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SECTION I. NEW PERSPECTIVES OF DEVELOPMENT IN THYROID 

CANCER 

GENERAL SECTION: THYROID CANCER 

1.1 Classification 

Thyroid cancer is the most common malignant endocrine tumor, but represents only 

about 1% of all malignancies. Most primary thyroid cancers are epithelial tumors 

that originate from thyroid follicular cells. These cancers develop three main 

pathological types of carcinomas: papillary thyroid carcinoma (PTC), follicular 

thyroid carcinoma (FTC), and anaplastic thyroid carcinoma (ATC). Medullary 

thyroid carcinoma (MTC) arises from thyroid parafollicular (C) cells. 

The main histologic types of thyroid carcinoma can be resumed: 

1. Differentiated (PTC, FTC). 

2. Medullary (MTC) 

3. Anaplastic (ATC) 

 

 PTC and FTC are categorized as differentiated thyroid cancer (DTC) because of 

well differentiation and indolent tumor growth. PTC consists of 85-90% of all 

thyroid cancer cases, followed by FTC (5-10%) and MTC (about 2%). ATC 

accounts for less than 2% of thyroid cancers and typically arises in the elder 

patients. 

 

1.1.1 Papillary thyroid carcinoma (PTC) 

PTC is a major differentiated adenocarcinoma which consists of 90% of thyroid 

cancers and shows papillary proliferation pathologically. Most cases have excellent 

prognosis but approximately 10% of PTC patients undergo recurrences such as 

lymph node recurrence and lung metastasis. Selecting such high risk patients is the 

most important challenge as well as treatment of radioiodine refractory PTC. 

Clinicopathologically, age>45 years, large tumor size, extra thyroidal invasion, 

distant metastasis, vascular invasion and poor differentiated histology are well 

known detrimental prognostic factors.1 
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PTC is usually gray-white color and shows a variety of gross appearance such as 

tumors with central scar and infiltrative borders, encapsulated tumor and lesional 

calcification (Figure 1A). Nearly half of PTCs have multifocal lesions and regional 

lymph node metastasis. These characteristics do not affect long-term survival.2  

Most of PTCs shows papillary growth pattern but nuclear features are more 

important diagnostic hallmark which are common in almost all cases than such 

growth pattern itself (Figure 1B). The nuclear appearances of PTC are clear, ground 

glass, or Orphan-Annie eyed .3 These nuclei are larger than normal follicular nuclei 

and overlapping each other. The nuclei contain eosinophilic inclusions and have 

longitudinal grooves.4 These nuclear features are important characteristics of PTC 

but not specific. Indeed, chronic thyroiditis frequently shows similar intranuclear 

inclusions or nuclear grooves as well as follicular adenoma.5 

Several subtypes are thought to be associated with either favorable or aggressive 

phenotype although it is still controversial. The most common variants are: 

follicular variant, tall cell variant, diffuse sclerosis variant, and solid variant. 

A certain part of follicular variant of papillary carcinoma (FVPTC) was classified 

as FTC or follicular adenoma in the past. The nuclei of this variant rarely have all 

of the features of PTC (eg. rare nuclear groove). Accordingly, FVPTCs are often 

diagnosed as indeterminate cytology in contrast to high diagnostic accuracy of usual 

PTC. FVPTC is recognized by its follicular structure with papillary cytology, and 

composed of 2 subtypes; diffuse/invasive (infiltrative) and encapsulated type. 

FVPTC is associated with favorable prognosis especially if tumor is encapsulated.6 

Diffuse/invasive subtype has similar clinical features to usual PTC. Diagnosis of 

encapsulated subtype is still under debate since this subtype shows no invasion or 

incomplete nuclear characteristics. This encapsulated subtype is slowly growing 

and conservative treatment may be warranted.7 

Tall cell variant composes 10% of PTC, and have a 10-year mortality rate of up to 

25%, less favorable prognosis than usual PTC. This variant is often associated with 

poor prognostic characteristics such as elder age, extra thyroidal invasion, and high 

mitotic rate. The tall cells are twice as tall as its width, and should occupy >50% of 

papillary carcinoma cells. 5  
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The diffuse sclerosis variant is 3% of PTC, which infiltrates the entire thyroid gland 

and is associated with younger age.8 Presence of many psammoma bodies is one of 

hallmarks of this variant. Extensive calcification causes exceedingly firm tumor. 

Background thyroid of this variant shows chronic lymphatic thyroiditis with 

lymphocytic infiltration, resembling Hashimoto disease.9 This variant PTC often 

shows extra thyroidal extension and regional lymph node metastasis at diagnosis 

leading to decreased recurrence free survival although mortality is low. 10 

Solid variant PTC is diagnosed when solid growth represents more than 50% of 

tumor. This variant is commonly seen in children and often associated with 

secondary PTC patients after the Chernobyl nuclear accident.11 Both lymphatic and 

venous invasion are frequently observed in this variant.12 Some studies reported 

that the solid variant is associated with poor prognosis whereas others considered 

the prognosis of this variant is almost as good as usual PTC. 13, 14 

 

 

Figure 1. Typical image of papillary thyroid carcinoma 

Macroscopic (A) (scale bar = 10 mm) and microscopic (B) (H&E, x200) features 

of PTC 

 

1.1.2 Follicular thyroid carcinoma (FTC) 

FTC represents 5-15% of thyroid cancer with follicular differentiation but no 

papillary nuclear characteristics.5 FTC is a solitary encapsulated tumor with gray-

tan-pink color, usually focal hemorrhage. FTC is diagnosed by follicular cell 

invasion of the tumor capsule and/or blood vessels. Vascular invasion leads to 

worse prognosis than capsular infiltration alone.15 Majority of FTCs are minimally 

invasive with slight tumor capsular invasion alone (Figure 2). These minimally 
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invasive FTCs are similar appearance to follicular adenomas and rarely cause 

distant metastasis. 16Accordingly, a minimally invasive FTC is difficult to 

distinguish from a follicular adenoma in cytology or frozen section, and can be 

diagnosed only after thyroidectomy. Widely invasive FTC is much less common 

but ~80% of these tumors cause distant metastasis, leading to high mortality rate at 

around 20%.5 The poor prognostic factors are distant metastasis, age>45 years, 

large tumor size, extensive vascular invasion, extra thyroidal extension, and widely 

invasive tumors.17 

Hürthle cell carcinoma (oxyphilic cell carcinoma) is presumed to be a variant of 

FTC but its prognosis is thought to be worse than usual FTC.18,19A variant of 

papillary carcinoma is rare and have similar prognosis as FTC.20 More than 75% 

follicular cells with oncocytic characteristics are included in Hürthle cell tumor.21  

Oxyphilic or oncocytic cells are characterized by its polygonal shape, eosinophilic 

granular cytoplasm, hyperchromatic or vesicular nuclei with large nucleolus, and 

abundant mitochondria. 

 

 

Figure 2. Typical images of follicular thyroid carcinoma 

Macroscopic (A) (scale bar = 10 mm) and microscopic (B) (H&E, x200) images of 

minimally invasive (A and B) or widely invasive (C and D) FTC. 
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1.1.3 Anaplastic thyroid carcinoma (ATC) 

ATC is extremely aggressive undifferentiated tumor, with almost 100% disease-

specific mortality22, representing about 40% thyroid cancer deaths by only <2% of 

thyroid cancers. The median survival from diagnosis is around 6 months.23 ATC 

extensively invades into surrounding structures, and distant metastases are observed 

at diagnosis in one-third of ATC patients. Peak age of patients is older than that of 

DTCs and >70% of patients are women.24 Approximately 50% of ATC patients 

have prior or concurrent DTC. It is suggesting that ATC emerges as a result of de-

differentiation of DTC. In contrast to DTC, ATC usually does not uptake iodine, 

leading to refractoriness against radioiodine treatment. Although clinically apparent 

ATCs are usually unresectable, intrathyroidal ATCs are surgically resectable and 

such radical resection offers better outcomes.25 ATC shows extremely invasive 

large solid tumor with necrosis and hemorrhage (Figure 3). Large, pleomorphic 

giant cells resembling osteoclasts is one of hallmarks of ATC cells.26 ATC is 

composed of spindle cells and squamoid cells. 

 

 

 

Figure 3. Anaplastic thyroid carcinoma 

Microscopic images of 2 cases of ATC (H&E, x200). 

 

1.1.4 Medullary thyroid carcinoma (MTC) 

MTC represents less than 5% of thyroid carcinomas, which is neuroendocrine 

tumor originated from C cells of ultimobranchial body of neural crest and secrets 

calcitonin. Seventy to eighty percent of MTCs are sporadic while 20-30% of MTCs 

are familial. Familial MTCs are all autosomal dominant inheritance of germ line 

RET mutations and classified to 3 categories; multiple endocrine neoplasia 2A 
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(MEN2A), multiple endocrine neoplasia 2B (MEN2B), and familial medullary 

thyroid carcinoma (FMTC).27 Peak age of familial MTC is younger (approximately 

35 years) that that of sporadic MTC (40-60 years). The overall 5-year survival of 

patients with MTC is 86%. Poor prognostic factors include older age, advanced 

stage, the presence of lymph node metastasis at diagnosis, and somatic RET 

mutation.28 Sporadic MTC is usually solitary whereas most of familial MTC exhibit 

bilateral, multicentric foci. 

MTCs typically exhibit gray-tan color, firm, solid tumors and do not have a well-

formed capsule. Tumor includes high concentration of C cells. MTC cells are round 

to oval, spindle, or polyhedral. Broad fibro vascular bands separate tumors into 

nodules (Figure 4). The nuclei are round to oval with salt-and-pepper nuclear 

chromatin. Amyloid deposits from calcitonin are frequently present in stroma. A 

background of C cell hyperplasia is observed in familial but not in sporadic MTCs. 

29 

 

 

 

Figure 4. Medullary thyroid carcinoma 

Macroscopic (A) (scale bar = 10 mm) and microscopic (B) (H&E, x200) features 

of MTC 

 

1.2 Incidence and risk factors for thyroid cancer 

The annual incidence of thyroid cancer varies considerably by geographic area, age 

and sex. An average of 58.629 patients per year were diagnosed with thyroid 

carcinoma from 2008 to 2012. Of these 58.629 patients, 89% had papillary 
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carcinoma, 5.1% had follicular carcinoma, 2.2% had Hurthle cell carcinoma, 1.7% 

had medullary carcinoma, and 0.8% had anaplastic carcinoma. 30 

In 2016, It is estimated that 64.300 new cases of thyroid cancer were predicted to 

be diagnosed in 2016 compared with 37,200 in 2009 when the last ATA guidelines. 

In the same year approximately 1980 cancer deaths will occur among persons with 

thyroid carcinoma in the United States. Anaplastic carcinoma is almost uniformly 

lethal; however, most thyroid carcinoma deaths are from papillary, follicular and 

Hurtle cell carcinoma, which account from nearly 95% of all thyroid carcinoma 

cases. 31 

The yearly incidence has nearly tripled from 4.9 per 100,000 in 1975 to 14.3 per 

100,000 in 2009. Almost the entire change has been attributed to an increase in the 

incidence of papillary thyroid cancer (PTC). Moreover, 25% of the new thyroid 

cancers diagnosed in 1988–1989 were ≤ 1cm compared with 39% of the new 

thyroid cancer diagnoses in 2008–2009. 32  

The reported escalating incidence during the last decades all over the globe is 

mainly due to an increase in micropapillary (<2 cm) histotype, while there is no 

substantial change in the incidence of the less common histological categories: 

follicular, medullary and anaplastic cancers. 33 

This tumor shift  (>5% per year in both men and women) may be due to the 

increasing use of neck ultrasonography or other imaging and early diagnosis and 

treatment34, trends that are changing the initial treatment and follow-up for many 

patients with thyroid cancer.  

A recent population-based study from Olmsted County reported the doubling of 

thyroid cancer incidence from 2000 to 2012 compared to the prior decade as entirely 

attributable to clinically occult cancers detected incidentally on imaging or 

pathology.35 Another recent study estimated that over the past 2 decades, about one-

half of all papillary thyroid cancers diagnosed in women, and 40% of those in men 

aged ≤50 years, were clinically irrelevant.36  

It is common experience in thyroid cancer referral centers that nearly 60%–80% of 

thyroid carcinomas detected nowadays are micropapillary thyroid carcinomas (<1 

cm in size) carrying an excellent long-term prognosis.37 
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However, increases across tumor size and stage, as well as for follicular carcinoma 

(a more aggressive subtype), suggest that some of the rise may be due to changes 

in environmental risk factors, such as obesity. 38,39 

More recently, an increased incidence for all size of thyroid tumor has been reported 

in the USA. During 1997–2005, the annual percentage change (APC) for primary 

tumor <1.0 cm was 9.9 in man and 8.6 in women. A substantial increase was also 

observed for tumor >4 cm among men (1988–2005: APC 3.7) and women (1988–

2005: APC 5.7).40 These data suggested that increased diagnostic scrutiny is not the 

only explanation, and environmental influence should also be considered.  

The only established environmental risk factor for thyroid carcinoma is exposure to 

ionizing radiation, and the risk, particularly of papillary carcinoma, is greater in 

subjects of younger age at exposure. An increased incidence of thyroid cancer in 

children and adolescents was observed in Ukraine, Belarus and certain regions of 

Russia as early as 4 years after the Chernobyl accident. The pre-Chernobyl 

incidence of thyroid cancer in Ukrainian children was very low (0.5–1.0 per 1 000 

000 children). Following the explosion of the Chernobyl nuclear reactor in 1986, a 

dramatic increase in the incidence of benign and malignant thyroid tumors (80 times 

more) was observed in children born or conceived around the time of the accident 

in a wide area surrounding the reactor.41 

In addition to environmental factors, genetic factors are involved in thyroid cancer 

predisposition.  

As previously mentioned,  the increased incidence of thyroid cancer diagnoses has 

been attributed, in part, to improved detection of small or subclinical thyroid 

nodules on thyroid ultrasonography and by other imaging techniques; however, 

increased incidence of thyroid tumors of all sizes has also been reported. The 

increased number of cases of papillary thyroid cancer is predominantly of follicular 

variant, RAS mutation positive tumors, suggesting a potential role for 

environmental (chemical/dietary) factors.42 

Aside from the well-characterized familial forms of medullary thyroid cancer, non-

medullary thyroid cancer in a first-degree relative increases the risk 4-10 fold higher 

than in the general population.43,44 Familial non-medullary thyroid cancer is 

characterized by autosomal dominant inheritance with reduced penetrance, and has 
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been estimated to account for approximately 5-10% of all thyroid cancers.45 Genetic 

linkage studies have mapped susceptibility loci to several regions including 1q21, 

2q21, 8p23, 8q24, 9q22, 14q31, and 19p13. 46,47, 48, 49,50, 51, 52. Definitive germline 

genetic mutations underlying thyroid cancer predisposition remain yet to be 

identified within candidate genes in these regions. Thyroid tumor development 

likely involves a complex interplay between genetic predisposition and 

environmental risk factors.53 

The incidence of thyroid cancer is about three to four times higher among females 

than males worldwide, ranking the sixth most common malignancy diagnosed in 

women.  By 2019, one study predicts that PTC will become the third most common 

cancer in women at a cost of $19–21 billion in the United States.54 Optimization of 

long term health outcomes and education about potential prognosis for individuals 

with thyroid neoplasms is critically important. 

Among women, papillary thyroid cancer incidence rates are higher among Asians 

(10.96 per 100 000 woman-years) and lower among blacks (4.9 per 100 000 

woman-years). Among men, papillary thyroid cancer incidence rates are higher 

among whites (3.58 per 100 000 woman-years) and lower among blacks (1.56 per 

100 000 woman-years).55   

The incidence of follicular thyroid cancer in the USA is 0.82 per 100 000 person-

years, with rates of 1.06 per 100 000 woman-years and 0.59 per 100 000 man-years. 

The incidence of follicular cancer does not vary substantially by race/ethnicity .55 

The incidence rates of medullary thyroid cancer (MTC) and anaplastic thyroid 

cancer (ATC) are 0.11 and 0.21 per 100 000 person years with no noted substantial 

differences by race/ethnicity and sex, respectively. 55 

Thyroid cancer can occur at any age but it is rare in childhood. Most tumors are 

diagnosed during third to sixth decade of life. The age-adjusted death rate was 0.5 

per 100 000 men and women per year, increasing from 0.1% under age 20%–30% 

in the seventh and the eighth decades .56 

Despite increasing incidence, the mortality from thyroid cancer has tended to 

decline over the last three decades. It is unclear how much of the decline in mortality 

is due to better diagnosis rather than to improved treatment of thyroid neoplasm. 
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The 5-year relative survival rates reported for patients with papillary and follicular 

carcinomas (stages I-II) are 98% and 90% respectively. 57 

 

1.3 Diagnostic Criteria 

Thyroid cancer presents as a thyroid nodule detected by palpation and more often 

by neck US. Thyroid nodules are a common clinical problem. While thyroid 

nodules are common (4%–50% depending on the diagnostic procedures and 

patients’ age) 58, thyroid cancer is rare (∼ 5% of all thyroid nodules). Epidemiologic 

studies have shown the prevalence of palpable thyroid nodules to be approximately 

5% in women and 1% in men living in iodine-sufficient parts of the world. 59,60 

Thyroid high-resolution ultrasound (US) is a widespread technique that is used as 

a first-line diagnostic procedure for detecting and characterizing nodular thyroid 

disease (I, A). The US can detect thyroid nodules in 19%–68% of randomly selected 

individuals, with higher frequencies in women and the elderly. 61,62 

The clinical importance of thyroid nodules rests with the need to exclude thyroid 

cancer, which occurs in 7%–15% of cases depending on age, sex, radiation 

exposure history, family  history, and other factors.63,64 

According to last guidelines published by ATA in 2016 a diagnostic thyroid/neck 

US should be performed in all patients with a suspected thyroid nodule, nodular 

goiter, or radiographic abnormality suggesting a thyroid nodule incidentally 

detected on another imaging study.65 

US features associated with malignancy are hypoechogenicity, microcalcifications, 

absence of peripheral halo, irregular borders, solid aspect, intranodular blood flow 

and shape (taller than wide). Each of these patterns taken individually is poorly 

predictive. When multiple patterns suggestive of malignancy are simultaneously 

present in a nodule, the specificity of US increases but the sensitivity becomes 

unacceptably low.66,67 

The pattern of sonographic features associated with a nodule confers a risk of 

malignancy, and combined with nodule size, guides FNA decision-making (see 

Recommendation 8 of ATA guidelines). 68, 69 

Fine needle aspiration cytology (FNAC) is an important technique that is used along 

with US for the diagnosis of thyroid nodules. FNA is the procedure of choice in the 
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evaluation of thyroid nodules, when clinically indicated. FNAC should be 

performed in any thyroid nodule >1 cm and in those <1 cm if there is any clinical 

(history of head and neck irradiation, family history of thyroid cancer, suspicious 

features at palpation, presence of cervical adenopathy) or ultrasonographic 

suspicion of malignancy. In the case of multinodular goiter, those with suspicious 

features at US should be submitted to FNAC. FNAC is a very sensitive tool for the 

differential diagnosis of benign and malignant nodules although there are 

limitations: inadequate samples and follicular neoplasia. In the event of inadequate 

samples, FNAC should be repeated, while in the case of follicular neoplasia, with 

normal thyroid stimulating hormone (TSH) and ‘cold’ appearance at thyroid scan, 

surgery should be considered.70 

The use of various immunohistochemical markers in cytologic samples to 

differentiate papillary thyroid carcinoma from other follicular derived lesions of 

thyroid has been explored during the last years but none of the markers appears to 

be specific enough to be employed as the diagnostic marker for the cytologic 

diagnosis of papillary thyroid carcinoma.70 Recently, it has been reported that by 

molecular testing for thyroid nodules (BRAF, RAS, RET/PTC and PAX8/PPARγ 

mutations), the presence of any mutation was a strong indicator of cancer because 

∼ 97% of mutation-positive nodules had malignant diagnosis at histology.71,72 

Thyroid function test and thyroglobulin (Tg) measurement are of little help in the 

diagnosis of thyroid cancer. However, measurement of serum calcitonin (CT) is a 

reliable tool for the diagnosis of the few cases of MTC (5%–7% of all thyroid 

cancers) and has higher sensitivity compared with FNAC. For this reason, 

measurement of CT should be an integral part of the diagnostic evaluation of 

thyroid nodules. 70 

 

1.4 Molecular pathways in thyroid cancer 

 

Thyroid nodules are common, and the accurate diagnosis of cancer or benign 

disease is important for the effective clinical management of these patients. 

Molecular markers are a helpful diagnostic tool, particularly for cytologically 

indeterminate thyroid nodules. In the past few years, significant progress has been 
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made in developing molecular markers for clinical use in fine needle aspiration 

(FNA) specimens, including gene mutation panels and gene expression classifiers. 

With the availability of next generation sequencing technology, gene mutation 

panels can be expanded to interrogate multiple genes simultaneously and to provide 

yet more accurate diagnostic information. In addition, recently several new 

molecular markers in thyroid cancer have been identified that offer diagnostic, 

prognostic, and therapeutic information that could potentially be of value in guiding 

individualized management of patients with thyroid nodules. 

From the 1990s, when pathogenesis of only approximately 25% of thyroid cancers 

was understood, to the present, when genes involved in the pathogenesis of greater 

than 90% of thyroid cancers have been described, much progress has been made in 

elucidating the molecular mechanisms underlying thyroid cancer (Fig. 5). This 

progress provides the basis upon which new diagnostic and prognostic markers, as 

well as new targeted therapies, have been developed. 

 

 

Figure 5. Progress in identifying mutational markers in thyroid cancer 

 

The molecular pathogenesis of the majority of thyroid cancer involves 

dysregulation of the mitogen-activated protein kinase (MAPK) and 

phosphatidylinositol-3 kinase (PI3K)/AKT signaling pathways (Figure. 6). 
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1.4.1 MAPK pathway 

The MAPK pathway is frequently activated in thyroid cancer through point 

mutations of the BRAF and RAS genes and RET/PTC and TRK rearrangements. 

73,74,75,76  Point mutation in BRAF is found in approximately 45% of papillary 

thyroid cancers. 77 

BRAF is a serine-threonine kinase which, upon activation by RAS, activates MEK 

and leads to activation of downstream effectors of the MAPK pathway. In nearly 

all cases (98-99% of cases) activating point mutations of BRAF involve codon 600 

and result in the V600E mutation, and in 1-2% of cases other BRAF mutations such 

as the K601E mutation, small in-frame insertions or deletions, or BRAF 

rearrangement can occur.78, 79 

RAS genes (HRAS, KRAS, and NRAS) are G proteins that signal to both the 

MAPK and PI3K/AKT pathways. Point mutations in the RAS genes typically occur 

in codons 12, 13, and 61, and are found in 40-50% of follicular carcinomas and in 

10-20% of papillary thyroid carcinomas.80,81,82 RAS-mutated papillary thyroid 

carcinomas typically are of the follicular variant.83,84  RAS mutations are also seen 

in 20-40% of follicular adenomas .85,86,87,88 Whereas NRAS, HRAS and KRAS 

mutations are found in follicular-cell derived thyroid tumors, mutations in HRAS 

and KRAS also occur in medullary thyroid cancers.89 

The RET gene is a receptor tyrosine kinase that is expressed in thyroid C cells, but 

not in follicular cells. The RET gene can be activated by fusion with various 

partners that drive the expression of the 3′ portion of the RET gene coding for the 

tyrosine kinase domain of the receptor, and provide the dimerization motif to lead 

to the constitutive activation of RET kinase. The most common rearrangement 

types are RET/PTC1 (formed by fusion of RET with the CCDC6 gene) and 

RET/PTC3 (formed by fusion of RET with the NCOA4 gene). 90, 91 The RET/PTC1 

and RET/PTC3 rearrangements are found in 10-20% of papillary thyroid 

carcinomas, and their incidence is progressively decreasing (Jung et al. 2013).92 

These rearrangements are found at higher frequencies in children/young adults and 

in patients with a history of radiation exposure.93, 94 In addition to rearrangements 
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involving RET which are found in papillary thyroid tumors, the RET gene is 

commonly found to be mutated in medullary thyroid carcinomas, in both familial 

and sporadic cases.95, 96 

The PAX8/PPARγ rearrangement, a fusion between a paired domain transcription 

factor and the peroxisome proliferator-activated receptor genes, is found in 30-40% 

of follicular carcinomas.  The PAX8/ PPARγ rearrangement can also be seen, at 

lower prevalence, in the follicular variant of papillary thyroid carcinoma and in 

follicular adenomas. 97,98 

 

1.4.2 (PI3K)/AKT pathway 

The importance of the PI3K/AKT pathway in thyroid tumorigenesis has been 

increasingly recognized in the last decade. The PI3K/AKT pathway can be 

activated by activating mutations in PIK3CA and AKT1 as well as by inactivation 

of PTEN, which negatively regulates this pathway (Figure. 6). Somatic mutations 

of PTEN have been reported in follicular thyroid tumors and anaplastic thyroid 

carcinoma, and germline mutations of PTEN can result in follicular thyroid tumors 

arising in patients with Cowden syndrome.99, 100 Activating mutations in PIK3CA 

typically occur at hotpots within exon 9 and exon 20 and have been reported in 

follicular thyroid carcinomas, poorly differentiated thyroid carcinomas, and 

anaplastic thyroid carcinomas.101 AKT1 mutations have been reported in metastatic 

thyroid cancer.102 

 

1.4.3 Additional genes mutated (TERT) 

Additional genes mutated in thyroid cancer include TP53 and CTNNB1 (beta-

catenin), ETV6/NTRK3, STRN/ALK, and TERT. 

TP53 is a tumor suppressor that plays important roles in cell cycle regulation and 

DNA repair and CTNNB1 is involved in Wnt signaling. These genes tend to be 

mutated in more aggressive and advanced thyroid tumors .103 In addition to these 

well characterized mutations, mutations in thyroid stimulating hormone receptor 

(TSHR) and GNAS have also been shown to play a role in thyroid tumorigenesis.  
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In addition to the RET/PTC and PAX8/PPARγ rearrangements which are found in 

approximately 15% of thyroid tumors, many other gene fusions have been 

described such as rearrangements involving NTRK or BRAF. Fusion of BRAF with 

A kinase anchor protein 9 (AKAP9) is a rearrangement rarely found in sporadic 

thyroid cancer, although it also occurs at higher frequencies (up to 11%) in patients 

with a history of radiation exposure.104 NTRK1 is a receptor tyrosine kinase and 

when rearranged with one of 3 potential fusion partners, activates MAPK pathway 

signalin.105,106NTRK1 rearrangements are found in approximately 1-5% of 

papillary thyroid carcinomas and in higher frequencies in patients with radiation 

exposure. More recently, whole-transcriptome (RNA-Seq) analyses led to the 

discovery of novel gene fusions in thyroid cancer. RNA-Seq analysis of radiation-

associated thyroid cancer identified a novel ETV6-NTRK3 chromosomal 

rearrangement, which occurs in 2% of sporadic papillary thyroid cancers and 14.5% 

of radiation-associated tumors. 107 Another interesting gene fusion with therapeutic 

implications was recently identified by RNA-Seq analysis of aggressive forms of 

thyroid cancer. The fusion of the striatin (STRN) gene and anaplastic lymphoma 

kinase (ALK) gene were found in 9% of poorly differentiated thyroid cancers, 4% 

of anaplastic thyroid cancers, and 1.2% of well-differentiated papillary thyroid 

cancer. 108 

 

 

Figure 6.  Molecular pathways in thyroid cancer 
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In addition to the above mentioned markers, another recently discovered molecular 

marker is mutation of the telomerase reverse transcriptase (TERT) promoter. 

Telomerase, a reverse transcriptase that maintains telomere length at the end of 

chromosomes, plays a key role in cellular immortality and tumorigenesis. 

Telomerase is usually absent in non-immortalized cells but is expressed at 

functionally significant levels in the vast majority of human cancer cells, enabling 

their replicative immortality. 109 The TERT gene encodes the reverse transcriptase 

component of thelomerase complex, and its overexpression in mouse models, such 

as in K5-Tert transgenic mice, leads to an increased incidence of cancer. 110, 111 

Telomerase is not expressed in most normal tissues, but is frequently activated in 

tumor cells.112 Maintenance of telomere length, either through telomerase activation 

or a recombination based mechanism known as alternative lengthening of telomeres 

(ALT), is required for immortalization of cancer cells. Recently two mutations in 

the promoter of TERT (chr5:1295228C>T, termed C228T, and chr5:1295250C>T, 

termed C250T) were discovered in melanoma and were found to result in increased 

transcriptional activity of the promoter.113, 114 The C228T and C250T TERT 

promoter mutations were also detected in follicular cell-derived thyroid cancers but 

were absent in benign lesions and in medullary thyroid cancers.115 The C228T and 

C250T mutations have a significantly higher prevalence in aggressive thyroid 

tumors including widely invasive oncocytic carcinoma and anaplastic thyroid 

carcinoma.116, 117 Interestingly, TERT mutations in some studies were found to be 

more common in tumors with BRAF V600E mutation, which may suggest a 

possible synergistic interplay between MAPK pathway activation and telomerase 

activation to promote aggressive tumor behaviour.118 In a recent large study of 469 

patients with a mean follow-up of 8 years the role of TERT promoter mutations was 

investigated. In this study TERT mutation were identified in 7,5% of papillary 

carcinomas, in 17,1% of follicular carcinomas, in 29% of poorly differentiated 

thyroid carcinoma and in 33,3% of anaplastic thyroid carcinomas. The authors 

conclude that TERT promoter mutations were found to be an independent risk 

factor for persistent disease, distant metastases, and disease-specific mortality for 

well-differentiated thyroid cancer. 117 
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SPECIAL SECTION: RAMAN SPECTROSCOPY  

1.5 Raman spectroscopy  

 

Advanced in cancer diagnostic play a pivotal role in increasing early detection of 

cancer and improving the chances of successful treatment. Up to date, diagnostic 

pathways are complex and may involve many diagnostic tests such as X-ray, 

computed tomography, ultra-sound, and endoscopy, but currently histopathology 

remains the ‘‘gold standard’’ investigation. However, this method is invasive, 

requiring removal of tissue, often randomly and unnecessarily. Tissue fixation, 

sectioning and staining follow which can be costly and slow. Histological analysis 

is very subjective and is associated with considerable inter-observer disagreement. 

119 

Other diagnostic and screening methods may involve the use of ionising radiation 

as a precursor to histopathology, for example in breast cancer screening women 

undergo mammography to identify micro-calcification. Diagnostic methods which 

could potentially avoid the use of ionising radiation would have significant benefits. 

A minimally invasive, accurate, reproducible, rapid, non-destructive and cost 

effective tool is required. 

In this setting, Raman spectroscopy (RS) is one of the promising techniques that 

may increase the reliability and decrease the diagnosis time by providing very 

specific molecular information from a tissue or a sensing system. Cells and tissues 

are characterized by a specific biochemical composition and molecular structure. In 

a similar way, each pathology or cellular abnormality is accompanied by 

biochemical and molecular changes. Optical and spectroscopic techniques that 

correlate the biochemical composition, molecular structure, and their variations 

with the diagnosis would provide powerful clinical tools.120 

Due to the fact that RS can provide molecular level information about the 

composition of a sample, the gradual biochemical changes from a healthy tissue to 

a tumor is reflected in a Raman spectrum. The observed spectral differences are 

attributed to the changes in the biomacromolecular composition of the tissues as it 

progresses to form tumor.  
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For these reasons Raman spectroscopy (RS) is beginning to gain recognition as a 

potential adjunct to histopathology due to the fact the method can overcome the 

limitations of current diagnostic techniques. Recent advances in RS have promoted 

it to a level at which in vivo trials are beginning to emerge. When used in 

combination with powerful multivariate algorithms the technique can potentially 

provide automated, objective and reproducible classification of pathology in 

clinically relevant time frames. 121 

 

1.5.1 Raman spectroscopy technique  

Raman spectroscopy is a vibrational spectroscopic technique and it provides 

chemical information from a molecule or molecular structure. RS enables the 

elucidation of a tissue’s biochemical fingerprint by measuring the molecular 

specific inelastic scattering of light. The physical mechanism behind Raman 

spectroscopy is inelastic light scattering of monochromatic laser radiation, which 

was experimentally discovered in the late 1920s.  

All biomolecules, including proteins, lipids, nucleic acids, carbohydrates, and 

metabolites, are simultaneously probed within complex matrices without 

preparation, even under in-vivo conditions.  

Primarily, RS requires the illumination of a tissue sample with a monochromatic 

laser and subsequent collection and analysis of the scattered light for intensity and 

wavelength. Photons in the incident laser light undergo inelastic collisions with 

molecules, causing an exchange of energy and therefore a change in frequency. The 

frequency change, known as the Raman shift, is specific to the species of molecule 

causing the scattering and can be defined as the difference between incoming and 

scattered photons. Larger shifts indicate that more energy is required to bring about 

a particular vibrational motion. The shift is independent of the wavelength of 

excitation, which means that the energy shift is constant for each separate molecular 

species. The intensity of the peak is directly proportional to the concentration of the 

sum of molecular constituents giving rise to that peak. Thus, the Raman spectrum 

is a direct function of the molecular composition of the interrogated volume within 

the tissue, giving us a complex molecular fingerprint. Since the Raman spectrum of 

a molecule is a ‘fingerprint’ and the bands on a spectrum have a narrow bandwidth, 
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a Raman spectrum from a molecular mixture can provide molecular level 

information about its chemical composition. As example, Figure 1 reports a Raman 

spectrum of oesophageal tissue measured using 830 nm excitation. 

 

 

Fig.1. A Raman spectrum of oesophageal tissue measured using 830 nm excitation. 

Characteristic biochemical peaks have been labelled. Variations in peak height and 

position can be detected in tissue spectra and have been shown to indicate 

biochemical progression towards malignancy. 

 

 

Fortunately, the majority of biological molecules are Raman active, each with their 

own fingerprint. As a result, RS is highly sensitive to subtle biochemical and 

molecular changes, which is vital in the differentiation of tissue samples. This 

property makes it potentially a very powerful diagnostic tool. As example of its 

high sensitivity, Figure 2 shows Raman spectral biochemical signatures of differing 

pathologies within a single oesophageal biopsy. 
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Fig.2. Raman spectral biochemical signatures of differing pathologies within a 

single oesophageal biopsy. Indicating the amount of information that can be 

obtained with Raman spectroscopy. 

 

 

However, its inherently low scattering efficiency has hampered the use of RS until 

the development of powerful lasers and sensitive detectors. Over the past decade, 

progress in Raman spectroscopic instrumentation has increased in the sensitivity of 

its measurement capability to such an extent that the acquisition of high quality 

spectral data from biological tissue and samples is possible.  

 

1.5.2 The role of Raman spectroscopy for cancer diagnosis  

 

Almost all of the cancer diagnosis applications of technique focus on tissue 

examinations either in vivo or ex vivo by detecting a biomarker in a body fluid. 
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Up to date, the main developments are noted to be: 

 

1. In vivo applications 

 

In vivo, RS offers the potential for ‘‘optical biopsy’’ with important clinical 

benefits. For in vivo applications, it is ideal to use a fiber optic probe to guide the 

laser light to the target and collect Raman scattering. It can also be embedded into 

an endoscopy device. 

Excisional tissue endoscopic biopsy carries risks of bleeding and visceral 

perforation, as well as removal of normal tissue unnecessarily. RS would obviate 

the need for this, thus reducing trauma to the patient, reducing clinician workload, 

and reducing secondary repeat procedures.  

It will also decrease the rate of re-excisions of areas of dysplasia or malignancy by 

accurately defining resection margins.122 Raman spectroscopy (RS) is suitable for 

use with fibre-optic probes making it potentially ideal as a medical diagnostic tool 

for assessment of hollow organs such as esophagus123,124 bladder 125 and larynx. 126 

One of the major fields of application of RS in endoscopy is the identification of 

Barrett’s esophagus. Barrett’s esophagus is a complication of chronic 

gastroesophagal reflux and considered as the predisposition for dysplasia. 

Therefore, its early detection may provide an opportunity for the prevention of 

cancer formation. The endoscopic examination of the suspicious regions is the 

current approach for the identification of these lesions. However, it is extremely 

difficult to identify these lesions with a white light endoscopy procedure. Therefore, 

the development of a fiber-optic based Raman probe is very important to increase 

the diagnosis accuracy of Barrett’s esophagus. Recently, Bergholt et al. report the 

use of a fiberoptic embedded into an endoscopy device was used to collect Raman 

scattering with the guidance of wide field endoscopic, narrow-band and auto-

fluorescence imaging. The Raman spectra from a total of 75 sites (42 healthy and 

33 tumor sites) from 27 patients were acquired during the endoscopic examination. 

The study concluded that RS could provide valuable in vivo biochemical 

information for diagnosis. 127 Figure 3 reports a schematic diagram of the rapid 

multiplexing Raman spectroscopy technique during endoscopy. 
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Figure 3. 

Schematic diagram of the rapid multiplexing Raman spectroscopy technique for 

simultaneous acquisition of both the fingerprint (FP) and high wavenumber (HW) 

Raman spectra under trimodal endoscopic imaging [i.e., white light reflectance 

(WLR), narrowband imaging (NBI), autofluorescence imaging (AFI)] guidance. A 

customized dual-transmission VPH grating is incorporated into the Raman system 

for dispersion of FP and HW Raman spectra onto different vertical segments of a 

CCD 

 

 

Furthermore, in vivo applications can provide real time and label-free biochemical 

information about the status of a lesion, which can be used to make diagnostic 

decision or to find the borders of a tumor during surgery. 128,129 ‘Optical biopsy’ 

can be a very vital tool during surgery to completely remove cancerous tissue during 

neurosurgery to prevent its recurrence as reported by Jermyn et al.130 This can be 

extremely useful since the identification of the borders of a cancerous growth is 

very difficult with current imaging techniques. Figure 4 shows an example of 

handheld contact fiber optic probe for Raman spectroscopy used during 

neurosurgery. 
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Figure 4.  

 (A) Experimental setup diagram with the 785-nm NIR laser and the high-resolution 

CCD spectroscopic detector used with the Raman fiber optic probe.  

(B) The probe (Emvision, LLC) was used by authors to interrogate brain tissue 

during surgery.  

 

 

2. Histopathology tools 

 

In ex vivo applications, the tissue samples are either used directly or sliced to 

acquire Raman spectra in a similar way as tissue slices prepared for 

histopathological examination. 

The majority of ex vivo studies has been performed on tissue sections. In large there 

has been a trend towards imaging/mapping approaches and so called 

‘histopathology tools’ because they mimic the morphological appearance of current 

histopathology methods but include additional biochemically specific information. 
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Raman spectroscopy has demonstrated its potential in aiding histopathologists in 

the identification and objective classification of subtle biochemical changes related 

to carcinogenesis. There are several studies demonstrating the feasibility of the 

technique for the analysis of excised tissues directly without any preparation or 

sliced tissue sections.131 

Recently, for example, Bergner132 reports the possibility of discrimination between 

oral cancer and healthy tissue based on water content determined by Raman 

Spectroscopy (see Figure 5). 

 

 

 

Figure 5 Discrimination between oral cancer and healthy tissue based on water 

content determined by Raman Spectroscopy. 

 

 

Tumor-positive resection margins are a major problem in oral cancer surgery. The 

authors investigate the use of Raman spectroscopy to differentiate tumor from 

surrounding healthy tissue in oral squamous cell carcinoma. From 14 patients 

undergoing tongue resection for squamous cell carcinoma, the water content was 

determined at 170 locations on freshly excised tongue specimens using the Raman 

bands of the OH-stretching vibrations (3350–3550 cm–1) and of the CH-stretching 

vibrations (2910–2965 cm–1). The results were correlated with histopathological 

assessment of hematoxylin and eosin stained thin tissue sections obtained from the 

Raman measurement locations. The water content values from squamous cell 
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carcinoma measurements were significantly higher than from surrounding healthy 

tissue (p-value < 0.0001). Tumor tissue could be detected with a sensitivity of 99% 

and a specificity of 92% using a cutoff water content value of 69%. Because the 

Raman measurements are fast and can be carried out on freshly excised tissue 

without any tissue preparation, this finding signifies an important step toward the 

development of an intraoperative tool for tumor resection guidance with the aim of 

enabling oncological radical surgery and improvement of patient outcome. 

 

3. Deep Raman tools for in vivo analysis in solid organs 

‘Deep Raman spectroscopy’ is another application that is being developed for non-

invasive diagnosis of solid organs that can be achieved from outside of the body. 

At this stage of development it can only be applied to specific applications where 

the Raman signature is very strong and distinct as there is a trade off with the 

intensity of the signature obtained from depth. This application has been tested in 

the study of calcification associated with breast cancer.133 134 135 The above 

mentioned studies report the possibility of utilising SORS for measuring 

calcification composition through varying thicknesses of tissues (2 to 10 mm), 

which is about one to two orders of magnitude deeper than has been possible with 

conventional Raman approaches (Figure 6).This result secures the first step in 

taking this technique forward for clinical applications seeking to use Raman 

spectroscopy as an adjunct to mammography for early diagnosis of breast cancer, 

by utilising both soft tissue and calcification signals. Non-invasive elucidation of 

calcification composition, and hence type, associated with benign or malignant 

lesions, could eliminate the requirement for biopsy in many patients. 
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Figure 6. reports the first demonstration of spatially offset Raman spectroscopy 

(SORS) for potential in vivo breast analysis. 

 

 

4. Detection of cancer biomarkers 

The detection of cancer marker in body fluids for clinical decision-making is an 

exciting approach, which may allow screening to detect cancer formation as early 

as possible and simplify the early diagnosis process. An increased concentration of 

cancer markers can be detected in urine, saliva and blood. In a study, the detection 

of tumor suppressor p53 and cyclin-dependent kinase inhibitor p21 was 

demonstrated with a SERS-based immunoassay. The p53 and p21 quantifications 

in blood serum were performed from the two different Raman reporters (4MBA and 

DTNB). The authors claim excellent specificity, high sensitivity and very high 

reproducibility of the assay. 136 

Another way that the technique can be utilized is the detection of cancer markers. 

A SERS based method for the quantitative determination of haptoglobin (Hp), a 

plasma glycoprotein and a prognostic ovarian cancer biomarker, was reported. 137 

Several authors suggested that, increased adenosine concentration, usually related 

with tumor formation, can be used as biomarkers for cancer formation. 138 

 

Finally, RS can provide rapid, reproducible, non-destructive measurement of 

disease specific tissue composition, which when combined with powerful 

mathematical algorithms allows objective classification. Numerous spectral 
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classification models are under development for both optical biopsy (probe) 

applications139 and histology tool (mapping) applications. Initially, early studies 

focussed on differentiating normal tissue and advanced cancers. However, with 

developing technology and complex analytical methods, there has been a move 

towards diagnosis of neoplastic change at much earlier stages. 

 

 

1.5.3 Raman spectroscopy in thyroid cancer 

 

Up to date only two studies have investigated the role of Raman spectroscopy in 

thyroid cancer. The first one, performed by Harris et al.140, aimed to investigated  

whether RS combined with advanced mathematical modeling (neural networks) 

could discriminate between 2 commercial thyroid cell lines; an human thyroid 

anaplastic carcinoma cell line (8305C) and a “normal” commercial cell line (Nthy-

ori 3-1) obtained from the European Collection of Cell cultures (ECACC). Raman 

spectra were obtained using a Renishaw 'System 1000' Raman microscope while 

excitation was provided by a Sacher Lasertechnik Littrow external cavity laser set 

at 783 nm. Finally, detection of the Raman scattered light was performed with a 

Renishaw RenCam NIR enhanced CCD camera. 

The authors obtained 52 spectra from the Nthy-ori 3-1 cells and 64 spectra from the 

8305C cells. 

Figure 7 and 8 report the typical Raman spectrum from the non-cancerous and 

cancerous thyroid cell lines. 
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Figure 7: A typical Raman spectrum from the Human thyroid epithelial cell (Nthy-

ori 3-1); a non-cancerous cell line. 

 

 

Figure 8: A typical Raman spectrum from a Human anaplastic thyroid cancer cell 

(8305C); a cancerous cell line. 

 

In the study, the authors also report The PCA (Principal Component analysis) plot 

of non-cancerous and cancerous thyroid cell lines. This plot, reported in figure 9, is 
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not totally discriminatory even if it show a distinct clustering of normal and 

cancerous cell lines but the overlap is too great to be diagnostic.  

 

 

 

 

 

 

 

 

 

 

Figure 9: The results of PCA comparing the non-cancerous (Nthy-ori 3-1) and 

cancerous (8305C) cell lines from the Raman spectra results. 

 

However the neural network result for the Raman data, provide a 95% sensitivity 

for the cancerous cell line and 92% sensitivity for normal cell line demonstrating 

that Raman spectroscopy, coupled with neural network analysis is able to 

discriminate between cancer and non-cancer cells in a simple model system with a 

high degree of accuracy.  

Teixeira et al. report a thyroid tissue analysis through Raman spectroscopy in 

2009.141 The objective of the above mentioned work was to study the biochemical 

alterations of tissues of the thyroid gland by means of molecular vibrations probed 

by FT-Raman spectroscopy. After the surgical procedure (thyroidectomy), a total 

of 27 fragments of the thyroid were collected from 18 patients, comprising the 

following histologic group: goitre adjacent tissue, goitre nodular region, follicular 

adenoma, follicular carcinoma and papillary carcinoma. The authors, through the 

discriminative linear analysis of the Raman spectra of the tissue, established (in 

percentages) the correct classification index among the groups. 

For the groups goitre adjacent tissue versus goitre nodular region, a result of 58.3% 

of correct classification was obtained; this percentage was low, and it was not 
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possible to discriminate the FT-Raman spectra of these two groups. Figure 10 

shows the median median between the spectra of the goitre adjacent tissue (black 

line) and the nodular region goitre (grey line). These spectral modifications were 

not significant enough to represent a relevant separation between them. The 

reported data justify the statement of Layfield et al.142 that adenomatous goitre is a 

hyperplasia, with no considerable cellular alterations; this also justifies the 

similarity between normal thyroid and adenomatous goitre, or adjacent and central 

tissues of a goitre injury. 

 

 

 

 

 

 

 

 

 

 

 

Figure 10 the median between the spectra of the goitre adjacent tissue (black line) 

and the nodular region goitre (grey line). 

 

Interestingly the authors analyzed the difference between adenomatous goiter, 

follicular adenoma and follicular carcinoma. The relative median spectra were 

analyzed and reported in figure 11. 
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Figure 11  

Median of the adenomatous goitre spectra (black line), follicular adenoma (grey 

line) and follicular carcinoma (dark grey line). 

 

 

From the figure, it can be noted that some peaks appear in all three spectra; that is, 

the biochemical compositions are nearly the same in all three tissue types, although 

with different intensities among them. According the authors, these regions could 

be similar to those considered characteristic of the normal thyroidal tissue. 

However, there are also characteristic peaks for only one or two types of injuries, 

those being the modes of more relevance to differentiate the pathologies for they 

are exclusive and representative peaks of tissue alteration. Interestingly the authors 

invite to draw attention to the 1095 cm 1 band which is characteristic of the 

follicular carcinoma and follicular adenoma tissues since it did not appear on the 

goitre nodular region. The follicular adenoma, on the other hand, has peaks with 

high intensity at 856, 937, and 960 cm_1. The characteristic peaks for follicular 

carcinoma are from 500 to 840, 1095, 1258–1290, and 1315–1339 cm_1. 

Finally, the correct classification index reported between goitre (nodular region and 

periphery) and papillary carcinoma was 64.9%. However, relevant results were 

obtained in the analysis of the spectra in the benign tissues (goitre and follicular 
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adenoma) versus malignant tissues (papillary and follicular carcinomas) analysis, 

for which the percentage was 72.5%, which was considered very good. The median 

of the adenomatous goitre spectra (black line), papillary carcinoma (grey line) and 

follicular carcinoma (dark grey line) is reported in Figure 12. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Median of the adenomatous goitre spectra (black line), papillary 

carcinoma (grey line) and follicular carcinoma (dark grey line). 

 

1.5.4 Limitations of Raman spectroscopy 

 

However, although Raman spectroscopy is a highly sophisticated technique with a 

well established ability to accurately discriminate neoplastic changes, there are 

several significant practical limitations. 

First, the need for long (currently clinically unacceptable) acquisition times of 

greater than 1 s. A drawback of the technique is the long analysis time when spectral 

information is collected from an area other than points on a sample. The accuracy 

is clearly improved with longer acquisition times; also point measurement systems 

require accurate placement of the clinical probes with low throughput. The 
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alternative systems in particular fluorescence based techniques, allow larger areas 

to be interrogated. 

Additional drawback is represented by the fact that interpretation and classification 

of Raman spectra requires complex multivariate algorithms. Thus, further 

developments in this field are aiding diagnostic models and it is hoped that 

advanced data processing techniques, for example support vector machines and 

random forests, may improve diagnostic accuracy, although validation of these 

models is required prior to clinical implementation. In addition, future 

developments in probe design and construction may improve signal to noise ratios. 

Systems must be robust enough to withstand day-to-day usage by clinical staff and 

decontamination and disinfection processes. 

 

1.6 Clinical application of Raman spectroscopy for thyroid cancer diagnosis 

The diagnosis of thyroid pathologies usually occurs in the following order: 

anamnesis, ultrasonography and laboratory exams. Recently, a fine needle 

aspiration (FNA) could be required, where the cells collected are cytologically 

analysed. From the FNA, if the suspected malignancy is confirmed, a surgical 

procedure (partial or total thyroidectomy) is advised so that, after the material is 

sent for histologic analysis (anatomical pathologic analysis), the medical diagnostic 

can be concluded. FNA is currently the most accepted procedure for diagnosing 

thyroid injuries, as it is a very useful and cost-effective tool. However, the 

sensitivity of this procedure for the thyroid is at times poor, with a high rate of false-

negative results, and the variation ranges from 2% to 37%.143 The differentiation of 

hyperplastic nodule (goitre), follicular adenoma or follicular carcinoma is difficult. 

The accuracy of the method is doubtful in these cases, and other alternatives and 

further methods are necessary to make the diagnosis more precise for such obscure 

injuries to the cytopathologic diagnosis. False-negative results occur due to an 

ordinary mistake in sampling, which may occur in small tumours and samples 

associated with inflammations and degenerative changes next to the thyroidal 

parenchyma. The cytopathologic diagnoses of follicular adenoma and follicular 

carcinoma are complicated due to the fact that they depend on the histologic access 
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to the capsular and vascular invasion perception. It is, therefore, vital to find new 

ways to detect the biochemical and cellular changes, in order to perfect the 

diagnosis and prognosis of thyroidal diseases. It is important to note that at times 

the incorrect diagnosis leads the patient to surgery without appropriate urgency and 

indication. 

Considering the variations of the thyroid disease and the difficulty of the 

morphologic diagnosis, the necessity of further techniques to distinguish benign 

and malignant characteristics of the thyroid lesion is evident. It is known that these 

diseases, with no exception, are caused by biochemical changes in the cells and/or 

tissues. Thus, the current challenge of modern medicine is to find an analytic 

technique that investigates these alterations through minimally invasive and non-

destructive methods. Few analytic methods fulfil these requirements and are 

sensitive enough to reveal details of the biochemical composition and structure.144 

Among the new techniques recently presented, optical biopsy by Raman 

spectroscopy is one of the most promising ones, due to the biochemical alterations 

that can be detected by the optical spectroscopy through the disease’s characteristic 

spectral signs. Different aspects could be detected by the Raman spectroscopy 

method that can contribute and complement the clinic diagnosis of thyroidal 

pathologies. 

The presented study aimed to investigate the biochemical alterations in thyroid 

tissues through Raman Spectroscopy of thyroid sample obtained from thyroid 

surgery. 

In detail the aims of this research were: 

1.  To define the Raman spectra in PTC thyroid cancer as compared to normal 

thyroid tissue on surgical resected samples. 

2. To evaluate different expression of Raman spectra in the different types of PTC 

thyroid neoplasm (classical Vs follicular) underwent to surgical resection. 

3. To investigate the role of RS in define the surgical margin in resected thyroid 

cancer. 
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1.6.1 Materials and methods 

1.6.1.1 Patients enrolment  

 

This prospective monocentric study has been approved by the Ethical Committee 

of the University of Campus Bio-Medico (UCBM) (prot. 33.15 TS ComEt CBM), 

and all patients gave the written informed consent. Nine patients that received a 

diagnosis of PTC based on FNA at the Endocrinology Unit of UCBM were enrolled 

for this study. These patients underwent total thyroidectomy at the Surgical Unit of 

the same Institution.  

Exclusion Criteria for enrolment of patients were:   

 Under 18 years of age 

 Pregnant or lactating females 

 Major mental comorbidity 

 Concomitant other malignancy or within previous 5 years 

 Previous chemotherapy or radiotherapy; 

 Concurrent anticancer systemic therapy 

 Suspicious for difficult assessment of pathological staging (margin involved in 

section). 

1.6.1.2 Thyroid tissue preparation 

At the time of surgery the removed specimens were immediately submitted unfixed 

to the Pathology Unit in an appropriately labeled container. After completion of the 

gross examination of the specimen by the pathologist, resection margins were 

marked with black ink (Figure 14). A tissue slice of about 1x1x0.3 cm3 was then 

obtained, including both healthy and neoplastic areas, avoiding surgical margins, 

and the slice was frozen on a metallic cold-plate inside the cryostat. A 5 µm 

cryostatic section was cut and stained with Haematoxylin/Eosin, in order to confirm 

the presence of healthy and neoplastic tissue zones, as well as the transition area 

between them. Additional sections were cut at 20 and 30 µm of thickness, collected 

on separate slides and stored unstained at -20°C until the Raman evaluation (Figure 

15). The surgical samples were subsequently fixed in buffered formalin and 
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embedded in paraffin for permanent sectioning. Diagnosis, grading and staging 

were performed, in agreement with the 7°th edition of TNM. 145 

 

 

Figure 14. Thyroid tissue preparation of a PTC located in right lobe. A frontal view 

of surgical specimen. B posterior view of surgical specimen. Resection margins 

were marked with black ink in the front (C) and in the back (D). 
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Figure 15. A. The PTC is located in the right lobe. B. A tissue slice of about 1x1x0.3 

cm3 including both healthy and neoplastic areas. C. A section stained with 

Haematoxylin/Eosin D. Sections cut a 20 30 µm of thickness for Raman evaluation. 

 

1.6.1.3 Raman spectroscopy  

Raman spectra were recorded using a Thermo Fisher Scientific DXRxi Raman 

microscope (RM) (Figure 16), at the following conditions: 532nm laser source; 

200-3400 cm-1 full range grating; 10x and 50x objectives; 25 μm confocal pinhole, 

5 (FWHM) cm-1 spectral resolution. The indicated above RM instrument 

guarantees a fast change of experimental parameters, for better measurements 

procedure optimization, and does not require consumable reagents and staining 

treatments. As a first step, the collection of a number of mosaic images at low 

magnification (10x) using the RM has been carried out, providing the generic 

overview information on the tissue morphology and allowing one to individuate 

and evaluate regions of interest. After that, the region of interest was investigated 

collecting spectra at high magnification (50x).  
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Preliminary measurements were performed, in order to optimize the experimental 

parameters to provide a good S/N (signal-to-noise) ratio and to minimize tissue 

fluorescence. A 5th order polynomial correction was used to compensate the tissue 

fluorescence. A laser power of 8 mW measured at the sample has been applied as 

the best compromise between the signal quality and the undesired tissue burning. 

The exposure time was 0.8 sec, as a suitable compromise to achieve a good spectra 

quality and to shorten the overall acquisition time. At least 50 exposures were 

averaged to obtain a good signal-to-noise ratio. Laser spot size was about 700 nm 

(50x objective). Various Raman maps of tissue zone size from 100x100 μm2 up to 

1x1 mm2, collecting several thousands of spectra per map, were obtained.  

The background-subtracted Raman spectra were further normalized for the area 

under the curve for standardization of the tissue Raman intensities. No pre-

treatment was performed on tissue samples before spectroscopic Raman 

examination. To assess intra-sample variability, multiple measurements were 

carried out at different regions within the same sample.  

 

 

 

 

 

 

 

Figure 16: Thermo Fisher Scientific DXRxi Raman microscope (RM) used to 

analysed biological samples. 
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1.6.1.4 Analysis of Raman data 

As a first step, Raman data were processed by TermoScientific OMINCxi software 

with the statistical analysis “Multivariate Curve Resolution (MCR)” algorithm. 

Since we needed to analyze thousands of spectra composing a tissue map, powerful 

statistical methods to treat the data was necessary. MCR using constrained 

alternating least squares algorithms represents a powerful analysis capability for the 

quantitative analysis of hyperspectral image data.  

The fluorescence background subtraction from each spectrum, a very useful and in 

case of biological tissues often strictly necessary option, with ThermoFisher™ 

DXRxi RIM it was not necessary to perform separately, since it was incorporated 

in the OMNIC spectra acquisition software. This subtraction was performed in real 

time during the spectra acquisition. 

 

1.6.1.4 Dataset/casuistry 

A number of thyroid tissue areas were histologically identified and diagnosed as 

healthy or pathological (Haematoxylin/Eosin staining of frozen samples) by an 

experienced pathologist (A.C.). By means of the RS imaging, 20 maps have been 

obtained from healthy and 20 from pathological areas. In Table 1, the experimental 

dataset is fully represented, showing the distribution of the tissue samples (healthy, 

PTC classical variant and PTC follicular variant) for each patient. 

 

1.6.1.5 Statistical analysis 

Statistical analysis was performed on average spectra of each map, corresponding 

to the 20 healthy tissue average spectra and the 20 PTC average spectra. The 

fingerprint region (FP) and the high wavenumber (HWN) range of Raman spectra, 

roughly 600÷1800 cm-1 and 2800÷3100 cm-1, respectively, were selected for 

statistical data analysis treatment. The remaining spectral range was not considered, 

as non-meaningful from the point of view of the contained biochemical 
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information. The collected Raman data were processed performing multivariate 

analysis, used for complex systems with high internal variability. Two principal 

statistical procedures were performed on the dataset: Principal Component Analysis 

(PCA) and Linear Discriminant Analysis (LDA). 

At first, PCA was carried out in order to reduce the initial high dimensionality of 

the dataset and to verify whether, in a subset of dimensions, the variability of the 

different tissue typologies can reveal on its own differences among samples that 

could be considered diagnostic. 

LDA was applied on the same components observed in PCA to verify if differences 

among the typologies do exist due to differences among the means of samples 

belonging to different tissue groups. Moreover, the implementation of the algorithm 

on principal components (PCs) let to optimize the process of classification on the 

basis of a reduced number of input variables. The LDA was performed using the 

leave-one-out cross validation method.  

 

1.6.2 Results 

In the period from January 2013 to May 2016, a total of 9 patients affected by PTC 

and submitted to thyroidectomy were enrolled. A total number of 40 maps was 

obtained, 20 maps have been obtained from healthy and 20 from pathological areas. 

In Table 1, the experimental dataset is fully represented, showing the distribution 

of the tissue samples (healthy, PTC classical variant and PTC follicular variant) for 

each patient.  
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Table 1. DATASET: Thyroid glands from 9 PTC patients 

Case Histological 

diagnosis: 

PTC 

Number 

of 

healthy 

tissue 

maps 

Number of 

pathological 

tissue maps 

Total 

Raman 

maps 

Total 

Raman 

spectra 

1 classical 2 3 5 698 

2 classical 

&follicular 

2 3 5 799 

3 classical 2 2 4 992 

4 classical 2 2 4 618 

5 follicular 1 1 2 1825 

6 classical 4 3 7 6123 

7 classical 2 2 4 239 

8 follicular 3 2 5 881 

9 classical 2 2 4 596 

total  20 20  12771 

 

Total number of MAPS: 40  Total number of spectra: 12 771 
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1.6.2.1 Statistical analysis 

A) Discrimination between healthy and PTC tissue  

The principal component analysis was performed on the matrix 40x1315 of the 40 

average spectra in the range of 653÷1723 cm-1 and 2828÷3023 cm-1. Among all the 

calculated components, the first 20 ones represent almost the 100% of the total 

variance (the 20th PC corresponds to about 0.015%) and it is reasonable to affirm 

that the information about the hypothesized differences in composition is contained 

within the first 20 PCs, having most likely a larger contribution % to the variability. 

In order to observe whether any of PCs has diagnostic capability, a two sample t-

test was applied, after having previously controlled the condition of validity of the 

equality assumption of the two group variances with respect to each PC by Fisher's 

test. The results of the t-test confirm that only for three PCs (PC2, PC4, PC8) a 

certain separation of the means of the healthy samples group with respect of the 

pathological one can be found (p-values of 0.007; 0.033; 0.035, respectively). Even 

if the test employed is robust with respect to the assumption of normality of the 

distribution underlying the samples (that is, are permitted deviations), the result is 

affected by the presence of outliers, invalidating the test in the case where the 

numerosity per group is not appropriate to the diversity between the distributions 

underlying the samples. The obtained result leads to the hypothesis that differences 

between tissue typologies exist, but can’t be revealed by maximizing their 

respective variability, and truly none of the PCs has diagnostic capability.  

The LDA algorithm was first applied on the 40x20 matrix obtained considering the 

scores of the 40 samples for the first 20 PCs. Various combinations of all or part of 

the PCs were tried in order to find the discriminant function with the simplest 

mathematical solution for the classification: the best result (f1) was found using the 

first eight components plus the 10th, the 11th  and the 20th. The result is shown in 

Fig. 17. 

Having previously verified by Fisher's test that sample variances in the two groups 

are not significantly different  (F=0.376; dfN=18; dfD=14), applying the two sample 

t-test to the sample scores on f1, a value of t=-19.528 is obtained for 22.037 degrees 

of freedom (Welch correction applied): as a result, the two groups shown in Fig. 17 

are significantly different at a level of confidence of 0.001. 
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The employed leave-one-out cross-validation method classified the 100% of the 

samples correctly. It should be noticed that the groups are characterized by values 

ranging exclusively along the positive semi-axis (healthy samples) or the negative 

one (PTC samples). 

 

 

Figure 17: Projection of healthy and PTC samples along f1. 

 

B) Discrimination between two PTC variants (classical and follicular)  

The PCA was performed on a matrix 20x1315 of the 20 average spectra of PTC 

tissue samples in the 653÷1723 cm-1 and 2828÷3023 cm-1 ranges of spectra. The 

analysis of the values of the variance explained by each PC revealed that the first 

eighteen components explain almost the totality of the variance (the 18th PC 

represents <0.01%).  

In this case, the values for F-test indicate that variances are not significantly 

different among the various PCs. The values of the t-test confirm that along none 

of the PCs means are significantly different (confidence level of 5%).  

The LDA algorithm was applied also in this case and the result is the function f2 

(obtained combining the first fifteen PCs excluding the 6th). The result is shown in 

Fig. 18.  

Having previously verified by the Fisher's test that sample variances in the two 

groups are not significantly different  (F=2.065;dfN=12; dfD=5), applying the two 

samples t-test to the sample scores on f1 a value t=25.972 is obtained for 13.84 
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degrees of freedom (Welch correction applied): as a result, the two groups shown 

in Fig. 18 are significantly different at a confidence level of 0.001. The leave-one-

out cross-validation method employed classified the 89.5% of the samples correctly 

but also in this case the values of the two PTC variants are completely distinguished 

by the fact that range along opposite semiaxes (positive for classical variant and 

negative for follicular variant). This criterion on its own would lead to a completely 

correct classification of the samples.  

Reassuming the results of this section, we can affirm that RS is able to discriminate 

between healthy and PTC tissues of thyroid with 100% of sensitivity, specificity 

and accuracy and to discriminate between classical and follicular variants of PTC 

with 92% of sensitivity, 83% of specificity and 89% of accuracy, by means of the 

leave-one-out cross-validated LDA. 

 

 

Figure 18: Projection of the samples of the two variants of PTC along f2. 
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1.6.2.2 Biochemical profile study 

 

A) Discrimination between healthy and PTC tissue  

The spectra have been classified according to the tissue type (healthy and PTC) and 

obtained by averaging the corresponding maps, resulting in the 9 average PTC and 

the 9 average healthy spectra, corresponding to thyroid samples from 9 patients. In 

Fig. 19 (a,b), both sequences show the FP region of spectra. 

It should be noticed that the spectra belonging to the same type of thyroid tissue 

(healthy or PTC), but belonging to different patients, are very similar to each other 

showing good intra- and inter- correlations, whereas comparison between healthy 

and PTC groups of spectra reveals significant differences.  

An accurate assignment of the major thyroid Raman bands registered in our spectra 

and comparison with the literature data is given in Table 2. As regards thyroid 

tissue, the available Raman literature studies are not numerous. 140, 146, 147 In this 

work, the applied RS technique allowed to detect for the first time some peculiar 

features, characteristic for thyroid tissue. The most remarkable difference between 

the corresponding spectra of healthy and PCT tissues consists in the presence of 

three intense bands at 1006, 1156 and 1520 cm-1 in the pathological tissue, 

attributable to carotenoids. 145,148,149, 150 
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Table 2. Peak positions and assignments of major Raman bands observed in thyroid 

healthy and PTC tissues.  

 

Healthy 

tissue 

peak 

position 

(cm-1) 

Classical 

PTC 

tissue 

peak 

position 

(cm-1) 

Follicula

r PTC  

tissue 

peak 

position 

(cm-1) 

Band attribution Reference 

673   tryptophan (ring breathing) (146) 

  717 

membrane phospholipids head (C-

N);                                            

adenine;                                                                                                                  

lipids (CN+(CH3)3); 

(146) 

748 748 748 DNA (146) 

  851 

proline&hydroxyproline (side chain 

vibration);                                                                                                                              

tyrosine (ring breathing and Fermi 

doublet);   

glycogen; 

(146,141) 

919   

proline;    hydroxyproline;                                                                                               

glycogen;                                                                                                     

lactic acid; 

(146) 

  957 

carotenoids;                                                                                                   

phosphates νs(PO4
3-);                                                                                                                        

cholesterol;                                                                                                                                                                                    

quinoid ring in-plane deformation; 

(146,141) 

971 971  ν(C-C) wagging (146) 

994   C-O ribose, C-C (146) 

1003 1003 1003 phenylalanineνs(C-C) (146,147) 

 1006 1006 Carotenoids  (146) 

1031   

phenylalanine(δ(C-H) and C-H in 

plane bending);                                                                    

protein (C-N stretching);                                                                     

carbohydrate residues of collagen; 

(146,141) 
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1086 1084 1089 

ν(C-C) gauche;ν1(CO3
2-);                                                                                                           

ν3(PO4
3-);                                                                                                           

ν(PO2-);                                                                                                                

ν(C-C) skeletal of acyl backbone in 

lipid (gauche conform.); 

(146,141) 

1128 1128 1128 

proteins (C-N stretching);                                                                        

carbohydrates (C-O stretching);                                                          

ceramides;                                                                                                       

acyl backbone in lipid (trans 

conform., ν(C-C)); 

(146-147) 

1156 1156 1156 protein (stretching C-C and C-N) (146) 

1156 1156 1156 Carotenoids  (146) 

1172 1172 1172 δ(C-H), tyrosine (146) 

 1205  

ν(C–C6H5);                                                                                                 

tryptophan;                                                                                                

phenylalanine;                                                                                                    

adenine and tyrosine (ring 

breathing);                                                                                    

amide III; 

(141) 

1225   amide III (β sheet structure) (146) 

1234   a concerted ring mode (146) 

1239   amide III (146,141) 

 1264 1264 lipids (146) 

1307 1307 1307 
lipid and collagen (twisting, 

bending, wagging) 
(146) 

1337 1337 1337 

C-H deformation (protein);                                                              

amide III;                                                                                                         

glycine and proline side chain (CH2 

wagging vibrations);                                                                  

adenine and guanine (ring breathing 

modes);                              

(146) 

1360 1360 1360 tryptophan (146) 

1393 1393 1393 CH rocking (146) 

1424   
lipid (CH2 scissoring);                                                               

deoxyribose (B, Z-marker);     
(146) 

 1440/1442 
1440/144

2 

CH, CH2 and CH3 deformation;                                                                                

cholesterol;                                                                                                

triglycerides (fatty acids);                                                                                                    

(146) 
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lipids (CH2 scissoring and CH3 

bending);                                    

collagen; 

1445   

collagen (δ(CH2), δ(CH3) and 

CH2CH3 bending);                                                                                                      

phospholipids (δ(CH2), δ(CH3) and 

CH2CH3 bending);                                                                                                        

methylene (bending);                                                                 

(146) 

1450 
1448/145

2/1464 
1448 

CH2CH3, CH2 and CH 

deformation;                                                           

ν(C-H);                                                                                                         

δ(CH2);                                                                                                       

methyl groups bending;                                                                          

methylene deformation;                                                                              

proteins (δ(CH) and δ(CH2));                                                            

(146) 

1498  1498 (C-C) stretching in benzenoid ring (146) 

 
1516/151

8 

1516/151

8 

β-carotene ν(C-C);                                                                             

carotenoid (C-C and conjugated 

C=C stretching);                                                                                                                  

porphyrin ν(C=C);                       

(146) 

 1520 1520 (-C=C-) carotenoids (146) 

1545   
C6-H deformation;                                                                

tryptophan; 
(146) 

1552   
tryptophan ν(C=C);                                                                                                  

porphyrin  ν(C=C); 
(146) 

1557  1557 

tryptophan;                                                                      

porphyrin ν(C=C);                                                                              

amide II  (ν(CN) and δ(NH));                                                                                                  

COO− (tyrosine, amide II); 

(146) 

1584 1584 1584 

phenylalanine δ(C-C);                                                                              

(C-C) olefinic stretching;                                                               

hydroxyproline;                                                                               

acetoacetate;                                                                                       

riboflavin;                                                                                                     

lipids; 

(146-147) 

1602  1602 phenylalanine δ(C-C) (146) 

1638 1640  
water (intermolecular bending and 

very weak and broad ν2) 
(146) 
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1660 1660 1660 

ν(C-C) cis;                                                                                                                 

(C-C) groups in unsaturated fatty 

acids;                                       

fatty acids;                                                                                                    

lipids;                                                                                                                                         

ceramide backbone;                                                                                  

amide I;    

(146) 

 2852 2852 

νs(CH2);                                                                                                               

lipids;                                                                                                           

fatty acids;                  

(146) 

2879   lipids and proteins (CH2 and CH) (146) 

 2888 2888 
lipids and proteins (CH2 

asymmetric stretching) 
(146) 

2931 2931 2931 CH2 asymmetric stretching (146) 

2936  2936 chain end CH3 symmetric band (146) 

 2960 2960 
out-of-plane chain end 

antisymmetric CH3 stretching 
(146) 

 3010 3010 unsaturated =CH stretching (146) 

 

 

Indeed, the comparison between Fig. 19 a (healthy) and Fig. 19 b (PTC) sequences 

of spectra provides clear evidence that PTC tissue hosts a significant presence of 

carotenoid bands, which is otherwise just trace-like in healthy tissue. The less 

intense Raman band at 956 cm-1 (4th carotenoid peak) was not distinguishable in 

our spectra, due to its low intensity (only about 10% of the 1156 cm-1 band 

intensity). The 1006 cm-1 band is a mixed Raman peak, with contribution of 

carotenoids and phenylalanineνs (C-C) (at 1003 cm-1) (see Table 2). In Figure 20 

the sequence of average Raman spectra collected upon normal tissue and PTC tissue 

are reported together. 

In addition, the HWN region of spectra depicts a broad band centered at 2900 cm-1 

(not shown here). This band is generally assigned to proteins, lipids and fatty acids 

normal modes. In our case, the intensity of this band in the PTC spectra is 

approximately 3-4 times higher than the intensity of bands belonging to the FP 

region, while for the healthy tissue, the HWN/FP intensity ratio is about 1.3-1.5. 
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The ratio of HWN PTC/HWN healthy is approximately 2.5. Therefore, another 

characteristic of PTC is a much more intense band at 2900 cm-1.  

 

Figure 19 a: Sequence of average Raman spectra collected upon healthy thyroid 

tissue 
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Figure 19 b: Sequence of average Raman spectra collected upon PTC tissue. 

 

 

 

Figure 20. Sequence of average Raman spectra collected upon normal tissue and 

PTC tissue. 

 

 

B) Discrimination between two PTC variants (classical and follicular)  

Interestingly the comparison between sequences of spectra obtained by two variants 

of PTC (classical and follicular) shows an intense correspondence with the 

exceptions of two bands.   

Figure 21 provides clear evidence that classical PTC hosts a more intense Raman 

band at 1300-1340 cm-1 and at 1630-1680 cm-1 than follicular variant of PTC. 
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Figure 21. Sequence of average Raman spectra collected upon classical papillary 

PTC and follicular variant of PTC. 

 

1.6.2.3 RS imaging 

Discrimination between healthy and PTC tissue  

 

The Raman spectra collected upon a selected area provide intrinsic biochemical 

information that can be used for diagnosis. Selecting specific wavelengths, Raman 

imaging lets one to obtain different graphic results for the maps of the two tissue 

typologies. An example of such maps (20 μm pixel step and 400x300 μm2 area) in 

false colors referred to the band at 1156 cm-1 is shown in Figure 22. In Fig. 22 (a), 

the results obtained for healthy tissue (left part – Raman biochemical map, right 

part – dark field optical image) are presented. The healthy tissue is in blue, while 

some insignificant amount of carotenoids is represented by the yellow-green colors.  

In Fig. 22 (b), the PTC tissue is shown (left part – Raman biochemical map, right 

part – dark field optical image). As can be clearly observed, the considerable 
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presence of carotenoids in PTC tissue was detected (false colors in green-yellow-

red represent the corresponding increasing intensity of carotenoids).  

 

 

 

Figure 22 a. Typical example of Raman chemigram maps (1156 cm-1 band 

reference) for thyroid tissues:  healthy tissue (left part – Raman map, right part – 

dark field optical image), 
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Figure 22 b. Typical example of Raman chemigram maps (1156 cm-1 band 

reference) for thyroid tissues: ( PTC tissue (left part – Raman map, right part – dark 

field optical image). The average reference spectra are shown below. 

 

 

In Fig. 23, the mixed (healthy-PTC) zone of tissue was mapped. In the PTC zone, 

the papillary structures can be distinguished. As can be seen, the applied RS 

technique allows one to distinguish between healthy and pathologic tissue. This is 

important for tumor margins precise identification during excision surgery for 

tumors with extra-capsular extension. More information on the “border-line” 

healthy-PTC can be obtained decreasing the pixel step size.  
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Figure 23. Raman map of Thyroid tissue, evidencing papillary structures of 

papillary carcinoma (green-yellow-red). Healthy tissue corresponds to blue zone. 

 

1.6.3 Conclusion 

Our results have demonstrated the feasibility and reproducibility of RS to 

discriminate normal thyroid tissue from PTC, and between classical and follicular 

variants of PTC, on the basis of their biochemical fingerprints.  

Based on the experimental results obtained in this work, we can attest the significant 

carotenoids presence in the PTC tissues with respect to the healthy tissue, in which 

their absence or minimal and localized presence was detected (see Fig. 19-20). To 

our knowledge, this is the first experimental evidence of carotenoids presence in 

the neoplastic thyroid tissue.  

Papillary thyroid carcinoma has been extensively investigated with multiplatform 

molecular analysis and the area of unknown genomic alteration has been reduced 

substantially from 25% to less than 4%.151 Detailed study of the genomic 

background, however, though instrumental in better understanding the oncogenetic 

and biochemical pathways of cancer, is still not sufficient to fully investigate the 

mechanisms that lead to neoplastic transformation, which, in turn, would lead to the 

identification of more accurate diagnostic, prognostic and predictive makers. For 

example, BRAFV600E gene mutation that is considered a driver of molecular 

alteration in classic PTC, has been recognized in over 70% of benign nevus without 

neoplastic progression.152 Spectroscopy methods applied in clinics should provide 

the best possible sensitivity, specificity and accuracy in order to minimize false 
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definitions. Ideally, a new method should be performed as in situ analysis 

encompassing the assessment of multiple cellular constituents and allowing paired 

morphological and biochemical analysis. RS is among the few available methods 

fulfilling the above requirements. 

In our study, we considered the FP and the HWN range of thyroid Raman spectra, 

both presenting changes while passing from healthy to PTC areas and, therefore, 

both important for diagnostic utility, as confirmed also by authors for cervical 

tissue. 153 

RS has the ability to identify specific tumor expression molecules and molecular 

species involved in tumorigenesis and progression. For instance, Talari et al.145 

claimed the 956, 1006, 1156-1157, 1524-1528 cm-1 Raman peaks as “carotenoids 

absent in normal tissue”. Puppels et al.154 investigated carotenoids located in human 

lymphocyte subpopulations and natural killer cells, evidencing a high carotenoids 

concentration in the CD4+ lymphocytes, and proposed to investigate the possible 

mechanisms behind the protective role of carotenoids against the development of 

cancers. The increased intensities at 1159 and 1527 cm−1, assigned to carotenoids 

have been identified also in the Raman spectra of brain tumors 145 and 

neurinomas.155  Talari et al. 145 suggested that carotenoids can be used as Raman 

biomarkers in breast cancer pathology.  

Resonance Raman is among the best ways to study the properties of carotenoids in 

complex media, such as, for example, binding sites of biological macromolecules 

in living organisms. 156 In this case, i.e. when the wavelength of the excitation laser 

is in the range of electronic absorption band of molecule of interest, resonance 

Raman intensities may be enhanced up to 6 orders of magnitude, as compared to 

normal Raman scattering.157 In the present work, the enhancement of carotenoid 

Raman bands was obtained, using 532 nm laser wavelength, which lies in the range 

of carotenoids UV/Vis absorption region. 158 

The coupled histopathological and Raman biochemical observations performed in 

this work highlighted that carotenoids are mainly present in cellular areas of PTC, 

so that their presence seems to be related to the neoplastic thyrocytes within the 

tumor tissue. Our study suggests that these characteristics could be used as Raman 

biomarkers in the PTC pathology. However, the mechanism underlying potential 
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oncogenic effects of carotenoids is still unknown, since very little is known about 

the biochemical content of neoplastic cells especially what regards lipids, 

lipoproteins and lipophilic substances that are commonly lost in routinely processed 

histological samples. Among human tissues, different normal cells are able to 

utilize carotenoids, i.e. beta-carotene is reported as a local supply of vitamin A in 

the skin and melanocytes.159 However, physiological mechanism for carotenoids 

uptake in normal thyrocytes is not reported, and our results raise the hypothesis of 

a carotenoid-related pathway for the PTC oncogenesis. This hypothesis needs for 

validation but underlines the presence of carotenoids in neoplastic thyrocytes, as 

previously described for other organs. 

In conclusion, we performed the RS investigation and biochemical mapping of 

healthy thyroid tissue and of PTC (classical and follicular variants). The obtained 

results demonstrate the great potential of RS to support histopathological 

evaluation, increasing the reliability of cancer diagnostics. Based on the results of 

multivariate statistical algorithms, based on leave-one-out cross-validated LDA, we 

can affirm that RS is able to discriminate between healthy and PTC tissues of 

thyroid with 100% of sensitivity, specificity and accuracy and to discriminate 

between classical and follicular variants of PTC with 92% of sensitivity, 83% of 

specificity and 89% of accuracy. The achieved diagnostic accuracy, sensitivity and 

specificity are compatible with the clinical use, both for the PTC diagnosis and what 

regards the differentiation between classical and follicular variants of PTC, the 

latter being a significant challenging point for thyroid nodules evaluation.  

Only a few literature studies report RS investigations of thyroid tissue and 

neoplasia.141,147 The particularity of our RS analysis is that for the first time it is 

performed on tissue sections and combined with microscopic assessment of the 

analyzed areas. The method is very cost-effective, being the cryostatic tissue 

sections observed without any additional staining or treatment. Our results represent 

a major advance in imaging of thyroid tissues, leading to subsequent clinical 

application of the RS diagnostics. As a potential clinical tool to support cancer 

diagnosis, RS should improve clinical accuracy in decision-making and reduce 

inter-observer variability. 

This study is the first demonstration of particular features of the spectroscopic 
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fingerprint of the PTC tissues presenting the significant carotenoids presence with 

respect to the healthy tissue. Our investigation suggests that carotenoids could be 

used as Raman biomarker for the PTC pathology. With this regard, combination of 

the histological and Raman microscopy analysis approaches should open a new way 

to integrative findings with wide implications for basic pathobiology, tumor 

classification schemes, and therapeutic strategies. 

Several future perspectives can derive from these preliminary results: 

1. The development of a RS optical biopsy system to investigate thyroid tissue 

alterations. This innovative diagnostic device should be represented by a needle 

containing the RS fibers to explore in vivo thyroid nodules and to perform a 

non-destructive in vivo optical biopsy. 

 

2. The development of intraoperative technology which may able to classify cell 

populations in real time, making it an ideal guide for surgical resection and 

decision making. Raman-based probe could be used, for example, to define 

surgical margin during thyroid surgery, to evaluated nodes involvement 

allowing to perform the correct modality of lymphadenectomy, to evaluated the 

presence of surgical residual after thyroidectomy.  
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SECTION II. MANAGEMENT AND PROBLEMS ASSOCIATED WITH 

THYROID CANCER TREATMENT  

 

GENERAL SECTION: THYROID CANCER TREATMENT  

2.1 Surgical treatment 

The mainstay of therapy for differentiated thyroid cancer is surgery. Although when 

initially attempted, thyroidectomy was associated with high rates of mortality, 

improvements in anaesthetic and surgical technique have resulted in thyroid surgery 

being extremely safe. Death following thyroid surgery is reported in <0.5% of 

cases. In contrast, rates of injury to the recurrent laryngeal nerve and parathyroid 

glands are more common (2% nerve palsy and 6% need for calcium supplements at 

follow up).160 These complications, while not life threatening, result in voice 

change (and occasionally tracheostomy in cases of bilateral recurrent laryngeal 

nerve injury) and the need for long term calcium supplementation. The initial 

surgical approach to thyroid cancer was radical. Total thyroidectomy and bilateral 

radical neck dissection achieved macroscopic disease clearance at a cost. In 

particular, the cervical lymphadenectomy was associated with significant 

functional and cosmetic impact. The recognition that histology could predict the 

biological behaviour of tumors was made in the mid-20th century. Good outcomes 

were described for patients with differentiated lesions of follicular cell origin 

(papillary carcinoma/follicular carcinoma/ Hurthle cell carcinoma) in comparison 

with medullary or anaplastic carcinoma.161 This observation led to a significant 

change in surgical approach, with a move away from aggressive neck surgery in 

patients with differentiated thyroid cancer. 

 

2.1.1 Total thyroidectomy vs Lobectomy 

The most important aim of primary surgery is to achieve complete macroscopic 

disease clearance and to minimize the chance that ipsilateral thyroid bed surgery 

will ever be required again. This requires a thyroid lobectomy as a minimum (other 

than for the occasional patient with isolated isthmic disease). An extra capsular 

thyroidectomy with preservation of the recurrent laryngeal nerve and parathyroid 
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glands should be the standard. This will achieve disease clearance and minimize the 

risk of thyroid bed recurrence. A second aim of primary surgery is to render the 

patient suitable for adjuvant radioactive iodine by removing all thyroid tissue. 

 

Selected patients are suitable for thyroid lobectomy rather than total thyroidectomy. 

While preserving excellent oncological outcomes, this approach has significant 

potential benefits. Rates of recurrent laryngeal nerve injury, hypocalcaemia, and 

tracheostomy are significantly lower following such unilateral surgery. The ideal 

candidate for such an approach is a young patient with uninodular disease limited 

to the thyroid. The risk of permanent post-operative hypocalcaemia and 

tracheostomy is more or less 0% following thyroid lobectomy. Recurrent nerve 

injury is most commonly a temporary palsy, but is permanent in around 2% of cases. 

Operating on one side rather than both is, unsurprisingly, associated with lower 

rates of morbidity.162 However, these patients, by definition, have a residual lobe 

following treatment. They are not suitable for radioactive iodine and require 

monitoring of the contralateral lobe in the post-operative period by ultrasound. In 

the long term, 5–10% of such patients will require completion thyroidectomy at 

some point during follow up. This is mainly due to the development of nodular 

disease in the residual lobe. Such disease is malignant approximately half of the 

time.  163 

A number of factors make the decision of which primary procedure to offer 

complex. Many expert authors report extremely low complication rates following 

total thyroidectomy. In contrast, reports from a community setting suggest that 

complication rates are significantly higher for the majority of patients who are 

operated on outside centers of excellence.164 165 Following initial therapy, the tumor 

marker thyroglobulin can be used during follow up to detect recurrence. This tumor 

marker is produced both from native thyroid tissue and persistent disease. 

Therefore, it is less useful in patients who have had thyroid lobectomy. Due to high 

rates of multifocal disease within the thyroid, most authors do not recommend 

thyroid lobectomy if there are nodules in the contralateral lobe, even if they appear 

benign. This is particularly relevant in areas with a high incidence of multinodular 

thyroid disease and is an issue increasingly encountered due to improvements in 
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ultrasound imaging, which now detect nodular disease in over 50% of otherwise 

healthy individuals.166 

When making a decision about primary thyroid surgery, the clinician must consider 

a number of factors. Risk stratification should be performed for each patient and 

used as a guide to selection of therapy. Tumor factors are critical, and total 

thyroidectomy remains the treatment of choice for those high-risk patients who will 

be candidates for adjuvant radioactive iodine. When performed well, it provides 

excellent oncological outcomes safely. It facilitates radioactive iodine if required, 

allows optimal follow up using thyroglobulin as a tumor marker, and addresses 

concerns about multifocal disease within the gland. 

ATA guidelines, in recommendation 35, suggests that the initial surgical procedure 

should include a near-total or total thyroidectomy for patients with thyroid cancer 

>4 cm, or with gross extra-thyroidal extension (clinical T4), or clinically apparent 

metastatic disease to nodes (clinical N1) or distant sites (clinical M1) while thyroid 

lobectomy alone should be performed for patients with thyroid cancer <1 cm 

without extrathyroidal extension and cN0. 65 

For patients with thyroid cancer >1 cm and <4 cm without extrathyroidal extension, 

and without clinical evidence of any lymph node metastases (cN0), the initial 

surgical procedure can be either a bilateral procedure (neartotal or total 

thyroidectomy) or a unilateral procedure (lobectomy). Thyroid lobectomy alone 

may be sufficient initial treatment for low-risk papillary and follicular carcinomas; 

however, the treatment team may choose total thyroidectomy to enable RAI therapy 

or to enhance follow-up based upon disease features and/or patient preferences. 

Finally disease management teams of patients affected by differentiated thyroid 

cancer should decide the surgical strategy by balancing tumor, clinician, and patient 

factors. An individualized plan can be tailored for each patient using a risk-adapted 

approach to optimize outcome on a case by case basis (see Figure 24). 
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Figure 24. An individualized approach to selecting the aggressiveness of primary 

thyroid surgery. Treated by Nixon I. The Surgical Approach to Differentiated 

Thyroid Cancer. F1000Research 2015, 4(F1000 Faculty Rev):1366 Last updated: 

15 FEB 2016. 

 

 

2.1.2 Lymph node surgery 

Differentiated thyroid cancer and in particular papillary thyroid cancer commonly 

metastasizes to the neck. The most common site of metastasis is the central neck 

(levels VI and VII), which surrounds the thyroid gland. The second echelon of 

lymph nodes is the lateral neck (most commonly levels III and IV). As mentioned 

above, radical neck dissection was considered the treatment of choice at one 

point.167 This was an operation that was relatively quick, safe, and resulted in 

macroscopic disease clearance. However, it was associated with high rates of 

morbidity. A vogue for a much less aggressive “berry picking” approach to the 

removal of macroscopically involved neck nodes has largely been abandoned due 

to unacceptably high recurrence rates. As experience in neck surgery has improved, 

a compartment oriented neck dissection is recommended by most authors as the 

operation of choice for patients with evidence of neck disease.168 
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Critically, the surgeon must ensure the neck has been properly evaluated prior to 

embarking on surgery. Ultrasound is a reliable way of assessing the lateral neck and 

is also the investigation of choice for the thyroid. If lateral nodal disease is 

encountered, imaging of the central neck may be considered using CT or MRI. 

Cross sectional imaging is preferable to ultrasound in assessing the central neck, 

particularly the mediastinal component (level VII), which is poorly visualized using 

ultrasound. 

Those patients considered N1a or N1b (metastatic disease in the central or lateral 

neck respectively) following investigation should have surgery planned to remove 

all involved levels, and any other levels considered at risk (therapeutic neck 

dissection). So, those patients with disease in the central neck alone should have a 

central neck dissection (almost always with a total thyroidectomy as radioactive 

iodine is likely to be indicated).  

Those patients with lateral neck involvement should have clearance of levels II-V, 

which are at the highest risk of metastatic involvement. 169 Involvement of the neck 

above the accessory nerve and in the submental/submandibular region (level I) is 

uncommon, so these levels are routinely spared. In addition, differentiated thyroid 

cancer rarely presents with aggressive nodal disease and extra nodal extension. 

Therefore, in almost all patients, the sternocleidomastoid muscle, internal jugular 

vein, and accessory nerve can be spared. This significantly limits the morbidity of 

surgery and has become the standard of care for patients with lateral neck disease. 

In contrast, the approach to the clinically negative neck is highly controversial. The 

reasons for the controversy are multiple, and again, without prospective evidence 

may never be resolved.  

There are authors who recommend prophylactic lateral neck dissection (surgery 

without pre-operative evidence of involved nodes).170 However, they are in the 

minority and the vast majority do not consider the morbidity of lateral neck surgery 

worth the “benefit”.171 

Despite this, if one chooses to dissect the apparently uninvolved lateral neck, 

metastatic disease will often be found on histology. This disease rarely manifests 

and if it does it can safely be salvaged at a later date. In addition, entering the lateral 

neck requires an extended incision and places structures at risk that are not routinely 
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encountered in thyroid and central neck surgery (accessory nerve, marginal 

mandibular nerve, carotid sheath and thoracic duct). 

 

In contrast, when performing a thyroidectomy, the central neck is, by definition, 

entered. The recurrent laryngeal nerves and parathyroid glands are encountered 

during the dissection and revision central neck surgery carries higher risks than 

primary procedures. 

Authors who argue for prophylactic central neck surgery highlight the fact that the 

central neck is exposed during primary thyroid surgery. They also cite high rates of 

occult histopathological metastases and that such metastases “upstage” patients 

when identified, which gives the treating team an effective way of further risk 

stratifying patients to rationalize the approach to adjuvant radioactive iodine. There 

is some evidence that excision of the involved nodes in the central neck results in 

lower post-operative thyroglobulin levels, which may result in lower recurrence 

rates. No author has ever proven that prophylactic central neck dissection results in 

improved survival, as almost no patient without metastatic disease dies during 

follow up. 

In contrast, those authors who do not support prophylactic surgery highlight the 

higher surgical morbidity of the procedure versus thyroidectomy alone, and the fact 

that patients who have observation rather than central neck dissection have 

extremely good outcomes with low rates of recurrence and extremely low rates of 

death. With such good outcomes enjoyed by this group of low-risk patients, the 

need for radioactive iodine is questionable. In addition, the approach to a central 

neck dissection is probably variable. Prophylactic central neck surgery involves 

removing tissue that lies between the recurrent laryngeal nerves. However, those 

centers with experience of re-operative central neck surgery find high rates of 

disease in areas not normally included in prophylactic surgery, such as dorsal to the 

recurrent laryngeal nerve or low at the thoracic inlet, which are high-risk areas for 

dissection and hence not included in the primary surgical field.172 

The controversy has resulted in ambiguity in international guidelines. Such 

documents recommend an individualization of approach dependant on risk factors 

for involvement. 
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The recommendations reported in 2015 American Thyroid Association guidelines 

can be resumed as follows65: 

 Therapeutic lateral neck compartmental lymph node dissection should be 

performed for patients with biopsy-proven metastatic lateral cervical 

lymphadenopathy. (Strong recommendation, Moderate-quality evidence) 

 

 Therapeutic central-compartment (level VI) neck dissection for patients 

with clinically involved central nodes should accompany total 

thyroidectomy to provide clearance of disease from the central neck. (Strong 

recommendation, Moderate-quality evidence)  

 

 Prophylactic central-compartment neck dissection (ipsilateral or bilateral) 

should be considered in patients with papillary thyroid carcinoma with 

clinically uninvolved central neck lymph nodes (cN0) who have advanced 

primary tumors (T3 or T4) or clinically involved lateral neck nodes (cN1b), 

or if the information will be used to plan further steps in therapy. (Weak 

recommendation, Low-quality evidence) 

 

 Thyroidectomy without prophylactic central neck dissection is appropriate 

for small (T1 or T2), noninvasive, clinically node-negative PTC (cN0) and 

for most follicular cancers. (Strong recommendation, Moderate-quality 

evidence) 

 

2.2 Complication related with surgical treatment 

The most common complications related with surgical treatment are: recurrent 

laryngeal nerve injury, postoperative hypocalcemia and postoperative 

haemorrhage. 

The risks of total thyroidectomy are significantly greater than that for thyroid 

lobectomy, with a recent meta-analysis suggesting a pooled relative risk (RR) 

significantly greater for all complications, including recurrent laryngeal nerve 
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injury (transient RR= 1.7, permanent RR= 1.9), hypocalcemia (transient RR= 10.7, 

permanent RR= 3.2), and hemorrhage/ hematoma (RR= 2.6). 173 

Surgeon experience likely influences the risks of thyroidectomy, with higher 

volume surgeons having lower complication rates.174 175 

In a recent review of 27 articles and 25,000 patients, the average incidence of 

temporary or permanent vocal fold paralysis after surgery was 9.8%, with a wide 

range from 2.3% to 26%, in part related to the timing and method of laryngeal 

examination.176 The Scandinavian quality register reported a vocal fold paralysis 

rate of 4.3% nerves at risk, based on 3660 thyroid operations performed in 2008 in 

26 endocrine surgical units from Sweden and Denmark.177,178  Further, the detection 

of vocal fold paralysis doubled when patients were submitted to routine laryngeal 

exam after surgery as compared to laryngoscopy performed only in patients with 

persistent and severe voice changes. 

The 3rd British Association of Endocrine and Thyroid Surgeons (BAETS) audit 

reported a 2.5% rate of RLN palsy and 4.9% incidence of voice changes in a sample 

of 10,814 cases of thyroid surgery. For first-time surgery, the reported incidence of 

RLN palsy was 1.4% after lobectomy and 3.7% after total thyroidectomy. These 

figures increased to 5.4% and 6.9%, respectively, in revision surgery.179 Such data 

are derived from self-reporting by selected surgeons and as such might be too 

optimistic for extrapolation to the overall practice of thyroid surgery.180 

Administrators of these 2 national databases deem the rates of temporary and 

permanent RLN paralysis to be severely underestimated, due to lack of routine 

laryngeal exam. 

RLN injury rates are lower when the nerve is routinely visualized in comparison 

with surgeries in which the nerve is simply avoided.181 Studies with or without 

intraoperative nerve monitoring demonstrate similar patient outcomes with regard 

to nerve injury rates,182 but studies likely have been underpowered to detect 

statistically significant differences (413,424).183,184 A recent systematic meta-

analysis of 20 randomized and nonrandomized prospective and retrospective 

studies suggested no statistically significant benefit of intraoperative 

neuromonitoring compared to visualization alone during thyroidectomy for the 
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outcomes of overall, transient, or permanent RLN palsy when analysed per nerve 

at risk or per patient.185 

Correlation between vocal symptoms and actual vocal cord function is poor given 

the potential for variation in paralytic cord position, degree of partial nerve 

function, and contralateral cord function/ compensation; therefore, vocal symptoms 

may be absent in patients with vocal cord paralysis. 

Vocal fold immobility symptoms vary widely and may range from minimal or no 

symptoms to acute airway distress. For example, in a recent study of 98 patients 

with unilateral vocal fold immobility, the voice was judged to be normal in 20% of 

subjects and improved to normal in an additional 8%. Therefore, nearly one-third 

of patients with unilateral vocal fold immobility were, or later became, 

asymptomatic.186 In contrast, bilateral vocal fold immobility is typically associated 

with profound and immediate respiratory distress, may require tracheotomy, and if 

initially not recognized and treated promptly, can be associated with anoxic brain 

injury and death.187 

Voice changes may also occur after thyroid surgery through a variety of 

mechanisms, including those that are non-neural and without vocal fold immobility. 

In several large studies of patients without vocal fold immobility, subjective voice 

complaints occurred in 30% to 87% of patients. 188 189 190 

With a reported incidence of 1.6% to 50%,191 postoperative hypocalcemia is the 

most common and sometimes the most severe complication observed after total 

thyroidectomy. Therefore patients must undergo close postoperative observation 

and frequent laboratory evaluations. The reasons for postoperative 

hypoparathyroidism are devascularization of parathyroid glands during surgery 

owing to the close proximity of the thyroid capsule, the accidental removal of 1 or 

more parathyroid gland(s), destruction of the parathyroid glands as a result of 

lymphadenectomy along the recurrent laryngeal nerve (RLN), or 

hypoparathyroidism due to hematoma formation.192193 

2015 ATA guidelines recommended that “the parathyroid glands and their blood 

supply should be preserved during thyroid surgery”. 65 

Typically, parathyroid gland preservation is optimized by gland identification via 

meticulous dissection.194195 If the parathyroid(s) cannot be located, the surgeon 
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should attempt to dissect on the thyroid capsule and ligate the inferior thyroid artery 

very close to the thyroid, since the majority of parathyroid glands receive their 

blood supply from this vessel. There are exceptions to this rule; for example, 

superior glands in particular may receive blood supply from the superior thyroid 

artery. If the parathyroid glands are inadvertently or unavoidably removed (e.g., 

they are intrathyroidal, or require removal during a central lymph node dissection) 

or devascularized, confirmation of cancer-free parathyroid tissue should be 

performed, and then the glands can be autotransplanted into the strap or 

sternocleidomastoid muscles. It is important to inspect the thyroidectomy and/or 

central lymphadenectomy specimen when removed and before sending it to 

pathology to look for parathyroid glands that can be rescued. 
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SPECIAL SECTION: POSTOPERATIVE HYPOCALCEMIA AND 

TERIPARATIDE 

2.3 Postoperative hypocalcemia  

Hypoparathyroidism is a rare disease characterized by hypocalcemia and absent or 

deficient parathyroid hormone.196 Hypoparathyroidism and hypocalcaemia have 

been described as postoperative complications since the early descriptions of 

thyroid surgery from the days of Kocher and Billroth.197 Postsurgical 

hypoparathyroidism is usually due to inadvertent or unavoidable removal or 

damage to the parathyroid glands and/or their blood supply. A recent meta-analysis 

has estimated the prevalence of postoperative hypocalcemia from 19% to 38%.198 

In particular, transient hypoparathyroidism after neck surgery (often called 

“stunning” of the glands) is relatively common, ranging from 6.9% to 46%.199,200, 

201,202  However, Its true prevalence is probably underestimated for many reasons: 

lack of clear definitions of hypocalcemia, variety of laboratory ranges for 

normocalcemia and reference values, timing of blood sampling in the postoperative 

period and short or incomplete follow-up.203 Decreased serum calcium, secondary 

to hypoparathyroidism, may present clinically with muscle cramps, perioral and 

peripheral paresthesias, carpopedal spasm or tetany, and/or confusion.204 Moreover, 

hypocalcemia can lead to delayed repolarization of the heart with increased risk of 

torsades de pointes.205 Symptomatic patients often require extended 

hospitalizations following thyroid surgery with increased healthcare costs. 206 

Predicting the risk of developing hypoparathyroidism is a challenge for the best 

care offered to patients. In particular, some studies indicate that iPTH levels 

measured shortly after surgery have a high predictive value: iPTH levels below the 

normal range (<10 pg/mL) at 4 and 6 hours after the operation correctly predicted 

postoperative hypocalcemia.207, 208  Indeed, Grodski et al, have concluded that iPTH 

levels <10 pg/mL, at 4 hours after total thyroidectomy, had the best precision to 

predict hypocalcemia (defined as serum adjusted level <8 mg/dL) 24 hours after 

surgery, with a positive predictive value of 90%, sensitivity 94% and specificity 

100% with overall accuracy 98%.209 Instead, chronic complete hypoparathyroidism 

is relatively rare. The diagnosis of chronic hypoparathyroidism requires that 
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features of hypoparathyroidism persist for at least 6 months after surgery. Surgical 

centers with experienced endocrine surgeons and a high case volume report rates of 

post thyroid surgical permanent hypoparathyroidism of 0.9-1.6%.210,211, 212 iPTH 

measured shortly after surgery and/or serum adjusted calcium level may be useful 

also to predict the onset of persistent hypoparathyroidism. In particular, Asari et al 

have shown that a iPTH level of ≤15 pg/mL, or postoperative serum calcium level 

of ≤1.9 mmol/L (≤7.6 mg/dL), on postoperative day 2, increased the risk of 

postoperative hypoparathyroidism213; Gao L et al. have demonstrated that iPTH 

levels <7 ng/L on the first day after surgery, might be associated with persistent 

hypoparathyroidism.214 

 

2.4 Management of Postoperative hypocalcemia 

In hypoparathyroidism, symptomatic hypocalcemia (carpal or pedal spasm, 

seizures, broncho- or laryngospasm) can be a medical emergency requiring acute 

intravenous administration of calcium. Although the actual value of the corrected 

serum calcium level is often regarded as a threshold for acute management (ie, 1.9 

mmol/L [7.5 mg/dL]),215,216,217symptoms generally dictate the decision to 

administer acute therapy. Intravenous calcium gluconate should be used. Calcium 

chloride should be avoided because it is irritating and potentially sclerosing to 

veins. 218  

According to the diagnostic, therapeutic and healthcare management protocols in 

thyroid surgery approved by the I Consensus Conference proposed by the Italian 

Association of Endocrine Surgery Units the symptomatic hypocalcaemia should be 

treated with calcium gluconate (2 vials in Saline 250 cc. 2 or 3 times a day e.v) and 

oral calcium carbonate ( 2-3 g ) in divided doses + calcitriol 0.50-1.5 mcg. 

According to the same Consensus Conference the treatment of chemical 

hypocalcemia (≤8mg/dl) is oral calcium carbonate (2-3 gr) in divided doses and 

calcitriol 0.50-1.5 mcg to continue after discharge day independent of clinical 

symptoms.219 
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2.5 Teriparatide for the prevention of post-surgical hypocalcemia: thypos trial 

Teriparatide (PTH 1-34) is a synthetic human recombinant form of parathyroid 

hormone. It is an effective anabolic agent220 and, in 2002, it was approved as a 

treatment for severe osteoporosis.221 PTH 1-34 has been successfully tested in 

permanent chronic hypoparathyroidism. In particular, Winer et al have 

demonstrated that the administration of once-daily PTH(1–34) can restore 

normocalcemia for 12 hours,222 whereas twice-daily administrations or pump 

infusion is able to reduce the required total daily dose of calcium and  bone turnover 

markers with restoring normocalcemia in a pediatric population.223,224  Recently, it 

has been also clearly demonstrated that replacement therapy using twice-daily 20-

mcg subcutaneous injection of PTH(1–34) was able to maintain serum calcium and 

phosphate levels and to improve quality of life in adults subjects with post-surgical 

hypoparathyroidism.with no serious side effects.225  

 

A very recent pilot study has also shown that teriparatide therapy, in patients with 

post-thyroidectomy hypoparathyroidism, can both control symptomatic 

hypocalcemia and reduced the duration of hospitalization. The authors have shown 

that teriparatide was safe, rapidly eliminated hypocalcemic symptoms, and likely 

reduced the duration of hospitalization.226 

Up to now, no data are available on the effect of teriparatide as a primary prevention 

for post-surgical hypocalcemia. In this setting was born the study reported below. 

The aim of this Prospective Phase II Randomized Open Label Trial was to evaluate 

whether teriparatide can prevent post-surgical hypocalcemia in high risk subjects 

after thyroid surgery. We also investigated the effect of teriparatide on the duration 

of hospitalization. 

 

2.5.1 Materials and methods 

This is a Monocentric Prospective Phase II Randomized Open Label Trial 

(Teriparatide for HYpocalcemia in POst-surgical Subjects: Thypos Trial). All 

investigations were conducted in accordance with the Declaration of Helsinki. The 

study was approved by our local Ethical Committee and all the patients signed an 
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informed consent statement allowing their anonymized information to be used for 

data analysis. Patient’s records were anonymized and de-identified prior to analysis.  

ISRCTN registry (reference number: ISRC TN74486450). 

 

2.5.1.1 Screening 

At Surgical ward, at University Campus Bio-Medico (Rome), preoperatively, all 

patients with formal surgical indication for thyroidectomy (thyroid cancer or 

Grave’s disease or multinodular goiter) were screened for the study. During the 

screening visit, we have evaluated patients’ baseline status and clinical history. 

Physical examination was performed and height and body weight (body mass index 

kg/m2), were recorded. At 8.00 AM, in a fasting state, a blood sample was drawn 

and calcium, phosphate, albumin, magnesium, iPTH, 25 OH vitamin D, kidney and 

liver function were measured.  

 

Exclusion criteria were: 

-   Age younger than 18 years 

- Pregnancy 

- Renal failure (glomerular filtration rate < 30 mL/min) 

- Hypersensitivity to the active substance or excipients  

- Any prior parathyroid pathology 

- Preexisting hypercalcemia 

- Metabolic bone disease other than osteoporosis 

- Ongoing therapy for osteoporosis 

- Administration of calcitonin, systemic corticosteroids, estrogens, raloxifene, 

fluoride, lithium,  loop or thiazide diuretics, aromatase inhibitors or other drugs 

that could interfere with calcium metabolism in the last 12 months 
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- History of skeletal malignancies (primary or metastatic) 

- Active or recent urolithiasis 

- Unexplained elevation of serum alkaline phosphatase levels 

- Prior radiation therapy involving the skeleton 

- Serum magnesium levels below the lower limits or above the upper limits of 

normal 

All the screened patients (seventy-two subjects) underwent total thyroidectomy. All 

surgical procedures were performed by two experienced endocrine surgeons 

working at the Neck and Chest Surgery department, University Campus Bio-

Medico (Rome). Total thyroidectomy was defined as total bilateral extracapsular 

thyroidectomy. Operative time was registered and surgical procedures lasted from 

70 to 90 minutes. iPTH was measured at 4 hours after the end of the surgical 

procedure. Every surgical procedure was performed between 8.00 AM and 10.00 

AM. 

2.5.1.2 Patient enrollment 

Twenty-six subjects with iPTH levels at 4 hours after thyroidectomy < 10 pg/ml 

were enrolled in the present study and they were randomized (1:1) to receive 

treatment with teriparatide (treatment group) or following the standard clinical care 

(“wait and see”). A blocked randomization scheme was generated by a software 

algorithm (“blockrand” package for R). A nurse was educated to the subcutaneous 

abdominal administration of 20 mcg of teriparatide using an injection pen 

(Forsteo® Eli Lilly Nederland B.V.). The first administration was done 

immediately after the randomization. Subsequent administrations were done every 

12 hours until discharge. Therefore, subjects belonging to the treatment group 

received 4 subcutaneous administrations of teriparatide according to the mean 

duration of hospitalization after surgery (2 days). 

At 8.00 AM on postoperative days 1 and 2, in a fasting state, a blood sample was 

drawn and calcium, phosphate, albumin, magnesium, were measured. iPTH was 
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measured by an immunochemiluminometric assay using the automatic analyzer 

Modular E170 (Roche Diagnostics, Indianapolis, Ind, USA). Normal serum iPTH 

levels ranged between 10 and 65 pg/ml. Serum calcium was measured by automated 

techniques. Serum calcium was adjusted for albumin by the following formula: (0.8 

[4.0 - patient’s albumin] + serum calcium).227 Serum phosphate, magnesium and 

creatinine were also measured by automated techniques.  

A clinical evaluation and ECG were performed in order to exclude signs or 

symptoms of hypocalcemia. In the presence of any sign or symptom of 

hypocalcemia, a new blood sample was drawn in order to confirm the hypocalcemic 

state. Hypocalcemia was defined as a serum calcium concentration <8.0 mg/dL in 

at least one measurement. The presence and type of symptoms of hypocalcemia was 

registered by a surgeon or by a nurse, together with the evaluation of Chvostek and 

Trousseau’s signs, twice a day, from the day of surgery to hospital discharge. 

Hypocalcemic patients received supplementation therapy, even if asymptomatic. 

Supplementation therapy included 1g every 12 hours of oral calcium (Metocal 1250 

mg tablets, Artropharm A.P.S.; 1 tablet contains 500 mg of elemental calcium) and 

0.25 mcg every 12 hours of 1,25(OH)vitamin D (calcitriol [Rocaltrol] 0.25 mcg 

tablets; Roche SpA, Milan, Italy). If symptoms persisted following oral therapy or 

in the presence of electrocardiographic abnormalities or calcium concentration < 7 

mg/dL, intravenous calcium gluconate was administered. Supplementation therapy 

was adjusted on the basis of serum calcium measurements. If a patient belonging 

the treatment group developed hypocalcemia, teriparatide was stopped and calcium 

and vitamin D supplementation therapy was started.  

At the discharge, all the subjects were prescribed 2 g per day of oral calcium 

together with 0.5 mcg per day of 1,25(OH)vitamin D. In order to balance the 

treatment with calcium and vitamin D after the discharge, measurement of blood 

calcium, phosphate and albumin was scheduled every week for 1 month, for each 

subject. In particular, if serum adjusted calcium remained stable above the 8.0 

mg/dL without any symptoms, calcium supplement was reduced by 1000 mg 

decrements until the potential withdrawal was reached. If calcium supplementation 
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was stopped, calcitriol was reduced by 0.25 mcg (weekly) decrements until the 

potential withdrawal was reached maintaining stable serum calcium.  

 

2.5.1.3 Sample size calculation and statistical analysis  

Previous studies have shown that measurement of iPTH levels < 10 pg/ml at 4 hours 

after thyroidectomy has a positive predictive value of 90% 209 , sensitivity 94% and 

specificity 100% with an overall accuracy of 98% in predicting hypocalcemia.207  

Estimating an incidence of hypocalcemia of 90% in the control group and a 30% 

incidence of hypocalcemia in the group treated with teriparatide, a sample size 

needed to achieve 80% statistical power at two side significance level of 0.05 is of 

11 subjects per each group.  

The two groups were compared using descriptive statistics, differences were 

evaluated using the t-test for independent groups or the chi-square test, as 

appropriate. The variation of serum calcium concentration over time in the two 

groups was analyzed using ANOVA for repeated measures including a time group 

interaction. The risk of developing hypocalcemia in the treatment group compared 

to the control group was estimated by calculating the relative risk with 95% 

confidence intervals. Finally, longitudinal changes in serum calcium concentration 

and dose of calcium and vitamin D supplementation were evaluated using ANOVA 

for repeated measures. 

2.5.2 Results: prospective phase II randomized open label trial 

Twenty-six subjects were recruited for this study (6 males, 20 females, mean age 

53.4, SD 17.0). Baseline patient characteristics for both groups are summarized in 

Table 1. No differences among the factors known to negatively affect calcium 

balance after thyroidectomy were found between the two groups (Table 1). 
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Table 1: baseline patient characteristics 

 

Biochemical and clinical evaluation  

Overall, the incidence of hypocalcemia was 3/13 in treatment group and 11/13 in 

the control group (P = 0.006) (Figure 1). At day one, we observed one hypocalcemic 

event in the treatment group and two events in control group. The relative risk for 

hypocalcemia in the treatment group compared to the control group was 0.26 (95% 

CI:  0.09 -- 0.723).  
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Figure 1: Biochemical and clinical evaluation at day 1 and day 2. 

 

In the treatment group, mean serum adjusted calcium concentration on post-

operative days 1 and 2 were 8.8 mg/dl and 8.3 mg/dl, respectively. The 

corresponding figures in the control group were 8.2 mg/dl (P = 0.006 vs. treatment 

group) and 7.6 mg/dl (P = 0.001 vs. treatment group) (ANOVA for repeated 

measures P = 0.006) (Figure 2). 
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Figure 2:  Mean serum adjusted calcium concentration on post-operative days 1 and 

2 for control and treatment group. 

Two out of three hypocalcemic subjects belonging to the treatment group 

experienced minor signs or symptoms of hypocalcemia such as perioral tingling 

with positive Chvostek’s sign that disappeared after calcium/vitamin D 

administration.  

In the control group, all the subjects with hypocalcemia (11/13) experienced minor 

symptoms such as perioral tingling with positive Chvostek’s sign. In only 3 

subjects, Trousseau’s sign and carpopedal spams were both positive. Oral calcium 

and calcitriol administration led to full resolution of symptoms. No subject required 

intravenous calcium administration.  

The median duration of hospitalization was 3 days (IQR: 1) in control subjects and 

2 days (IQR: 0) in treated subjects (P = 0.012). At hospital discharge, patients 

treated with teriparatide had a median calcium level of 8.5 mg/dL (SD: 0.5) while 

control subjects had a median calcium level of 7.8 mg/dL (SD: 0.4) (P < 0.001). 
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Safety data  

No serious adverse events occurred during the study period. Only 2 subjects 

experienced nausea. According to the study protocol, 3 subjects discontinued 

teriparatide treatment due to hypocalcemia onset. No other adverse events requiring 

discontinuation of teriparatide treatment were observed.  

 

2.5.3 Conclusion 

We have demonstrated that teriparatide may prevent the onset of post-surgical 

hypocalcemia in subjects with high risk of hypocalcemia after thyroidectomy. 

It has been estimated that hypocalcemia may occur in approximately 15% and 85% 

of hospitalized and critically ill patients, respectively.228 In particular, in 

postoperative subjects, reduced oral intake, nutritional compromise, and 

hemodilution due to infusion of intravenous fluids could explain transient 

hypocalcemia, which is often asymptomatic and mild.229 Instead, subjects who 

undergo neck surgery such as thyroidectomy can experience severe hypocalcemia 

due to the devascularization of parathyroid tissue and/or inadvertent gland 

removal.230  

It has been well established that the most common form of transient or permanent 

hypoparathyroidism is post-surgical. Moreover, neck exploration for thyroid 

cancer, Graves’ disease, large multinodular goiter, together with poor surgeon’s 

experience, vitamin D deficiency, age and rate of PTH decline may represent 

important factors that will negatively affect the calcium and phosphate balance.231  

As shown in Table 1, our study population was homogeneous relative to the 

potential risk factors for hypocalcemia: in fact, at baseline, the above-mentioned 

parameters did not significantly differ between treatment and control groups. In 

particular plasma vitamin D was similar in the two groups thus avoiding the risk of 

a pre- and post-surgical different stimulation of PTH secretion. This hypothesis is 

confirmed by iPTH level at 4 hours after thyroidectomy, that did not show any 

significant difference between the two groups, but as far as all the subjects enrolled 
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in our study had blood vitamin D levels lower than normal, the doubt of an altered 

calcium balance may still arise. As a matter of fact, low vitamin D represents a 

deficient substrate that, in turn, may reduce the conversion of vitamin D into 

calcitriol even under the effect of supplemental exogenous PTH. Although a recent 

paper by Raffaell et al have clearly shown that vitamin D deficiency is not a risk 

factor for post-surgical hypocalcemia232 we cannot exclude that the achievement of 

normal pre-surgical plasma values of vitamin D could have changed the rates of 

hypocalcemia onset in both groups. On the other hand we must observe that 

teriparatide-treated patients showed higher values of post-surgical plasma calcium 

than controls thus suggesting that exogenous PTH may enhance 25(OH) vitamin D 

conversion into calcitriol even in a condition of vitamin D deficiency. Moreover, 

PTH may have increased plasma calcium independently of calcitriol by directly 

acting on distal tubular reabsorption of calcium and maybe on bone resorption. 

Before January 2015, the only therapies that had been approved by the US Food 

and Drug Administration (FDA) for hypoparathyroidism (from any cause) were 

calcium and magnesium supplements variably associated with an active forms of 

vitamin D (calcitriol). In the last 15 years, several authors have described the ability 

of PTH(1-34)233 and PTH(1-84) 234,235 to restore and maintain normocalcemia 

together with improving the quality of life236 in subjects with chronic 

hypoparathyroidism. These evidence have led to the FDA approval for the use of 

recombinant PTH (1-84) in hypoparathyroidism. Although there are authors that 

have investigate the safety and efficacy of PTH treatment for the management of 

chronic hypoparathyroidism, poor and low quality data are available for the therapy 

of acute hypocalcemia. Severe hypocalcemia may lead to cardiac arrhythmias and 

tetany with an increase of morbidity rate and duration of hospitalization. Raffaelli 

et al have demonstrated that the most important determinant of acute hypocalcemia 

is a post-surgical iPTH decline higher than 50% with respect to baseline values 20. 

Therefore, early PTH administration after neck surgery appears to be an etiological 

approach to acute post-surgical hypocalcemia. Recently, Shah et al have shown in 

a small open label trial that teriparatide administration to hypocalcemic hospitalized 

patients following thyroidectomy is safe and it can rapidly eliminate symptoms 

linked to low calcium levels; furthermore, this treatment has been associated with 
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reduced duration of hospitalization (Shah). Our results allow going further in the 

treatment of post-surgical hypocalcemia. In fact in our study teriparatide was 

administered if iPTH went under 10 pg/ml at 4 hours after surgery thus configuring 

an etiological therapy rather than a rescue treatment for acute hypocalcemia. 

Teriparatide allowed a good control of hypocalcemia in treated patients, while 

standard clinical care (“wait and see”) was not able to achieve a similar result in the 

control group. Moreover our patients had been taking teriparatide every 12 hours 

only for the duration of hospital staying (2-3 days), while  patients in Shah’s study 

were on teriparatide for at least 1 week, with the option of continuing it for up to 3 

weeks. While our data do not allow us to draw any definitive conclusion, it may be 

hypothesized that by rapidly counteracting iPTH post-surgical fall with teriparatide, 

the stress on parathyroid glands is lower as calcium homeostasis is exogenously 

maintained. Therefore, a less urgent “functioning request” can give enough time for 

a more physiological recovery to the sub-ischemic parathyroid gland. Whatever the 

case, the difference in therapeutic schedules between our study and Shah’s study 

represent and undeniable economic advantage as a shorter period of teriparatide 

administration leads to a significant reduction in the overall costs and particularly 

it may positively counterbalance the expenses for teriparatide purchase with a 

shorter hospital stay.  

Finally, we were able to confirm that teriparatide treatment is safe and well 

tolerated. Two patients treated with teriparatide experienced minor symptoms of 

hypocalcemia such as perioral tingling and  Chvostek’s sign compared to  11 out of 

13 subjects in the control group. Moreover, in control group severe symptoms and 

signs of hypocalcemia such as Trousseau’s sign and carpopedal spams have been 

recorded. 

This study has some important limitations. First of all, it is lacking of placebo 

controlled group. As far as symptoms, but not signs, of hypocalcemia may be 

emphasized by individual perception, the presence of a placebo group could have 

given a better definition of their entity. Secondly, we enrolled a small group of 

patients in this study and even though we reached the pre-calculated sample size it 

cannot be excluded that different results can be obtained from a larger population. 
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Third, we did not measure PTH at 30 days after discharge and, therefore, we do not 

have any data on parathyroid glands functional recovery even though the lower need 

of calcium supplements in teriparatide-treated patients seems to suggest an 

endogenous PTH production.  

In summary, to our knowledge this is the first study that has evaluated that PTH (1-

34) treatment may prevent hypocalcemia in subjects at high risk of post-surgical 

hypocalcemia. Teriparatide might be associated both with a reduction of 

hospitalization duration and with a lower need of calcium carbonate supplements 

after the discharge. Larger and more robust randomized placebo controlled trials 

are needed in order to confirm our findings.  
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