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Cases

Case 1

62-year-old female
Palpable nodule, left thyroid lobe

US: solitary nodule in the left thyroid lobe,
size — 30 mm; ovoid, hypoechogenic, regular
sharp margins, no macro—/microcalcification
Scintigraphy: “non-functioning” nodule on
right side

Thyroid-stimulating hormone (TSH): 0.9
(0.4-4.0 u/L); free triiodothyronine (FT3), free thy-
roxine (FT4) normal — normal thyroid metabolism

Ca: 2.3; parathyroid hormone (PTH): 29,
calcifediol (25(OH)D3) n.d.

Ct: 4 pg/mL (Immulite 2000; Diagnostic
Products Corporation [[CMA] reference range:
F: —6.4 pg/mL)

Creatinine (Cr): 0.9 mg/dL

FNAB: follicular neoplasm/suspicious for
follicular neoplasm (Bethesda 4)

Surgery: left hemithyroidectomy, left CND

Frozen section: no signs of malignancy

Histology: microfollicular adenoma; med-
ullary thyroid microcarinoma (near the upper
left pole: multifocal [three lesions], each mea-
suring 1 mm), pNO (0/5)

(1) Follow-up only
(2) Completion of thyroidectomy en principe?

With/without CND/LND?

(3) Completion of thyroidectomy after specific
“testing”? With/without CND/LND?

If (1) Follow-up

(1a) US, every 6 months

(1b) Biochemistry (Ct), every 6 months

(Ic)la + 1b

If (2) Right lobectomy en principe

(2a) Without CND

(2b) With CND

If 3

(3a) Biochemistry (Ct) with Ca stimulation

(3b) Biochemistry (Ct), plasma metanephrine,
plasma normetanephrine, genetic testing (RET
proto-oncogene)

Case 2

66-year-old female
Palpable nodule, right thyroid lobe

US: solitary nodule in the right thyroid
lobe, 39 mm — mild hypoechogenic, regular
sharp margin, no macro—/microcalcification

Scintigraphy: “non-functioning” nodule on
the right side

TSH: 1.2 (0.4-4.0 u/L); FT3, FT4 normal

Ca: 2.4 PTH 26, 25(OH)D3 42

Ct: 1549 pg/mL (Immulite 2000; Diagnostic
Products Corporation [ICMA] reference range:
F: —6.4 pg/mL)

Cr: 1.0 mg/dL

CEA: 1690 ng/mL (Elecsys System 2010
(Roche-Diagnostics,  Germany) (reference
range — 3.8 pg/L)

plasma metanephrines/plasma normeta-
nephrines: normal catecholamines/metaneph-
rines and normetanephrines (24-h urine):
normal
(1) Follow-up
(2) Surgery

(2a)
(2b)
(20)

Thyroidectomy

Thyroidectomy with unilateral CND
Thyroidectomy with bilateral CND, bilat-
eral LND

Thyroidectomy with bilateral CND, fro-
zen section

(2d)

Case 3

60-year-old male
No palpable nodules in both thyroid lobes
US: small thyroid gland, inhomogeneous
echogenicity, nodules less than 3 mm
Appearance as in autoimmune thyroiditis
Scintigraphy: not performed
TSH: 85 (0.4-4.0 uw/L); FT3 1.2 (1.8-4.2 ng/
mL), FT40.7 (0.8-1.9 ng/mL) — hypothyroidism.
Microsomal antibodies: 1403 (normal
range <80 U/mL)
Ca: 2.34 PTH 31, 25(0OH)D3 n.d.
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Ct: 685 pg/mL (Immulite 2000; Diagnostic
Products Corporation [ICMA] reference range:
M: - 9.5 pg/mL)

Cr: 0.7 mg/dL

Plasma metanephrines/plasma normeta-
nephrines: normal catecholamines/metaneph-
rines and normetanephrines (24-h urine): normal
(1) Follow-up
(2) Further diagnostic tests (stimulation tests)
(3) Surgery — MTC suspected: thyroidectomy,

bilateral CND, if tumor DSR-negative:

bilateral LND

Case 4

63-year-old male
Palpable nodule in the right thyroid lobe

US: right thyroid lobe nodule — 49 mm,
ovoid, hypoechogenic, regular sharp margins;
left lobe is inhomogeneous

TSH: 0.03 (0.4-4.0 u/L); FT3, FT4 — normal

Scintigraphy: “non-functioning” nodule on
the right side — multifocal thyroid autonomy in
both thyroid lobes

Ca: 2.23 PTH 40, 25(OH)D3-24, reduced
vitamin D uptake

Ct < 2 pg/mL (Immulite 2000; Diagnostic
Products Corporation [ICMA] reference range:
M: -9.5 pg/mL)

Cr: 0.9 mg/dL

FNAB: follicular neoplasm/suspicious for
follicular neoplasm (Bethesda 4)

Surgery: thyroidectomy, frozen section:
inconclusive — follicular neoplasia

Histology: encapsulated follicular variant
of papillary thyroid carcinoma, pT2-36 mm,
pNx

medullary thyroid microcarcinoma with
DSR, left lobe — pTla — <1 mm pNx
(1) Ct
(2) Completion surgery with left CND
(3) Molecular genetic analysis
(4) Ct, molecular genetic analysis

Case 5

42-year-old male
No palpable thyroid nodule

Prophylactic health examination

Carotid US: incidentally — left lobe: solitary
nodule, 9 mm — mild hypoechogenic, regular
shape, no macro-/microcalcification

TSH: 1.67 (0.4-4.0 u/L); FT3, FT4 —normal

Scintigraphy: not performed

Ca: 2.54 PTH 43, 25(OH)D3: 40

Ct: 10 pg/mL, follow-up 13 pg/mL (Immulite
2000; Diagnostic Products Corporation [ICMA]
reference range: M: —9.5 pg/mL)

Cr: 0.85 mg/dL
(1) Ct follow-up in 1 year
(2) Stimulation test to select patient for surgery
(3) Hemithyroidectomy with left CND
(4) Molecular genetic analysis

8.1 Introduction

Medullary thyroid cancer (MTC) is a rare (“orphan”) disease.
MTC accounts for approximately 3% of all thyroid cancers in
unselected American and European series (USA: 177/5583;
Germany: 79/2537) [1, 2]. The overall prevalence of occult
MTC was 0.14% among 7897 autopsies from 24 published
series [3], increasing to 0.85% in North American and European
clinical series routinely applying calcitonin (Ct) measurements
in the biochemical workup of thyroid nodules (0.13-0.85%;
238 [0.34%] of 70,286 patients; 13 authors) [4].

In contrast to well-differentiated, follicular-cell-derived thy-
roid cancer, MTC originates from the parafollicular (neuroen-
docrine) C cells (CCs) of the thyroid. CCs comprise a minor
population of the thyroid, representing approximately 2-4% of
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the organ’s cells, and secrete Ct in the low normal range. The
CC belongs to the group of neuroendocrine cells. Therefore, it
may to a lesser degree secrete smaller quantities of several
other neuroendocrine peptides, such as somatostatin, Ct gene—
related peptide, and serotonin.

8.2 Clinical Presentation

In former clinical studies, patients with MTC (sporadic or
hereditary index patients) presented clinically in 45-94% with a
palpable thyroid mass [5, 6]. Less symptomatic patients are
dominant in current surveys [7].

Neck masses may provoke symptoms reported in up to
30%, such as dysphagia, shortness of breath, hoarseness, or
diarrhea. In patients with a palpable primary, MTC has already
metastasized clinically to the cervical lymph nodes (LN;
42-52%). Spread is most frequent to the central compartment
(Robbins level VI [8]); Dralle central neck = C1a/C1b [9]), fol-
lowed by the ipsilateral jugular chain of nodes and the contra-
lateral cervical nodes (levels I1I-V; C2 and C3), but it is also
seen to the upper and anterior mediastinum (level VII; C4)
[9-11] - @ Table 8.1.

Distant metastasis may occur in the lungs, liver, bones,
brain, and soft tissues (documented in 12-28%). Metastatic
spread may be difficult to assess by cross-sectional imaging
because of the fine, miliary pattern of these lesions. Laparoscopy
with direct imaging of the liver may identify small metastatic
deposits not visible by conventional imaging in 25% of patients
with elevated Ct levels following therapeutic surgery [12].

Computed tomography (CT) or magnetic resonance imag-
ing (MRI) studies for distant disease are done preoperatively if
Ct levels are higher than 500 pg/mL. Neither fluorodeoxyglu-
cose- (FDG-) positron emission tomography (PET)/CT nor
fluorodopa- (F-DOPA-) PET/CT is used routinely for
preoperative staging but may contribute information in doubt-
ful individual cases.

B Table 8.1 Correlation between Robbins LN levels [8] and Dralle
compartments [9]

Robbins (level)  Dralle (compartment) Neck dissection

VI Cl la — central right Central
1b — central left

@, II-v C2/3  C2-right lateral Lateral
C3 — left lateral

VII C4 Upper/lower mediastinal ~ Mediastinal
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8.3 Ultrasonography

Ultrasound (US) examination is a valuable diagnostic tool to
diagnose MTC. Typical MTC appears as a solid, (often mark-
edly) hypoechogenic lesion without a halo and quite commonly
containing micro- or macrocalcifications. However, the first
three features are known to be very unspecific and the other
two are less sensitive.

The presence of a lesion with the appearance described
above should lead to suspicion of MTC and be considered as
an argument for further diagnostic steps such as Ct measure-
ments [13]. However, most MTCs do not present all of the
mentioned features, and some of them can have a relatively
benign US appearance [14].

Neck US revealed an overall sensitivity of only 90% in
detecting MTC with a mean tumor size of 20 mm and larger. In
the subgroup of patients with tumors <10 mm, the sensitivity
was even lower (71%) [15].

The sensitivity of US to diagnose LN metastasis was overall
only 6% and 56% in the central and lateral neck, respectively [15].

8.4 FNAB

A meta-analysis demonstrated that fine-needle aspiration biopsy
(FNAB) is able to detect approximately one half of MTC lesions
[16]. These low diagnostic rates suggest that other techniques
are needed in combination with FNAB to improve the diagno-
sis of MTC and to avoid false-negative results. The majority of
small nodules are difficult or are even impossible to examine by
FNAB. Small MTC size (<10 mm) and a smooth margin may
be factors predicting false-negative FNAB results [17].

Routine basal Ct (bCt) measurements have been documented
to show a higher sensitivity to diagnose MTC compared with FNAB
cytology, especially in diagnosing small (<10 mm) MTCs[18].

Desmoplastic stromal reaction (DSR) appears to be an
excellent (intraoperative) marker to predict LN involvement
with a high specificity. Initial lateral neck dissection (LND)
may be avoided in MTC patients without DSR, because these
tumors never metastasize, independent of tumor size and bCt
levels [19-21].

Therefore, FNAB should be avoided as a first-step diagnostic
procedure, as traumatizing the tumor capsule may trigger the
development of scar tissue in the tumor, leading to be misinter-
preted as DSR positivity [22)].
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8.5 FNAB and Evaluation of Ct
in the Fine-Needle Aspirate

Boi et al. [23] were the first to recommend Ct measurements in
wash-out fluids from fine-needle aspiration to improve the
diagnosis in primary (and metastatic) MTC in the workup of
thyroid nodules to avoid false-negative or inconclusive results
from cytology [24].

Almost all MTC lesions >10 mm were correctly diagnosed.
However, even this modification of FNAB may be inconclusive or
hardly possible in small (<10 mm) tumors [25].

8.6 Carcinoembryonic Antigen

Besides Ct, carcinoembryonic antigen (CEA) is a widely used
tumor marker for the diagnosis and postoperative follow-up of
patients with MTC. However, not all patients with MTC are
characterized by elevated CEA levels.

8.7 Procalcitonin

It was suggested that procalcitonin (PCT) may be an accurate
biomarker in the diagnosis and follow-up of MTC. In the first
systematic review to analyze the value of PCT, a total of 15 out
of 184 articles were retrieved and analyzed [26]. Of these 15
studies, 3 were case reports. In these studies, the values of Ct
and PCT were assessed in a group of patients with MTC versus
another consisting of healthy volunteers and patients with
benign/malignant thyroid nodular disease or bacterial infec-
tion. The authors suggested that PCT would seem to be a useful
biomarker for the diagnosis and follow-up of MTC when used in
conjunction with Ct, particularly in a small proportion of tumors
that are Ct-negative or secrete low levels of Ct. So far, the data
have not been sufficient to suggest a specific threshold for nor-
mal PCT. However, most studies indicate a value of 0.1 pg/mL
as an acceptable cut-off in everyday clinical practice. The
authors concluded that Ct should continue to be the primary
biomarker in MTC, with the addition of PCT in some patient
groups (e.g., Ct-negative MTC). Nevertheless, larger patient
series were suggested in order to provide safer and more accu-
rate results.

In a prospective study [27] among 2705 patients, 9 with pos-
itive serum PCT (i.e., above 0.1 pg/L) and 370 with negative
PCT underwent thyroid surgery. MTC was histologically
confirmed in all patients with positive PCT but not found in
patients with negative PCT. The serum PCT levels were signifi-
cantly higher in patients with MTC (median 0.64 pg/L, range
0.16-12.9 pg/L) than in those without (median 0.075 pg/L,

167




168

B. Niederle and M. B. Niederle

range 0.075-0.16 pg/L; P < 0.0001). ROC curves were plotted
to calculate the optimal PCT value separating patients with
MTC from those without. The best cut-off was 0.155 pg/L with
sensitivity, specificity, positive, and negative predictive values
as well as accuracy of 100%, 99.7%, 91.7%, 100%, and 99.7%,
respectively. Positive and negative likelihood ratios were 329
and 0, respectively. It was concluded that the measurement of
PCT may be a sensitive and accurate method for detecting MTC
in patients with thyroid nodules and thus could be a reliable alter-
native to, but not completely replace, Ct measurement.

88 Ct

Ct is a polypeptide hormone consisting of 32 amino acids with
a disulfide bridge between position 1 and 7 and is involved in
calcium (Ca)-phosphorus metabolism.

Elevations in serum Ca trigger release of Ct from CCs. Ct
release from CCs in response to elevated serum Ca provides the
basis for the Ca stimulation test. Other hormones such as gas-
trin have been reported to stimulate Ct release as well. The sen-
sitivity of CC to gastrin led to the application of pentagastrin
(Pg) to increase the Ct secretion in CC disease. However, widely
used previously, Pg is no longer available [28].

CCs become clinically relevant when they change their nor-
mal “morphology.” Oncogenic transformation of the thyroid
CC is thought to progress through a hyperplastic process prior
to malignancy with increasing levels of serum Ct serving as a
biomarker for tumor burden [29]. Repeatable elevated bCt lev-
els may indicate CC disease [30].

Ct is the established gold-standard biomarker for the diag-
nosis and follow-up of MTC. Reliable and sensitive Ct assays
applied to screen sporadic and hereditary MTC are important
for health and economic reasons, as they facilitate early diag-
nosis [31, 32]. However, the normal ranges and cut-offs of bCt
levels differ in the literature because Ct is measured by different
assays, resulting in difficulties in interpreting and comparing
the results.

Over the past decade, commercial assays for measuring Ct
have progressed to the newest immunochemiluminometric
assays (ICMAs) that are highly sensitive and specific for mono-
meric Ct. With ICMAs, cross-reactivity with other Ct-related
peptides is largely eliminated. Ultrasensitive Ct assays have
mostly eliminated false-negative rates of bCt measurements
when diagnosing CC disease [33].

The growth of MTC is relatively slow, but if metastasized to
the LNs or distant organs, or if it persists or recurs after sur-
gery, it may become very aggressive, causing more than 13% of
all thyroid-cancer-related deaths.
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Lacking alternative treatment (e.g., radioiodine, chemo—/
radiotherapy), stage-adapted (= adequate) surgery is the only
curative therapeutic modality with a high chance for cure if
surgery is performed as long as MTC is limited to the thyroid.
Since surgical treatment for even small MTCs must be more
radical compared to other types of thyroid cancer, the preop-
eratively definitive (early) diagnosis of MTC significantly influ-
ences management. Delayed diagnosis and inadequate initial
treatment deteriorate the prognosis. In two retrospective North
American cohort studies of patients with MTC, 15-41% of
patients did not receive appropriate surgical therapy because
the malignant disease was unknown preoperatively [34, 35].
Adherence rates to the American Thyroid Association (ATA)
recommendations for the treatment of MTC increased mod-
estly following the publication of guidelines in 2009. However,
only 66.8% of patients treated between 2009 and 2013 received
care in accordance with the recommendations, compared to
61.4% of patients treated between 2004 and 2008 [36]. In
another report, only half of the MTC patients in California
underwent central LN dissection (CLND) at the time of thy-
roidectomy, which may suggest a lack of appropriate care
across a range of healthcare systems [37].

Overall, poor prognosis is linked with late diagnosis. It is well
documented that early diagnosis based on preoperatively estab-
lished Ct levels followed by adequate surgery improves prognosis
[38, 39].

Although Cheung et al. [40] concluded that routine Ct
screening in patients undergoing evaluation for thyroid nodules
appears to be cost-effective in the United States, comparable to
the measurement of thyroid-stimulating hormone, colonos-
copy, and mammography screening, there is still an ongoing
discussion concerning the benefits of early diagnosis [41].

Proponents of Ct evaluation during the diagnostic workup of
thyroid nodule(s), regardless of their sizes and function, clearly
state the benefits of early diagnosis of MTC, which facilitate
one-step (adequate) surgery and therefore a greater potential for
cure.

While European guidelines recommend this procedure [42],
Anglo-American guidelines are more restricted [13, 33, 43].

Because expert opinions vary regarding the usefulness of
routinely measuring serum Ct levels in patients with nodular
thyroid disease, the members of the ATA Guidelines Task
Force suggested that covering physicians should decide whether
Ct determinations are useful in establishing a management
strategy in any particular situation [33].
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8.9 Interpretation of bCt Levels

Adequate interpretation of Ct results during the diagnostic
workup of thyroid nodules allows the supervising team of special-
ists to appropriately select patients for surgery.

Tumor volume correlates with bCt levels [44-46]. Therefore,
it is very important to correlate bCt and the results of ultraso-
nography, documenting the size of the lesion(s) in the thyroid
gland and LN status. A careful interrelation of these findings
guides subsequent diagnostic procedures such as the applica-
tion of further diagnostic tests (e.g., stimulation test) and
finally the indication to surgery and surgical decision-making
[47, 48]. Elevated bCt levels must always be questioned and rea-
sons for non-CC-derived Ct elevations or the rare cases of
false-positive results due to heterophilic antibodies have to be
considered [49].

Especially in the absence of thyroid nodules in US (no indi-
cation per se to determine Ct), or if there is a discrepancy
between the size of a thyroid nodule and bCt level (a small nod-
ule and an inadequately high bCt level), stimulation tests may
help to differentiate thyroid from non-thyroid sources of Ct pro-
duction [50-52]. Ectopic Ct production by neuroendocrine
tumors has to be taken into account, characterized by no or a
less than twofold increase in Ct levels after stimulation. When
stimulation exceeds bCt by more than twofold, MTC is found
exclusively [50].

Up to now, there are no generally accepted Ct cut-off levels to
predict MTC, as different Ct assays are used in different labora-
tories.

In a recently published paper, four different assays based
on three assay types were used for Ct measurements [53].
Each assay has its specific gender-dependent cut-off value
for positivity. In this chapter, the most precise bCt thresh-
olds for the identification of MTC were >46 pg/mL for males
and >35 pg/mL for females. Using these cut-offs, only 6% of
the male patients were not identified as having MTC, whereas
5% were false-positive, having CC hyperplasia (CCH)
instead. In females, the discrepancy was higher, since 13% of
the female MTC patients were false-negative by using the
cut-off of >35 pg/mL missing MTC, and 13% had false-pos-
itive results (suffering from CCH), which retrospectively led
to “unnecessary” surgery. Therefore, “cut-off levels” recom-
mended for decision-making should be applied with caution.
Based on various publications and respecting conversion
factors [31, 32, 54], B Table 8.2 shows the three most fre-
quently used assay variants in the literature and their gender-
specific cut-off values, which definitively predict MTC.
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O Table 8.2 bCt “cut-off levels” for the most commonly used Ct
assays — predicting MTC in 100%

Gender (IS Immulite DPC ~ DiaSorin  Cobas ~ Mean
(Cisbio)  (Siemens) (Liaison)  (Roche)
IRMA ICMA ICMA ECLIA
bCt bCt bCt bCt bCt
pg/mL pg/mL pg/mL pg/mL pg/mL
Female  >28 >23 >33 >29 >28
Male >53 >43 >58 >52 >51

IRMA immunoradiometric assay, /CMA immunochemiluminescent
assay, ECLIA electrochemiluminescence immunoassay, DPC Diag-
nostic Products Corporation, »Ct basal calcitonin

Conversion formula [31, 32, 54]

Immulite 2000 DPC (Siemens) = 0.8 X DiaSorin(Liaison) — 3.4
DiaSorin (Liaison) = 1.24 X (Immulite 2000 DPC /Siemens) + 4.24
Cobas (Roche) = Immulite 2000 DPC x 1.17 + 1,2

Immulite 2000 DPC (Siemens) = (Cobas —1.2)/1.17

Immulite 2000 DPC (Siemens) = CIS x 0.8

Cis (Cisbio) = Immulite 2000 DPC (Siemens): 0.8

The gender-specific mean upper limits for bCt concentrations
that led to a recommendation to operate a suspected thyroid nod-
ule as MTC were around 30 pglmL in women and 50 pglmL in
men.

As a rule, males have higher bCt values than females.
Without specifying the characteristics of the Ct assay and
without respecting gender differences, concentrations between
60 and 100 pg/mL have been assessed as highly suggestive/
pathognomonic of MTC in recently published guidelines [43].
After excluding non-CC-derived Ct elevations [49] and consid-
ering the assay and gender, patients may be subdivided into
those with “mildly” elevated and others with “highly” elevated
bCt levels.

8.10 Surgery

Surgery is the most effective option for curative therapy, reduc-
tion in tumor burden, or effective palliation in sporadic and
hereditary (index) patients and also for prophylactic and early
surgery for those with hereditary MTC.

Surgical decision-making is based on bCt values in sporadic
and hereditary patients [47, 55, 56].
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8.11 Clinically Occult MTC - “Mildly” Elevated
bCt Levels

By definition, in patients with “mildly” elevated bCt levels (=
gray zone), the Ct values are documented below assay and
gender-specific cut-off Ct values for MTC. In these patients,
there is an indistinct overlap between CCH and micro-MTC
(mMTC).

If treated surgically, mMTC (<10 mm; pT1, pNO or excep-
tionally pNla) is expected. mMTC is clinically “silent” and
predominantly found beside a clinically dominant benign or a
follicular-cell-derived malignant tumor [57].

As shown recently, the bCt levels were documented in the
“gray zone” in 41/70 (58.6%) females and 58/79 (73.4%) males
[48]. The final histological examination of the thyroid glands
and the central LNs revealed MTC in more males (19/58
[32.8%]) than in females (7/41 [17.1%)]). All MTCs in the male
and female patients in this group were classified as pT1. While
all tumors in the 19 males were staged pNO, central LN metas-
tases (pN1la) were documented in 1/7 females. Independent of
gender, unilateral or bilateral multifocality was documented in
hereditary (89%) but also in sporadic mMTCs (23%) [48].

The goal of surgical treatment is to perform thyroidectomy
as long as the malignancy is still confined to the thyroid gland
and, if the tumors have early spread locally, to remove micro-
metastasis in the central LNs. While a more liberal indication
for surgery may be considered in men, a restricted indication
for surgery may theoretically exist in women, as MTC was
found in fewer females than males. However, CLND should be
an integral strategy in females. Because bCt levels did not suf-
ficiently specify the possible causes of mildly elevated Ct val-
ues, stimulation tests have been recommended in the literature
[13, 58, 59].

Ct stimulations either with Ca or Pg have failed to improve
diagnostic quality. Neither bCt nor stimulated Ct (sCt) levels
(or the combination of both) were able to discriminate between
CCH and MTC in either gender within the “gray zone” [28].

The Ca stimulation test may be helpful to theoretically sub-
classify patients with “mildly” elevated bCt, who are definitively
not candidates for surgery. In a previous investigation (cited by
many following studies), surgery was recommended in all sub-
jects with an abnormal Ct response to stimulation above
100 pg/mL. This was because peak Ct levels exceeding 100 pg/
mL were considered to be indicative of MTC, and MTC was
definitively documented in many patients [60].

Costante et al. [61] reported that sCt values after Pg infu-
sion of above 100 pg/mL predicted MTC in at least 40%.
However, CCH was revealed in the majority of females (83%)
and less frequently in males (66%) [48].
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Frank-Raue et al. [62] recommended to re-evaluate patients
with “mildly” elevated bCt values in intervals of 3 to 6 months
and advise surgery in patients only with rising Ct levels, which
may indicate MTC. However, the clinical experience with this
concept is marginal. There is only one series of 171 patients
who were followed for 2 to 4 years and in 170 of those basal
levels remained stable. Only one man experienced an increase
after 2 years of follow-up. He underwent a stimulation test
(with Pg) with positive results and a peak level above 100 pg/
mL. Surgery demonstrated the presence of CCH only [61].

Many patients are aware that Ct is a sensitive tumor marker
for MTC. Reproducible “mildly” elevated bCt levels may be the
first sign of MTC in those presenting with thyroid nodules
<10 mm. With regard to the psychological burden accompany-
ing such awareness, keeping some patients in persistent anxiety
and uncertainty, many call for surgery even after having been
informed about the minor long-term consequences of “mildly”
elevated bCt. Potential morbidity must be carefully discussed
with the patients and be balanced against unnecessary thyroid
surgery and continuous follow-up.

In experienced surgical teams, patients with “mildly” ele-
vated Ct values who decide for surgery may be treated early by
(total) thyroidectomy and bilateral CLND, which seems man-
datory, because LN micrometastasis may also be present in
patients with “mildly” elevated bCt levels (at least in females).
“First-step CLND” is recommended to keep permanent mor-
bidity low [63].

Initial (total) thyroidectomy and bilateral CLND is recom-
mended if patients and their supervising physicians decide upon
surgical treatment in the presence of “mildly” elevated Ct levels
and suspected clinically occult MTC.

In all patients with documented sporadic hypercalcitonin-
emia, rearranged during transfection (RET) proto-oncogene
mutation analysis by screening exons 8, 10, 11, 13, 14, 15, and
16 to establish the possible genetic basis for the disease within
an individual is mandatory, even in the absence of a positive
family history.

In a prospective study in approximately 13% of patients
with presumed sporadic CCH or MTC, a germline RET muta-
tion was verified. Consequently, pheochromocytoma and pri-
mary hyperparathyroidism as part of multiple endocrine
neoplasia (MEN) type 2A have to be excluded [56].

If pheochromocytoma is diagnosed biochemically and con-
firmed by imaging, it is to be treated surgically before treating
MTC.
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8.12 Biochemically and Clinically Apparent
MTC - “Highly” Elevated bCt Levels

By definition, patients with bCt values above the assay and
gender-specific cut-off levels suffer from MTC (no false-
positive patients!) and therefore are definitive candidates for
surgery [48]. “Biochemically apparent MTCs” (= T1a, <10 mm,
(NO) N1, M0) and “clinically apparent (=palpable) tumors,”
staged as pT1b-4 (>10 mm, NO or N1; MO or M1), are included
in this patient group.

In a recently published series of patients with various thyroid
nodules prospectively screened for MTC, fulfilling the criteria of
biochemically or clinically apparent MTC, overall LN metasta-
ses were revealed in 12/21 (57.1%) males and in 8/29 (27.6%)
females. Radiologically distant metastasis were found in 3/21
(14.3%) males and in 1/29 (3.5%) females, respectively [48].

In a subanalysis, “biochemically apparent pTla tumors”
were documented in 7/21 (33.3%) males and 15/29 (51.7%)
females, with positive LNs in 2/7 (28.6%) males and 2/15
(13.3%) females, respectively [48].

The aim of initial surgery is to control locoregional disease
with the prevention of locoregional persistence/recurrence and
long-term disease-free survival with biochemical as well as clin-
ical cure [47, 64]. The special biology of MTC is to be respected
in selecting the adequate surgical strategy to reach this aim.

8.13 Surgical Strategy - Central Neck

Independent of the genetic background, up to 15% of sporadic
MTCs are multifocal and 5% bilateral, with higher rates in
patients with germline RET mutations because of widespread
CCH resulting in multiple foci of MTC [65].

LN metastases occur early in the course of MTC. The pat-
tern of LN metastatic distribution in the neck areas varies
between patients and is not related to tumor size [66].

Accidental horizontal (central to lateral) and vertical (cen-
tral to paratracheal [prelaryngeal/pretracheal] to mediastinal
or contralateral central/lateral) lymphatic flows are the cause
of formation of LN metastasis. Reviewing the literature, LN
involvement was identified in 10-30% of tumors <10 mm [11,
57, 67]. Overall, at the time of initial surgery, the involvement
of central LNs has been documented in 50-100% in the
literature [10, 11, 66].

In terms of diagnosing central LN metastasis, neck US
demonstrated a sensitivity of only 6%. In particular, microme-
tastasis may be hidden by the thyroid gland and may therefore
be missed on US [15].
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Therefore, (total) thyroidectomy and bilateral CLND (level
V1) is recommended initially in all patients with biochemically
and clinically apparent tumors [33, 43].

For completeness of CLND, Perros et al. [43] recommended
to extend dissection down to the innominate artery (Robbins
levels VI and VII).

8.14 Surgical Strategy - Lateral Neck

Independent of size, the occurrence of malignant ipsilateral
nodes ranges from 48% to 81% [10, 11, 66]. Furthermore, con-
tralateral LN metastases were found on histology in 44% of
patients with palpable unilateral and in 49% with bilateral
MTC 10, 11, 66].

Skip metastasis (= negative central but positive lateral or
mediastinal LNs) may occur in 21.3% [68]. Mediastinal LN
metastases were revealed in 32% [10].

The presence [7, 69] and the higher numbers of removed
and affected LNs [70] predict a lower chance of biochemical
cure and negatively influence disease-free survival.

The biochemical cure rate was 33% in node-positive
patients; the latter was improved to 45% after four compart-
ment lymphadenectomies [71].

Quantitative LN analysis of MTC improves prediction of
Ct normalization. When more than two compartments are
involved, normalization of serum Ct cannot be attained.
Surgery should then be less extensive and directed rather at pre-
venting local complications [50].

Individually, the extent of neck dissection did not alter
disease-specific survival. But patients who underwent both cen-
tral neck dissection (CND) and LND at the time of initial sur-
gery were less likely to require reoperation for locoregional
recurrence [70].

There is a general consensus to dissect central and lateral com-
partments with clinical or radiological evidence of involved LNs
to prevent local recurrence and, if possible, persistence [33, 43].

However, as shown recently [15], the sensitivity of US to
correctly document lateral LN metastasis was only 56% with a
specificity of 97% (overall accuracy: 84%).

The prophylactic dissection of ipsilateral or bilateral lateral
LNs in node-negative patients is part of an ongoing discussion.
The oncological benefit of more extended (lateral) LN dissec-
tion is to be weighed against higher rates of surgical complica-
tions compared with total thyroidectomy and CLND alone.

Patients with tumor multiplicity based on preoperative
imaging evaluations more frequently showed lateral node posi-
tivity based on pathological examination than those without
tumor multiplicity. However, 28% of solitary MTCs based on
preoperative findings were histopathologically positive for lat-
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eral LN metastasis. Twenty-nine percent of the MTCs measur-
ing 2 cm or less were lateral-node-positive [72].

Machens et al. [73] investigated the rates of occult lateral
compartment metastases in patients with central compartment
nodal disease, and identified a risk of ipsilateral lateral
compartment metastasis of 77% if one to three central com-
partment nodes were involved, and the same risk of contralat-
eral lateral compartment involvement if more than 10 central
compartment nodes were involved.

Bilateral LND for thyroid cancers confers a significant
amount of morbidity. Knowledge of the complications of this
procedure, especially in the setting of questionable survival
benefit, may assist in preoperative decision-making and patient
counseling [74].

The morphology of the primary tumor ( DSR — yes/no) and
the involvement of central LNs (yesino) influence the indication
for a more extended lateral LN dissection (LLND ).

An observational study [19] confirmed that the extent of
LN surgery may be individualized based on intraoperative fro-
zen sections documenting DSR negativity. DSR is defined as
the presence of a newly formed fibrotic (collagenous) stroma
surrounding the invasive epithelial tumor cells, which is not
found in the non-neoplastic thyroid parenchyma. Patients with
DSR-negative tumors are always LN-negative (pNO: negative
predictive value 100%) and have an excellent long-term prog-
nosis without persisting or recurrent disease, even without lat-
eral LN surgery, regardless of tumor size, thus reducing the
surgical trauma and possible complications [20]. FNAB should
be avoided during the diagnostic workup of a thyroid nodule
because a DSR may be triggered by inserting a needle into the
nodule [22].

Perros et al. [43] recommended ipsilateral prophylactic
LLND only after documenting histologically proven central
compartment node metastasis because of the higher risk of lat-
eral LN involvement [75]. However, this recommendation does
not consider the phenomenon of skip lesions.

CLND and ipsilateral (or contralateral) LN dissection may
be performed as a one-stage or a two-stage procedure (=
delayed LLND in a second operation) [76].

Two-stage LLND has the advantage of providing the
pathological nodal status of the central compartment, as well
as postoperative Ct levels, both of which may influence the
decision to follow a supplementary approach. If there is no
histopathologic evidence of central LN metastasis and post-
operative Ct is normal, then delayed LN dissection is unlikely
to confer any benefit. The disadvantage of two-stage LN dis-
section is the requirement for a second hospital stay and gen-
eral anesthesia.

While the classification of LN levels by Robbins [8] is used
in the Anglo-American literature, the classification of LN com-
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partments by Dralle [9] is applied in Central Europe.
@ Table 8.1 shows the correlation of both nomenclatures.

There is a close correlation among Ct levels, tumor size, and
tumor stage. Higher biomarker levels reflect larger primary
tumors andlor more severely involved LNs andlor distant
metastasis.

Therefore, Ct levels allow for a “tailored” surgical strategy
[77].

Preoperative Ct levels may guide the extent of LN dissec-
tion. Disregarding gender-specific cut-oftf bCt levels, LN
metastases were present in the ipsilateral central and lateral
neck, contralateral central neck, contralateral lateral neck, and
upper mediastinum, respectively, beyond bCt thresholds of 20,
50, 200, and 500 pg/mL applying an Immulite 2000 automated
Ct assay (Diagnostic Products Corp., Los Angeles, CA) [47].

In most newly diagnosed MTC patients, that is, those with
pretherapeutic bCt levels greater than 200 pg/mL, bilateral
compartment-oriented neck surgery is recommended to reduce
the number of reoperations [47].

Applying the same Ct assay and respecting gender [48], all
male patients with LN metastases were diagnosed with bCt lev-
els >100 pg/mL (sensitivity: 100%). The specificity for the diag-
nosis of any LN metastases (pN1la or pN1b) was 82% and 74%
for the presence of lateral LN metastases (pN1b only).

Among the female patients, one woman was diagnosed with
a single LN metastasis in the central compartment (N1a) with
a bCt level of 23 pg/mL. Therefore, the cut-oft of >23 pg/mL
was used to diagnose any LN metastases (pN1la or pN1b) and
specificity was only 22% with a sensitivity of 100%. However,
all other women with LN metastases had bCt levels >85 pg/mL
and metastases in the lateral compartment (specificity: 57%).

8.15 Locally Advanced MTC and Distant
Metastasis

In patients with suspected locally advanced MTC, invasion of
the aerodigestive tract or involvement of the mediastinum has
to be ruled out using CT or MRI. These techniques clarify the
technical resectability of the tumor from the neck or
mediastinum.

Functional imaging with F-DOPA-PET (CT or MRT) may
confirm LN metastases in the mediastinum, which are revealed
in 32% [10]. When there is strong suspicion or evidence of
mediastinal node involvement below the brachiocephalic vein,
and no evidence of distant metastases, the patient should be
considered for mediastinal dissection, which will require ster-
notomy [71, 78].

Functional imaging with F-DOPA-PET (CT or MRT) is
able to ensure the diagnosis of distant metastasis [15]. Patients
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with distant metastases at presentation often have prolonged
survival. Even in the presence of disseminated disease, less
aggressive surgery in the central and lateral neck may be appro-
priate to preserve speech, swallowing, parathyroid function,
and shoulder mobility. External beam radiotherapy, systemic
medical therapy, and other non-surgical therapies should be
considered to achieve local tumor control [33, 43].

8.16 Special Situations

As shown previously [57] in systematically performed determi-
nations of Ct levels during the diagnostic workup of unselected
thyroid nodules, 153/159 (96.2%; pTla: 91/159 [57.2%)], pT1b-
pT4: 62/159 [39%)]) were screened positive and 6/159 (3.8%;
pTla: 6/159 [3.8%)]) screened negative for MTC.

In these rare cases, incidentally discovered mMTCs with pre-
operatively normal bCt levels are revealed in final histologicall
immunohistochemical examinations. These tumors are predomi-
nantly <5 mm in diameter and show no LN metastasis.

Analysis of germline RET proto-oncogene mutations
(hereditary or de novo) should be undertaken to identify hered-
itary cases. Completion thyroidectomy should be performed in
genetically positive patients because of the high risk of a con-
tralateral focus of MTC.

In sporadic patients, the necessity for reoperation (comple-
tion thyroidectomy, uni—/bilateral CND) depends on the
results of bCt. Surgery is recommended if postoperative levels
are elevated 3 months postoperatively or if there is radiological
evidence of residual disease [57].

8.17 TNM Classification and Staging

The Union for International Cancer Control system is recom-
mended for staging all MTC patients [79].

The eighth edition introduced important changes in the cri-
teria used for staging MTC. In the absence of gross extracapsu-
lar extension, the primary will be staged solely on the basis of
its size (pT1, pT2, or pT3a). Tumors of any size with gross
extrathyroidal extension invading the strap muscles (sternohy-
oid, sternothyroid, or omohyoid muscles) are classified as pT3b
(8 Table 8.3a, b).
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O Table 8.3 a TNM classification and staging of hereditary and sporadic MTC [79]. b TNM staging of
hereditary and sporadic MTC [79]

Table 3a

T — primary tumor

Tx
TO
Tl
T1b
T2
T3

T3a
T3b

T4a

T4b

Primary tumor cannot be assessed

No evidence of primary tumor

Tumor 2 cm or less in greatest dimension, limited to the thyroid Tla
Tumor >1 cm but <2 cm in greatest dimension, limited to the thyroid
Tumor >2 cm but <4 cm in greatest dimension, limited to the thyroid

Tumor >4 cm in greatest dimension, limited to the thyroid or with gross extrathyroidal extension
invading only strap muscles (sternohyoid, sternothyroid, or omohyoid muscles)

Tumor >4 cm in greatest dimension, limited to the thyroid

Tumor of any size with gross extrathyroidal extension invading strap muscles (sternohyoid, sternothy-
roid, or omohyoid muscles)

Tumor extends beyond the thyroid capsule and invades any of the following: subcutaneous soft
tissues, larynx, trachea, esophagus, recurrent laryngeal nerve

Tumor invades prevertebral fascia or encasing the carotid artery or mediastinal vessels from a tumor
of any size

N — Regional lymph nodes

NO
Nla

Nlb

No evidence of locoregional lymph node metastasis N

Metastasis to level VI (pretracheal, paratracheal, and prelaryngeal/Delphian lymph nodes) or upper/
superior mediastinum

Metastasis in other unilateral, bilateral, or contralateral cervical compartments (levels I, II, III, IV or
V) or retropharyngeal

M - Distant metastasis

MO

M

Table 3b
Stage

1

II

111

No distant metastasis

Distant metastasis

T N M
la, Ib 0 0
2,3 0 0
1-3 la 0

(continued)
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O Table 8.3 (continued)

IVA

IVB
IvC

1-3

4a

4b
Any T

1b 0
Any N 0
Any N 0
Any N 1

The pT and pN categories correspond to the T and N categories

pNO histological examination of a selective neck dissection specimen will ordinarily include 6 or more lymph
nodes. If the lymph nodes are negative, but the number ordinarily examined is not met, classify as pNO

The eighth edition of the UICC TNM staging system introduced several changes compared with the seventh
edition. The main changes are noted with superscript numbers and are described in detail as following:
Minor extrathyroidal extension was removed from the definition of T3 disease

Two new categories, T3a and T3b, were introduced

Nla was expanded to include the upper mediastinum (previously included in the N1b category)

8.18 Hereditary MTC

Approximately 3—7% of patients with presumed sporadic MTC
actually have hereditary MTC, including about 2-9% with de
novo germline mutations [80-85].

Approximately 98% of “index patients” with hereditary CC
disease have identifiable mutations that are caused by several
missense gain-of-function mutations of the RET proto-
oncogene, which encodes the receptor tyrosine kinase on chro-
mosome 10. RET encodes a receptor tyrosine kinase, which is
expressed in neural-crest-deriving cells and involved in cell pro-
liferation control.

In a prospective investigation [56], germline mutations in
the RET proto-oncogene were documented in 22 (8.5%) of 260
patients with apparently sporadic CC diseases, in 4 (3.2%) of
126 patients with various types of CCH, and in 18 (13.4%) of
134 patients with MTC.

It is important to test for germline RET mutations in any
patient with MTC, regardless of their family history [86].

The mutations can be distributed in several codons (includ-
ing non-hot-spot). Codons are located in different exons of the
RET gene. It is recommended that RET genetic screening
should cover not only exons 10, 11, and 16 but also 5, 8, 13, 14,
and 15 [33].

Hereditary MTC represents a progression from normal
histopathology to prencoplastic CCH and to MTC [87].
Hereditary and sporadic MTCs do not differ morphologically.
In pathological reports, however, the presence of CCH should
always be mentioned. Still, its usefulness alone for indicating
familial risk is limited.

Hereditary CC disease (CCH and/or MTC) may be part of
one of the three autosomal-dominant hereditary cancer syn-
dromes (B Table 8.4). Familial MTC “only” is documented in
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B Table 8.4 Current classification of hereditary MTC tumor
syndromes [33]

Classification Definition

MEN 2A Classic: MTC, PHEO, PHPT
MEN 2A with lichen amyloidosis
MEN 2A with Hirschsprung’s disease
FMTC

MEN 2B MTC, PHEO

MEN multiple endocrine neoplasia, M7'C medullary thyroid cancer,
PHEO pheochromocytoma, PHPT primary hyperparathyroidism,
FMTC tamilial medullary thyroid cancer “only”

approximately 15%, MEN 2A in 80%, and MEN 2B in 5% of
affected patients [88].

Multifocal tumors are more often found in a genetic back-
ground.

Hereditary MTC is a potentially lethal disease. MTC
remains confirmed to the thyroid gland for a distinct period of
time. Once spread beyond the thyroid gland, it is incurable in
the majority of patients, spreading on to the regional LNs and
subsequently to the liver, lung, bone, and brain.

Thyroidectomy (without CLND ) should be offered to muta-
tion carriers before the development of MTC (“prophylactic sur-
gery”; CCH is expected) or while the malignancy is still
confirmed to the thyroid gland (“early surgery,” surgery in a
“preclinical stage”; mMTC without expected LN metastasis).

Ultrasonography is insufficient to identify MTC of any size
or micrometastasis in LNs in hereditary CC disease [89].

Applying direct DNA analysis, mutation carriers (patients
at risk to develop MTC) can be specified within a family. A
given patient’s genotype (specific RET mutation) predicts per
se the aggressiveness of the clinical course.

Patients carrying the same mutation may show a hetero-
genic progression of disease. Even within the same family, the
natural course of disease may vary. Neoplastic CCH is the pre-
cursor lesion of hereditary MTC. MTC develops over time.
There is a well-documented age-related progression from neo-
plastic CCH to asymptomatic micro- and to clinically apparent
macrocarcinoma (including LN and distant metastasis).

The current ATA risk levels stratify very well all known RET
mutations into one of three risk levels (highest risk, high risk,
moderate risk; B Table 8.5).

Thyroid surgery is generally recommended based on the ATA
risk levels (B Table 8.6) [33].

There is also a positive correlation among bCt and sCt levels,
tumor size, and stage of hereditary MTC.
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D Table 8.5 The current American Thyroid Association (ATA) risk
levels: risk classification in correlation to (common) RET proto-
oncogene mutations [33]

Risk classification RET mutation
Moderate (ATA-MOD) 790, 791,
804, 609, 611,
618, 620
High (ATA-H) 634, 883
Highest (ATA-HST) 918

ATA American Thyroid Association, MOD moderate risk, H high
risk, HST highest risk

O Table 8.6 Risk classification of (common) RET proto-oncogene
mutations — timing of surgery following the G (enetic) A (ge) C
(alcitonin) concept [33]

Risk classifica- RET Timing of surgery
tion mutation
Moderate 790, 791, Based on serum calcitonin levels

(ATA-MOD) 804, 609,
611,
618, 620

High (ATA-H) 634, 883 <5 years (or earlier based on the
elevated serum calcitonin levels)

Highest 918 <1 year (3 months)
(ATA-HST)

ATA American Thyroid Association, MOD moderate, H high, HST
highest

The moment of transition from CCH to MTC seems to
occur when Ct levels rise upon stimulation. In patients with
normal bCt but increased sCt levels, the chance of mMTC
increases significantly (B Table 8.7). In this situation, “early
thyroidectomy” should definitively be performed (minimum
total thyroidectomy). Elevated bCt and sCt levels may indicate
MTC with LN metastasis. Therefore, CND (level VI) is manda-
tory for staging and to remove micrometastasis in patients with
elevated bCt levels [90] (B Table 8.8).

Postponing surgery and avoiding CND (level VI) in patients
with moderate-risk levels are only justified in families with a
less aggressive MTC history and in combination with the
results of normal bCt and (Ca-) stimulated serum Ct levels.
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O Table 8.7 Pretherapeutic calcitonin levels and histology [90]

Calcitonin n(%)  Normal MTC MTC Cured
CCH pNO pN1

Basal Stimulated 92 76 46

Normal Normal 34 32 2 0 34
(16) (100)

Normal Increased 40 26 14 0 33
(19) (100)

Increased  Increased 140 34 60 46 87
(65) (69)

Cured 154 79 69 7

(79) (100)  (100)  (15)

MTC medullary thyroid cancer, N lymph node

O Table 8.8 Indication for prophylactic and early thyroidectomy
and central neck dissection [33]; see also Table 8.7

Calcitonin Thyroidectomy Central neck dissection
Basal Stimulated

Normal Normal Prophylactic  Yes  No
Normal Increased  Early Yes  No/Yes?

Increased Increased Yes  Yes

AIf bCt is less than 40 pg/mL, a total thyroidectomy without central
(level VI) neck dissection is adequate therapy

Thyroidectomy can be delayed in some children with MEN
2A if the serum Ct and neck ultrasonography results are nor-
mal [33].

bCt (and sCt) levels, determined in periodical intervals, may
help to individually schedule timely surgery and to minimize
the extent of the surgical procedure. This may satisfy parents
who wish to postpone surgery in their children.

Although no data are as yet available, Ct measurements are
recommended based on the ATA risk levels: every 6 months in
the high and annually in the moderate levels [33].

Considering genotype, age, and bCt (and sCt) levels, the
time of surgery may be postponed individually and the extent
of the surgical intervention (CND [level VI]: yes/no) may be
modified (B Table 8.6).

If bCt is less than 40 pg/mL, total thyroidectomy without
CND (level VI) may be an adequate therapy ([33] -8 Table 8.8).

The timing of surgery in asymptomatic disease requires a bal-
ance between the prevention of thyroid malignancy and the risks
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of the operation (permanent hypoparathyroidism, permanent
paralysis of the recurrent laryngeal nerve) [91].

“Prophylactic” and “early” thyroidectomy (with and with-
out neck dissection) should be performed by high-volume
endocrine neck surgeons to reduce morbidity to the lowest pos-
sible extent [92].

The surgical strategy to treat “hereditary, clinically appar-
ent MTC” (index patients) follows the same guidelines as for
sporadic disease.

8.19 MEN 2A

Besides premalignant or malignant thyroid lesions, tumors in
the adrenal glands (pheochromocytoma) and/or the parathy-
roid glands may develop with variable penetrance and must be
ruled out, first, by measuring 24-h urinary catecholamine or,
preferably, metanephrine concentrations to exclude pheochro-
mocytoma and, second, by determining serum Ca concentra-
tions and the serum parathyroid hormone to exclude primary
hyperparathyroidism before planning thyroid surgery [93].

O Table 8.9 summarizes the recommendations when screen-
ing for pheochromocytoma, and primary hyperparathyroidism
should start depending on the given RET proto-oncogene
mutation.

8.20 MEN 2B

In the clinical setting of MEN 2B, MTC is highly aggressive
and associated with a very early onset of metastasis (ATA
risk level “D”). LN metastases are documented within the
first year of life. Most frequently, MEN 2B arises as a result
of a de novo mutation, with the child having unaffected par-
ents. In the past, the diagnosis has often been delayed because

O Table 8.9 Hereditary MTC — Recommendation: age of screening
considering the (common) RET proto-oncogene mutation for
screening pheochromocytoma and primary hyperparathyroidism [33]

Risk classification Start for screening for Pheo/PHPT (a)

Moderate (ATA-MOD) 16

High (ATA-H) 11

Highest (ATA-HST)*

Pheo pheochromocytoma, PHPT primary hyperparathyroidism,
a age, ATA American Thyroid Association, MOD moderate,

H high, HST highest
4No PHPT screening necessary
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the typical phenotype is often not apparent in early childhood
or the typical symptoms were not appreciated on time.
Awareness of non-endocrine components (tearless crying,
constipation) may help to diagnose this syndrome earlier. In
the presence of genetically verified MEN 2B, children should
undergo thyroidectomy as soon as possible within the first
year of life (preferably within the first 6 months of life). CND
(level VI) should be considered particularly when bCt (and
more importantly, stimulated Ct) is elevated, and in children
older than 6 months [94].

8.21 Prognosis and Postoperative Follow-Up

Early detection and adequate surgical treatment is followed by
cure and disease-free survival (defined by normal or undetect-
able Ct values) in over 98% of patients.

At clinical presentation, about 50% of patients with MTC
show LN metastasis. Distant metastases are detected in 10% of
newly diagnosed patients, and more than 20% of patients will
die from progressive metastatic disease.

The 10-year survival rates for all patients with MTC range
from approximately 61-76% [, 95-97].

The 5-year and 10-year survival rates for all patients with
MTC in a Ct screening program were 96 +/— 2% (patients at
risk: 43) and 93 +/— 3% (patients at risk: 6 ), respectively [56].

Patients with distant metastases at diagnosis have a poor
prognosis, with a 10-year survival rate of merely 40% [97].

Prognosis is directly related to postoperative staging consid-
ering tumor size (in former studies, extrathyroidal invasion —
however, not respected in the current TNM classification),
nodal and distant metastasis. The quantities of involved LNs
and compartments are also prognostically relevant.

Postoperative measurements of bCt (and CEA) are
widely used as tumor markers also for postoperative follow-
up. The bCt levels indicate cure and persisting or recurring
disease [98].

Ct levels typically normalize within 1 week and within a
fortnight in patients with node-positive MTC and preoperative
Ct levels of 500-1000 pg/mL. Ct normalization takes longer
with node-positive MTC and preoperative Ct levels exceeding
1000 pg/mL, and with more than ten nodal metastases [99]. In
cases with very high preoperative bCt levels, a decrease in bCt
might be delayed for 24 h to 12 weeks after surgery [100].
Therefore, 3 months following surgery appears to be the opti-
mal time point for determining Ct levels [100, 101].

Postoperative, undetectable bCt levels (optimal documenta-
tion together with a negative provocative test) are strong pre-
dictors of complete remission [98].
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Serum bCt determinations should be repeated every 3 to
6 months for the first 2 to 3 years. When bCt stays unmeasur-
able, it should be determined annually thereafter. Patients with
biochemical remission after an initial treatment have a 3%
chance of recurrence during long-term follow-up [102].

Patients with biochemically and clinically apparent MTC
have tumors very frequently metastasized to regional LNs and
to distant organs. This condition cannot be cured biochemically,
despite aggressive surgery, including bilateral LLND [47, 103].

Despite meticulous surgical techniques, Ct levels remain
detectable in 40-66% of patients after initial surgery, and the
optimal surgical management for persistent or recurrent dis-
ease remains controversial.

Localized and limited locoregional disease can be treated
with resections, with the intention to cure. However, in more
advanced localized or in residual/recurrent disease, a multi-
modal approach is generally recommended to control local dis-
ease and to reduce tumor progression. The extent of surgery
will depend on the types of surgical procedures performed pre-
viously and on the nature of the relapse and bCt level.

When the extent of initial surgery was incomplete, the pre-
ferred surgery protocol is always resection. Patients with resid-
ual LN metastases after initial thyroidectomy are likely to
benefit from reoperation [103].

In 59 (44.4%) of 133 patients who had no LN metastases
removed at the initial operation, systematic CLND, and LLND
attained biochemical cure. Conversely, biochemical cure was
reached in only 12 (18.5%) of 65 patients in whom 1 to 5 LN
metastases had been previously cleared. If more than five LN
metastases were dissected at prior surgery, the biochemical cure
rate fell to 4.7% (2 of 43 patients). When preoperative serum Ct
levels exceeded 1000 pg/mL, biochemical cure was exceptional
(1 of 76 patients). Based on these data, systematic LN dissection
in patients who had inadequate neck surgery is worthwhile as
long as the preoperative serum Ct level is <1000 pg/mL and no
more than five LN metastases were removed. Beyond these
thresholds, the focus of surgical treatment shifts to the mainte-
nance of local control in the neck [103].

The rate of Ct normalization after reoperation for MTC is
enhanced by applying meticulous compartment-oriented LN
dissection. Compartment-oriented LN dissection results in Ct
normalization in 18.6% of reoperated MTC patients [104].

When patients have bCt levels less than 150 pg/mL follow-
ing thyroidectomy, any persistent or recurrent disease is nearly
always confined to LNs in the neck. When the postoperative Ct
level exceeds 150 pg/mL, patients should be evaluated with
imaging procedures, including CT of the neck and chest,
contrast-enhanced MRI and US of the liver and bone, and
PET-CT to exclude distant metastasis [47].
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One can estimate the growth rate of MTC metastases by
quantifying increases in tumor size over time from sequential
imaging studies analyzed with the response evaluation criteria
in solid tumors (RECIST).

The tumor burden and proliferation characteristics can be
estimated from imaging studies and measurements of tumor
marker doubling times.

In patients with elevated serum Ct and CEA, the tumor
dynamics can be described by calculating the time to double
the serum concentration (tumor doubling time).

bCt and CEA doubling times of less than 2 years are nega-
tive prognostic factors for MTC progression-free and total sur-
vival in patients with persistent or recurrent disease [105].

When the doubling time of bCt was less than 6 months, the
5- and 10-year survival rates were 25% and 8%, respectively;
when the doubling time was longer than 2 years, all patients
were alive at the end of follow-up [106].

Once metastases appear, clinicians must decide which
patients require therapy. They must balance the often slow rate
of tumor progression, which is associated with good quality of
life, against the limited efficacy and potential toxicities of local
and systemic therapies [33].

Only patients with significant tumor burden and those with
symptomatic or progressive, measurable disease are candidates
for systemic therapy.

Progression is defined as a >20% increase in the sum of the
longest lesion diameters or the appearance of one or more new
lesions within a given time interval (e.g., 12 months) [33].

8.22 Unresectable, Progressive,
and Symptomatic Sporadic
and Hereditary MTC

Unresectable and progressive MTC affects both patients’
health-related quality of life and survival. A systematic review
[107] identified two placebo-controlled trials. Schlumberger
et al. [108] evaluated the efficacy and safety of cabozantinib,
while the Zactima Efficacy in Thyroid Cancer Assessment
(ZETA) trial evaluated the efficacy and safety of vandetanib
[109, 110].

Both drugs significantly improved progression-free survival
compared to placebo (P < 0.001). Within the symptomatic and
progressive MTC population, the effects on progressive-free
survival were similar (vandetanib vs. cabozantinib: hazard
ratio 1.14, 95% credible interval 0.41-3.09). Neither trial dem-
onstrated a significant overall survival benefit for cabozantinib
or vandetanib versus placebo, although data from ZETA were
subject to potential confounding.
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O Answers to the Questions

Case 1: (3)
Completion thyroidectomy, CND only if: bCt [and/or sCt] ele-
vated — genetic background

Specific “testing” — Ca stimulation 2 (0 min) — 21 (3 min)
pg/mL; plasma metanephrine, plasma normetanephrine nor-
mal range; exon 14 — codon V804L — [GTG > TTG: val - leu];

Right lobectomy with right CND — MTC 1 mm, pNO
(0/6) — hereditary MTC, pT1mpNO (0/11) — no CCH.
Case 2: (2d)
Adequately high bCt level in correlation with the size of the
nodule: thyroidectomy, bilateral CND — frozen section DSR:
yes/no

MTC - pT2-39 mm; pNO (0/8), DSR negative — no bilate-
ral neck dissection — follow-up: 164 months, bCt <1 pg/mL;
CEA: 1.0 pg/L.
Case 3: (2)
Inadequately high bCt level in correlation with the size of the
nodules — other than thyroid CC disease

Ca stimulation test: 704 pg/mL (0 min) — 1219 pg/mL —sCt
less than twofold bCt — lung X-ray: 36 mm lesion right inter-
mediate lobe, enlarged paratracheal and infracarinal lymph
nodes — paraneoplastic Ct secretion by a neuroendocrine neo-
plasia of the lungs.
Case 4: (3)
Incidentally discovered mMTCs with preoperatively normal
bCt levels

Except for molecular genetic analysis (in this particular pati-
ent: no RET proto-oncogene mutation), no further treatment.
Case 5: (2)
Clinically asymptomatic/mildly elevated bCt — reproducible —
anxious patient — to select patients for surgery — stimulation
test: 21 pg/mL (0 min) — 1664 pg/mL (3 min) — MTC suspec-
ted - plasma metanephrines/plasma normetanephrines: nor-
mal catecholamines/metanephrines and normetanephrines
(24-h urine): normal — RET proto-oncogene mutation (exon
10, codon C611Y — GTG>TTG; cys — tyr)

Thyroidectomy, bilateral CND (early thyroidectomy) —
multifocal, bilateral mMTC (pTlam; L: 5 mm; R: 1 mm with
DSR; neoplastic CCH — N: pNO (0/15); M: MO
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