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9.1	 �Introduction

The parafollicular cells of the thyroid gland are 
also recognized as C cells because of their ability 
to secrete the calcitonin (CT) hormone [1]. Their 
neoplastic proliferation is generically defined C 
cell disease and may occur as either medullary 
thyroid carcinoma (MTC) or C cell hyperplasia 
(CCH) [2, 3].

MTC is a rare cancer, representing 4–10% of 
all thyroid malignancies [4]. Approximately 75% 
of MTCs are sporadic tumors [4], and 25% of 
them are hereditary forms [4], associated to 
germline mutations of the rearranged during 
transfection (RET) proto-oncogene [4–6]. 
Familial MTC may be isolated or develop in the 
context of multiple endocrine neoplasia (MEN) 
type 2A and type 2B [3, 4].

CCH with nuclear and/or cytoplasmic aspects 
of atypia was initially described in association 
with hereditary MTC. In this context, CCH rep-
resents a C cell carcinoma in situ [2]. C cells 

with morphometric characteristics similar to 
those present in familial CCH may occasion-
ally be observed in individual cases of severe 
chronic lymphocytic thyroiditis [2], but also in 
thyroid glands from normal subjects [5]. The 
significance of this sporadic CCH is not exactly 
clear, and its progression to MTC has never been 
demonstrated.

Preoperative diagnosis of C cell disease is dif-
ficult. In familial forms, the introduction of genetic 
testing has greatly contributed to the early iden-
tification of the subjects at risk, allowing prompt 
radical surgery and great improvement of the out-
come [3, 4, 6]. In the sporadic form, CCH can only 
be recognized at surgical pathology, and MTC 
typically presents as a thyroid nodule. Although 
some clinical findings (pain on palpation, location 
in the upper third of a lobe, presence of enlarged 
lymph nodes) and suspicious for malignancy US 
features (i.e., hypoechogenic nodule, microcalci-
fications, lymph node abnormalities) could sug-
gest the possibility of MTC, its diagnosis is often a 
challenge. At variance with differentiated thyroid 
cancer of follicular derivation, the identification 
of C cell lineage malignancies has taken limited 
advantage from cytology by fine needle aspiration 
biopsy (FNAC). This technique, in fact, displays a 
relatively poor MTC detection rate [3, 7, 8], thus 
exposing to the risk of inadequate preoperative 
evaluation and late diagnosis.

Neoplastic C cells fully maintain CT expres-
sion and secretion [2–4]. Therefore, the hormone 
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constitutes a very sensitive pre- and postoperative 
marker of C cell disease, with high prognostic 
value [3, 4].

Carcinoembryonic antigen (CEA) [9, 10] is 
one of the oldest and most widely used tumor 
markers. In addition to colorectal cancer (CRC) 
and other adenocarcinomas, MTC patients also 
present increased serum CEA levels [4]. At vari-
ance with circulating CT, however, circulating 
CEA displays a poor preoperative sensitivity for 
MTC diagnosis and a more limited efficacy as a 
prognostic factor [4].

9.2	 �Circulating Calcitonin 
in Healthy Subjects and in C 
Cell Disease

9.2.1	 �CT Assay

CT is the product of cleavage and posttransla-
tional processing of procalcitonin, a precursor 
peptide derived from pre-procalcitonin. The term 
“mature” CT represents the bioactive hormone 
and defines a small monocatenar peptide (32 
amino acids) with a disulfide bridge at its amino 
terminal end. Other “immature” CT forms may 
also be found in MTC tissue and in the serum 
[11, 12]. Additionally, procalcitonin may be 
released in the circulation during sepsis or other 
general inflammatory conditions by tissues that 
do not normally express the CT gene [12, 13].

Because of its molecular heterogeneity, serum 
CT levels measured by assays utilizing antisera 
directed against different epitopes of the hor-
mone can yield discrepant results [3]. Two-site 
immunoassays combining monoclonal antibod-
ies recognizing distinct portions of the unique 
bioactive monomer avoid the interference of pro-
calcitonin or other calcitonin-related peptides/
precursors and allow accurate determination of 
mature CT concentrations [3]. Such immunoas-
says, based on radioisotopic, enzymatic, or lumi-
nescent labeling, represent the most sensitive tool 
for measuring serum CT levels [11]. Importantly, 
CT measurements obtained with different com-
mercial assays may widely vary [3, 11]. 
Therefore, the reference ranges of basal and stim-

ulated serum CT measurements should be defined 
in each laboratory, making it imperative that 
comparison of CT values in individual patients 
should be performed using the same method [11].

Heterophilic antibodies (human antibodies 
induced against external antigens and displaying 
reactivity with antibodies of other animal species) 
can interfere with two-site immunoassays, caus-
ing either spuriously elevated or, with a lesser fre-
quency, artificially lower serum CT levels [14]. A 
“hook effect” (i.e., falsely low results due to inter-
ference caused by extremely high analyte concen-
trations) may seldom occur also with the most 
recent immunochemiluminescent assays (ICMAs) 
[15]. This kind of interference should always be 
suspected when low CT levels are observed in 
MTC patients with a large tumor burden [3, 11].

9.2.2	 �Circulating Calcitonin Levels 
in Healthy Subjects

CT levels are slightly higher in men than in 
women, probably because men have a larger C 
cell mass than women [16, 17]. They are also 
weakly influenced by age, body mass index (par-
ticularly in males), and smoking [18]. Depending 
on the employed assay method, 90–97% adults 
have CT levels <10 pg/ml, and more than 50% of 
normal subjects have serum CT concentrations 
below the functional sensitivity of the assay [18]. 
Notably, the most recent MTC guidelines 
released by the American Thyroid Association 
[19] do not recommend definite reference ranges 
of basal or stimulated serum CT levels. Data 
from young children are limited. It is suggested 
that CT levels <40  pg/ml should be considered 
normal during the first 6 months of life, with a 
progressive decline thereafter [16]. After the 
third year of life, CT values reach levels indistin-
guishable from those observed in adults [16].

9.2.3	 �Calcitonin Levels in Diseases

In MTC patients, serum CT levels rise early and 
parallel tumor progression [3, 4], thus represent-
ing a sensitive disease marker [3, 4]. A more 
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limited CT elevation is usually observed in CCH 
[3], even though the original report by Guyetant 
et  al. [5] showed that the sporadic form could 
also occur in the absence of CT increase. In addi-
tion to C cell disease, a rise in serum CT levels 
has also been described in patients with other 
pathological conditions (Table  9.1) such as 
chronic renal failure, autoimmune thyroiditis, 
hypergastrinemia, sepsis, type 1A pseudohypo-
parathyroidism, and mastocytosis [3]. Concerning 
the influence of thyroid autoimmunity, the asso-
ciation with increased serum CT is still contro-
versial [3]. Some studies, in fact, have reported 
decreased CT levels in smaller groups of 
Hashimoto’s patients, possibly due to atrophy 
and/or fibrosis associated to destruction of both 
follicular and C cells [3]. Moreover, a recent 
study [20] has shown that circulating CT levels in 
patients with positive anti-TPO antibodies were 
not higher than in controls (4.71  ±  6.46 vs. 
4.84 ± 13.11 pg/ml; P > 0.05) and the frequency 
of “suspicious” (>10  pg/ml) CT values was not 

significantly different between the two groups of 
patients (3.9 vs. 3.0%) [20].

Increased circulating CT levels, up to values 
comparable to MTC, are often observed in 
patients with non-C cell-derived malignancies 
(Table 9.1), such as small cell and large cell lung 
cancers and in neuroendocrine tumors of the gas-
trointestinal tract [3]. In such instances, the cor-
relation between CT increase and tumor burden 
is not so tight as it is in MTC patients [3].

9.2.4	 �Calcitonin Provocative 
Testing

C cells from MTC patients are able to release CT 
in response to several pharmacological agents, 
the most effective resulting Ca2+ and pentagastrin 
(PG) [21]. The same response is also observed in 
CCH, but to a lesser extent than in MTC [3]. 
Since patients with limited C cell disease may 
have normal serum CT levels, these provocative 
tests have been widely used to disclose C cell 
abnormalities [11, 22]. In addition, these tests 
constitute important tools for differentiating 
increased serum CT associated to C cell disease 
from those occurring in non-thyroid malignan-
cies [3]. In fact, CT response to Ca2+ and PG 
stimulation is virtually absent in lung and gastro-
intestinal neuroendocrine tumors [4].

9.2.4.1	 �The Pentagastrin Stimulation 
Test

The most widely used method for stimulating CT 
secretion consists in the slow intravenous admin-
istration of a PG bolus (0.5 μg/kg body weight) 
and measurement of serum hormone levels before 
and 3 and 5 min after starting the infusion [11]. 
Because some discomfort or potentially danger-
ous side effects (e.g., tachycardia, bradycardia, 
nausea, vomiting, dizziness, flushing, substernal 
tightness) may occur, this test is contraindicated 
in patients with coronary artery disease and/or 
hypertension and is not recommended in subjects 
>60 years of age [11].

Similarly to basal CT, stimulated hormone lev-
els are on average higher in men than in women 
[3]. In 80% normal subjects, the maximum CT 

Table 9.1  Increased levels of serum calcitonin not 
related to C cell disease

Laboratory artifacts

 � Heterophilic antibodies

Pharmacological treatments

 � Proton pump inhibitors

Pathological conditions

 � Nonneoplastic

 �   Chronic renal failure

 �   Autoimmune thyroiditis

 �   Sepsis

 �   Pernicious anemia

 �   Pancreatitis

 �   Hyperparathyroidism

 �   Nonneoplastic hypergastrinemia

 �   Mastocytosis

 �   Type 1A pseudohypoparathyroidism

 � Neoplastic

 �   Small cell lung carcinoma

 �   Breast cancer

 �   Neuroendocrine tumors of the lung or 
gastrointestinal tract

 �   Zollinger’s syndrome

 �   Follicular thyroid tumors

 �   Papillary thyroid micro-carcinoma
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increase remains <10 pg/ml, and the peak levels do 
not exceed 30 pg/ml in 95% of cases [3]. A stimu-
lated CT response >100 pg/ml is usually consid-
ered suggestive of C cell disease [3, 4]. Milder CT 
elevations may also be found in adults with other 
thyroid abnormalities [11]. In patients with MTC 
and elevated basal serum CT levels, a fivefold to 
tenfold increase occurs after PG stimulation [11]. 
A very limited increase (0–2 times) is observed in 
the case of other neuroendocrine tumors [23].

9.2.4.2	 �The Calcium Stimulation 
Testing

CT secretion may also be stimulated by a short 
intravenous Ca2+ infusion [11, 24, 25]. This 
approach represents an alternative to PG in coun-
tries (e.g., the USA) where PG is not available. 
Ca2+ infusion may also be combined with PG stim-
ulation to increase sensitivity [22, 26]. Serum CT 
levels measured after a 30-s infusion of calcium 
gluconate (2.5  mg/kg) are comparable to those 
stimulated by PG administration in both normal 
subjects and patients with C cell disease [11].

A recent report has accurately defined the proce-
dure, the cutoffs of CT response, and the safety of 
the calcium gluconate testing [27]. A 25 mg calcium 
gluconate dose (i.e., 2.3 mg or 0.12 mEq of elemen-
tal calcium)/kg body weight resulted safe and well 
tolerated. To avoid an overdose in obese patients, an 
adjusted body weight calculation has been recom-
mended (www.manuelsweb.com/IBW.htm, for 
ideal body weight and adjusted body weight calcu-
lator). The procedure should start with a basal CT 
determination. Calcium gluconate should be admin-
istered i.v., during a minimum 3 min infusion time 
(5 ml/min). Additional CT determinations at 2, 5, 
and 10 min after stopping the infusion should be 
performed [27]. The optimal CT threshold peaks for 
MTC diagnosis were reported >79 pg/ml for female 
and >544 pg/ml for male patients [27].

9.3	 �The Carcinoembryonic 
Antigen

Carcinoembryonic antigen (CEA) was one of the 
earliest tumor markers to be identified and char-
acterized [9, 10]. It was first described in 1965 by 

Gold and Freeman who identified an antigen 
present in both fetal colon and colon adenocarci-
noma, but absent in normal human colonic tissue; 
for this reason it was defined carcinoembryonic 
antigen [9].

9.3.1	 �Molecular Characteristics 
and Physiological Role

CEA and other CEA-related antigens are 
encoded by the CEA family genes, belong-
ing to the immunoglobulin superfamily. The 
human CEA family has been fully characterized 
and is composed by 29 genes, 18 of which are 
expressed. Seven of them belong to the CEA 
subgroup and 11 to the pregnancy specific gly-
coprotein subgroup [28].

CEA molecule is a cell surface glycoprotein 
normally produced in gastrointestinal tissue dur-
ing fetal development, its production ending 
before birth [29]. For this reason, it is present 
only in very small amounts in the blood of healthy 
adults and in different normal tissues. Its molecu-
lar weight ranges from 150 to 300 (average 185) 
kDa. The protein component consists of a 
30-amino acid single polypeptide chain, with a 
lysine residue at the N-terminus. The carbohy-
drate moiety contains fucose, mannose, and 
galactose residues [29].

Functionally, CEA appears to play a role in 
cell adhesion, acting as a glycosyl phosphatidyl 
inositol (GPI) cell surface-anchored glycoprotein 
[29]. The sialofucosylated glycoforms serve as 
functional colon carcinoma L-selectin and 
E-selectin ligands, which may be critical for the 
metastatic dissemination of colon carcinoma 
cells [30].

9.3.2	 �Measurement

CEA can be utilized as tumor marker by immu-
nohistochemical staining of tumor tissue and by 
immunoassay in serum.

Several techniques have been developed and 
compared over time for quantitative evaluations 
of circulating CEA, namely, radioimmunoassay, 
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immunoradiometric assay, and luminescent oxy-
gen channeling immunoassay [31, 32].

9.3.2.1	 �Reference Range of Circulating 
CEA Levels

Small amounts of CEA are normally present in 
the circulation of the great majority of normal 
subjects [33]. Its turnaround time is generally 
1  day and the half-life in plasma approximates 
3 days, varying from 1 to 5 days [29].

The upper limit of CEA in the healthy popula-
tion is 2.5–3 μg/l for non-smokers and 5 μg/l for 
smokers, being slightly higher in men than in 
women [33].

Several nonneoplastic disorders (Table  9.2) 
such as liver diseases (cirrhosis, viral hepatitis, 
chronic active hepatitis, obstructive jaundice), 
digestive diseases (diverticulitis, inflammatory 
bowel disease, peptic ulcers, polyps, pancreati-
tis), chronic lung diseases, and renal failure may 
determine increased serum CEA concentrations. 
CEA levels are not elevated in maternal serum 
during pregnancy, since this glycoprotein does 
not cross the placental barrier [29].

9.3.2.2	 �CEA as Tumor Marker
Circulating CEA is one of the most widely used 
tumor markers worldwide, mainly in 
CRC. Disappointingly, it displays a poor sensitiv-
ity for early diagnosis of disease [29].

Since nonneoplastic disorders may determine 
increased serum CEA concentrations, its speci-

ficity is also poor [29]. In addition, increased 
CEA levels were reported in up to 19% of active 
smokers and in 3% of a healthy control popula-
tion [33]. For all these reasons, circulating CEA 
measurement is not appropriated as a screening 
procedure.

Among malignancies (Table 9.2), most types 
of adenocarcinomas (breast, gastric, lung, esoph-
ageal, ovarian, and pancreatic tumors) may pres-
ent increased serum CEA levels (35). Supranormal 
CEA concentrations may also occur in MTC, 
mesothelioma, melanoma, and lymphoma.

Irrespective of cancer type, CEA is rarely ele-
vated in patients with localized disease [34, 35]. 
In addition, both CEA levels and the proportion 
of patients with elevated CEA values tend to 
increase with progressive disease stage [34]. In 
CRC patients, it has been suggested that CEA 
levels could have prognostic value [34], being 
positively correlated with stage and negatively 
correlated with disease-free survival [34]. 
Importantly, several studies have shown that 
CEA concentration per gram of total protein is 
remarkably higher in well-differentiated CRCs 
tissue samples as compared to poorly differenti-
ated specimens [35].

In clinical practice, circulating CEA is 
mainly employed to document progressive dis-
ease, to monitor response to therapy, and to 
detect recurrence of gastrointestinal malignan-
cies. In the case of CRC, several studies have 
shown that an intensive surveillance regimen 
which included irregular CEA measurements 
following curative surgery resulted in a signifi-
cantly better patient outcome than a follow-up 
lacking CEA testing [34]. Most expert panels in 
Europe [34] and the USA [34], therefore, rec-
ommend serial measurements of CEA after 
curative surgery for CRC.  Indeed, there is no 
agreement concerning the amplitude of serum 
CEA variation that should be considered of clin-
ical relevance in terms of disease progression. 
In addition to surveillance following curative 
resection of CRC, the second main clinical 
application of circulating CEA is the monitoring 
of treatment in advanced CRC, particularly 
when the disease progression cannot be evalu-
ated by standard criteria.

Table 9.2  Increased levels of serum carcinoembryonic 
antigen not related to medullary thyroid cancer

Nonneoplastic Neoplastic

Liver disease
 � Cirrhosis
 � Viral hepatitis
 � Chronic active hepatitis
 � Obstructive jaundice
Digestive disease
 � Peptic ulcer
 � Inflammatory bowel 

diseases
 � Diverticulitis
 � Polyps
 � Pancreatitis
Chronic lung diseases
Renal failure

Adenocarcinoma
 � Breast
 � Gastric
 � Lung
 � Esophagus
 � Pancreas
 � Ovary
Mesothelioma
Lymphoma
Melanoma
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9.4	 �CT and CEA Measurement 
for the Preoperative 
Diagnosis of C Cell Disease

Preoperative identification of C cell disease may 
be arduous, and the diagnosis is often performed 
at an advanced stage [3, 4]. This section will 
mainly focus on the preoperative diagnostic pro-
cedures currently used for MTC diagnosis, with 
particular attention to the contribution of CT and 
CEA determination.

9.4.1	 �The Contribution of FNAC

All historical MTC series showed that the great 
majority of patients identified during the clinical 
work-up of thyroid nodules already presented 
lymph node involvement and/or distant metastases, 
with an unfavorable prognosis in most cases [4]. 
FNAC, in fact, displays a remarkably low sensitiv-
ity for MTC diagnosis [3, 8]. Overall, approxi-
mately 50% of MTC cases included in most studies 
would have been missed based on FNAC alone [3, 
8], with only two studies reporting a reasonably 
good sensitivity of cytology for MTC [36, 37]. Also 
in recent years, a multicenter study conducted 
among 12 centers in the USA and Europe [7] and a 
meta-analysis [8] have confirmed that preoperative 
investigation for MTC cannot rely on FNAC only, 
because of an unacceptably high false negative rate.

9.4.2	 �Circulating CT 
for the Preoperative 
Diagnosis of MTC

Since early diagnosis and radical surgical treat-
ment are necessary requirements to improve 
MTC morbidity and mortality [4], several efforts 
have been made over the last two decades to iden-
tify the most convenient approach for an early 
diagnosis of this malignancy.

The available evidence shows that the sensi-
tivity of serum CT measurement for preoperative 
MTC identification approximates 100% [3]. 
However, prospective, randomized, large-scale, 
long-term studies are lacking, and the reported 
results were obtained using assays with great dif-
ferences in both analytical sensitivity and normal 
reference values (Table 9.3) [3]. A 100% positive 
predictive value (PPV) for MTC, comprising also 
some incidentally discovered microscopic tumors 
(whose progression to clinically manifest neo-
plasms had never been proven), has been demon-
strated only for basal CT elevation >100 pg/ml 
[38]. Moreover, increased basal CT levels in most 
series of unselected thyroid nodular disease 
patients (Table 9.3) included also a relevant pro-
portion of false positives [3]. By consequence, 
the PPVs resulted rather low (ranging from 10% 
to 40%), except for two studies from the same 
group reporting a PPV >90% [39, 40]. To increase 
specificity, a two-step approach using also a pro-

Table 9.3  Positive predictive values of basal calcitonin levels in different studies

Author

Year Subject 
number

Assay 
method

Sensitivity 
(pg/ml)

Cutoff 
(pg/ml)

Increased basal CT

Frequency (%) PPV (%)

Pacini F 1994 1385 IRMA 2 20 0.58 100

Niccoli P 1997 1167 IRMA 2 10 3 26.5

Vierhapper H 1997 1062 IRMA 1 5 6.7 8.4

Hahm JR 2001 1448 IRMA 0.8 10 3.8 17.8

Iacobone M 2002 7276 IRMA 2 10 0.9 68.2

Elisei R 2004 10,864 IRMA 2 20 0.43 93.6

Karanikas G 2004 414 ILMA 1 10 6.8 12.5

Gibelin H 2005 5018 IRMA 2 10 1.3 43.3

Vierhapper 2005 10,157 IRMA 2 10 4.9 6.3

Papi G 2006 1425 ILMA 1 10 1.61 39.1

Costante G 2007 5817 ILMA 1 20 1.15 23.1

PPVs were calculated by considering only positive patients who underwent surgery
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vocative test was necessary in most studies [3]. 
Disappointingly, even after a positive CT 
response to PG or Ca2+ stimulation, CCH could 
not easily be preoperatively distinguished from 
MTC [3]. In fact, employing this two-step proce-
dure, a rather elevated frequency (30–75%) of 
CCH in the absence of MTC was reported by 
most groups, particularly in patients with basal 
CT levels between 20 pg/ml and 100 pg/ml and a 
positive response to PG stimulation [3].

To avoid unnecessary surgery for sporadic 
CCH, it would be important to distinguish this 
condition from MTC before surgery. To this pur-
pose, the amplitude of the stimulated CT peak 
might be of help (Fig. 9.1), though the proposed 
thresholds varied among different studies [3]. 
Particularly, one study reported that a CT response 
to PG stimulation >1000 pg/ml had a 100% PPV 
for MTC, while a CT peak >100 < 1000 pg/ml 
exhibited an 80% PPV for CCH [38]. In another 
report, a CT increase to 275 pg/ml after PG dis-
played a 100% PPV for MTC diagnosis, while a 

positive response below this threshold had a PPV 
of 89% for CCH [41]. These results seem encour-
aging, but further studies are required for a more 
precise definition of the appropriate threshold 
windows of CT response capable of discriminat-
ing CCH from MTC.

For all the reasons illustrated above, the use-
fulness of universal CT screening in thyroid 
nodular disease patients remains controversial, 
and no straightforward recommendations have 
eventually been disclosed from the different sci-
entific societies [42]. In fact, the latest guidelines 
released by the American Association of Clinical 
Endocrinologists (AACE) in conjunction with 
the European Thyroid Association (ETA) and the 
Italian Associazione Medici Endocrinologi (AME) 
[43] advocated CT screening only in the presence 
of clinical risk factors for MTC, while those from 
the American Thyroid Association (ATA) declined 
to recommend for or against such a procedure, 
while recognizing that a basal CT level > 100 pg/
ml is highly suspicious for MTC [44, 45].
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Fig. 9.1  Preoperative calcitonin levels in patients with 
either medullary thyroid carcinoma or C cell hyperplasia. 
(a) Basal calcitonin values in patients submitted to pro-
phylactic thyroidectomy for hereditary MTC (familial 
MTC or MEN type 2). (b) Basal calcitonin levels in 

patients with surgical histology indicative of sporadic C 
cell disease (CCH and MTC). (c) Stimulated calcitonin 
levels in patients with surgical histology indicative of spo-
radic C cell disease (CCH and MTC). From Costante 
et al., Nat Clin Pract Endocrinol Metab. 2009;5:35–44
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9.4.3	 �CT Measurement 
in the Washout Fluid of FNAC

During the last decade, the determination of CT 
in the washout fluid of FNAC samples 
(FNAC-CT) has been proposed as an ancillary 
method for the confirmation of preoperative 
MTC diagnosis in both primary lesions present-
ing as thyroid nodules and suspicious lymph 
nodes [8]. In all cases, the reported sensitivities 
of FNAC-CT were remarkably improved as com-
pared to cytology alone, varying from 80% to 
100% [8]. Importantly, a relevant proportion of 
these MTCs were identified in subjects with basal 
circulating CT <100  pg/ml. On the other hand, 
none of the published studies found undetectable 
CT levels in the washout fluids from patients 
eventually confirmed negative for MTC at surgi-
cal pathology, possibly due to the presence of 
nonneoplastic C cells in the FNAC aspirates [46–
48]. Consequently, “arbitrarily” defined cutoff 
values of FNAC-CT have been proposed, not 
validated for the most frequent non-C cell-
derived thyroid disorders such as autoimmune 
thyroiditis and colloid goiters [49] and with a 
wide variation (from 7.4 pg/ml pg to 67 pg/ml) 
among studies [8]. In addition, the lack of estab-
lished results demonstrating the suitability of 
commercial assays for CT measurements on 
samples different from serum or plasma and the 
heterogeneity of the sample preparation proce-
dures represent important limiting factors, mak-
ing it difficult to make comparisons and to draw 
univocal conclusions. Finally, the cost to benefit 
effectiveness of CT-FNAC has never been appro-
priately addressed.

The latest ATA guidelines [44] recommend 
FNAC-CT in case of cytology suggestive for 
MTC or inconclusive FNAC results.

9.4.4	 �CEA for MTC Diagnosis

Analogously to CT [2, 3], CEA is also expressed 
in hyperplastic and malignant C cells [29]. In 
fact, both CT and CEA positive immunostaining 
in the absence of thyroglobulin represent a stan-
dard procedure for MTC diagnosis [2, 19]. 

Notably, CT immunostaining may vary in inten-
sity and extent and is often reduced in undifferen-
tiated tumors, whereas staining for CEA is almost 
always strongly positive [19, 50].

9.4.4.1	 �CEA Serum Levels for MTC 
Diagnosis

Although generally expressed by neuroendocrine 
tissues [29], CEA is not a specific biomarker for 
MTC diagnosis, also because its levels do not 
increase following calcium or PG stimulation [4, 
19]. For these reasons, CEA measurement is con-
sidered to have lower diagnostic accuracy than 
CT [19]. Therefore, its determination is not suit-
able for MTC screening and of little use for the 
preoperative tumor diagnosis. Indeed, CEA is 
frequently increased at diagnosis, and, as in the 
case of circulating CT, the serum CEA levels 
might be of help for the risk stratification of MTC 
patients [51–53].

Although very limited data are available con-
cerning the role of serum CEA as an alternative 
marker for the diagnosis of CT-negative MTCs 
[54], it can be used as a marker for the follow-up 
of MTCs that do not secrete CT [42, 50, 55]. In 
this respect, one study found CEA and CT almost 
uniformly expressed in CCH, micro-MTCs, and 
tumors with intra-thyroid extension [50]. 
Conversely, the patients with more aggressive 
MTCs presented an immunohistochemistry pat-
tern characterized by an indistinct or absent CT 
and an intense CEA staining. Based on these 
data, it was suggested that CEA expression would 
be retained as a marker of early epithelial differ-
entiation, while CT expression would more rap-
idly decline, representing a late differentiation 
phenomenon in C cell differentiation [50].

Rarely, patients with advanced MTC present 
normal or low serum levels of both CT and CEA 
[4, 19]. In such instances, either a misdiagnosis or 
an advanced MTC dedifferentiation, associated to 
a poor prognosis [56, 57], should always be taken 
into account. In this respect, a study [55] con-
ducted on a large series showed that <1% of 
advanced sporadic MTC patients did not present 
increased circulating levels of both CT and 
CEA. In such instance, the occurrence of features 
such as poorly differentiated histology, high Ki-67 
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proliferation index, and high proportion of RET 
codon M918T mutations was consistent with a 
more aggressive behavior of these MTCs [55].

9.4.5	 �Screening for Familial C Cell 
Disease

Approximately 25% of MTCs are observed as 
autosomal dominant syndromes in the context of 
MEN type 2A or 2B familial cancer syndromes, 
which include MTCs and other neuroendocrine 
tumors [4, 6]. Prior to the advent of the molecular 
biology approach, all members of the affected 
families were periodically screened for MTC by 
both basal and PG-stimulated serum CT measure-
ment [3], with all difficulties arising from the ele-
vated false positive rate, borderline results, and 
inconveniences due to repeated PG testing. The 
discovery that germline mutations of the RET 
proto-oncogene are responsible for these syn-
dromes allowed a much simpler and more effec-
tive management of these families [3, 6, 19]. 
Genetic screening can, in fact, identify subjects at 
risk before cancer development, with excellent 
sensitivity and specificity (virtually 100%). In this 
context, preoperative circulating CT measurement 
is recommended in subjects at risk, to help plan-
ning in terms of both optimal timing and extent of 
thyroidectomy [19]. In the absence of RET muta-
tions, the risk for MEN-related cancers for nonaf-
fected members is not greater than that of the 
general population, and they can be excluded from 
further surveillance with CT screening [19].

Because approximately 7% of apparently spo-
radic MTCs harbor germline RET mutations (gen-
erally involving exon 13, 14, or 15), genetic testing 
should be performed in all such patients [3, 6, 19].

9.5	 �Role of CT and CEA 
Measurement 
for Postoperative 
Management of MTC

At the time of diagnosis, locoregional metastases 
can be observed in up to 70% of MTCs present-
ing as palpable thyroid nodules, and up to 7–23% 

of such patients display already distant metasta-
ses [3, 4]. After initial treatment, repeated sur-
gery, external beam radiation therapy, or other 
local treatment modalities may effectively be 
employed for cervical/mediastinal recurrence 
and for limited distant metastatic disease [4]. 
Systemic treatment should be deserved to patients 
with significant tumor burden or rapidly progres-
sive MTC, defined according to the Response 
Evaluation Criteria in Solid Tumor (RECIST) 
[58]. Unfortunately, the survival rate is approxi-
mately 25% at 5 years and 10% at 10 years after 
the discovery of MTC distant metastases [45]. 
For all these reasons, accurate postsurgical fol-
low-up for early detection of persistent/recurrent 
disease is necessary, for improving the outcome 
of MTC patients.

9.5.1	 �Postoperative Detection 
of MTC Persistence/Relapse

MTC persistence/recurrence can be suspected 
based on biochemical evidence and should sub-
sequently be identified with imaging procedures 
[19, 59, 60]. In this context, serum CT and CEA 
determinations play a pivotal role [19, 59, 60].

9.5.1.1	 �The Role of Postoperative CT
After initial surgery, the normalization of serum 
CT may require up to 4 weeks, depending on pre-
operative hormone levels [61]. Therefore, post-
operative CT assessments should be postponed 
after the second month following thyroidectomy. 
In patients with postoperative basal CT <10 pg/
ml, a provocative PG or calcium stimulation test-
ing may be performed, to confirm the absence of 
small residual tumor tissue foci. Patients with 
normal basal and stimulated CT levels on two 
consecutive follow-up evaluations are probably 
disease-free [4]. Since a tiny proportion of these 
patients (generally <5%) can experience MTC 
recurrence, a long-term follow-up should be rec-
ommended, with neck ultrasound examination 
and periodic CT determination on a regular basis 
[19, 60]. The same protocol may apply to patients 
with normal basal CT levels and mild to moder-
ate elevations after provocative stimulation.
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9.5.1.2	 �The Role of Postoperative CEA
Similarly to CT, serum CEA levels also decline 
after surgery. Nevertheless, the kinetics of CEA 
decline are not so well defined as in the case of 
CT.  Usually also serum CEA levels increase at 
the time of relapse in patients with initially unde-
tectable marker and parallel disease progression 
[3, 19]. From a clinical standpoint, it is currently 
accepted that either a marked elevation in the 
serum CEA level out of proportion to a lower 
serum CT level or normal/low levels of both 
serum CT and CEA are indicative of poorly dif-
ferentiated MTC [3, 19].

Notably, postoperative CEA levels were found 
normal also in some patients with occult meta-
static disease [62–66].

9.6	 �Prognostic Value of CT 
and CEA in MTC Patients

The prognosis of any type of cancer is related 
to both the tumor burden as determined by 
imaging procedures and the cancer progression 
rate, estimated according the RECIST criteria 
[58]. These estimates can be complicated in 
MTC patients, where metastatic disease often 
involves multiple lesions in different organs, 
some of which (e.g., liver metastases) may be 
difficult to visualize [4]. For these reasons, sev-
eral attempts have been made to identify simple 
surrogate markers. Indeed, none of the candi-
dates (mitotic rate, the Ki67 labeling index, and 
18F-fluorodeoxyglucose uptake on PET scan) 
appeared reliable enough for use in clinical 
practice [19, 60].

At present, CT and CEA represent the only 
available markers that have been proven of some 
prognostic utility [19, 60].

9.6.1	 �Prognostic Value 
of Preoperative CT

In a large series, preoperative CT levels exhibited 
a significant correlation with the maximum MTC 
diameter and with the postoperative hormone 

levels [67]. Only 2% of MTC patients with pre-
operative levels <50 pg/ml presented postopera-
tive CT elevations [67], while increased hormone 
levels after surgery were reported in 17% of 
patients presenting preoperative levels <100 pg/
ml [38] and in 37% of those with CT levels 
>500 pg/ml [68].

The magnitude of the CT increase after PG 
stimulation may also reflect the extent of dis-
ease. A strong relationship has, in fact, been 
demonstrated between a less than tenfold CT 
response to PG stimulation and lymph node 
involvement, distant metastases, extrathyroidal 
extension, and normalization of postoperative 
CT levels [69].

9.6.2	 �Prognostic Value 
of Preoperative CEA

The contribution of abnormal preoperative CEA 
levels on the recognition of more invasive 
MTCs, requiring aggressive surgery, remains 
presently unclear. Indeed, limited data seem to 
indicate that serum CEA concentrations are 
increased at diagnosis in up to 50% of the 
patients and its preoperative levels can be cor-
related to disease progression and prognosis 
[53]. Based on the hypothesis that increased 
CEA levels might herald advanced disease, a 
retrospective analysis conducted on a large 
MTC series addressed the question of the rela-
tionship between preoperative CEA levels and 
tumor progression [53]. On multivariate analy-
sis, abnormal preoperative CEA concentrations 
were significantly associated with the initial sur-
gery rather than re-intervention, larger primary 
tumors, lymph node, and distant metastases. 
Data analysis limited to the patients with 
increased CEA levels before primary surgery 
showed a significant association between pro-
gressively increasing CEA levels, lymph node, 
and distant metastases [53].

As reported earlier, patients with poorly dif-
ferentiated and more aggressive MTCs fre-
quently show a disproportionately high CEA/
CT ratio [3, 19].
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9.7	 �CT and CEA 
for the Postoperative 
Management of MTC 
Patients

As mentioned above, the delay necessary for 
reaching nadir levels of serum CT levels after 
MTC surgical treatment is still controversial [3]. 
Some studies have suggested that 3 months after 
surgery is the optimal time to reach nadir levels 
of serum CT in MTC patients [70, 71]. Due to a 
more protracted half-life [29], CEA serum levels 
may require a longer interval to reach the postop-
erative nadir. Therefore, both the ETA and the 
ATA guidelines have recommended that serum 
levels of CT and CEA should be measured 
3 months after surgery [19, 60]. In patients with 
undetectable or normal postoperative levels, both 

markers should be measured every 6 months for 
the first year and then yearly [19, 60].

Even though the determination of CEA and CT 
serum levels is important for postoperative sur-
veillance, there is no definitive evidence showing 
that they are clearly related to progressive or sta-
ble status of the disease. In current practice, per-
sistently elevated postsurgical CT levels >10 pg/
ml indicate residual MTC tissue [11]. In a relevant 
proportion of such patients, no other evidence of 
disease may be demonstrated. Indeed, this finding 
is compatible with long-term survival [72, 73], 
with one to two thirds of such patients not devel-
oping symptomatic disease for several years after 
surgery and presenting a 10-year recurrence rate 
approximating 40% [73]. Importantly, the extent 
of circulating CT elevation allows a reliable pre-
diction of disease extension (Fig. 9.2, Table 9.4), 
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Fig. 9.2  Correlation between serum calcitonin levels and 
disease progression in MTC patients. Basal plasma calci-
tonin levels are shown for a patient with advanced MTC 
followed for 20 years. The boxes highlight disease evolu-
tion during the follow-up period. After the primary treat-
ment (total thyroidectomy, lymph node dissection, and 
radiation therapy), the patient displayed only biochemical 
evidence of persistent disease (calcitonin levels 134 ng/l). 
The calcitonin doubling time was approximately 3 years. 

Distant metastases in the liver appeared 7 years later, with 
disease progression despite chemotherapy. Death occurred 
after a 20-year period of follow-up. Abbreviations: M0 no 
distant metastases, MTC medullary thyroid carcinoma, N1 
regional lymph node metastases, T4 primary tumor exten-
sion beyond the thyroid capsule and invading the subcuta-
neous soft tissues, larynx, trachea, esophagus, or recurrent 
laryngeal nerve. From Costante et  al., Nat Clin Pract 
Endocrinol Metab. 2009;5:35–44
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being the probability of local or distant metastases 
strongly related to its levels [3, 4]. In particular, 
lower concentrations (e.g., <150 pg/ml) are more 
likely associated to disease confined to the neck, 
whereas higher levels are more suggestive of dis-
tant metastases [3, 4]. The likelihood of structural 
disease (e.g., tumor tissue identified by imaging 
studies) is also related to circulating CT increase 
[3, 4]. In this respect, it is recommended that 
patients with serum CT >150  pg/ml should 
undergo appropriate imaging procedures for the 
localization of distant metastatic lesions [19].

The relationship between tumor burden, 
levels of CT and CEA, and progression status 
according to RECIST criteria was analyzed 
in MTC patients presenting elevated CT lev-
els and submitted to sequential imaging pro-
cedures [74]. That study indicated that CT 
and CEA levels were actually correlated with 
tumor burden. Nevertheless, no correlation 
could be demonstrated between CT and CEA 
levels and survival [74].

9.7.1	 �CT and CEA Doubling Times 
as Prognostic Factors

In the case of sporadic MTC patients presenting 
persistently elevated CT and CEA levels, the 
assessment of the progression status according to 
RECIST may often be complicated, even using 
standardized imaging procedures, particularly in 
case of slowly progressive tumors [58]. Moreover, 
CT levels can vary substantially (30% or more) 
within short periods of time [7, 13]. In these 

MTC patients, the dynamics of elevated CT and 
CEA levels can be more precisely quantified by 
calculating their doubling times (DT) [75] and 
compared to tumor growth rate in relation to 
RECIST evaluation [76, 77]. Notably, evaluation 
of DTs can be a long procedure [75], requiring 
measurements at multiple time points (at least 
four consecutive determinations over a minimum 
of 2 years). In case of DTs <6 months, the calcu-
lations should be performed based on CT and 
CEA levels over 1 year postoperatively [19].

A study of 45 MTC patients showed strong 
correlation between CT-DT and CEA-DT and 
RECIST findings in over 80% of patients. 
Additionally, 94% of those with CT-DT and 
CEA-DT <24  months had RECIST findings 
indicative of progressive disease, while 86% of 
the patients with longer DTs (>24 months) had 
disease classified as stable based on RECIST cri-
teria [75]. Based on these results, the 2012 ETA 
guidelines recommended to determine CT-DT 
for the assessment of MTC progression rate and 
to eventually confirm it by imaging procedures 
according to RECIST criteria [58]. Analogously, 
the most recent ATA guidelines for MTC man-
agement [19] recommended the determination of 
CT-DT and CEA-DT by measuring their serum 
levels at least every 6 months.

In this respect, a retrospective study evalu-
ated 65 patients treated by total thyroidectomy 
and bilateral lymph node dissection, from 2.9 
to 29.5  years after surgery [75]. In patients 
with serum CT-DT <6 months, the survival rate 
was 25% at 5 and 8% at 10 years, while it 
increased to 92% and 37%, respectively, for 
DTs between 6 and 24 months. Additionally, it 
has been reported that a DT of circulating CT 
<6 months carried a 75% risk of cancer-related 
death within the following 5 years, while DTs 
of >2  years were associated with no tumor-
related death [74].

In rare cases, an MTC patient with a large 
tumor burden may present with low CT levels. 
If the possibility of a “hook effect” can be 
excluded [16], this finding may reflect a poorly 
differentiated tumor [3]. In cases of this type, 
CEA levels are usually increased, and the 
CEA-DT is likely to be reduced [4]. Such a 

Table 9.4  Clinical interpretation of pentagastrin-
stimulated calcitonin values

Stimulated CT peak Clinical interpretation

<10 pg/ml Absence of C cell disease

>10 < 100 pg/ml Indeterminate (likely false 
positive)

>100 < 500 pg/ml Probable C cell 
hyperplasia

>500 < 1000 pg/ml Probable medullary 
thyroid carcinoma

>1000 pg/ml Medullary thyroid 
carcinoma
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discrepancy could herald aggressive disease, 
particularly if the CEA-DT is shorter as com-
pared to the CT-DT [74].

In contrast to CT, only few studies have inves-
tigated the relationship between CEA-DT and 
survival outcomes. The available evidence sug-
gests that CT-DT could be a more effective pre-
dictor of survival than the CEA-DT (7, 78). 
Nevertheless, a study [74] reported an 80% fre-
quency of concordant CT and CEA DTs, with an 
average DTs of both CEA and CT of 12 months 
in patients with progressive disease, while stable 
disease was observed for DTs of 48 months for 
CEA-DT and 58 months for CT-DT. Importantly, 
progressive disease was evident in 94% of 
patients with DTs of both markers <24 months, 
while no evidence of progression could be dem-
onstrated in 86% of patients with CT-DT and 
CEA-DT >24 months. For discordant DTs, pro-
gressive disease was observed in more than 50% 
of patients presenting a DT <25 months for either 
CT or CEA.

In a meta-analysis from Meijer et  al., 
CEA-DT displayed a more pronounced impact 
on the prognosis [78]. This study showed that 
both CT-DT and CEA-DT were significant risk 
factors for recurrence and death caused by 
MTC for the cutoff value of 1 year. In the sub-
group of patients for whom both CT and CEA 
were available, the model with CEA-DT 
<1 year had a higher predictive value for sur-
vival as compared to CT-DT.  To explain the 
higher predictive value of CEA-DT, the authors 
speculated that CT and CEA production per 
individual MTC cell may not be constant dur-
ing the course of the disease, particularly dur-
ing the process of dedifferentiation, when CT 
production can be relatively normal [57, 79] or 
even decreased, while an increase in CEA pro-
duction may occur [80].

In clinical practice, therefore, the DTs of both 
CT and CEA could be important for an adequate 
risk stratification of MTC patients. In this respect, 
both the ATA and ETA guidelines [19, 60] agreed 
that the CT-DT and CEA-DT of less than 2 years 
should be considered negative prognostic factors 
for MTC in patients with persistent or recurrent 
disease.

9.8	 �CT and CEA Measurement 
for the Assessment 
of Treatment Response

Because circulating CT and CEA levels are 
directly correlated to MTC tumor burden, their 
variations not only represent a useful parameter 
for estimating tumor progression but can also 
provide important information on the response to 
treatment. Indeed, their clinical utility for the 
decision-making process and for the evaluation 
of response to local (i.e., surgery, radiotherapy, 
interventional procedures) treatment in early and 
advanced/recurrent MTC is well known since 
many years [4].

Recently, tyrosine kinase inhibitors (TKIs) van-
detanib and cabozantinib demonstrated improved 
objective response rates as compared to cytotoxic 
chemotherapy, with a significant increase in pro-
gression-free survival (PFS) [81–83], and have 
eventually been approved by both FDA and EMA 
for use in rapidly progressive recurrent/metastatic 
MTCs. Sequential determinations of serum CT 
levels have been used as potential marker for 
assessing MTC response to these drugs, based on 
the assumption that decreased CT concentrations 
during these treatments could effectively reflect 
targeting of tumor cells [59] and consequent tumor 
shrinkage or at least inhibition of either or both CT 
synthesis/secretion. Unfortunately, all trials evalu-
ating RET inhibitors were unable to confirm the 
reliability of such a paradigm. No clear correlation 
could, in fact, be demonstrated between the varia-
tion in either CT or CEA levels and the response to 
TKI in terms of degree or duration of the observed 
objective responses [81, 84, 85]. Moreover, fluc-
tuations in CEA and CT serum levels were 
observed in MTC patients irrespective of either 
response to treatment or tumor progression on TKI 
treatment [59]. Additionally, paradoxical increases 
in both biomarkers occurred in some responders 
[82, 86]. Eventually, most MTC patients present-
ing tremendously decreased CT and CEA levels 
after receiving TKIs frequently exhibited rebounds 
and oscillations up to 30% magnitude, without any 
correlation in terms of RECIST criteria [81–84, 
87]. Dissociated effect of RET inhibitors on the 
proliferative and the secretory pathways of thyroid 
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C cells has been suggested to explain such results 
[88], at least for CT. No direct effect of RET inhi-
bition on CEA expression has been observed [89].

Recently, a retrospective study has addressed 
the issue of CEA and CT variations as predictive 
factors for tumor progression in MTC patients 
treated with vandetanib [89], showing that objec-
tive progressive disease (PD) could be predicted 
with 82% accuracy in case of 40% increase in 
serum CT levels. In contrast, no value for predic-
tion of structural progression during TKI treat-
ment could be demonstrated for variations of 
CEA levels.

A retrospective review [90] aimed at evaluat-
ing CT or CEA levels as surrogate markers of cell 
toxicity induced by traditional cytotoxic agents 
in MTC patients reported no correlation between 
early circulating CT or CEA variation and overall 
survival (OS) during the first 3 months of chemo-
therapy. No significant relationship between 
changes in CT levels and either tumor response 
or progression-free survival (PFS) could be dem-
onstrated, though an increase in CEA levels was 
associated to a significantly shorter PFS. Based 
on this observation, the authors suggested that 
discontinuation of cytotoxic chemotherapy 
should be considered in case of CEA progression 
after 3 months of treatment. A prospective study 
is necessary for definitive validation of these 
results.

9.9	 �Conclusions and Key Points

CT and CEA are useful tools for the diagnosis 
and the management of MTCs.

	1.	 In the preoperative settings, circulating CT is 
the most specific and sensitive disease marker 
for MTC, while CEA displays a lower diag-
nostic accuracy, and both are of prognostic 
utility, allowing accurate estimation of tumor 
burden.

	2.	 During the postsurgical follow-up of MTC 
patients, the evolution of both CT and CEA 
levels reflects MTC progression, and their 
increase reliably heralds persistence/relapse.

	3.	 Discrepant results with disproportionately 
low circulating CT as compared to CEA levels 
should alert the clinician suggesting dediffer-
entiated, more aggressive MTCs.

	4.	 CT and CEA doubling times (DT) can be used 
as prognostic factors, representing CT-DT a 
more precise indicator of MTC progression 
than CEA-DT.

	5.	 Circulating CT and CEA levels are accurate 
markers of response to local treatment in early 
and advanced/recurrent MTC, but their suit-
ability for the evaluation of response to sys-
temic therapy needs confirmation.
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