternal approach is most likely unjustified
if multiple, progressing distant metastases are present also.

19.3.1.4
Reoperation

Persistent or recurrent disease is quite frequent in MTC [17, 33, 41]. The first
sign of persistent or recurrent disease is an elevated calcitonin level. Calcitonin
is a sensitive tumor marker of MTC. It serves as a useful tool both at primary
diagnosis and during follow-up (see Chap. 17). Indeed, calcitonin levels may al-
ready be elevated when imaging techniques fail to show evidence of tumor. The
surgeon might therefore be confronted with the following situations:

1. Calcitonin levels are within normal range (basal and after injection of pro-
vocative reagents), but the primary operation was “incomplete” (less than
total thyroidectomy and cervicocentral lymphadenectomy): If the patient
turns out to have MTC as part of FMTC/MEN 2, the indication to reoperate
is clearly given, since every single C cell carries the potency to become ma-
lignant. In sporadic cases, the indication to perform reoperation is less clear.
In the case of a small primary tumor (<2 cm), no reoperation but thorough
follow-up is recommended. If compliance cannot be reassured or if primary
tumors are large (>2 cm), reoperation should be performed.

2. Elevated calcitonin levels without proved tumor persistence or recurrence:
This is another challenging situation. Elevated calcitonin levels and in par-
ticular rising calcitonin levels after injection of provocative reagents almost
always indicate persistent or recurrent tumor. If previous operation consisted
of less than total thyroidectomy and/or cervicocentral (Cl) lymphadenec-
tomy, it is almost certain that tumor remnants can be found in compartment
Cl. Further effort should be undertaken to exclude or confirm the presence of
distant metastases, since their presence may alter the extent of reoperation.

3. Elevated calcitonin levels and proved local tumor persistence or recurrence:
The indication to reoperate in these patients is almost always given.

4. Caution must be exercised if imaging techniques are suggestive of tumor but
calcitonin levels are within normal levels. Two explanations are possible.
Scarring tissue might be mistaken as tumor or the tumor is dedifferentiated
and has lost its ability to synthesize and/or secrete calcitonin. Fine-needle
aspiration cytology with immunohistochemistry staining (e.g., calcitonin,
CEA, chromogranin) should be performed.

In any case, if reoperation is indicated it should at least consist of completion
thyroidectomy and cervicocentral lymphadenectomy if not performed previ-
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ously. We recommend performing a bilateral cervicolateral lymphadenectomy
in addition. Otherwise, the same considerations to limit or extend the extent of
lymph node dissection beyond the cervicocentral compartment that apply at
primary therapy also apply at reoperation.

19.3.2
Special Therapeutic Considerations in Familial MTC

The identification of RET as the disease causing gene of familial MTC in 1993
has changed the diagnostic strategy. Since then, patients at risk for MTC can be
identified at an asymptomatic stage (see Chap. 17). However, due to the nature
of this subject, our knowledge is limited and recommendations regarding thera-
peutic strategies are so far based on relatively small numbers of patients and
short follow-up periods.

19.3.2.1
Thyroid gland

The identification of RET mutation carriers is nowadays often made before
clinical disease is present. In these cases, the removal of the thyroid gland is
often referred to as “prophylactic thyroidectomy.” In many instances, however,
histopathological analysis of these thyroid glands already revealed the presence
of MTC [10]. Some investigators find that the term “prophylactic thyroidec-
tomy” is misleading in these cases. Instead, they propose to use the term “early
thyroidectomy.” No matter what one considers to be the correct term, most sur-
geons recommend performance of a prophylactic/early thyroidectomy at the age
of 4—6 years [5, 10, 44], when the risk of MTC and, in particular, of metastases is
low. Others recommend performing thyroidectomy when calcitonin levels turn
pathological. This strategy, however, inherits some pitfalls. On the one hand,
calcitonin can be pathological when only C cell hyperplasia is present [10] and
surgery at a young age inherits an increased risk of complications. On the other
hand, calcitonin levels can still be normal despite the presence of MTC [10, 44]
(false-negative). Therefore, calcitonin level does not seem to be a good indica-
tor of when to operate. Recently, several studies have shown that a genotype-
phenotype correlation exists [27, 45], i.e., some mutations (e.g., E768D, Y791F)
inherit a lower risk of transformation from C cell hyperplasia to MTC than other
mutations (e.g., C634R). In these instances, surgery may be postponed unless
calcitonin level turns pathological.

19.3.2.2
Lymph node metastases

Similar to patients with sporadic MTC, a cervicocentral lymphadenectomy is
generally recommended in addition to total thyroidectomy. Since familial MTC
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is often multifocal and bilateral, a bilateral cervicolateral (compartment C2 and
C3) is highly recommended to avoid unnecessary reoperations.

Despite apparent differences between sporadic and hereditary MTC, thera-
peutic recommendations do obviously not differ a lot. It remains to be shown
whether cervicocentral lymphadenectomy, which carries an increased morbid-
ity, can be avoided in some cases. For instance, lymph node involvement seems
to be extremely rare if stimulated calcitonin is within normal limits or if patients
are younger than 10 years. Also, patients harboring some RET mutations (e.g.,
E768D, Y791F) seem to develop lymph node metastases at a later age. Therefore,
in these patients, routine inclusion of the cervicocentral compartment might
not be necessary. However, further analysis of larger series will be necessary to
provide general recommendations.

19.3.3
Nonsurgical Treatment Modalities

Nonsurgical treatment modalities should only be used if surgery is not fea-
sible.

19.3.3.1
Octreotide

Octreotide is a synthetic somatostatin analog. It has been shown to be useful
in the diagnosis of MTC, since 40—60% of primary MTCs are found to be so-
matostatin receptor-positive by immunohistochemical means (see Chap. 17).
Octreotide, however, has not fulfilled the expectations regarding treatment of
MTC beyond the thyroid gland [15]. At least, in patients with symptoms related
to excessive calcitonin secretion (e.g., diarrhea), octreotide may be of help [28].

19.3.3.2
Radioactive iodine

Radioiodine is a tremendously helpful tool in the diagnosis and treatment of
follicular thyroid cancer (see Chap. 6). Since MTC does not derive from the
follicular thyroid cells, it does not accumulate radioiodine. Some progress has
been made using radioiodine labeled anti-CEA monoclonal antibodies (anti-
CEA MADbs). They have not only been proved to be useful in detecting but also
showed to be suitable to treat metastatic disease [24]. In combination with che-
motherapeutic agents, anti-CEA MAbs showed synergistic therapeutic efficacy
[1] which has been confirmed more recently [40]. Clinical studies have still not
been reported.
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19.3.3.3
External radiation

External radiation should be avoided for as long as possible. There is no need for
prophylactic radiation, and the distressing long-term side effects of cough and
dryness should not be underestimated. Also, assessment of local tumor recur-
rence both clinically and by imaging techniques as well as reoperation can be
difficult due to scarring of the neck. If surgery cannot be performed, however,
radiation may be helpful in treating symptomatic and/or rapidly progressing
local and distant disease.

19.3.3.4
Chemotherapy

MTC has been shown to be almost unresponsive to chemotherapy. Partial re-
sponses and long-term disease control could only be achieved in rare instances.
In general, combination chemotherapy seems to be superior to monotherapy.
Various combinations (e.g., doxorubicin and cisplatin; 5-fluorouracil and
streptozocin; cyclophosphamide and vincristine; and dacarbazine) have been
investigated. Combined radiochemotherapy has been shown to improve treat-
ment outcome in a nude mouse model but clinical experience is lacking [1]. In
patients with multiple symptomatic liver metastases, chemoembolization has
been shown to be of help [26].

In summary, the available nonsurgical treatment modalities for MTC are
limited and of low efficacy. Chemotherapy per se will most likely not be the
answer. Curative agents will have to target the molecular. Recently, it has been
shown that MDM 2, an oncoprotein that physically interacts with the p53 tumor
suppressor gene product, promotes apoptosis in p53-deficient human MTC cells
[6]. It remains to be shown whether this knowledge will be of help in developing
new therapeutic tools.

19.3.3.5
Psychological support

From the clinical point of view, it seems to be justified to screen patients with
MTC and relatives of mutations carriers for germline RET mutations. The psy-
chological impact, however, is often neglected. It is therefore not surprising
that a study from France about the psychological impact of genetic testing in
familial MTC revealed a high level of frustration and latent discontent [16]. The
discontent was related either to the management of genetic information given by
the clinicians and its psychological consequences or simply to the knowledge of
the genetic risk of cancer. Surgeons, endocrinologists, oncologists, radiologists,
geneticists, and genetic counselors have to keep in mind that we are not just
treating a disease but also an individual. Much more effort should, hence, be put
into the interaction between clinicians and the potentially affected individual.



Therapy for Medullary Thyroid Cancer

343

References

1.

10.

11.

12.

13.

14.

15.

16.

Behr TM, Wulst E, Radetzky S, Blumenthal RD, Dunn RM, Gratz S, Rave-Frank M,
Schmidberger H, Raue F, Becker W (1997) Improved treatment of medullary thyroid
cancer in a nude mouse model by combined radioimmunochemotherapy: doxorubicin
potentiates the therapeutic efficacy of radiolabeled antibodies in a radioresistant tumor
type. Cancer Res 57:5309-5319

. Bergholm U, Bergstrom R, Ekbom A (1997) Long-term follow-up of patients with medul-

lary carcinoma of the thyroid. Cancer 79:132-138

. Chi DD, Moley JF (1998) Medullary thyroid carcinoma: genetic advances, treatment

recommendations, and the approach to the patient with persistent hypercalcitoninemia.
Surg Oncol Clin North Am 7:681-706

. Christensen SB, Ljungberg O, Tibblin S (1984) A clinical epidemiologic study of thyroid

carcinoma in Malmo, Sweden. Curr Probl Cancer 8:1—49

. Decker RA, Geiger JD, Cox CE, Mackovjak M, Sarkar M, Peacock ML (1996) Prophylactic

surgery for multiple endocrine neoplasia type Ila after genetic diagnosis: is parathyroid
transplantation indicated? World J Surg 20:814—820; discussion 820-811

. Dilla T, Velasco JA, Medina DL, Gonzalez-Palacios JF, Santisteban P (2000) The MDM 2

oncoprotein promotes apoptosis in p53-deficient human medullary thyroid carcinoma
cells. Endocrinology 141:420—429

. Dottorini ME, Assi A, Sironi M, Sangalli G, Spreafico G, Colombo L (1996) Multivariate

analysis of patients with medullary thyroid carcinoma. Prognostic significance and im-
pact on treatment of clinical and pathological variables. Cancer 77:1556—1565

. Dralle H, Damm I, Scheumann GF, Kotzerke J, Kupsch E, Geerlings H, Pichlmayr R (1994)

Compartment-oriented microdissection of regional lymph nodes in medullary thyroid
carcinoma. Surg Today 24:112-121

. Dralle H, Gimm O (1996) Lymph node excision in thyroid carcinoma. Chirurg

67:788—806

Dralle H, Gimm O, Simon D, Frank-Raue K, Gortz G, Niederle B, Wahl RA, Koch B,
Walgenbach S, Hampel R, Ritter MM, Spelsberg F, Heiss A, Hinze R, Hoppner W (1998)
Prophylactic thyroidectomy in 75 children and adolescents with hereditary medullary
thyroid carcinoma: German and Austrian experience. World J Surg 22:744-750; discus-
sion 750-741

Dralle H, Scheumann GF, Kotzerke J, Brabant EG (1992) Surgical management of MEN 2.
Rec Res Cancer Res 125:167-195

Dralle H, Scheumann GF, Proye C, Bacourt F, Frilling A, Limbert F, Gheri G, Henry JF,
Berner M, Niederle B et al (1995) The value of lymph node dissection in hereditary med-
ullary thyroid carcinoma: a retrospective, European, multicentre study. J Intern Med
238:357-361

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, Thibodeau SN, Lacroix A, Frilling A, Ponder BA, Mulligan 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

Fleming JB, Lee JE, Bouvet M, Schultz PN, Sherman SI, Sellin RV, Friend KE, Burgess
MA, Cote GJ, Gagel RF, Evans DB (1999) Surgical strategy for the treatment of medullary
thyroid carcinoma. Ann Surg 230:697-707

Frank-Raue K, Ziegler R, Raue F (1993) The use of octreotide in the treatment of medul-
lary thyroid carcinoma. Horm Metab Res [Suppl] 27:44—47

Freyer G, Dazord A, Schlumberger M, Conte-Devolx B, Ligneau B, Trillet-Lenoir V, Lenoir
GM (1999) Psychosocial impact of genetic testing in familial medullary-thyroid carci-
noma: a multicentric pilot-evaluation. Ann Oncol 10:87-95



344

ParT III Medullary Thyroid Cancer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

Gimm O, Dralle H (1997) Reoperation in metastasizing medullary thyroid carcinoma: is a
tumor stage-oriented approach justified? Surgery 122:1124-1130; discussion 1130—-1121
Gimm O, Dralle H (1999) C-cell cancer — prevention and treatment. Langenbecks Arch
Surg 384:16-23

Gimm O, Ukkat J, Dralle H (1998) Determinative factors of biochemical cure after pri-
mary and reoperative surgery for sporadic medullary thyroid carcinoma. World J Surg
22:562—-567; discussion 567—568

Hazard JB, Hawk WA, Crile G (1959) Medullary (solid) carcinoma of the thyroid — a clini-
copathological entity. J Clin Endocrinol Metab 19:152-161

Hoie ], Jorgensen OG, Stenwig AE, Langmark F (1988) Medullary thyroid cancer in Nor-
way. A 30-year experience. Acta Chir Scand 154:339-343

Horn RC (1951) Carcinoma of the thyroid: description of a distinctive morphological
variant and report of seven cases. Cancer 4:697—-707

Jaquet AJ (1906) Ein Fall von metastasierenden Amyloidtumoren (Lymphosarcoma).
Virchows Archiv (Pathol Anat) 185:251

Juweid M, Sharkey RM, Behr T, Swayne LC, Herskovic T, Pereira M, Rubin AD, Hanley
D, Dunn R, Siegel J, Goldenberg DM (1996) Radioimmunotherapy of medullary thyroid
cancer with iodine-131-labeled anti-CEA antibodies. ] Nucl Med 37:905-911

Kebebew E, Tresler PA, Siperstein AE, Duh QY, Clark OH (1999) Normal thyroid pathol-
ogy in patients undergoing thyroidectomy for finding a RET gene germline mutation: a
report of three cases and review of the literature. Thyroid 9:127-131

Machens A, Behrmann C, Dralle H (2000) Chemoembolization of liver metastases from
medullary thyroid carcinoma. Ann Intern Med 132:596-597

Machens A, Gimm O, Hinze R, Hoppner W, Boehm BO, Dralle H (2001) Genotype-phe-
notype correlations in hereditary medullary thyroid carcinoma: oncological features and
biochemical properties. J Clin Endocrinol Metab 86:1104—1109

Mabhler C, Verhelst J, de Longueville M, Harris A (1990) Long-term treatment of meta-
static medullary thyroid carcinoma with the somatostatin analogue octreotide. Clin
Endocrinol (Oxf) 33:261-269

Marzano LA, Porcelli A, Biondi B, Lupoli G, Delrio P, Lombardi G, Zarrilli L (1995)
Surgical management and follow-up of medullary thyroid carcinoma. J Surg Oncol
59:162-168

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

Moley JF (1995) Medullary thyroid cancer. Surg Clin North Am 75:405—420

Moley JF, DeBenedetti MK (1999) Patterns of nodal metastases in palpable medullary thy-
roid carcinoma: recommendations for extent of node dissection. Ann Surg 229:880—887;
discussion 887—-888

Moley JF, Dilley WG, DeBenedetti MK (1997) Improved results of cervical reoperation for
medullary thyroid carcinoma. Ann Surg 225:734-740; discussion 740—733

Moley JF, Wells SA, Dilley WG, Tisell LE (1993) Reoperation for recurrent or persistent
medullary thyroid cancer. Surgery 114:1090—1095; discussion 1095-1096

Niccoli-Sire P, Murat A, Baudin E, Henry JF, Proye C, Bigorgne JC, Bstandig B, Modigliani
E, Morange S, Schlumberger M, Conte-Devolx B (1999) Early or prophylactic thyroid-
ectomy in MEN 2/FMTC gene carriers: results in 71 thyroidectomized patients. Eur ]
Endocrinol 141:468—474

Pacini F, Fontanelli M, Fugazzola L, Elisei R, Romei C, Di Coscio G, Miccoli P, Pinchera A
(1994) Routine measurement of serum calcitonin in nodular thyroid diseases allows the
preoperative diagnosis of unsuspected sporadic medullary thyroid carcinoma (see Com-
ments). ] Clin Endocrinol Metab 78:826—829



Therapy for Medullary Thyroid Cancer

345

37.

38.

39.

40.

41.

42.

43.

44.

45.

Ponder BA, Ponder MA, Coffey R, Pembrey ME, Gagel RF, Telenius-Berg M, Semple P,
Easton DF (1988) Risk estimation and screening in families of patients with medullary
thyroid carcinoma. Lancet 1:397—401

Raue F, Kotzerke ], Reinwein D, Schroder S, Roher HD, Deckart H, Hofer R, Ritter M,
Seif F, Buhr H et al (1993) Prognostic factors in medullary thyroid carcinoma: evaluation
of 741 patients from the German Medullary Thyroid Carcinoma Register. Clin Invest
71:7-12

Rieu M, Lame MC, Richard A, Lissak B, Sambort B, Vuong-Ngoc P, Berrod JL, Fombeur
JP (1995) Prevalence of sporadic medullary thyroid carcinoma: the importance of routine
measurement of serum calcitonin in the diagnostic evaluation of thyroid nodules (see
Comments). Clin Endocrinol (Oxf) 42:453—460

Stein R, Chen S, Reed L, Richel H, Goldenberg DM (2002) Combining radioimmuno-
therapy and chemotherapy for treatment of medullary thyroid carcinoma: effectiveness
of dacarbazine. Cancer 94:51-61

Van Heerden JA, Grant CS, Gharib H, Hay ID, Ilstrup DM (1990) Long-term course of
patients with persistent hypercalcitoninemia after apparent curative primary surgery for
medullary thyroid carcinoma. Ann Surg 212:395-400; discussion 400—401

Vierhapper H, Raber W, Bieglmayer C, Kaserer K, Weinhausl A, Niederle B (1997) Routine
measurement of plasma calcitonin in nodular thyroid diseases. J Clin Endocrinol Metab
82:1589-1593

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 patho-
logical staging. Ann Surg 188:377-383

Wells SA Jr, Chi DD, Toshima K, Dehner LP, Coffin CM, Dowton SB, Ivanovich JL, De-
Benedetti MK, Dilley WG, Moley JF et al (1994) Predictive DNA testing and prophylactic
thyroidectomy in patients at risk for multiple endocrine neoplasia type 2A. Ann Surg
220:237-247; discussion 247-250

Yip L, Cote GJ, Shapiro SE, Ayers GD, Herzog CE, Sellin RV, Sherman SI, Gagel RF, Lee JE,
Evans DB (2003) Multiple endocrine neoplasia type 2: evaluation of the genotype-pheno-
type relationship. Arch Surg 138:409—416; discussion 416





