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It has been more than five years since the American Thyroid Association (ATA) and
the Italian consensus on thyroid cancer was published [1,2]. It revaluated and retrospec-
tively analyzed the results of thyroid cancer treatment and the outcomes in terms of
disease-free survival and recurrence rate. Both suggested a more conservative approach for
low/intermediate-risk well-differentiated thyroid cancers (DTCs), rehabilitating hemithy-
roidectomy as the surgical approach of choice. It is well known that DTCs represent the
most common of all thyroid cancers [3]. Moreover, in recent decades, we have assisted in
a continual and constant increase in the number of new diagnoses. It is quite clear that
overdiagnosis and the incredible spread of neck ultrasound using thyroid nodule detection
as well as fine-needle aspiration of a nodule of less than centimeter in dimension justifies
this enormous number of new thyroid cancer diagnoses we have to manage daily. It is
strongly evident that, usually, DTCs carry very good prognosis (10-year survival rate more
than 90%) with a low rate of death, whereas, by contrast, persistent or recurrent disease is
more common than the others. Furthermore, the 8th edition of the American Committee
on Cancer and Union Internationale Contre le Cancer (AJCC/UICC) reviewed the DTC
staging system: a larger part of tumors are now downstage to I or II because of the absence
of distant metastases, even if it is smaller than 4 cm associated with microscopic extension
to perithyroidal soft tissues and, in the case of lymph-node metastases, in the central and
lateral compartments [4]. This new consideration leads to the identification of a small
proportion of DTC patients, approximately 5–10%, who are at risk of death because of
their cancer and their stage (usually III or IV) [5]. After these considerations, it is under-
standable that the recent guidelines push towards a new therapeutic approach to DTCs
with low/intermediate risk. The previous almost paradigmatic indication of an absolute,
complete, and more aggressive approach pressed physicians and endocrine surgeons in
the past to prefer the typical “one-size-fits-all” mode and to suggest total thyroidectomy
associated with central neck dissection, and radio iodine remnant ablation in the majority
of patients. Presently, evidence suggests a new idea for surgery: a conservative approach
for all DTCs with a preoperative low/intermediate risk, no evidence of lymph-node metas-
tasis or other signs of aggressive presentation of the hilum and no other conditions that
upgrade risk. The risk of thyroid cancer recurrence is common and moderately both in
low and intermediate DTCs, but it is not influenced by an early surgical approach [6].
It is evaluated by international database reports and clarified in the literature that the
recurrence rate between hemithyroidectomy and total thyroidectomy is similar and seems
not to affect prognosis [7]. Moreover, a new surgical operation in the case of contralateral
recurrence does not impact survival [8]. Even if the American and Italian guidelines are
definitive towards this new concept of conservative and repeatable surgery, daily routines
involving physicians and surgeons do not yet follow that line. Overdiagnosis and possible
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overtreatment is still prevalent in real-life cohorts in Italy, and no significant changes have
been recorded in recent years. The rate of lobectomies is growing, but the procedure still
represents a minority of all performed surgeries [9–12]. However, such an approach needs
a solid multidisciplinary group to decide and propose strategy, to manage follow-up and
establish new indications for treatment. Patients need to be well identified, all clinical
features must be known and analyzed, and surgical approaches must be well explained
and accepted by patients. Moreover, a wider knowledge of minimally invasive surgical
techniques for thyroid diseases needs to be massively widespread, as well as the possibility
for patients to refer to an endocrine center performing such surgery. Actual surgery for low
and intermediate DTCs must be well fitted for every patient. In our experience, according
to the guidelines and in contrast with the Italian trends, we are constantly contributing to
an increased number of hemithyroidectomy performed for DTCs, which in recent months
represented about 20% of all interventions for thyroid disease, compared to 5% in the last
decade, with a large number of patients at follow-up stage. In this group, thyroidectomy
was necessary in about 25% of cases because of evidence at final histology of extensive
disease in contrast with preoperative features (histological variant, extra thyroidal dis-
ease, and/or multifocality and/or lymph-node metastases). We have a time constraint for
follow-up, and a small number of cases require total thyroidectomy to produce dynamic
and statistical evidence, so we are confident that a larger number of colleagues will follow
this approach to implement and strengthen this guideline consensus.

Author Contributions: Conceptualization, C.P.L., R.P., L.D., G.C. and A.D.; writing—original draft
preparation C.P.L. and A.D.; writing—review and editing, R.P. and G.C.; supervision, L.D. and G.C.
All authors have read and agreed to the published version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Haugen, B.R.; Alexander, E.K.; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F.; Randolph, G.W.; Sawka,
A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid 2016, 26, 1–133. [CrossRef] [PubMed]

2. Pacini, F.; Basolo, F.; Bellantone, R.; Boni, G.; Cannizzaro, M.A.; De Palma, M.; Durante, C.; Elisei, R.; Fadda, G.; Frasoldati, A.;
et al. Italian consensus on diagnosis and treatment of differentiated thyroid cancer: Joint statements of six Italian societies. J.
Endocrinol. Investig. 2018, 41, 849–876. [CrossRef] [PubMed]

3. Lamartina, L.; Grani, G.; Durante, C.; Borget, I.; Filetti, S.; Schlumberger, M. Follow-up of differentiated thyroid cancer–what
should (and what should not) be done. Nat. Rev. Endocrinol. 2018, 14, 538–551. [CrossRef] [PubMed]

4. AJCC Cancer Staging Form Supplement AJCC Cancer Staging Manual, 8th ed.; Springer: Berlin/Heidelberg, Germany, 2017.
5. Tuttle, R.M.; Haugen, B.; Perrier, N.D. Updated American joint committee on cancer/tumor-node-metastasis staging system for

differentiated and anaplastic thyroid cancer (Eighth Edition): What changed and why? Thyroid 2017, 27, 751–756. [CrossRef]
[PubMed]

6. Kim, M.J.; Lee, M.C.; Lee, G.H.; Choi, H.S.; Cho, S.W.; Kim, S.J.; Lee, K.E.; Park, Y.J.; Park, D.J. Extent of surgery did not affect
recurrence during 7-years follow-up in papillary thyroid cancer sized 1-4 cm: Preliminary results. Clin. Endocrinol. 2017, 87,
80–86. [CrossRef] [PubMed]

7. Lamartina, L.; Leboulleux, S.; Terroir, M.; Hartl, D.; Schlumberger, M. An update on the management of low-risk differentiated
thyroid cancer. Endocr. Relat. Cancer 2019, 26, R597–R610. [CrossRef] [PubMed]

8. Park, J.H.; Yoon, J.H. Lobectomy in patients with differentiated thyroid cancer: Indications and follow-up. Endocr. Relat. Cancer
2019, 26, R381–R393. [CrossRef] [PubMed]

9. Lamartina, L.; Durante, C.; Lucisano, G.; Grani, G.; Bellantone, R.; Lombardi, C.P.; Pontecorvi, A.; Arvat, E.; Felicetti, F.; Zatelli,
M.C.; et al. Are Evidence-Based Guidelines Reflected in Clinical Practice? An Analysis of Prospectively Collected Data of the
Italian Thyroid Cancer Observatory. Thyroid 2017, 27, 1490–1497. [CrossRef] [PubMed]

10. Grani, G.; Zatelli, M.C.; Alfò, M.; Montesano, T.; Torlontano, M.; Morelli, S.; Deandrea, M.; Antonelli, A.; Francese, C.; Ceresini, G.;
et al. Real-World Performance of the American Thyroid Association Risk Estimates in Predicting 1-Year Differentiated Thyroid
Cancer Outcomes: A Prospective Multicenter Study of 2000 Patients. Thyroid 2021, 31, 264–271. [CrossRef] [PubMed]

2



J. Clin. Med. 2021, 10, 3582

11. Parmeggiani, D.; Gambardella, C.; Patrone, R.; Polistena, A.; De Falco, M.; Ruggiero, R.; Cirocchi, R.; Sanguinetti, A.; Cuccurullo,
V.; Accardo, M.; et al. Radioguided thyroidectomy for follicular tumors: Multicentric experience. Int. J. Surg. 2017, 41 (Suppl. 1),
S75–S81. [CrossRef] [PubMed]

12. Medas, F.; Ansaldo, G.L.; Avenia, N.; Basili, G.; Boniardi, M.; Bononi, M.; Bove, A.; Carcoforo, P.; Casaril, A.; Cavallaro, G.;
et al. The THYCOVIT (Thyroid Surgery during COVID-19 pandemic in Italy) study: Results from a nationwide, multicentric,
case-controlled study. Updates Surg. 2021, 16, 1–9. [CrossRef]

3





Journal of

Clinical Medicine

Review

Management of Low-Risk Thyroid Cancers: Is Active
Surveillance a Valid Option? A Systematic Review of the
Literature

Renato Patrone 1,*, Nunzio Velotti 2, Stefania Masone 3, Alessandra Conzo 4, Luigi Flagiello 4, Chiara Cacciatore 4,

Marco Filardo 5, Vincenza Granata 6, Francesco Izzo 7, Domenico Testa 8, Stefano Avenia 9,

Alessandro Sanguinetti 10, Andrea Polistena 11 and Giovanni Conzo 4

Citation: Patrone, R.; Velotti, N.;

Masone, S.; Conzo, A.; Flagiello, L.;

Cacciatore, C.; Filardo, M.;

Granata, V.; Izzo, F.; Testa, D.; et al.

Management of Low-Risk Thyroid

Cancers: Is Active Surveillance a

Valid Option? A Systematic Review

of the Literature. J. Clin. Med. 2021,

10, 3569. https://doi.org/10.3390/

jcm10163569

Academic Editor: Pierpaolo Trimboli

Received: 2 July 2021

Accepted: 10 August 2021

Published: 13 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 PhD ICHT, 80131 Naples, Italy
2 Department of Advanced Biomedical Sciences, University of Naples “Federico II”, 80131 Naples, Italy;

nunzio.velotti@gmail.com
3 Department of Clinical Medicine and Surgery, University of Naples “Federico II”, 80131 Naples, Italy;

stefania.masone@unina.it
4 Department of Cardiothoracic Sciences, University of Campania “Luigi Vanvitelli”, Division of General and

Oncologic Surgery, Via Pansini 5, 80131 Napoli, Italy; aleconzo@hotmail.it (A.C.);
luigiflagiello.93@gmail.com (L.F.); cacciatore.chiara@virgilio.it (C.C.); giovanni.conzo@unicampania.it (G.C.)

5 Division of Endocrine Surgery, Department of Oncological and Gastrointestinal Surgical Science, University
of Study of Padova, Via Giustiniani 2, 35128 Padua, Italy; marcofinly43@gmail.com

6 Radiodiodiagnostic Unit, “Istituto Nazionale Tumori IRCCS Fondazione Pascale-IRCCS di Napoli”,
80131 Naples, Italy; v.granata@istitutotumori.na.it

7 Hepatobiliary Surgical Oncology Unit, “Istituto Nazionale Tumori IRCCS Fondazione Pascale-IRCCS di
Napoli”, 80131 Naples, Italy; f.izzo@istitutotumori.na.it

8 Otolaryngology-Head and Neck Surgery Unit, Department of Cardiothoracic Sciences, University of
Campania “Luigi Vanvitelli”, 80100 Naples, Italy; domenico.testa@unicampania.it

9 Scuola di Specializzazione in Chirurgia Generale, Università degli Studi di Perugia, 06123 Perugia, Italy;
s.aveni@gmail.com

10 1SC Chirurgia Generale e Specialità Chirurgiche, Azienda Ospedaliera S. Maria, 05100 Terni, Italy;
a.sanguinetti@aospterni.it

11 UOC Chirurgia Generale e Laparoscopica, Dipartimento di Chirurgia Pietro Valdoni, Sapienza Università di
Roma, Policlinico Umberto I, 00185 Roma, Italy; apolis74@yahoo.it

* Correspondence: dott.patrone@gmail.com; Tel.: +39-3491327226

Abstract: Thyroid cancer is the most common endocrine malignancy, representing 2.9% of all new
cancers in the United States. It has an excellent prognosis, with a five-year relative survival rate
of 98.3%.Differentiated Thyroid Carcinomas (DTCs) are the most diagnosed thyroid tumors and
are characterized by a slow growth rate and indolent course. For years, the only approach to
treatment was thyroidectomy. Active surveillance (AS) has recently emerged as an alternative
approach; it involves regular observation aimed at recognizing the minority of patients who will
clinically progress and would likely benefit from rescue surgery. To better clarify the indications for
active surveillance for low-risk thyroid cancers, we reviewed the current management of low-risk
DTCs with a systematic search performed according to a PRISMA flowchart in electronic databases
(PubMed, Web of Science, Scopus, and EMBASE) for studies published before May 2021. Fourteen
publications were included for final analysis, with a total number of 4830 patients under AS. A total
of 451/4830 (9.4%) patients experienced an increase in maximum diameter by >3 mm; 609/4830
(12.6%) patients underwent delayed surgery after AS; metastatic spread to cervical lymph nodes
was present in 88/4213 (2.1%) patients; 4/3589 (0.1%) patients had metastatic disease outside of
cervical lymph nodes. Finally, no subject had a documented mortality due to thyroid cancer during
AS. Currently, the American Thyroid Association guidelines do not support AS as the first-line
treatment in patients with PMC; however, they consider AS to be an effective alternative, particularly
in patients with high surgical risk or poor life expectancy due to comorbid conditions. Thus, AS
could be an alternative to immediate surgery for patients with very-low-risk tumors showing no
cytologic evidence of aggressive disease, for high-risk surgical candidates, for those with concurrent
comorbidities requiring urgent intervention, and for patients with a relatively short life expectancy.

J. Clin. Med. 2021, 10, 3569. https://doi.org/10.3390/jcm10163569 https://www.mdpi.com/journal/jcm5
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1. Introduction

Thyroid cancer is the most common endocrine malignancy, representing 2.9% of all
new cancers in the United States (US). It has an excellent prognosis, with a five-year relative
survival rate of 98.3%, and has a higher frequency in females than males, with ratio of
3:1 [1]. Differentiated thyroid cancer (DTC) represents 90% of all thyroid malignancies
and includes three main types: papillary thyroid cancer (PTC), the most common type,
comprising 85% of all DTC; follicular thyroid cancer (FTC); and the rare subtype, Hürthle
(oncocytic) cell thyroid cancer (2–5%) [2].

In the last ten years, the incidence of DTC has dramatically increased. This tendency
is mainly as a result of the diffusion of imaging systems, the use of ultrasound-guided Fine
Needle Aspirations Cytology (FNAC), and improvements in histological evaluations [3,4].

Actually, papillary microcarcinomas (PMCs) represents the most diagnosed thyroid
tumors, with a 35% incidence of occult papillary thyroid microcarcinomas in autopsy
studies [5]. The increased diagnosis of these malignancies, associated with a low risk of
recurrence and death, has led to the need for redefining of the multimodal therapeutic
approach to avoid potential overtreatments. With regard to treatment, historically, the only
option was surgery. In the last few years, active surveillance (AS) has been established as
an alternative approach; it is aimed at identifying patients who would likely benefit from
rescue surgery [6].

Considering the data in the literature and the available evidence, we reviewed the cur-
rent management of low-risk DTC, and PMCs in particular, to better clarify the indications
for active surveillance for low-risk thyroid cancers.

2. Materials and Methods

According to the PRISMA flowchart (Preferred Reporting Items for Systematic reviews
and Meta-Analyses), a systematic search was performed of electronic databases (PubMed,
Web of Science, Scopus, and EMBASE). We used medical subject headings (MeSH) and free-
text words, using the following search terms in all possible combinations: “differentiated
thyroid cancer”, “micro papillary cancer”, “management”, and “active surveillance”. The
last search was performed in May 2021. Attention was focused on the following primary
outcomes: growth of the primary tumor, metastatic disease (lymph node or extra nodal),
tumor recurrence after delayed thyroid surgery (DTS), and thyroid-cancer-related mortality.
The secondary outcomes selected were decreased volume of primary tumor (>3 mm),
overall mortality, and incidence of/indication for thyroidectomy.

The retrospective application of the surveillance criteria to patients surgically treated
for thyroid nodules was not one of inclusion criteria for the studies reporting on AS of
low-risk PTC; AS was limited to employment of surveillance strategies. Low-risk PTC was
defined as T1a or T1b, N0, M0 disease. The search strategy was limited to articles written
in the English language; moreover, papers on animal studies, review articles, editorials,
and case series were excluded.

R.P. and G.C., two independent authors, analyzed all the papers, selected the suitable
manuscripts, and performed the data extraction independently. All duplicate studies were
removed. Two other authors (N.V. and S.M.) then checked the eligibility of the studies
selected. Discrepancies were resolved by consensus.

3. Results

We identified a total of 2976 articles, of which 87 articles were selected for full text
review. After full text review, 14 studies were included for the final analysis. The results
are summarized in the PRISMA flowchart (Figure 1) [7–20].
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Figure 1. PRISMA flowchart.

The authors used the Newcastle-Ottawa Scale (NOS) to certify the quality of each
included study. A maximum of nine stars was assigned to each study (Table 1).

Table 1. Newcastle-Ottawa Scale (NOS).

References Selection Comparability Outcome Assessment

1 2 3 4 1 1 2 3

Gorshtein, 2021 * * * * ** * *
Rozenbaum, 2021 * * * * * *

Hu, 2021 * * * * ** * * *
Rosario, 2019 * * * * ** * * *

Oh, 2019 * * * * ** * *
Kim, 2018 * * * * * * *

Fukuoka, 2016 * * * * * *
Ito, 2014 * * * * ** * * *

Tuttle, 2017 * * * * ** *
Oh, 2018 * * * ** * *

Kwon, 2017 * * * ** * *
Sugitani, 2010 * * * * * * *
Sanabria, 2018 * * * * * * * *

Oda, 2016 * * * * * *
Identify high quality choices with a “star”: *. A maximum of one “star” for each item within the “Selection” and
“Outcome Assessment” categories; maximum of two “stars” for “Comparability”.

A total number of 4830 patients under AS were included in this review.
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All studies assessed tumor growth during AS; a total of 451/4830 (9.4%) patients
experienced an increase in diameter of up to 3 mm. Conversely, in five studies, a decrease
in tumor size >3 mm was assessed in 172/1324 (12.9%) patients during AS.

DTS after AS was performed in 609/4830 (12.6%) patients, as reported by all authors.
Ten authors reported involvement of cervical lymph nodes during AS in 88/4213 (2.1%)
patients, while in six studies, 4/3589 (0.1%) patients were reported to have extra-nodal
metastatic disease. No study reported mortality due to thyroid cancer during AS.

The results are summarized in Table 2.

Table 2. Characteristics of included studies.

First
Author,

Year
Patients, n Age,

Years
Female
Sex, %

Tumor
Growth, n

Delayed
Surgery, n

Cervical
Lymph Node
Metastases, n

Localization of
Metastasis

Distant
Metastases, n Death

Gorshtein,
2021 189 60.1 ±

13.1 89.2% 23 19 - - - -

Rozenbaum,
2021 80 - - 24 16 - - - -

Hu, 2021 212 - - 39 101 17 Central 2 -
Rosario,

2019 12 53
(median) 81.2% 1 2 1 - - -

Oh, 2019 273 51.1
(median) 75.8% 77 52 17 Central - -

Kim, 2018 126 51 ± 7 78.7% 25 18 1 - - -
Fukuoka,

2016 384 54 ± 11.9 86.1% 29 15 12 Central - -

Ito, 2014 1235 - 90% 58 191 19 - - -
Tuttle, 2017 291 51 ± 23 75.3% 11 5 - - - -

Oh, 2018 370 51.1 ±
11.7 76.8% 86 58 5 - - -

Kwon,
2017 192 51.3

(median) 76 % 27 24 7 Central 2 -

Sugitani,
2010 230 56

(median) 50% 22 9 3 Central - -

Sanabria,
2018 57 51.9

(median) 84 % 2 5 - - - -

Oda, 2016 1179 57
(median) 87 % 27 94 6 - - -

4. Discussion

DTC represents a heterogeneous pattern of different histological thyroid neoplasms [21].
With regard to histopathology, the most frequent variant is PTC, FTC represents 10–20% of
cases, and medullary cancer is the rarest [22].

While the incidence of DTC continues to increase, mortality from thyroid cancer has
declined over the last three decades. The prognosis for PMC is excellent, with a mortal-
ity rate of 0.3%; this includes patients with lymph node metastases and extra thyroidal
extensions [23].

The mainstays of DTC therapy are surgical resection, radioiodine ablation, and thyroid-
stimulating hormone (TSH) suppression; however, the benefits of active surveillance for
selected cases have also been increasingly acknowledged in recent years [24,25]. Moreover,
in 2016, encapsulated follicular variant papillary thyroid cancers (EFVPTC) were renamed
non-invasive follicular thyroid neoplasms with papillary-like nuclear features (NIFTP) in
an effort to avoid overtreatment arising from a diagnosis of cancer; the indolent nature
of these neoplasms does not necessitate complete thyroidectomy or radioiodine ablation
therapy [26].

The main risk factors for lymphatic recurrence are multifocality, infiltration of the
thyroid capsule, positive margins, age, tumor size, and mutations of p53 or BRAF. The
recurrence rate after surgery (thyroid lobectomy or total thyroidectomy) is 1–2% in all
patients affected by unifocal PMC and less than 1% in patients without locoregional metas-
tases. Conversely, sub-capsular location of the lesion, multifocal disease, and extrathyroidal
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microscopic extension are associated with a higher risk of recurrence and nodal metas-
tases [27,28]. Many authors have shown that locoregional nodal metastases are also related
to the male sex [29]. An age <45 years at diagnosis is considered as a risk factor for higher
recurrence rate, as demonstrated in a recent meta-analysis [29,30].

Different prognostic scores have been proposed for DTC during the last ten years,
taking into account the following elements:

- biomolecular features (BRAF status) [31,32]; while TERT-promoter mutations can be
found in less than 10% of PMC, BRAF seems to be the most reliable as a predictor of
natural behavior of the PMC [31]. BRAF mutations can be found in 30–67% of PMC
patients and are related to nodal metastases, extrathyroidal extension, and higher risk
of recurrence [33];

- histological features (fibrosis, distance between the lesion and the gland capsule,
psammoma bodies) [23,32–34];

- tumor pathologic factors, such as cervical lymph node metastases, tumor size, multi-
focality, and extra-thyroid extension [32–34];

- patient factors such as male gender [34,35].

Based on these parameters, the scientific literature includes numerous studies in which
patients with low-risk PTCM were safely and effectively managed with AS.

Furthermore, it has to be considered that thyroid surgery is not immune to compli-
cations; laryngeal nerve injury, hypoparathyroidism, and hypothyroidism are the most
frequent adverse effects of total thyroidectomy, while post-surgical hematomas and surgical
wound infections represent minor complications [36].

Currently, AS is not supported by ATA guidelines as the first-line treatment in patients
with PMC, but is rather seen as an effective alternative, especially in high-risk surgical
patients or in patients with more comorbid conditions. Molinaro and colleagues [37]
confirmed the feasibility and safety of the AS approach for patients with very-low-risk
tumors. High surgical risk, relatively short life expectancy, and cytologic biopsy with no
aggressive disease were the characteristics for authors to identify patients eligible for AS.

In 2021, Lohia et al. [38] investigated patients >65 years with T1, N0, M0 PTC who
received surgery and created a competing risk model to define patient groups with life
expectancies of less than 10 and 15 years. They found, in their study of 3280 patients,
that older patients with comorbidities have limited life expectancies but excellent Disease
Specific Survival (DSS) from low-risk PTC and concluded that incorporating life expectancy
into management criteria would likely promote less aggressive treatment such as AS.

A recent study by Tuttle et al. reported that AS was an appropriate strategy for
patients with PTC less than 1.5 cm in diameter and isolated BRAF V600E mutations [39].

Oda et al. [15] compared surgically treated PMC patients with those who underwent
simple surveillance. They showed an excellent outcome in both groups; however, logically,
unfavourable events would be significantly higher in the surgical group.

The results of our review of 4830 patients confirm the safety and efficacy of AS. Only
9.4% of recorded patients experienced an increase of tumor diameter, and 12.6% of patients
underwent delayed surgery after AS. Cervical lymph node metastasis was present in 2.1%
patients, and only 0.1% had extra-nodal metastasis.

Recently, Jeon et al. [40] proposed an interesting prospective study for papillary
thyroid microcarcinomas based on KoMPASS (Korean Multicenter Prospective cohort
study of Active Surveillance or Surgery). This study enrolled patients with PTMCs from
6 to 10 mm in diameter, with a confirmed cytopathological diagnosis and no metastasis
or extra thyroid involvement. From the results of this survey, we will able to establish a
protocol for the clinical framework of patients eligible for AS.

As previously stated, it is of paramount importance to consider tumor characteristics,
family history, age, and other risk factors for the appropriate selection of patients for AS;
moreover, it is necessary to evaluate individual patient’s attitudes, including anxiety and
reliability, as an effective AS approach is based on patients’ compliance with surveillance
protocols and follow-up.
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The possibility of disease progression must always be considered: tumor growth in a
short time period or the onset of lymph node metastases must be diagnosed promptly in
order to switch patients to surgery without delay.

In our opinion, in the future, we will be able to use a prognostic score in order to
determine those patients who can be treated using AS for PTC; this will allow for a concrete
therapeutic option to minimize surgical intervention risk for non-aggressive tumors.

Hospitals and regional or national health organizations are increasingly interested in
cost-effective patient management. In this systematic review, unfortunately, we are not
able to provide a cost analysis of active surveillance versus standard therapy. In addition,
we did not find any studies during our literature review that focused on this topic.

In our opinion, it would be interesting to perform a cost analysis of physician review
and molecular testing compared with the standard therapy. This will be a focus of our
research in the near future.

Finally, the challenges presented by the COVID-19 pandemic further highlight the
benefits of AS in minimizing surgeries in a context undermined by the possibility of
contagion [41–43].

The limitations of the present study include its design: because no statistical analysis
was carried out on the extracted data, no definitive conclusions can be reached. Further
research, with a meta-analytic design, is needed to evaluate the weighted incidence of
tumor growth and local/distant metastasis during AS in the included studies, thus avoiding
possible bias related to patient demographics and tumor characteristics.

5. Conclusions

Active surveillance should be proposed for low-risk PMC only after clinical trials
proving the validity of this approach. For high-risk PMC, (lymph node or distant metastasis,
extra thyroid extension, closeness to recurrent laryngeal nerve or trachea, high-grade
cytology, or growth during observation), a surgical approach (lobectomy with or without
paratracheal dissection) is necessary. Better knowledge of papillary cancer natural history
and biological behavior might be useful in the design of multimodal management.
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Abstract: Lateral neck dissection (LND) leads to a significant morbidity involving accessory nerve
injury. Modified radical neck dissection (MRND) aims at preservation of the accessory nerve, but
patients often present with negative functional outcomes after surgery. The role of neuromonitoring
(IONM) in the prevention of shoulder syndrome has not yet been defined in comparison to nerve
visualization only. We retrospectively analyzed 56 thyroid cancer patients who underwent MRND
over a period of six years (2015–2020) in a high-volume institution. Demographic variables, type
of surgical procedure, removed lymph nodes and the metastatic node ratio, pathology, adoption
of IONM and shoulder functional outcome were investigated. The mean number of lymph nodes
removed was 15.61, with a metastatic node ratio of 0.2745. IONM was used in 41.07% of patients, with
a prevalence of 68% in the period 2017–2020. IONM adoption showed an effect on post-operative
shoulder function. There were no effects in 89.29% of cases, and temporary and permanent effects in
8.93% and 1.79%, respectively. Confidence intervals and two-sample tests for equality of proportions
were used when applicable. Expertise in high-volume centres and IONM during MRND seem to be
correlated with a reduced prevalence of accessory nerve lesions and limited functional impairments.
These results need to be confirmed by larger prospective randomized controlled trials.

Keywords: IONM; accessory nerve; shoulder syndrome; thyroid cancer; neck dissection

1. Introduction

Despite a general good prognosis, with a 10-year overall survival rate greater than
90%, regional lymph node metastases are frequently present at the time of diagnosis
in patients with papillary carcinomas (PTC) and in a lower proportion of patients with
follicular carcinomas (FTC) [1].
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The N stage in differentiated thyroid carcinomas (DTC) is an important prognostic
factor [2], and lateral neck lymph node dissection (LND) of compartments II–V provides a
complete disease staging and may reduce the risk of recurrence and, possibly, mortality
rates [1]. Consequently, LND has a pivotal role in the multidisciplinary management
of DTC [3].

ATA guidelines provide clear indications for LND in DTC [1], and also for medullary
(MTC) [4], anaplastic (ATC) or poorly differentiated thyroid carcinomas (PDTC) [5], which
are also potentially characterized by metastases to cervical lymph nodes and are both
associated with worse prognosis compared to DTC [6–9].

Although a specific oncologic role is proven, LND may lead to a significant morbidity
characterized by potential severe complications [3]. Among nervous complications follow-
ing LND, the lesion of the accessory nerve is one of the most severe affecting post-operative
quality of life—being responsible for shoulder syndrome, characterized by decreased neck
and shoulder mobility with reduced elevation, flexion and abduction of the shoulder
joint, anesthesia, numbness, neuropathic pain and dysmorphy or hypotrophy of the upper
trapezius and sternocleidomastoid muscles [10–13].

Despite the introduction of modified radical neck dissection (MRND) and selective
neck dissection (SND)—aiming at the preservation of the anatomical integrity of the
accessory nerve—as gold standards of treatment compared to radical neck dissection
(RND) and extended radical neck dissection (ERND), a considerable number of patients
present with impaired functional outcomes after surgery [14,15].

According to a recent systematic review, the estimated prevalence of shoulder syn-
drome following different types of LND is variably reported in the literature, ranging
between 94.8% and 27.9%. MRND and SND are associated with a lower rate of accessory
nerve lesions and shoulder syndrome compared to RND [16].

Intraoperative monitoring (IONM) of the accessory nerve during MRND is
largely adopted [17–20].

The IONM records accessory nerve electrical transmission before, during and after
dissection using subdermal needle electrodes inserted into the sternocleidomastoid and
trapezius muscles that are innervated by the monitored nerve. As previously shown,
usually patients without an electrophysiological threshold increase do not develop a post-
operative clinical impairment [17–20]. IONM contributes to accessory nerve identification
and theoretically supports the preservation of nerve integrity, providing an intra-operative
feedback of nerve function during dissection [17].

However, evidence in the literature for the usefulness of IONM in potentially reducing
injury to the accessory nerve and for predicting postoperative function in neck dissection
patients is minimal and contradictory, as highlighted in a recent systematic review, with a
need for randomized controlled trials to determine whether such monitoring is a valuable
surgical adjunct [17].

Similarly, the role of IONM has not yet been defined for recurrent laryngeal nerve
identification during thyroidectomy and central neck dissection (CND) [21,22].

The aim of the present research is the analysis of the use of IONM during MRND in a
large institutional series, focusing on the potential benefits in terms of functional outcome
and prevention of shoulder syndrome.

2. Patients and Methods

2.1. Study Design

In our institution, IONM has been regularly used for thyroid surgery since 2015
and progressively for MRND with standardization since 2017. We designed the present
study to compare the outcomes, in terms of shoulder syndrome occurrence, of patients
undergoing MRND with or without IONM, in addition to direct visualization. This
retrospective observational cohort study was performed according to the Strengthening the
Reporting of OBservational studies in Epidemiology (STROBE) guidelines [23]. The study
was conducted in accordance with the Declaration of Helsinki, but the protocol was not
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submitted to the evaluation of the Ethics Committee of Umbria region or registered as a
clinical trial due to the retrospective design of the research. All patients gave their informed
consent to the use of their clinical data for research purposes at the time of surgery.

2.2. Setting and Participants

We retrospectively analyzed 56 patients undergoing MRND as a single procedure,
or combined with total thyroidectomy (TT) and/or CND, in a population of 515 patients
operated on for thyroid cancer by the same surgical team, with standard surgical tech-
niques, over a period of 6 years (January 2015–December 2020) in the Unit of Endocrine
Surgery, Santa Maria University Hospital, Terni, University of Perugia, Italy— which is the
referral center for endocrine surgery in the Umbria Region, Italy. Patients were divided
into two groups, respectively, according to the adoption of IONM during dissection or
not. Direct visualization of the accessory nerve during dissection was carried out in all
patients. The use of IONM during MRND, through the observation period, depended on
the preliminary completion of the learning curve for recurrent laryngeal nerve monitoring,
the availability of specific electrodes for the sternocleidomastoid and trapezius muscles and
any technical problems with the monitoring system. Functional outcome was considered at
post-operative (p.o.) day 3 and after 6 months by clinical evaluation and electromyography
(EMG), when appropriate.

Inclusion criteria considered were: patients aged ≥ 18 years, undergoing MRND type
III (with preservation of the spinal accessory nerve, internal jugular vein, and sternocleido-
mastoid muscle) with or without IONM, on biopsy-proven thyroid cancer with indication
for lymphadenectomy according to ATA guidelines [1,4,24]. Patients who underwent
more extended procedures (MRND type I and II or RND), or those with unavailable data
regarding accessory nerve functional outcome, were excluded. Medical records in the
observational period were collected from our database and analyzed anonymously.

2.3. Preoperative Work Out

Preoperative work-out included blood tests, ECG, chest X-ray and neck ultrasound
with preoperative fine needle aspiration cytology (FNAC) when appropriate, and neck
computed tomography scans in selected cases. According to ATA Guidelines [1], indi-
cations for MRND in DTC were evidence of lateral compartment pathologic-like lymph
nodes at the preoperative ultrasound (US) with cytological confirmation, or thyroglobulin
presence in the washout fluid of fine-needle aspiration (FNA). Only 3 patients with con-
firmed diagnoses of thyroid cancer, due to a large palpable mass in the lateral compartment
and US-evident features of pathologic-like lymph nodes including enlargement, loss of the
fatty hilum, a rounded shape, hyperechogenicity, calcifications, and peripheral vascularity
underwent MRND without FNA. For MTC, MRND was carried out only if there was evi-
dence of lateral compartment pathologic-like lymph nodes at ultrasound, calcitonin in the
washout fluid of FNA or high serum calcitonin level. Bilateral MRND was considered if the
basal serum calcitonin level was greater than 200 pg/mL [4]. In ATC/PDTC, MRND was
selected for suitable patients, with consideration of the local invasiveness of the tumor [24].

2.4. Surgical Procedure

The surgical procedure for MRND and general clinical management were carried out
as previously reported by our group [3,6,25]. Briefly, an MRND type III was adopted in all
patients. It consisted of the removal of lymph nodes from levels II to V with preservation
of the sternocleidomastoid muscle, accessory nerve and internal jugular vein. The incision
was carried out along the anterior margin of the sternocleidomastoid muscle and a J-shaped
prolongation was adopted in cases of combined thyroid surgery. After the skin incision, a
flap in the subplatysmal plain above the superficial layer of the deep cervical fascia was
elevated to the level of the inferior border of the mandible. The external jugular vein was
identified and the dissection carried out, with careful maneuvers, superficially through the
fascia of the sternocleidomastoid muscle, which was elevated around the edge and onto the
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medial surface where the accessory nerve entered the muscle. The small vessels close to the
accessory nerve were divided and all branches of the nerve were preserved. The dissection
continued posteriorly along the entire length of the muscle. The internal jugular vein,
which lies immediately behind the proximal portion of the nerve, was exposed and the
dissection was carried upward to the level of the posterior portion of the digastric muscle.
The complete identification of the accessory nerve was obtained, completing the dissection
in the upper part of the surgical field after the sternocleidomastoid muscle was retracted
posteriorly and the digastric muscle was pulled superiorly. The lymph nodes at level 2B
located between the spinal accessory nerve and internal jugular vein were dissected. In
this phase, the nerve was exposed completely from the sternocleidomastoid muscle to the
internal jugular vein, dividing the tissue overlying the nerve.

Once the accessory nerve was completely exposed, the tissue lying superior and
posterior to the nerve was dissected from the splenius capitis and levator scapulae muscles.
Then, the accessory nerve was identified at Erb’s point, where it leaves the sternocleido-
mastoid muscle and courses through the posterior triangle of the neck to enter the anterior
border of the trapezius muscle. The dissection proceeded while keeping the accessory
nerve in view, with the removal of the fascia that still covered the posterior border of the
sternocleidomastoid muscle and further from the anterior border of the trapezius muscle
in a medial direction, including the lymphatic contents of the supraclavicular fossa.

During MRND the accessory nerve was always exposed and visually confirmed in
both groups.

2.5. IONM System

In the study population, a NIM-Response 3.0 system (Medtronic, Minneapolis, MN,
USA) set up for head and neck procedure/neck dissection was adopted to assess accessory
nerve function during MRND. The IONM final reports were examined in order to verify
the preserved or not-preserved transmission of the accessory nerve before, during and
after dissection. Subdermal needle electrodes used as recording electrodes were inserted
into the sternocleidomastoid and trapezius muscles. Additionally, a ground electrode and
a stim return placed into the shoulder to complete the electrode setup and a monopolar
stimulator probe (Medtronic, Minneapolis, MN, USA) were used during the procedure.
When contemporary TT and CND were carried out, the NIM TriVantage tube (Medtronic,
Minneapolis, MN, USA) was used for orotracheal intubation.

Muscle relaxant agents were avoided to keep the EMG responses of the examined
muscle precisely assessable during general anesthesia. The accessory nerve was identified,
usually proximal to its entrance into the sternocleidomastoid muscle, by application of a
probe to deliver an electric stimulus that ranged from 1 to 2 mA, 100 ms, at 4 Hz. The correct
identification of an intact nerve was confirmed through a series of audible acoustic signals
that were generated by the system. Functional nerve integrity was once again confirmed
during and at the end of the dissection by testing of the most proximal exposed portion
of the nerve, and evaluating significant changes in M wave amplitude and waveform or
an eventual threshold increase on electrophysiological monitoring after stimulation. The
absence of a signal that was generated by the stimulator at any precise point along the
nerve was accepted as evidence of loss of signal (LOS) and considered as a nerve injury.
The troubleshooting protocol was always followed to check the IONM equipment for
technical problems.

2.6. Variables

Demographic variables including sex and age, type of surgical procedure, side of
MRND, number of removed lymph nodes and the metastatic node ratio, pathology on
resected specimen and adoption of IONM during the observation period were investigated.

The primary functional outcome observed following MRND with and without IONM
adoption, was evidence of any grade of shoulder syndrome which was defined at p.o. day
3 and after 6 months as regular accessory nerve function, or temporary or permanent nerve
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injuries by clinical examination and EMG when appropriate. Clinical evaluation of patients
was performed after surgery using the Shoulder Pain and Disability Index (SPDI), for the
evaluation of shoulder function, as previously reported [26]. The total SPDI score is the
mean of the two subscales (Total pain score and Total disability score) and produces a total
score ranging from 0 (best) to 100 (worst).

Patients with a negative clinical evaluation, presenting results not interfering with
regular day life or working activity, were considered as negative for shoulder syndrome.

When clinical evaluation showed significant modifications in shoulder function, EMG
confirmation was required. The degree of neurogenic involvement and the presence of
spontaneous denervation potentials were investigated. Only partial axonal degeneration
and total axonal degeneration were considered significant for persistent nerve lesions. All
milder modifications observed at p.o. day 3 and recovered by a 6 months control period
were considered to be transient nerve lesions. Between the two time points, all the involved
patients received an intense rehabilitation program and corticosteroid treatment, when
appropriate, as previously described [3].

2.7. Statistical Analysis

We analyzed the variables through descriptive statistics based on summary measures,
plots and table distributions. We used Confidence Intervals (CI) and two sample tests for
equality of proportions when applicable. A p-value < 0.05 or a confidence level equal to
0.95 was considered statistically significant. All of the data were analyzed using R statistical
software (free open sources).

3. Results

3.1. Demographic and Surgical Results

The 56 cases included 30 females (53.57%) and 26 males (46.43%), with a mean age of
51.20 ± 17.59 years (Table 1). Median age was 51 years, and the corresponding interquartile
range was 31 (range 22 and 88 years) (Figure 1).

Table 1. Patient demographic and clinical characteristics. Modified Radical Neck Dissection (MRND),
Total Thyroidectomy (TT), Central Neck Dissection (CND), Papillary Thyroid Cancer (PTC), Fol-
licular Thyroid Cancer (FTC), Medullary Thyroid Cancer (MTC), Poorly Differentiated Thyroid
Cancer (PDTC).

Years, Mean ± SD

Age 51.20 ± 17.59
n (%)

Gender
Female 30 (53.57)
Male 26 (46.43)

Surgical procedure
MRND + TT 19 (33.93)

MRND + TT + CND 19 (33.93)
MRND + CND 3 (5.36)

MRND 15 (26.79)
Side of the procedure

Right 28 (50)
Left 28 (50)

Thyroid cancer subtype
PTC 40 (71.43)
FTC 7 (12.50)
MTC 6 (10.71)
PDTC 3 (5.36)
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Figure 1. Boxplot of age distribution. Y-axis shows age in years.

Surgical procedures carried out were classified as: 19 (33.93%) MRND plus TT,
19 (33.93%) MRND plus TT and CND, 3 (5.36%) MRND plus CND and 15 (26.79%) MRND
only (Table 1, Figure 2). Among patients, left and right lymphadenectomy were equally
distributed. The corresponding CI was (0.37, 0.63). It follows that the proportion was not
statistically different from 0.5.

Figure 2. Pie chart showing the surgical procedures carried out in the series. Surgeries were
classified as: 19 (33.93%) Modified Radical Neck Dissection (MRND) plus Total Thyroidectomy (TT),
19 (33.93%) MRND plus TT and Central Neck Dissection (CND), 3 (5.36%) MRND plus CND, 15
(26.79%) MRND only.

3.2. Lymph Node Retrieval

The mean of the number of removed lymph nodes was 15.61, while the median 14.
Furthermore, the distribution seemed to be quite variable; its standard deviation was 7.85.
The 95% CI was between 13.51 and 17.71. When we considered the ratio between the
number of metastatic lymph nodes removed and the total number of lymph nodes, then
its mean was 0.2745 with a standard deviation equal to 0.2358. The corresponding 95% CI
was between 0.21 and 0.34.

3.3. Thyroid Cancer Subtypes

Different types of cancer were observed; the prevalence was 71.43% (n = 40), 12.50%
(n = 7), 10.71% (n = 6) and 5.36% (n = 3) for PTC, FTC, MTC and PDTC respectively (Table 1,
Figure 3).

Figure 3. Pie Chart showing the different histotypes of cancer treated; the prevalence was 71.43%
(n = 40) Papillary Thyroid Cancer (PTC), 12.50% (n = 7) Follicular Thyroid Cancer (FTC), 10.71% (n = 6)
Medullary Thyroid Cancer (MTC) and 5.36% (n = 3) Poorly Differentiated Thyroid Cancer (PDTC).
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3.4. IONM Use

In the observation cohort 41.07% of surgeries were supported by the use of IONM
plus direct visualization of the accessory nerve. However, its use was different over
the analyzed period; indeed, between 2015–2016 the prevalence was only 19.35%, while
between 2017–2020 it increased to 68%. The different prevalence observed in the two
periods was statistically significant (p < 0.05). We conducted a two-sample test for equality
of proportions, where the alternative hypothesis was two-sided and the significance level
was 0.05. The CI regarding the difference of proportions, (−0.75, −0.22), showed only
negative values since the increase in use of IONM was statistically significant.

3.5. Functional Outcome

Fifty patients out of 56 with MRND showed a post-operative SPDI at p.o. day 3 ranging
between 0% and 10% and were considered negative for shoulder syndrome. All these
patients maintained a low index around 0–5% at 6 months and EMG was not carried out.
Six patients instead presented with significant increases on the SPDI following MRND at
p.o. day 3 (Table 2) and were considered positive for a nervous lesion, with clinical evidence
of shoulder syndrome. Two patients in the IONM plus visualization group who presented
modification in the waveform and increases in the threshold of stimulation during surgery,
and three patients in the visualization-only group, presented with significant improvement
after 6 months, and the accessory nerve impairment was considered to be transient. Only
one patient in the visualization-only group maintained a high SPDI at 6 months, attesting
to a permanent nerve impairment with residual shoulder syndrome. EMG was carried out
in the above six patients and showed at p.o. day 3, for those with transient impairment,
denervation potentials referable to neuropraxia, which recovered at 6 months with normal
EMG findings. The only patient with persistent nervous impairment presented EMG
features of axonotmesis, almost stable at 6 months follow-up (Table 2).

Table 2. Shoulder Pain and Disability Index (SPDI) in patients with temporary and permanent lesion
of the accessory nerve following MRND with or without IONM. The index is reported as total SPDI
score. The total SPDI score is the mean of the two subscales (Total pain score and Total disability
score) and produces a total score ranging from 0 (best) to 100 (worst).

SPDI SPDI

p.o. day 3 6 Months Type of Nerve Lesion
IONM+ visualization (n = 2)

57% 4% transient
60% 5% transient

Visualization only (n = 4)
60% 10% transient
38% 0% transient
55% 6% transient
75% 60% permanent

The increase of IONM use during MRND seemed to have also had a mild effect on
post-operative shoulder function. Overall, there were no effects in 89.29% (50) of cases,
whereas transient and permanent effects were observed in 8.93% (n = 5) and 1.79% (n = 1)
of patients, respectively. The distribution of the post-operative effects with IONM plus
visualization or visualization only was summarized in Table 3.

According to Table 3, dependence was shown between the post-operative functional
outcomes and the use of IONM; indeed, the conditional distributions were different. Fur-
thermore, IONM decreased the incidence of shoulder syndrome, while direct visualization
only, without IONM, increased both temporary and permanent nerve damage. However,
statistical significance could not be analyzed since the number of observations was limited.
To assess statistical significance, a larger sample size would have been needed. Indeed,
considering three categories and fixing the significance level to 0.05, 108 and 141 units
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would have been needed to guarantee a power of 0.8 and 0.9, respectively, with a medium
effect size (0.3)—and with a smaller difference, an even larger sample size. Unfortunately,
since a relatively recent adoption of IONM during MRND in our institution, a proper
number of cases was not available—thus attesting, for the present research, to the value of
a pilot study for a larger future analysis.

Table 3. Post-operative effects distribution with IONM + visualization and visualization only and
the unconditional distribution (overall).

Nerve Identification
and Monitoring

No Lesion (n)
Temporary
Lesion (n)

Permanent
Lesion (n)

IONM+visualization 91.3% (21) 8.7% (2) 0% (0)
Visualization only 87.88% (29) 9.09% (3) 3.03% (1)

Overall 89.29% (50) 8.93% (5) 1.79% (1)

When considering the increased adoption of IONM in more recent years and its
supposed value in supporting the identification and preservation of the accessory nerve
during MRND, we expected a progressive reduction of the complications rate over the
observation time. Despite the analysis of the accessory nerve lesion rates between the
different years of observation, as similarly detected when comparing the rates in the two
groups, statistical significance could not be assessed, since the number of observations was
limited and the events were spread over the whole period.

4. Discussion

Our data showed that the use of IONM during MRND contributed to the containment
of accessory nerve impairment, responsible for the clinical outcome of shoulder syndrome.
In our experience, IONM adoption compared to direct visualization only, although not
significantly, was associated to less temporary and permanent nerve lesions; indeed in
recent years, it has become a standard procedure associated with MRND in the treatment
of lateral neck lymph node metastases in our institution. However, statistical significance
in our series could not be assessed, since the number of observations was limited—at least
in the observation time. This is one of the main limits of the research. The prevalence
of accessory nerve lesions observed was 10.7%, which could be considered quite low
compared to data reported in the literature. A recent systematic review with metanalysis
by Larsen et al. [16] studied the prevalence of nerve injuries following neck dissection and
found a 33% prevalence of accessory nerve injuries after MRND.

The analysis reported a wide range of prevalence ranging from 1.3% to more than
80%. This spread distribution might be related to many factors; the included studies were
published in different years (1981–2017), and this might reflect major changes in oncological
treatments and the different adoption of new technologies such as neuromonitoring, which
was not considered as a variable potentially affecting the results of the metanalysis. These
factors could have a major impact on the number of nerve injuries reported and should be
taken into consideration.

Furthermore, the series analyzed were significantly different with regards to the
sample size of the studies. The main factor which might have affected a so large distribution
of prevalence, relates to the modality of diagnosis of the nerve lesion. Some authors adopted
standard EMG evaluation, others only clinical examination, or both. In our analysis, the
low prevalence of accessory nerve lesions reported might be attributed to many factors.
First of all, the size of the examined population, which was quite limited. Secondly, the
modality of accessory nerve impairment was based on clinical evaluation in all patients and
EMG was used only in those presenting a modification in the post-operative clinical score;
this might imply that some minor nerve injuries which remained almost asymptomatic,
and not evident with only clinical examination, were lost. According to this consideration,
a systematic neuro-physio-pathologic evaluation by EMG would always be beneficial in
determining a more realistic prevalence of accessory nerve dysfunction following MRND
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in future studies. Another criticism of the present series is that we reported, despite a
large distribution, a not considerably high mean of lymph nodes removed compared to
other studies [27–29].

This might reflect that some of the procedures considered and retrospectively clas-
sified, based on the surgical procedure code attributed in the clinical records, as MRND,
should have been more properly considered as SND, with less lymph nodes excised, and
most probably not including level II and V, which are at higher risk of accessory nerve
iatrogenic injury [14,30].

Nevertheless, this bias was systematically spread over all the patients in the series,
including both approaches, IONM and visualization only during MRND, thus not affecting
the evidence that IONM seemed to decrease the eventuality of shoulder syndrome, while
direct visualization only, without IONM, was associated, in our experience, with both
temporary and permanent nerve injuries. On the other hand, the low prevalence of
accessory nerve injuries observed in our series was certainly related to the large number
of patients with thyroid cancer and neck metastases treated in our institution, which is a
referral center for endocrine surgery [3].

Indeed, it has been proven that, in thyroid surgery, as in all surgical fields, morbidity
is inversely related to the volume of patients treated, due to the increased expertise and the
adequate technologies adopted [31–33].

The use of IONM requires an appropriate learning curve, which may optimize the
clinical benefit of this device—mostly due to a more effective interpretation of the electro-
physiological response during dissection—to prevent and eventually correct inappropriate
maneuvers, as often experienced in recurrent laryngeal nerve dissection with IONM dur-
ing thyroidectomy [34].

Another review by Gane et al. [15] examined the prevalence and incidence of shoul-
der and neck dysfunction after neck dissection and identified the risk factors for post-
operative complications.

The authors showed an incidence of reduced shoulder active range of motion varying
from 5% to 20%, but also observed a prevalence of reduced neck active range of motion, and
prevalence rates for shoulder pain, following MRND of 1–13% and of 0–100%, respectively.
Again, clinical outcomes depended on the surgery carried out and on the modality of
dysfunction measure used.

It is widely accepted that MRND, also known as functional neck dissection, is gener-
ally associated with considerably less morbidity, and for this reason, considering similar
oncologic results, it also largely replaced RND and ERND in advanced disease [18–36].

Although the anatomical integrity of the accessory nerve is always supposed to be pre-
served following MRND, functional impairments are frequently reported, with a relevant
number of patients complaining of at least chronic shoulder pain [16,37]. For this reason,
during MRND, the accessory nerve should be preserved with careful dissection, avoiding
even traction, potential thermal injury, extensive skeletonization and devascularization [3].
As previously shown, patients without an electrophysiological threshold increase usually
do not develop a post-operative clinical impairment [19].

Evidence on the effective role of IONM in MRND are limited in the literature [17],
with few prospective studies [19,20] and only one randomized trial [18] with a limited
number of patients supporting the predictive value of IONM for determining shoulder
function deterioration and activity restriction scores.

A fundamental point in shoulder impairment evaluation is the timing of the follow-up.
Indeed, it is important to consider that shoulder function may improve 6 to 12 months after
nerve-sparing operations [18]; thus, even prolonged clinical manifestations might recover
with a longer follow-up period, in later controls—whereas in the literature the follow-up
period is usually not standardized [16], and in our study a longer follow-up would also
have been beneficial.

Another important issue is to quantify the real clinical impact of electrophysiological
impairment observed post-operatively. Actually, some patients with insignificant IONM
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changes have a good functional prognosis and they may not present with a significant
clinical counterpart due to a minor deterioration in shoulder function, and their activity
restriction scores begin to improve earlier compared to those with poor prognostic findings
on IONM [18].

Among different types of nerve injuries, neurotmesis and axonotmesis present with a
worse prognosis, while neurapraxia, attributed to nerve motor fibers demyelination, results
in short-term dysfunction, and usually recovers by remyelination within 6 to 8 weeks [11].

Furthermore, the function of trapezius muscle is often supported by an active motor
branch from the cervical plexus, which may provide adequate vicarious innervation fol-
lowing accessory nerve injury without evident clinical effects on shoulder function [38].
Thus, as we experienced, clinically the majority of patients with neck dissection do not
show shoulder movement deficits prior to discharge from the hospital because of the latent
effects on trapezius muscle innervation that follow axonotmesis [11].

This can induce a delay in prompt rehabilitation programs and might affect the real
estimate of shoulder function impairment, as probably occurred in our observation.

Again, EMG can help in detecting different degrees of nerve dysfunction, and it is
recommended in the follow-up evaluation. An intensive program of rehabilitation with
specific physiotherapy and physical therapy can improve shoulder function [11,18,39–42],
as we also experienced in our current analysis and in a previous series [3], and should
always be recommended [40].

Furthermore, the clinical impact of nerve injuries is also associated with a significant
economic burden [43,44], with a necessity for future investigations on health-technology-
assessment (HTA) and cost-effectiveness analysis, as already carried out for thyroid
surgery [34]. Finally, a medico-legal issue has to be considered when dealing with technolo-
gies which might improve surgical outcomes. IONM at least provides a clinical, objective
evaluation of nerve function during the surgical procedure and it certifies, despite possible
functional outcomes, the correct identification and dissection of the accessory nerve, when
a threshold increase in the final report is not shown [45].

5. Conclusions

Adoption of MRND as a standard of treatment for lateral lymph node metastases,
appropriate surgical technique, expertise in high volume centres and IONM seem to be
correlated with a reduced prevalence of accessory nerve lesions and consequent contained
functional impairment [2,19,46–48].

Definitive evidence for the usefulness of IONM in reducing the prevalence of accessory
nerve injury or as a method of predicting post-operative shoulder impairment outcomes
following neck dissection is inconclusive at the moment. Although large prospective
randomized controlled trials are required to determine the real impact of IONM in MRND,
several experiences, including the results of the present research, support a potential benefit
during dissection and show a correlation with improved functional outcomes.
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Abstract: (1) Background: The incidence of papillary thyroid cancers is increasing. Papillary neo-
plasm metastasizes to the central and lateral lymph nodes of the neck. The recurrence rate is less than
30%. The gold standard of treatment for lymph node recurrences is surgery, but surgery is burdened
by a high rate of complications. Therefore, laser ablation of recurrent lymph nodes has been recog-
nized as an alternative treatment with minimal invasiveness, a low complication rate and a curative
effect. (2) Methods: We analyzed 10 patients who underwent a total thyroidectomy and metabolic
radiotherapy and who developed a lymph node recurrence in the laterocervical compartment in
the following 12–18 months. (3) Results: Patients developed lymph node recurrence at IV and Vb
levels in 70% and 30% of cases, respectively. All patients were treated with a single laser ablative
session. Hydrodissection was performed in all patients. The energy delivered was 1120 ± 159.3 Joules
and 3–4 Watts in 362 ± 45.7 s. No complications were reported. All patients underwent a 6-month
follow-up. A volumetric reduction of 40.12 ± 2.2%, 49.1 ± 2.13% and 59.8 ± 3.05%, respectively at 1-,
3- and 6-months of follow-up was reported. (4) Conclusions: At 6 months, a fine needle aspiration
was performed, which was negative for malignant cells and negative for a dosage of Thyroglobulin
in eluate. The laser ablation is an effective alternative to surgical treatment.

Keywords: thyroid carcinoma; laser ablation; papillary thyroid carcinoma; lymph nodes metas-
tases; recurrence

1. Introduction

In the last decade, we have seen an exponential increase in the incidence of mi-
crocarcinomas (PTMC) and papillary thyroid carcinoma (PTC) due to easier access to
imaging methods. This is associated with an increase in the diagnosis of synchronous and
metachronous lymph node metastases. This event has opened new clinical and therapeutic
scenarios [1–3]. PTC spreads by the lymphatic route; in 30% of cases it can be associated
with synchronous lymph node metastases and in 30% of cases with metachronous lymph
node metastases [4]. The gold standard treatment of both synchronous and metachronous
lymph node metastases is surgery, which involves an extensive lymphectomy of the latero-
cervical and/or central compartments or a lymphectomy of one or more compartments.
Surgery is burdened by a higher rate of major complications in the case of reoperations
and in patients treated with metabolic radiotherapy, greater than in the primary interven-
tion [4,5]. In recent decades, due to complications, several minimally invasive techniques
have been perfected such as percutaneous ethanol injection (PEI), percutaneous laser abla-
tion (LA), microwave ablation and radiofrequency ablation (RFA) [6–9]. US-guided LA has
played a prominent role due to the ability to perform ablations of small lesions safely [7].

In 1960 the first handcrafted laser with a ruby was made [10]. Since then, the laser
technique has undergone considerable developments and it has been applied in various
medical fields. In 1962 the ruby laser was used for the first time in medicine, retinal
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surgery and dentistry [11–13]. Today, there are various types of lasers. The LA is a type
of minimally invasive procedure. The use of LA must always be supported by scientific
evidence, due to the complications and the side effects deriving from incorrect use.

LA was first used in the treatment of thyroid disease in the 2000s. Today it is routinely
used in the ablation of symptomatic benign thyroid nodules, recurrence, and lymph node
metastases. LA is used in the treatment of metastatic lymph nodes lesions due to the
possibility of inducing small volumes of well-defined and predictable tissues necrosis. This
feature makes LA suitable for the ablative treatment of metachronous metastases, adjacent
to delicate anatomical structures.

Our study analyzes retrospectively the first 10 cases that underwent LA of the
metastatic lymph nodes after a total thyroidectomy and radiometabolic therapy for PTC.
The treated lymph node metastases occurred in the 12–18 months following the radiometabolic
treatment with I131. Recurrence was diagnosed by serum thyroglobulin (Tg) elevation, a
positive ultrasound, a fine needle aspiration positive for malignant cells and positive Tg in
the eluate.

2. Materials and Methods

We retrospectively collected data from 10 consecutive patients undergoing LA treat-
ment of metachronous lymph node metastases at the Department of Endocrine and
Ultrasound-Guided Surgery of the “Ospedale del Mare”, Naples, Italy. The patients
enrolled in the study were referred to our department in the period between December
2017 and June 2018 for the surgical treatment and in the period between June 2019 and
December 2020 for the LA treatment. All included patients underwent a total thyroidec-
tomy and subsequent metabolic radiotherapy (RAI) for the diagnosis of PTC, according to
the American Thyroid Association (ATA) guidelines [4]. During oncological follow-up, all
patients had an increase in serum Tg levels > 20 μg/L. Patients referred for LA treatment
had a high surgical risk of comorbidities and/or had refused further surgery or were
ineligible for a second RAI treatment. All cases were evaluated in the multidisciplinary
oncological group prior to treatment.

The Campania Centro ethics committee approved the protocol and all patients signed a
written informed consent. All procedures were performed in accordance with the Helsinki
Declaration.

We included patients over 18 years with a histological diagnosis of PTC in the
12–18 months prior to ablative treatment. All patients were treated with a total thyroidec-
tomy and RAI. During the follow-up, all patients showed an increase in serum Tg (values
> 20 μg/L) and ultrasound evidence of pathological lymph nodes in the laterocervical com-
partment. All patients underwent a fine needle aspiration cytology (FNAC) of the lesion,
which showed the presence of malignant cells and Tg values in the eluate >5000 μg/L.
The volume of the lesion was calculated during the ultrasound examination. A complete
history and preoperative hematological evaluation were collected in an electronic database.
We evaluated patients’ hematological tests: complete blood cells count, thyroid function
and thyroid antibodies. The B-mode ultrasound examination was performed to evaluate
the lymph node level, the lesion’s volume and the presence of further metastases. Clinical
and demographic data (age, sex, volume of nodal metastasis, level of metastasis) were
collected in an electronic database.

Patients followed an ultrasound follow-up program after laser ablative treatment, with
a timing of 1-, 3- and 6-months. During the follow-up, we calculated the treated lesion’s
volume in ml, the volumetric reduction in percentage compared to the pre-treatment
volume and the serum Tg value. At the end of the 6-month follow-up, we performed a
lesion’s FNAC. In all treated cases we obtained a negative cytology for malignant cells and
absence of Tg in the eluate.

The ultrasound examination was conducted with a 7.5–12 MHz linear probe (MyLab™
ClassC and MyLab™ 9 Platform, Esaote Biomedica, Genova, Italy). The basal volume of
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the lymph node lesion was calculated using the software. Vascularity was studied by Color
Doppler (CD) examination and slow flow analysis.

We analyzed the number of laser fibers used, the Watts, the Joules and the time
expressed in seconds. We used a continuous wave multi-source laser system with a length
of 1064 nm (EchoLaser ModiLiteTM, Elesta SpA, Calenzano, Italy). The procedures were
performed with ultrasound guidance and with a free hand technique. Currently, EchoLaser
can now be used with a recently released new software (available with the ESI, EchoLaser
Smart Interface) for a more precise and safer planning of the procedure. The laser generator,
connected to the optical fiber, produces an illumination of the optical fiber which generates
heat in tissues adjacent to the tip by. The temperature increase induces the denaturation of
the proteins and irreversible cell damage. The energy produced decreases exponentially
distancing from the tip of the optical fiber.

The patients underwent a single LA session. The procedure was performed by placing
the patients in a supine position with a moderate hyperextension of the neck. We performed
a pericapsular local anesthesia with 2% Lidocaine.

The applicators used were 21 Gauche (G) needles. The output power varied from 3
to 5 Watts (W) and in our population we used an output power of 3 W in nine cases and
a power of 4 W in only one case, due to the lymph node’s volume. The fibers used were
quartz optical fibers with a flat tip and a diameter of 300 microns. The applicators were
inserted into the target lesion through guides applied to the probe with different angles
of incidence depending on the pre-treatment planning. The procedure began with the
insertion of the 21G introducer into the target lesion along its major axis. The treatment
was performed with a prefixed power, while the lighting time of the optical fiber varied
according to the volume to be treated. The 21G applicators allow atraumatic, precise and
multiple positioning of the fibers. More optical fibers can be used, as in one of the cases
presented, with a distance of at least 0.8 cm. The tip of the fiber must have a minimum
safety distance of 5–10 mm from the anatomical structures of the neck. We performed
a preliminary hydrodissection with a 5% glucose solution to ward off the lymph node
metastases from the anatomical structures of the neck [14–16].

We performed the “pullback” technique in one case. The “pullback” technique can
be used in the treatment of lesions with a major axis greater than 2 cm [7]. The technique
allows the enlargement of the area to be ablated and the planning made at the beginning of
the procedure to be respected. On the ultrasound, the ablated area appears hyperechoic due
to the micro bubbles created by the evaporation of liquids. The hyperechoic area increases
its size as the volume of the necrosis area increases. The treatment can be considered
concluded when the volume of the hyperechoic area remains stable. The evaluation of the
treatment’s effectiveness is performed through the Color Doppler (CD) analysis [14–17].
The real volume of the area subjected to ablation can be determined 72 h after the end of
the treatment, as the cell damage becomes permanent [14].

At the end of the procedure the functionality of the vocal cords was evaluated with an
ecolaryngoscopy.

All patients were discharged two hours after the procedure in the absence of any type
of symptoms. There were no cases of major or minor complications.

Statistical analysis was performed with SPSS version 23 (SPSS©, Chicago, IL, USA).
Continuous variables were described as mean, standard deviation (SD) and range, while
categorical variables were described as number of cases and the percentage.

3. Results

We retrospectively enrolled 10 patients (5 males and 5 females) treated with a single LA
session for a single lymph node recurrence. All patients had a diagnosis of classic variant
PTC that had been previously treated with a total thyroidectomy and RAI. The demographic
characteristics are showed in Table 1. The mean age was 40.2 years (±17.98 SD). All patients
were treated with suppressive therapy with L-thyroxine. During the oncological follow-up,
all patients had an increase in the serum Tg value greater than 20 μg/L. The increase
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in serum Tg was followed by an ultrasound of the neck which revealed the presence of
disease. There were seven metastatic lymph nodes at level IV and three at level Vb with a
baseline volume of 1.82 mL (±3.45 SD). In all cases, a FNAC of the suspected lesion was
performed with a Tg assay on the eluate. Data are reported in Tables 1 and 2.

Table 1. Demographic and clinical data of the study population (FNAC, fine needle aspiration
cytology; Tg, thyroglobulin; mL, milliliter).

Data Population

Gender
Male 5 (50%)

Female 5 (50%)

Age 40.2 ± 17.98

FNAC Positive for malignant cell

Eluate Tg >5000 μg/L

Lymph node level
IV 7 (70%)
Vb 3 (30%)

Side
Right 4 (40%)
Left 6 (60%)

Lymph node volume 1.82 ± 3.45

Fiber optic 1.01 ± 0.31

Watt 3.1 ± 0.31

Time in second 531.86 ± 109.5

Joule 1256 ± 396

1-month volume in ml 1.12 ± 2.18

% reduction at 1 month 40.12 ± 2.2

3-months volume in ml 0.88 ± 1.65

% reduction at 3 months 49.1 ± 2.13

6-months volume in ml 0.706 ± 1.30

% reduction at 6 months 59.8 ± 3.05

Table 2. Demographic and clinical data of the included patients.

Patient Gender Age FNAC Eluate Tg
(μg/L)

Lymph
Node Level

Side
Lymph Node
Volume (mL)

Fiber Optic Watts
Time

(Seconds) Joules

1 Male 20 Positive >5000 IV Right 0.7 1 3 270 810
2 Male 19 Positive >5000 IV Right 0.35 1 3 365 1095

3 Male 19 Positive >5000 IV Right 0.25 1 3 365 1095

4 Female 59 Positive >5000 Vb Left 11.58 2 4 340 2720

5 Female 59 Positive >5000 IV Left 0.46 1 3 335 1005

6 Female 63 Positive >5000 IV Left 1.27 1 3 420 1260

7 Male 28 Positive >5000 IV Right 1.32 1 3 400 1200

8 Female 35 Positive >5000 VB Right 1.05 1 3 395 1185

9 Female 48 Positive >5000 VB Left 0.79 1 3 325 975

10 Female 52 Positive >5000 IV Left 0.98 1 3 405 1215

The size and margins of the metastases determined the number of laser fibers used. In
metastases of less than 1 cm of maximum diameter (nine cases), only one fiber was used,
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while in metastases greater than 1 cm of maximum diameter (only one case), two laser
fibers were used.

The treatment protocol, W and Joules, was planned before the start of the procedure
by the expert operator (S.S.). An output power of 3 W was used in nine cases, while a
power of 4 W was used in only one case for a mean of 531.86 s (±109.5 SD) and a mean of
1256 Joules (±396 SD). The data relating to individual cases analyzed are shown in Table 2.

After laser ablation treatment, the mean volume of the nodule was 1.12 ± 2.18 mL
with a 40.12% reduction in volume 1 month after treatment. After 3 months the mean
volume was 0.88 ± 1.65 mL with a 49.1% reduction in volume and after 6 months the mean
volume was 0.706 ± 1.30 mL with a 59.8% reduction in volume (Table 3). The data showed
a volume reduction of 60% after 6 months, but the most significant data were the absence
of malignant cells at the FNAC performed after 6 months, the absence of Tg in the eluate
and absent serum Tg values.

Table 3. Clinical data of volume reduction in the lymph nodes metastases treated with laser ablation.

Patients 1 Month
Volume (mL)

% Reduction
at 1 Month

3 Months
Volume (mL)

% Reduction
at 3 Months

6 Months
Volume (mL)

% Reduction
at 6-Months

1 0.1 42 0.08 50 0.07 60
2 0.22 37.2 0.19 45 0.16 55
3 0.15 40 0.13 48 0.11 56
4 7.3 37 5.56 52 4.4 62
5 0.22 43 0.2 47 0.26 57
6 0.74 42 0.62 51 0.48 62
7 0.76 42 0.64 51 0.49 63
8 0.61 41 0.53 50 0.38 64
9 0.48 39 0.4 49 0.32 59
10 0.61 38 0.51 48 0.39 60

The ablative techniques were conducted by one skilled operator (S.S.) of a tertiary thyroid center. There were no
major complications or minor complications.

4. Discussion

The treatment of PTC is a total thyroidectomy with or without central lymphadenec-
tomy followed or not followed by RAI therapy depending on the histotype and the presence
of mutations [4]. Lymph node recurrence can occur in about 1–2% of patients after sur-
gical and RAI therapy [4]. Lymph node recurrences can be treated with surgery or with
additional RAI therapy, even if reoperations are burdened by a very high rate of major
complications (25% of cases of vocal cord palsy) and metabolic radiotherapy is burdened
by a very high failure rate when repeated [4]. In fact, various studies have shown that
neoplastic cells subjected to repeated RAI therapies lose the ability to pick up radioactive
iodine [4]. Ultrasound-guided mini-interventional procedures are an effective and safe
alternative [6–9]. The minimally invasive ultrasound-guided procedures have been devel-
oped and validated. They can be performed repeatedly without an increased complication
rate, without hospitalization and general anesthesia; all characteristics well accepted by
patients. PEI was the first treatment used but was soon abandoned due to the unpredictable
spread of alcohol [18]. Subsequently, RFA took over due to its ability to generate a complete
necrosis of the lesion, even if burdened by high complication rates [19]. LA appears to be
the safest and the most effective technique.

The LA technique of body tissues was proposed in 1983 by Bown and has undergone
numerous revisions, standardizations and experiments [20]. Numerous data have emerged
from the literature in support of minimally invasive ablative techniques. Dupuy et al. [21]
treated eight cases of lymph node metastases with RFA; all healed with a single application
but two cases of major complications were reported. Kim et al. [22] reported a series of
73 patients with lymph node recurrence, 27 treated with RFA and 46 treated with surgery.
The study did not show statistical differences between the two groups in relation to disease
free survival at 1 and 3 years. Unlike other techniques, LA is preferred in the treatment of
thyroid pathologies due to the size of the introducers, which are reduced, easily reaching
the target tissue with a low risk of tissue injury and bleeding. The thermic energy used
allows a precise ablation of small volumes, reducing heat dissipation and the subsequent
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necrosis of the surrounding tissues. In cases of large lesions, multiple needles can be used
simultaneously to increase the volume of the necrosis area. Mauri et al. [3] presented a
series of 24 patients treated with LA for PTC’s lymph node recurrence. The study showed
that 86.9% of patients had a complete ablation 30 months after treatment and in 79.1% of
patients no disease was detected on imaging methods. In only five cases a second session
was required and no increase in the complications rate was reported. Zhou et al. [23]
published a study on 81 patients with PTMC, 36 treated with LA and 45 treated with a
lobectomy with a unilateral sixth compartment lymphectomy. The study showed that, with
a mean follow-up of 49.2 months and 48.5 months, respectively, no patients developed
lymph node recurrences. Therefore, LA can be considered an alternative treatment for
patients who are unsuitable for or who refuse surgery.

Our series of 10 patients showed that a normalization of serum thyroglobulin levels,
the absence of neoplastic cells in the control FNC and the absence of Tg in the eluate
were recorded 6 months after the ablative treatment. In only one case we used two laser
fibers due to the large size of the lesion and neither major nor minor complications were
reported. The risk of ablative treatment in relation to lymph node recurrences is thermic
injury to the nerve structures; we reduced this risk by practicing a hydrodissection, with a
5% glucose solution, of the lesion and reducing the power and increasing the application
time. Figure 1 shows one of the cases included in our case series. Image A shows the lymph
node recurrence prior to the treatment. Image B shows the tip of the laser fiber in the center
of the lesion before the ablative treatment was started. Image C shows the ultrasound at
6 months. The lymph node lesion appears as a hypoechoic area with a hyperechoic halo
(image of scarring fibrosis).

   
(A) (B) (C) 

Figure 1. The images (A) show a lymph node recurrence to treat with laser ablation. Image (B) shows the tip of the laser
fiber in the center of the lesion before the start of the ablative treatment. Image (C) shows the ultrasound follow-up at
6 months. The lymph node recurrence appears as a hypoechoic area with a hyperechoic halo (image of scarring fibrosis).

Our data demonstrate that LA of PTC’s lymph node recurrence is a viable treatment.
This technique allows a reduction in the surgical treatment of metachronous metastases
from PTC with the reduction in morbidity associated with a reoperation.

It is useful in cases of multiple lymph node recurrences occurring during the follow-up,
even after previous treatment. All these patients would be candidates for a lymphadenec-
tomy with an exponential increase in complications.

However, our study had limitations: the sparse case history, the absence of randomiza-
tion of the population, the impossibility of comparison with other techniques and the lack
of follow-up at 5 and 10 years. This is a preliminary study; further analyses are needed.

5. Conclusions

LA represents a safe, effective and minimally invasive alternative to surgery in the
treatment of lymph node recurrences from papillary thyroid carcinoma treated with surgical
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therapy and metabolic radiotherapy. This technique allows a total necrosis of the metastatic
lesion associated with a reduced complications rate compared to surgical treatment.
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Abstract: Family history of thyroid cancer increases the risk of harboring thyroid malignancies
that end up having extrathyroidal extension (ETE) and multifocality on histology; some authors
suggest a more aggressive surgical approach. Their pre-operative identification could allow more
conservative surgical procedures if none of these features are suspected. Our aim was to assess if neck
ultrasonography could identify or exclude multifocality or ETE in these patients to tailor the extent
of surgery. This retrospective study included patients with previous thyroid surgery, ≥1 first-grade
relative with thyroid cancer, and who had undergone pre-surgical ultrasound. ETE was suspected in
the case of thyroid border interruption or gross invasion of perithyroidal tissues. Multiple suspicious
nodules were defined as suspicion of multifocal cancer. The cohort consisted of 45 patients (median
age 49 years, 40 with thyroid cancer, 30 females). The positive predictive value of ultrasonography
in predicting multifocality and ETE was 57.14% (25.25–84.03) and 41.67% (21.5–65.1%), respectively,
while the negative predictive values were 63.2% (56.4–69.4%) and 72.7% (63.3–80.5%). Pre-operative
ultrasound examination is unable to reliably identify or exclude multifocal disease or extrathyroidal
extension. In patients scheduled for surgery and with a first-degree relative affected by DTC, a
“negative” pre-operative US report does not exclude the potential finding of multifocality and ETE at
final histopathology.

Keywords: TIRADS; thyroid cancer; thyroid nodules; multifocality

1. Introduction

Differentiated thyroid cancer (DTC) is commonly associated with a good prognosis
and excellent survival rates [1]. Treatment strategies for DTC patients are increasingly
tailored to individual patients’ needs to guarantee that the benefits of more aggressive
(or conservative) therapies outweigh the risks of adverse outcomes. This approach is
advocated by international guidelines [2,3], with some issues still debated [4]. Given the
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low risk of death from DTC, treatment plans mostly rely on estimates of patients’ risk of
persistence or recurrence of disease, which guides decisions on surgery (e.g., lobectomy
vs. total thyroidectomy vs. total thyroidectomy with prophylactic central neck dissection)
and post-surgical treatment (e.g., radioiodine administration). Many tumor characteristics,
including size, multifocality, extra-thyroidal extension (ETE), vascular invasion, incomplete
surgical resection, lymph node involvement, and metastasis, have been associated with
an increased risk of recurrence, warranting a more aggressive surgical approach and/or
radioiodine treatment [2,3].

A family history of DTC is associated with some of these higher-risk features. Familial
cases are characterized by younger age at presentation, increased risk of recurrence, and
potentially more aggressive disease, with tumors showing multifocality and extra-thyroidal
extension (ETE) more frequently than sporadic cases. However, the clinical implications of
these findings on tumor screening, treatment, and prognosis remain controversial [5–7].
In total, 5–15% of DTC cases can be defined as familial in the context of multiple tumor
syndromes (such as FAP, Gardner, Peutz–Jeghers syndromes, and Carney complex), or as
familial non-medullary thyroid cancers (FNMTC) when at least two or three first-degree
relatives are affected by DTC [6,8]. Having only one first-degree relative affected by DTC
does not satisfy FNMTC criteria, but it has indeed been associated with some of its clinical
features, including the histological presence of multifocality and ETE [5]. This may be
partially explained by the fact that at least some of these cases are indeed familial forms
that have not met diagnostic criteria yet [6].

Since familiarity increases the risk of both ETE and multifocality, more aggressive
therapeutic approaches are advocated by default by some authors to prevent recurrences
in patients with a family history of DTC. Nevertheless, a reliable preoperative assessment
of ETE and multifocality may allow clinicians to propose a more conservative surgical
approach (i.e., lobectomy) if none of these features are suspected. On the other hand, the
identification of ETE and multifocality can favor total thyroidectomy and reduce the risk of
having to perform a completion thyroidectomy [9]. Thyroid ultrasound (US) can be used
to this scope, as it is the most informative imaging technique in evaluating number, size,
location and characteristics of both thyroid nodules [10] and loco-regional lymph nodes [11].
US predictive power in identifying ETE when compared to post-surgical histopathological
results is variable and suboptimal, and relevant interobserver variability has been reported;
even so, neck US could be useful especially as a rule-out test given the higher negative
predictive value reported in several studies [12,13].

In this study, we aimed to assess if preoperative neck US can identify or exclude multi-
focality and/or ETE in patients scheduled for surgery for a suspicious thyroid nodule and
with family history of DTC, to clarify whether such history represents an “unpredictable”
risk factor that warrants broader surgery, or if it is associated with detectable features
allowing for tailored conservative treatment.

2. Materials and Methods

We carried out a retrospective observational study at the Thyroid Disease Clinic in
Sapienza University of Rome. All patients met the following inclusion criteria: (a) previ-
ous thyroid surgery for sonographically and/or cytologically suspicious thyroid nodules;
(b) complete histopathological report; (c) at least one first-grade relative affected by DTC
(as known at the time of surgery); and (d) at least one pre-surgical neck ultrasound with
available images and/or report, carried out to evaluate suspicious thyroid nodules, to
perform FNA procedures, or as pre-surgical mapping. All patients were retained in the final
analysis regardless of the final histological diagnosis. Ultrasound images and reports were
examined by an experienced clinician (G.G.) to assess the suspicion of extra-thyroidal ex-
tension and/or multifocal disease between November 2015 and December 2020. While this
specific analysis was retrospectively performed, the reporting and collection of sonographic
features was part of a prospective, pre-specified study; sonographic examinations were
performed at the Thyroid Disease Clinic following a standard ultrasound scanning protocol.
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Specifically, extra-thyroidal extension was suspected in the presence of images suggestive
of thyroid border interruption or of nodular invasion of perithyroidal tissues. Suspicion
of multifocal disease was defined if multiple suspicious nodules were visible. American
College of Radiology (ACR) Thyroid Imaging Reporting and Data System (TIRADS) scores
were determined for each patient in order to estimate their malignancy risk.

Histopathological reports were examined to identify the description of microscopic or
macroscopic extra-thyroidal extension and unilateral (including lesions in one lobe and
isthmus) or bilateral multifocal disease.

US performance was assessed using the final histology report as the reference stan-
dard, using Fisher’s exact test to determine the statistical significance of US findings, and
estimating sensitivity, specificity, positive and negative LR, and accuracy, each with 95% CI.
Statistical analysis was performed with Microsoft Excel and MedCalc Software.

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Ethics Committee of Sapienza University of Rome (protocol code
4233, 12 December 2016). Informed consent was obtained from all subjects involved in
the study.

3. Results

The final cohort consisted of 45 patients with a family history of thyroid cancer and
complete sonographic data, aged 24 to 79 (median 49; IQR 3–63), mostly female (67%).
Overall, 5 patients belonged to kindreds with 1 family member affected by DTC, 30 patients
to kindreds with 2 DTCs, and 10 patients to kindreds with 3 or more DTCs. Relevant clinical
features of this cohort are summarized in Table 1.

Table 1. Clinical, sonographic, and pathological features of the study cohort.

Clinical Features n. or Median % or IQR

Age (years) 49 39–63
Gender, female 30 67
Gender, male 15 33

Pre-Surgical Cytology 1:
Not available/nondiagnostic (category Tir 1) 8 18

Benign (category Tir 2) * 4 9
Indeterminate (categories Tir 3A and 3B) 15 33

Suspicious (category Tir 4) 9 20
Malignant (category Tir 5) 9 20

Sonographic Features n. %

Single nodule 9 20
Multiple nodules, unilateral 11 24
Multiple nodules, bilateral 25 56

Suspicion of:
Multiple malignant foci, unilateral 0 0
Multiple malignant foci, bilateral 7 16

Extra-thyroidal extension 12 27

Histology Report n. or median % or IQR

Tumor size (mm) * 8 5–13.5
PTC, classic variant 23 51

PTC, follicular variant 10 22
PTC, solid variant 1 2

PTC, variant not specified 3 7
FTC, minimally invasive 2 4
Anaplastic thyroid cancer 1 2

Benign * 5 11
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Table 1. Cont.

Clinical Features n. or Median % or IQR

Multiple malignant foci, unilateral 5 11
Multiple malignant foci, bilateral 13 29

ETE, microscopic 13 29
ETE, macroscopic 1 2

Total 45 100
1 Results according to the Italian Thyroid Cytology Classification System. Abbreviations: ETE: extrathyroidal
extension; FNAC: fine-needle aspiration cytology; FTC: follicular thyroid cancer; PTC: papillary thyroid cancer.
* Small foci of thyroid cancer were reported in this study even when the nodule submitted to cytology was shown
to be benign, given the specific aim of the study. Patients with final benign histology were retained in the analysis
because the whole cohort was submitted to surgery for concerns of malignancy (cytological or sonographical
suspicion, in the context of family history of thyroid cancer) and the pre-surgical sonographic evaluation was
performed for suspected cancer.

Thirty-seven patients had undergone FNA of suspicious nodules, classified according
to the Italian Thyroid Cytology Classification System [14] as TIR2 to TIR5 (with indeter-
minate TIR3 class divided in a lower-risk group, TIR3A, and a higher-risk group, TIR3B),
which approximately correspond to Bethesda [15] classes II to VI. One other patient had a
FNA result of TIR1 (non-diagnostic). Seven patients had no FNA reports (not performed
or not available).

3.1. Ultrasound and Surgical Pathology Results

US neck images and reports review showed that 25 (56%) patients had bilateral
nodules, and 11 (24%) had unilateral multinodular disease; 9 (20%) patients had a solitary
nodule. Of the 25 patients with bilateral nodules, 7 (16%) had a suspicion of bilateral
multifocal DTC because of the presence of at least two suspicious nodules in the two lobes.
The remaining 18 patients with bilateral nodules and the 11 patients with unilateral nodules
had only one suspicious lesion, therefore having no suspicion of multifocality. Disruption
of the thyroid capsule or a clear invasion of perithyroidal tissue was observed in 12 patients
(27%) (Table 1).

Histological examination revealed 5 cases of benign adenomas and 40 cases of thyroid
cancer, mostly papillary thyroid cancer. The median diameter of malignant nodules was
8 mm (IQR 5–13.5). A total of 18 patients (40%) had bilateral (n = 13) or unilateral (n = 5)
multifocal disease. Microscopic ETE was observed in 13 cases (29%), while macroscopic
ETE was observed in just one case (Table 1).

3.2. Diagnostic Performance of US Examination

The crosstabulations of US and surgical pathology reports for multifocality and ex-
trathyroidal extension are illustrated in Tables 2 and 3, respectively. Among the 7 patients
with US suspicion of multifocality, 4 (57%) had multifocal disease according to pathology
reports. 14 (37%) out of 38 patients without multiple suspicious nodules had multifocal
disease anyway. ETE, on the other hand, was observed in 5 cases (42%) out of 12 suspicious
US figures, and in 9 (27%) cases out of 33 without such appearances.

Table 2. Multifocality according to US and histopathological reports.

US Features Histopathological Features Total

Multifocality No multifocality
Multifocality 4 (57%) 3 (43%) 7

No multifocality 14 (37%) 24 (63%) 38
Total 18 27 45
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Table 3. Extrathyroidal extension according to US and histopathological reports.

US Features Histopathological Features Total

ETE No ETE
ETE 5 (42%) 7 (58%) 12

No ETE 9 (27%) 24 (73%) 33
Total 14 31 45

Table 4 summarizes the diagnostic performance of US findings in predicting multi-
focality and ETE. Even though absolute frequencies of confirmed ETE and multifocality
seem to be higher in patients with US suspicion of these characteristics, the performance
is not statistically significant, nor clinically useful. This is reflected in the non-significant
results of positive and negative likelihood ratios.

Table 4. Diagnostic performance of US findings in predicting multifocality and ETE.

Multifocality ETE

value 95% CI value 95% CI
Sensitivity 22.2% 6.41% to 47.64% 35.71% 12.76% to 64.86%
Specificity 88.89% 70.84% to 97.65% 77.42% 58.90% to 90.41%
Positive LR 2.00 0.51 to 7.89 1.58 0.61 to 4.12

Negative LR 0.88 0.66 to 1.16 0.83 0.54 to 1.28
PPV 57.14% 25.25% to 84.03% 41.67% 21.50% to 65.07%
NPV 63.16% 56.42% to 69.42% 72.73% 63.33% to 80.46%

Accuracy 62.22% 46.54% to 76.23% 64.44% 48.78% to 78.13%
ETE: extra-thyroidal extension; LR: likelihood ratio; PPV: positive predictive value; NPV: negative predictive value.

We then evaluated whether more suspicious nodules, based on the ACR TIRADS
classification, were more likely to have ETE or multifocal disease. Only nodules classified
as TR5 have a higher rate of ETE at histology (Table 5).

Table 5. Extrathyroidal extension and multifocality according to ACR TIRADS classification.

ETE Multifocality
Total

No Yes No Yes

ACR
TIRADS

TR2 4 (100%) 0 (0%) 4 (100%) 0 (0%) 4
TR3 2 (100%) 0 (0%) 2 (100%) 0 (0%) 2
TR4 13 (81%) 3 (19%) 10 (63%) 6 (37%) 16
TR5 12 (52%) 11 (48%) 11 (48%) 12 (52%) 23

p 0.077 0.141
TR2 to TR4 19 (86%) 3 (14%) 16 (73%) 6 (27%) 22

TR5 12 (52%) 11 (48%) 11 (48%) 12 (52%) 23
p 0.023 0.130

Total 31 (69%) 14 (31%) 27 (60%) 18 (40%) 45
ACR: American College of Radiology; ETE: extra-thyroidal extension; TIRADS: Thyroid Imaging Reporting and
Data System.

4. Discussion

In recent years, the clinical guideline recommendations were revised in order to avoid
over-diagnosis in patients with low-risk thyroid nodules, aiming to promptly identifying
patients with advanced or high-risk tumors requiring aggressive treatment approaches [16].
This involved discouraging screening programs [17,18], biopsy of suspicious subcentimeter
nodules [10], and favoring less extensive surgery [19,20] and radioiodine use [21], as well
as reducing the burden of post-surgical follow-up examinations [22,23]. These efforts are
consistent with the general trend in reducing low-value care [24]. Some of these recom-
mendations do not apply to patients with one or more first-degree relatives with a history
of thyroid cancer due to the potentially more aggressive nature of their neoplasms [6,25].
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According to some reports, patients with first-degree relatives affected by DTC have an
increased risk of multifocality and extrathyroidal extension: these findings, according to
some authors, would justify a more extensive surgery [26]. Actually, when thyroid surgery
is advocated for a suspected familial thyroid cancer, a number of consensus statements
report data to favor total thyroidectomy (e.g., Japan Association of Endocrine Surgery [19],
and the American Association of Endocrine Surgeons documents [27]). The debate on
whether familiarity can be counted as a risk factor in DTC patients is still ongoing, with
some studies reporting more aggressive behavior and a higher rate of recurrence [28–30],
and other studies finding no differences [31]. Still, the impact of microscopic ETE on disease
recurrence is not clear, as some studies reported no difference between patients with and
without microscopic ETE [32], while a recent meta-analysis documented an increased risk
(with no effect on survival) [33].

In this study, we evaluated whether pre-operative US examination of patients eligible
for surgery for a suspicious thyroid nodule and a family history of thyroid cancer was able
to identify features suggestive of multifocality and microscopic extrathyroidal extension
in order to potentially restrict total thyroidectomy to individuals in which one of these
situations was detected or suspected. We have found that ultrasonography was not able to
reliably detect microscopic extrathyroidal involvement or multifocal disease, as reported
by the surgical pathology report. These results are consistent with most of the studies
conducted on not selected DTC cohorts [12,13,34]; in some cases, with sufficient NPV to rule
out ETE [35]. Some authors reported better performance of neck US in detecting thyroid
cancer minimal extrathyroidal extension (with a NPV of 76.2% and a PPV of 81.4%) [36].
The latter study, however, evaluated larger tumors (1.81 ± 0.61 cm in patients with ETE),
and the matching of the nodule identified by sonography and histopathology was not
guaranteed. Another possible explanation of this discrepancy is that in our cohort, we
retained nodules that were confirmed to be benign, but were sonographically assessed as
potentially malignant. This figure dilutes the number of nodules that may actually have an
extrathyroid extension at final histology. Not surprisingly, we have only found that more
suspicious nodules (classified as ACR TIRADS 5) are more likely to present with ETE: it
was reported that irregular margins increase the risk of completion thyroidectomy [37].

The present study has some limitations. First of all, the sample size was quite small,
and more insight may be derived by the study of larger cohorts; for the same reason, we
were unable to stratify our cohort according to the number of affected relatives (FNMTC is
usually defined as the occurrence of the disease in two or more first-degree relatives of the
patient). Furthermore, in the case of multifocal cancer, the size of the non-dominant foci is
not available in many cases, not allowing for a stratification of very small foci (<1 mm) and
larger foci, potentially assessable by sonography.

It remains to be elucidated whether ETE or microscopic involvement of the same or
contralateral lobe affects the short and long-term outcomes of DTC patients and justifies a
more aggressive surgical approach: their impact in the context of a familial DTC occurrence
is still uncertain [6,38].

5. Conclusions

In patients with one or more first-degree relatives with DTC scheduled for surgery
for suspicion of thyroid malignancy, pre-operative ultrasound examination is unable to
reliably identify or exclude multifocal disease or extrathyroidal extension. Thus, the extent
of the surgical approach cannot be reduced by a “negative” US report if clinicians and
patients are worried about the potential subsequent pathological findings of multifocality
and ETE.
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Abstract: The incidence of thyroid cancer has dramatically increased over the last few decades, and
up to 60% of patients have multifocal tumors. However, the prognostic impact of multifocality
in patients with papillary thyroid carcinoma (PTC) remains unestablished and controversial. We
evaluate whether multifocality can predict the recurrence of PTC. A total of 1249 patients who
underwent total thyroidectomy for PTC at the Ewha Medical Center between March 2012 and
December 2019 were reviewed. In this study, multifocality was found in 487 patients (39.0%) and the
mean follow-up period was 5.5 ± 2.7 years. Multifocality was associated with high-risk features for
recurrence, including extrathyroidal extension, lymph node metastasis, and margin involvement.
After adjustment of those clinicopathological features, 10-year disease-free survival was 93.3% in
patients with multifocal tumors, whereas those with unifocal disease showed 97.6% (p = 0.011).
Multivariate Cox regression analysis indicated that male sex (HR 2.185, 95% CI 1.047–4.559), tumor
size (HR 1.806, 95% CI 1.337–2.441), N1b LN metastasis (HR 3.603, 95% CI 1.207–10.757), and
multifocality (HR 1.986, 95% CI 1.015–3.888) were independent predictors of recurrence. In conclusion,
multifocality increased the risk of recurrence in patients with PTC. Patients with multifocal PTCs
may need judicious treatment and follow-up approaches.

Keywords: papillary thyroid carcinoma; multifocality; recurrence

1. Introduction

Thyroid cancer is one of the more common cancers worldwide, and its incidence
has rapidly increased over the last few decades [1]. In 2018, 567,233 patients were newly
diagnosed with thyroid cancer, accounting for 3.1% of total cancer cases. Papillary thyroid
carcinoma (PTC) represents more than 80% of all thyroid malignancies, which usually
have a favorable prognosis [2]. Nevertheless, up to 50% of patients experience cancer
relapse, including loco-regional recurrences or distant metastases [2,3]. Many studies have
attempted to differentiate these patients at high risk from the population with excellent
outcomes [4,5]. Several clinicopathological factors, including tumor size, extrathyroidal
extension (ETE), and multifocality of tumor have been investigated to predict recurrence.

Multifocality has been considered as a prognostic marker for the recurrence of PTC [6,7].
The latest American Thyroid Association (ATA) and the European Thyroid Association
(ETA) guidelines included multifocality as a risk factor for recurrence [8,9]. Although
multifocality alone without other risk factors was classified as a low-risk category, these
guidelines indicated that multifocality could assist in proper risk stratification for predicting
recurrence. A consensus report of the European Society of Endocrine Surgeons suggested
that multifocality might have a prognostic impact in overt PTC [6]. Other risk stratification
systems also addressed the prognostic role of multifocality on cancer-specific survival [10].
However, recent studies raised questions about the impact of multifocality on the recurrence
of PTC [11,12].
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There is a controversy about the prognostic significance of multifocality in PTC. Several
studies have suggested that multifocality is associated with a higher risk of recurrences and
distant metastasis [13–15]. A few researchers further demonstrated that multifocal PTCs
could decrease overall and cancer-specific survival [16]. On the contrary, other research
has indicated that patients with multifocal disease showed a similar clinical course or
comparable recurrence rates to those with unifocal disease [17,18]. A large multicenter
study also suggested that multifocality of PTC had no independent impact on recurrences
and mortality after adjustment of potential confounders [12]. Lim et al. further reported
that patients with multifocal diseases might have lower risk of recurrences [19]. These
conflicting data resulted from, at least in part, unadjusted clinicopathological characteristics
or a limited number of patients.

In the present study, therefore, we investigated the effect of multifocality to the
recurrence of PTC in a large cohort, using propensity score matching for adjustment of
confounders.

2. Materials and Methods

Our institutional review board approved this retrospective cohort study (Approval
No. 2021-07-015) and waived the requirement for written informed consent. This study
included 1249 consecutive patients with thyroid cancer who underwent total thyroidectomy
from March 2012 to December 2019. Neck ultrasonography and computed tomography
was performed preoperatively in all patients to evaluate tumor location, multifocality, and
cervical lymph node (LN) metastasis. Patients with suspicious LN enlargement underwent
therapeutic LN dissection in addition to total thyroidectomy.

Demographic data, pathologic characteristics including tumor size, ETE, resection
margin involvement, coexisting Hashimoto thyroiditis, LN metastasis, multifocality, and
adjuvant radioiodine treatment were recorded. On the histopathological examination, en-
tire thyroid glands were serially sectioned and examined. The World Health Organization
criteria for PTC variants and the American Joint Committee on Cancer 7th edition were
used for Tumor–Node–Metastasis (TNM) staging. Follow-up period and recurrence status
were also collected and analyzed. The primary outcome measure was the recurrence-free
survival (RFS).

To minimize selection bias and possible confounding effects, we performed 1:1 propen-
sity score matching [20]. A propensity score measures the probability that a patient would
have been treated using a covariates score. Thus, propensity score matching balances the
covariates and increases the comparability between the patients with multifocal tumors
and those with unifocal PTC. We selected 3 factors that could affect recurrences as fol-
lows: ETE, LN metastasis, and resection margin involvement. SPSS Statistics version 23.0
(IBM Corp., Armonk, NY, USA) was used for data analyses. Comparison of continuous
data was performed using Student’s t-tests. Dichotomous data were compared using chi-
squared tests. RFS were assessed by using the log rank test and Kaplan–Meier plots. Cox
proportional-hazards regression analysis was used to evaluate the relationship between
prognostic factors and recurrence. A p-value less than 0.05 was considered statistically
significant.

3. Results

3.1. Clinicopathological Characteristics of 1249 PTC Patients

The baseline characteristics of the included patients are summarized in Table 1. Mean
age was 47.4 ± 11.4 years at the time of surgery and 1095 (87.7%) were women. The mean
follow-up period was 5.5 ± 2.7 years (range, 1.0–11.1 years). Most patients (93.5%) had
classical subtype of PTCs, while the remaining 81 patients with PTC variants included
53 patients with follicular variants including 7 encapsulated forms, 10 tall cell variants,
9 encapsulated variants, 4 oncocytic variants, 3 diffuse sclerosing variants, 1 columnar cell
variant, and 1 hobnail variant.
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Table 1. Comparison of clinicopathological characteristics between patients with multifocal PTCs
and those with unifocal tumors.

Characteristics Multifocal (n = 487) Unifocal (n = 762) p-Value

Age (years) 47.8 ± 11.5 47.1 ± 11.4 0.330
Female sex 425 (87.3%) 670 (87.9%) 0.730
Pathologic characteristics

Subtype 0.244
Classical 460 (94.5%) 708 (92.9%)
Follicular 20 (4.1%) 33 (4.3%)
Tall cell 3 (0.6%) 7 (0.9%)
Encapsulated 1 (0.2%) 8 (1.0%)
Oncocytic 0 (0.0%) 4 (0.5%)
Diffuse sclerosing 2 (0.4%) 1 (0.1%)
Hobnail 1 (0.2%) 0 (0.0%)
Columnar 0 (0.0%) 1 (0.1%)

Tumor size (cm) 1.0 ± 0.7 1.0 ± 0.7 0.133
Microscopic ETE 327 (67.3%) 436 (57.3%) <0.001
Lymphovascular invasion 10 (2.1%) 17 (2.2%) 0.833
Perineural invasion 1 (0.2%) 2 (0.3%) 0.841
LN metastasis 0.007

N0 258 (53.0%) 463 (60.8%)
N1a 171 (35.1%) 240 (31.5%)
N1b 58 (11.9%) 59 (7.7%)

Margin involvement 22 (4.5%) 18 (2.4%) 0.035
Coexisting HT 130 (26.7%) 214 (28.1%) 0.592

Postoperative management
131I remnant ablation 227 (46.6%) 313 (41.1%) 0.054
131I dose (mCi) 135.4 ± 38.2 134.6 ± 31.9 0.790

Follow-up period (years) 5.3 ± 2.8 5.6 ± 2.6 0.042
Recurrence 21 (4.3%) 15 (2.0%) 0.016

PTC, papillary thyroid carcinoma; ETE, extrathyroidal extension; LN, lymph node; HT, Hashimoto thyroiditis.

Of the 1249 patients enrolled, 487 patients (39.0%) had multifocal PTCs and 762 (61.0%)
had unifocal tumor. Thyroid cancer in patients with multifocal PTCs showed a higher rate
of ETE (67.3% vs. 57.3%; p < 0.001) and a microscopic resection margin involvement (4.5%
vs. 2.4%; p = 0.035) than in patients with unifocal tumor (Table 1). LN metastasis was also
more common in the multifocality group than in the unifocality group (p = 0.007). Distant
metastasis was not observed in all patients. Other clinicopathological factors, including
age, sex, and tumor size, showed no significant differences between the groups.

Recurrences were found in 21 patients (4.3%) in patients with multifocal PTCs, and
15 patients (2.0%) with unifocal tumor developed recurrence (p = 0.013). A log-rank test
indicated that 10-year RFS was significantly lower in the multifocality group (93.3% vs.
97.1%; p = 0.011) than in the unifocality group (Figure 1a).

3.2. Comparison of Recurrence Rates in the Matched Cohorts

As LN metastasis or resection margin involvement could affect the risk of recurrence,
we performed 1:1 propensity score matching and yielded 487 matched pairs. Table 2 shows
the clinicopathological comparison between the multifocality group and the 1:1 matched
unifocality group. The matched cohorts did not differ in terms of clinicopathological
features including microscopic ETE, margin involvement, and LN metastasis.
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(a) (b) 

Figure 1. Recurrence-free survival according to the multifocality in patients with PTC, (a) before and (b) after propensity
score matching.

Table 2. Comparison of clinicopathological characteristics between patients with multifocal PTCs
and those with unifocal tumor after propensity score matching.

Characteristics Multifocal (n = 487) Unifocal (n = 487) p-Value

Age (years) 47.8 ± 11.5 47.0 ± 12.0 0.279
Female sex 425 (87.3%) 426 (87.5%) 0.923
Pathologic characteristics

Subtype 0.996
Classical 460 (94.5%) 460 (92.9%)
Follicular 20 (4.1%) 21 (4.3%)
Tall cell 3 (0.6%) 3 (0.9%)
Encapsulated 1 (0.2%) 1 (1.0%)
Oncocytic 0 (0.0%) 0 (0.5%)
Diffuse sclerosing 2 (0.4%) 1 (0.1%)
Hobnail 1 (0.2%) 0 (0.0%)
Columnar 0 (0.0%) 0 (0.1%)

Tumor size (cm) 1.0 ± 0.7 1.0 ± 0.7 0.864
Microscopic ETE 327 (67.3%) 319 (65.6%) 0.587
Lymphovascular invasion 10 (2.1%) 12 (2.5%) 0.666
Perineural invasion 1 (0.2%) 1 (0.2%) 1.000
LN metastasis 0.995

N0 258 (53.0%) 257 (52.8%)
N1a 171 (35.1%) 171 (35.1%)
N1b 58 (11.9%) 59 (12.1%)

Margin involvement 22 (4.5%) 18 (3.7%) 0.518
Coexisting HT 130 (26.7%) 127 (26.1%) 0.827

Postoperative management
131I remnant ablation 227 (46.6%) 236 (48.6%) 0.543
131I dose (mCi) 135.4 ± 38.2 136.3 ± 32.7 0.786

Follow-up period (years) 5.3 ± 2.8 5.6 ± 2.6 0.089
Recurrence 21 (4.3%) 8 (1.6%) 0.014

PTC, papillary thyroid carcinoma; ETE, extrathyroidal extension; LN, lymph node; HT, Hashimoto thyroiditis.
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The overall recurrence rate was higher in the multifocality group than in the matched
unifocality group (4.3% vs. 1.6%; p = 0.014), after adjustment of potential confounders. The
10-year RFS was also lower in the multifocality group (93.3% vs. 97.6%; p = 0.011) than in
the matched group (Figure 1b).

3.3. Predictive Factors of Poor RFS in Patients with PTC

Univariate Cox proportional-hazards model indicated that male sex (HR 2.974, 95% CI
1.433–6.170), tumor size (HR 2.340, 95% CI 1.833–2.987), microscopic ETE (HR 2.708, 95% CI
1.186–6.182), LN metastasis (HR for N1a 3.858, 95% CI 1.587–9.380; HR for N1b 12.704, 95%
CI 5.066–31.857), 131I remnant ablation (HR 6.512, 95% CI 2.709–15.656), and multifocality
(HR 2.294, 95% CI 1.183–4.451) were significantly associated with the recurrence (Table 3).
Male sex (HR 2.185, 95% CI 1.047–4.559), tumor size (HR 1.806, 95% CI 1.337–2.441),
N1b LN metastasis (HR 3.603, 95% CI 1.207–10.757), and multifocality (HR 1.986, 95% CI
1.015–3.888) retained statistical significance in multivariate analysis.

Table 3. Comparison of clinicopathological characteristics between patients with multifocal PTCs
and those with unifocal tumor after propensity score matching.

Characteristics
Univariate Analysis Multivariate Analysis

HR (95% CI) p-Value HR (95% CI) p-Value

Age (years) 0.982 (0.952–1.012) 0.239
Male sex 2.974 (1.433–6.170) 0.003 2.185 (1.047–4.559) 0.037
Tumor size (cm) 2.340 (1.833–2.987) <0.001 1.806 (1.337–2.441) <0.001
Microscopic ETE 2.708 (1.186–6.182) 0.018 1.311 (0.551–3.122) 0.541
LN metastasis

N1a 3.858 (1.587–9.380) 0.003 1.859 (0.677–5.102) 0.229
N1b 12.704 (5.066–31.857) <0.001 3.603 (1.207–10.757) 0.022

Margin involvement 2.071 (0.497–8.628) 0.317
Hashimoto thyroiditis 0.643 (0.282–1.467) 0.294
131I remnant ablation 6.512 (2.709–15.656) <0.001 2.345 (0.807–6.811) 0.117
Multifocality 2.294 (1.183–4.451) 0.014 1.986 (1.015–3.888) 0.045

HR, hazard ratio; CI, confidence interval; ETE, extrathyroidal extension; LN, lymph node.

4. Discussion

The present study demonstrates that multifocal PTCs are associated with a higher
risk of recurrence. Multifocality is defined as the simultaneous presence of two or more
anatomically separated foci within the thyroid gland [21]. Multifocal PTCs may result
from intrathyroidal spread of original tumor or from multicentric independent PTCs [21].
The prevalence of multifocality in PTC ranges from 7.2 to 60.1% of the cases in the recent
series [22,23]. The occurrence of multifocality varies according to the epidemiological
and environmental factors [6]. Development of multifocal tumors can be associated with
radiation, genetic disorders, or a family history of thyroid cancer [24,25]. A BRAF mutation
also plays a role in inducing multifocality [26,27]. Furthermore, obese and overweight
patients had a higher risk of multifocality [28].

Multifocality is associated with some high-risk features for the progression of PTC [7–9].
We demonstrated that multifocality was associated with higher ETE, LN metastasis, and
microscopic resection margin involvement. Feng et al. showed that patients with multifocal
PTCs had higher risk of large tumor size, ETE, vascular invasion, and LN metastasis [29].
Other researchers further indicated that multifocality was related with aggressive histo-
logic subtype or higher ATA risk of recurrence [14,15]. A previous meta-analysis also
suggested that multifocality was associated with an increased risk of tumor size >1 cm,
ETE, and LN metastasis [13]. Hence, more radical treatments, including total thyroidec-
tomy and radioactive iodine ablation, were commonly applied to patients with multifocal
PTCs [6,7,30].

There is a controversy as to whether multifocality itself increases the risk of recurrence.
Multifocality-associated high-risk features including ETE, LN metastasis, and margin
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involvement can affect the risk of recurrences. Previous studies further demonstrated that
the impact of multifocality might be different according to the primary tumor size. In
the present study, therefore, we performed propensity score matching to adjust potential
confounders for minimizing biases. After propensity score matching, the overall recurrence
rate was still higher in the multifocality group (4.3% vs. 1.6%; p = 0.014) than in the
unifocality group. Survival analysis also indicated that patients with multifocal PTCs had
a 1.986-fold higher risk of developing recurrences than those with unifocal tumors. Further
validation studies may be helpful to confirm the impact of multifocality.

In the present study, male sex, tumor size, and N1b LN metastasis significantly
increased the risk of recurrence, respectively. Data from the Canadian Collaborative
Network for Cancer of the Thyroid indicated that men were at greater risk for recurrence
than women (HR 2.31, 95% CI 1.48–3.60) [31]. Tumor size also has been widely accepted as
a risk factor for recurrence in various risk stratification system, including AMES, AGES,
and MACIS score [32]. N1b LN metastasis has been further recognized as a predictive
factor for recurrence [33]. A meta-analysis suggested that a tumor size over 2 cm (OR 2.69,
95% CI 2.06–3.50) and LN metastasis (OR 3.24, 95% CI 2.61–4.02) were predictive factors
for recurrence [34]. Wang et al. demonstrated that male sex, tumor size, and LN metastasis
were associated with tumor recurrence of PTC in their large, multicenter study [12]. Our
results are consistent with these previous reports.

This study has some limitations. First, our study was a retrospective cohort study,
which was prone to a selection bias. Patient selection for receiving radioactive iodine
ablation might be influenced by various factors and result in the difference of tumor
recurrence. Second, we did not consider a family history or genetic mutation including
BRAF mutation. Familial nonmedullary thyroid carcinoma can be more aggressive than
the sporadic form [24,25]. However, because of the lack of data, we cannot evaluate the
effect of family history or genetic mutation in the present study. Validation for the impact
of multifocality is required in patients with family history or BRAF mutation. Third, we
did not investigate the long-term prognosis including mortality. The mean follow-up
period of 5.5 years was not sufficient for evaluating cancer-specific survival. Last, it is
unclear whether patients with multifocal PTCs require aggressive treatment, although
we demonstrated that multifocality increased the risk of recurrence. Further comparative
studies are warranted to address these issues.

5. Conclusions

Multifocality increased the risk of recurrence in patients with PTC. Patients with
multifocal PTCs may need judicious treatment and follow-up approaches.
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Abstract: Primary thyroid tumours show different levels of aggressiveness, from indolent to rapidly
growing infiltrating malignancies. The most effective therapeutic option is surgery when radical
resection is feasible. Biomarkers of aggressiveness may help in scheduling extended resections
such as airway infiltration, avoiding a non-radical approach. The aim of the study is to evaluate
the prognostic role of E-cadherin, N-cadherin, Aryl hydrocarbon receptor (AhR), and CD147 in
different biological behaviours. Fifty-five samples from three groups of thyroid carcinomas were
stained: papillary thyroid carcinomas (PTCs) infiltrating the airway (PTC-A), papillary intra-thyroid
carcinomas (PTC-B) and poorly differentiated or anaplastic thyroid carcinomas (PDTC/ATC). High
expressions of N-cadherin and AhR were associated with higher locoregional tumour aggressiveness
(p = 0.005 and p < 0.001 respectively); PDTC/ATC more frequently showed a high expression of
CD147 (p = 0.011), and a trend of lower expression of E-cadherin was registered in more aggressive
neoplasms. Moreover, high levels of AhR were found with recurrent/persistent diseases (p = 0.031),
particularly when tumours showed a concomitant high N-cadherin expression (p = 0.043). The
study suggests that knowing in advance onco-biological factors with a potential role to discriminate
between different subsets of patients could help the decision-making process, providing a more solid
therapeutic indication and an increased expectation for radical surgery.

Keywords: thyroid cancer; papillary thyroid carcinoma; poorly differentiated thyroid carcinoma;
airway; trachea; neck; endocrine tumours; biomarkers; immunohistochemistry

1. Introduction

Thyroid cancer is the most common endocrine malignancy. This disease varies
from indolent tumour to highly aggressive disease [1]. Indeed, although early-stage
well-differentiated thyroid cancer (DTC) has a good prognosis after surgery [2–4], those
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tumours invading surrounding tissues (extra-thyroid extension) show an increased persis-
tence/recurrence of disease and decreased survival [5–7].

Airway invasion is found in approximately 6% of the total thyroid tumours and can
determine different clinical conditions. These patients can show normal breathing or se-
vere obstruction in the most advanced disease progression [5,6]. In such conditions, the
ideal surgical treatment is still a matter of debate. Many approaches, single or combined
multi-modality treatment, have been described with disputed results [8]. In particular,
concerning the airway invasion, the shaving-off of the tumour from the airway or tracheal
window resection is performed in the case of superficial invasion, while segmental re-
section is preferred when the airway invasion is deeper in the laryngo-tracheal wall [4].
However, some authors underline the weakness of the shaving and tracheal window [4,8],
emphasising that segmental resection with end-to-end anastomosis should be preferred
even in limited infiltration to reduce risk for recurrence and airway damage. Moreover,
other conventional therapies, such as radioactive iodine, thyroid hormone therapy and
chemotherapy, have been developed and performed with growing trends and promising
perspectives [9–12].

Despite the progress obtained in the recent past in terms of diagnosis, staging and
therapeutic options [13–15], and in view of the lack of markers to predict the oncologi-
cal outcome, there is still a need for biological, genetic and immunohistochemical (IHC)
indicators to develop a more effectively tailored approach. Based on the current knowl-
edge regarding potential biomarkers of tumour aggressiveness, Aryl hydrocarbon receptor
(AhR), N-cadherin, E-cadherin and CD147 were selected to be analysed in thyroid carcino-
mas for the following reasons. AhR has been widely analysed and seems to be associated
with tumour genesis and different disease progression phases [16]. In a poorly differen-
tiated thyroid carcinoma (PDTC) cell line, kynurenine-driven activation of AhR induced
epithelial–mesenchymal transition (EMT) involving cadherins [17]. The transmembrane
glycoprotein CD147 is known to facilitate tumour cell migration and invasion in several
cancers [18]; matrix metalloproteinases (MMPs) seem to be activated [19], and CD147 pos-
sibly promotes the mesenchymal phenotype with cadherin expression variations [20,21]. A
high expression of CD147 was described in DTC [22], with an emphasis on lymph node
metastasis and tumour invasion [23].

The aim of the study is to compare the immunophenotypic characteristics of thyroid
tumours invading the airway and complete intra-thyroid tumours in order to generate a
hypothesis for possible new markers of local aggressiveness and to determine how the
aggressive tumour attitude could be predicted.

2. Material and Methods

A comparative retrospective observational study on the expression of E-cadherin,
N-cadherin, AhR and CD147 was performed on a series of patients undergoing surgery
(2010–2017) for papillary thyroid cancer. The presence of accurate pathological reports,
information regarding nodal status at the diagnosis and/or data regarding the recurrence
and/or persistence of disease were used to select the patients eligible for the study. Subse-
quently, 3 groups of patients were considered: patients with papillary thyroid carcinoma
(PTC) invading larynx and trachea undergoing total thyroidectomy with segmental resec-
tion of the airway (PTC-A group); patients with completely intrathyroidal PTC (PTC-B
group); and patients with PDTC or anaplastic thyroid carcinomas (ATC) (PDTC/ATC
group), which served as a control group for more locally aggressive neoplasms. The study
was approved by the local ethics committee (N. 23665/10/AV of 26 January 2010).

2.1. Study Population

Patients were included the analysis if they were over 18 years of age; histologically
diagnosed for PTC, PDTC or ATC; and followed up by the Internal Medicine and Endocrine
and Metabolic Sciences Unit, University of Perugia. Patients with follicular and medullary
tumours were excluded. Medical history, endoscopic findings, pathological reports, work
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for the assessment of possible resection with curative intent, indication to airway resection
or other therapeutic options, histo-pathological aspects, immunophenotypic profile and
adjuvant therapies were evaluated. At admission, all the patients underwent routinary
tests for an appropriate preoperative assessment.

2.2. Surgical Procedures

Based on the different disease characteristics, two different procedures of surgical
resection were carried out: total thyroidectomy with central compartment lymphectomy
and latero-cervical lymphectomy (in the case of positive ultrasound (US) lymph node
involvement) was performed for all cyto-histologically proven PTCs or early-stage PDTCs.
In the cases of tumours infiltrating the airway, total thyroidectomy + lymphectomy was
associated with resection and end-to-end anastomosis of the airway according to Grillo’s
technique [24]. Diagnosed ATCs were excluded from radical surgery due to stage and local
conditions but were submitted to palliative procedures (endoscopy or tracheotomy) and
alternative treatment.

2.3. Histopathological and Immunohistochemical Determinations

The surgical specimens were fixed in 4% buffered formalin and paraffin embedded
(FFPE). Four-micrometer-thick sections were used to obtain both the haematoxylin and
eosin (H&E) (Leica ST5020 Multistainer (Leica Biosystems, Nußloch, Germany)), using
the ST Infinity H&E Staining System kit (Leica Biosystems, Richmond, IL, USA), and the
IHC stains (BOND-III fully automated immunohistochemistry stainer (LeicaBiosystems,
Nußloch, Germany)) and peroxidase immunoenzymatic reaction with development in
diaminobenzidine, including proper positive and negative controls.

The tumour areas and the tumour histotypes, according to the World Health Organi-
zation’s classification of endocrine organ tumours, 2017, 4th Ed.—in force at the time of the
study—were identified on H&E slides, allowing the identification of 3 groups of tumours:
PTC, PDTC and ATC. Among these last two groups, tumours without a pure histotype
were not considered for the analyses. Moreover, the presence of extra-thyroid infiltration
was assessed on H&E slides.

The IHC stains were set up using antibodies against E-cadherin (Leica Biosystems,
Newcastle Upon Tyne, United Kingdom, Cat# PA0387, RRID:AB_442084, ready-to-use),
N-cadherin (ThermoFisher Scientific, Rockford, IL, USA, Cat# 33-3900, RRID:AB_2313779,
dilution 1:150), AhR (ThermoFisher Scientific, Rockford, IL, USA, Cat# MA1-514, RRID:
AB_2273723, dilution 1: 250) and CD147 (ThermoFisher Scientific, Rockford, IL, USA, Cat#
MA1-19201, RRID: AB_1071293, dilution 1:100). Two trained pathologists (M.Ma. and
R.C.) separately performed a semi-quantitative evaluation of the immunostains, using a
H-Score—as previously reported for AhR [17]—which was the result of the intensity of the
staining (0 = absent, 1 = mild, 2 = moderate, 3 = intense) multiplied by the percentage of
labelled tumour cells. Two other expert pathologists (G.B. and A.Si.) convened to compare
discordant cases in order to assign a definitive H-score. Afterwards, the low and the high
classes of expression were obtained, depending on whether the H-score was lower or
higher than the internally validated cut-offs—laboratory developed test (LDT)—for each
protein investigated (Table 1). As regards E-cadherin, the tumour belonged to the normal
expression group when the H-score was >200 and to the lost/low group when the H-score
was ≤200.

Table 1. H-score cut-offs for N-cadherin, AhR and CD147 groups of expression.

H-Scores for Expression Groups

Protein (IHC) Low High

N-Cadherin 0–40 41–300
AhR 0–70 71–300
CD147 0–40 41–300
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2.4. Statistical Analysis

Descriptive statistics were used for the analysis of immunomarker expressions. Linear
correlations between the expressions of the immunomarkers were analysed using the
Pearson correlation coefficient. Categorical variables were presented as frequencies with
row and column percentages and compared between the groups using chi-square test or
Fisher’s exact test as appropriate. Values of p < 0.05 were assumed as significant.

3. Results

3.1. Histopathological Findings

The H&E slides examination identified 8 (15%) PTC-A out of 55 enrolled cases, 27 (49%)
PTC-B and 20 (36%) PDTC/ATC. Moreover, H&E enabled the choice of the appropriate
tumour areas for the following IHC analysis. Among the PDTC/ATC (13/7), 4/13 PDTC
and 1/7 ATC showed more differentiated tumour areas and were therefore not considered
for further analysis between immunomarker expressions and clinical–pathological charac-
teristics of the tumours. The clinical characteristics of the PTC-A patients are summarised
in Table 2.

Table 2. Clinical characteristics of patients with PTC invading the airway.

ID Sex Age
Pathological

Diagnosis
Extrathyroidal

Invasion
Multifocality

Tumour
Size (cm)

pT
Lymph Node

Metastasis
N

Tot
N+

AJCC Stage
at Diagnosis

Recurrence or
Persistence

1 F 69 PTC yes yes 4.0 pT3 yes 5 5 II -
2 F 75 PTC yes yes 2.4 pT4 no 10 0 III Persistence
3 F 59 PTC yes yes 1.8 pT3 yes 1 1 II Recurrence
4 F 45 PTC yes no 1.8 pT4 no 0 0 III Recurrence
5 M 49 PTC yes no 2.4 pT3 no 3 0 II Persistence
6 F 72 PTC yes no 2.0 pT4 yes 11 2 III Persistence
7 F 55 PTC yes no 1.2 pT4 no 0 0 III Persistence
8 M 43 PTC yes yes 2.2 pT4 yes 5 5 I Recurrence

3.2. Immunohistochemical Analyses

The obtained H-score values showed a mean value of 62.49 ± 73.49 (range 0–210) for
N-cadherin, 106.6 ± 78.19 (range 5–294) for AhR, 121.5 ± 80.34 (range 0–285) for CD147
and 75.80 ± 78.66 (range 0–270) for E-cadherin (Figure 1).

Figure 1. Scatter plots of H-score distribution for N-cadherin (a), AhR (b), E-cadherin (c) and CD147
(d) according to tumour groups analysed.
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Regarding N-cadherin expression, 30 cases (55%) belonged to the low expression
class for this protein; 7 (87%) PTC-A and 11 (55%) PDTC/ATC showed high N-cadherin
expression. Therefore, the higher the tumour aggressiveness, the higher the N-cadherin
expression (p = 0.005; Table 3, Figure 2).

Thirty-two tumours (58%) showed a high expression of AhR, and 19 of these (95%)
belonged to the PDTC/ATC group (p < 0.001; Table 3). A higher expression of AhR was
found in PTC infiltrating the airway compared to intrathyroid tumours (50% of PTC-A vs.
33% of PTC-B; Figure 2).

Figure 2. Biomarker immunohistochemical expression. (a) Membranous high expression of N-
cadherin on tumour cells of PTC infiltrating the airway (PTC-A) compared with (b) an intrathyroid
PTC (PTC-B); (c) PTC-A presented a low expression of E-cadherin and (d) PTC-B (follicular variant)
with retained expression of this molecule; (e) PTC-A showing a high expression of AhR in contrast
with (f), which shows low expression of the same immunomarker in a PTC-B; (g) CD147 high
expression of PTC-B and (h) absent expression in PTC-A. Original magnification: (a–d,h) 200×;
(e–g) 400×.
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Table 3. N-cadherin, AhR and CD147 expression among tumour groups.

Histotype N-Cadherin AhR CD147

Low High p Low High p Low High p
n. (%) n. (%) n. (%) n. (%) n. (%) n. (%)

PTC-A 1 1 (13) 7 (87) 4 (50) 4 (50) 5 (63) 3 (37)
PTC-B 2 20 (74) 7 (26) 0.005 18 (67) 9 (33) <0.001 4 (15) 23 (85) 0.011
PDTC/ATC 9 (45) 11 (55) 1 (5) 19 (95) 3 (15) 17 (85)

1 PTC-A: PTC infiltrating the airway. 2 PTC-B: PTC without airway infiltration.

CD147 presented a high expression in 43 cases (78% of the total caseload), with 23 (85%)
in the PTC-B group and 17 in the PDTC/ATC group (85%) (p = 0.011; Table 3, Figure 2).

Most tumours (49, 89%) presented a lost/low expression of the E-cadherin; all 8 PTC-A
cases (100%) presented a lower expression of E-cadherin, while 3 out of 20 PDTC/ATC
cases (15%) retained its expression (Table 4; Figure 2).

Table 4. E-cadherin distribution among tumour groups.

Histotype E-Cadherin

Normal Lost/Low p
n. (%) n. (%)

PTC-A 1 0 (0) 8 (100)
PTC-B 2 3 (11) 24 (89) 0.516
PDTC/ATC 3 (15) 17 (85)

1 PTC-A: PTC infiltrating the airway. 2 PTC-B: PTC without airway infiltration.

3.3. Correlations between Immunomarkers

A moderate positive correlation between the expression of N-cadherin and AhR is
reported if H-score values are considered as continuous variables; i.e., the increase in
N-cadherin expression follows the increase in AhR and vice versa (ρ = 0.540; p < 0.001;
Figure 3a).

Figure 3. (a) Positive relationship between the expression of N-cadherin and AhR. (b) Negative relationship between the
expression of N-cadherin and CD147.

Furthermore, the higher the expression of N-cadherin, the lower the expression of
CD147 (ρ = −0.426; p = 0.002; Figure 3b). An inverse correlation trend was observed
between the other tested immunomarkers. When the expression of CD147 increases, both
E-cadherin (ρ = −0.112; p = 0.438) and AhR (ρ = −0.256; p = 0.073) decrease (Figure S1a,b,
respectively). On the other hand, there was a positive correlation between the expressions
of AhR and E-cadherin, but this was not statistically significant (ρ = 0.124; p = 0.366;
Figure S2).
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3.4. Immunomarker Expression and Clinical–Pathological Associations

The results regarding the analysis of the associations between the IHC expression of
N-cadherin, AhR, CD147 or E-cadherin and histotype, multifocality of the disease, nodal
status and tumour recurrence/persistence are shown in Table 5. Some data were not
available when the series review was performed.

Table 5. Expression of N-cadherin, AhR, CD147 or E-cadherin associations with clinical–pathological characteristics.

Parameter N-Cadherin AhR CD147 E-Cadherin Total
Low High p Low High p Low High p N 1 L/L 2

p
n. (%) n. (%) n. (%) n. (%) n. (%) n. (%) n. (%) n. (%) n. (%)

Histotype 50 (91)
PTC 21 (60) 14 (40)

0.193
22 (63) 13 (37)

<0.001
9 (26) 26 (74)

0.910
3 (9) 32 (91)

0.607
35 (70)

PDTC/ATC 6 (40) 9 (60) 1 (7) 14 (93) 3 (20) 12 (80) 2 (13) 13 (87) 15 (30)

Multifocality 38 (69)
No 11 (55) 9 (45)

0.973
9 (45) 11 (55)

0.090
4 (20) 16 (80)

0.573
1 (5) 19 (95)

0.485
20 (53)

Yes 10 (56) 8 (44) 13 (72) 5 (28) 5 (28) 13 (72) 2 (11) 16 (89) 18 (47)

Nodal Status 36 (65)
N− 9 (60) 6 (40)

0.864
7 (47) 8 (53)

0.230
1 (7) 14 (93)

0.058
1 (7) 14 (93)

0.760
15 (42)

N+ 12 (57) 9 (43) 14 (67) 7 (33) 7 (33) 14 (67) 2 (10) 19 (90) 21 (58)

Recurrence/Persistence 45 (82)
No 12 (60) 8 (40)

0.182
12 (60) 8 (40)

0.031
4 (20) 16 (80)

0.366
1 (5) 19 (95)

0.243
20 (44)

Yes 10 (40) 15 (60) 7 (28) 18 (72) 8 (32) 17 (68) 4 (16) 21 (84) 25 (56)

1 N: normal expression. 2 L/L: lost/low expression.

In particular, high expression of AhR was statistically correlated with a more aggres-
sive histotype of thyroid cancer: 14 PDTC/ATC (93%) showed a high AhR expression
(p < 0.001, Table 5). Moreover, the cases with recurrence/persistence of disease more
frequently expressed high levels of AhR (18 cases, 72%; p = 0.031, Table 5). N-cadherin was
more frequently observed in PDTC/ATC histotype (9 cases, 60%, not significant, p = 0.193,
Table 5) and in tumours presenting a recurrence/persistence of the disease (15 cases, 60%,
not significant, p = 0.182, Table 5). CD147 and E-cadherin did not show a statistically
significant association with the clinical–pathological parameters considered (Table 5).

Concomitant high levels of AhR and N-cadherin (9 PDTC/ATC cases, 90%) seemed to
be associated with a more aggressive tumoural behaviour (p = 0.002; Table 6), as already
shown in cases of the expression of both AhR (statistically significant, p < 0.001) and N-
cadherin (showing just a trend, p = 0.193) when singularly analysed (Table 5). Moreover,
12 cases (75%) with high AhR and N-cadherin showed a recurrence/persistence of the
disease (p = 0.043; Table 6).

Table 6. Associations between tumours examined according to the concurrent expression of AhR
and N-cadherin and clinical–pathological parameters.

Parameter AhR and N-Cadherin Total

Low High p
n. (%) n. (%) n. (%)

Histotype 30 (100)
PTC 14 (70) 6 (30)

0.002
20 (67)

PDTC/ATC 1 (10) 9 (90) 10 (33)
Multifocality 23 (100)

No 5 (50) 5 (50)
0.417

10 (43)
Yes 9 (31) 4 (69) 13 (57)

Nodal Status 22 (100)
N− 6 (55) 5 (45)

0.659
11 (50)

N+ 8 (73) 3 (27) 11 (50)
Recurrence/Persistence 26 (100)

No 7 (70) 3 (30)
0.043

10 (38)
Yes 4 (25) 12 (75) 16 (62)
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When immunomarker expressions were evaluated in PTC cases in view of the pres-
ence (PTC-A) or absence (PTC-B) of the infiltration of the airway, high N-cadherin was
statistically associated with the tumours presenting airway infiltration (p = 0.003; Table 7).
CD147 expression was lower in PTC-A (5 cases, 56%; p = 0.015, Table 7), supporting the
finding of an inverse correlation between this protein and N-cadherin (p = 0.002; Figure 3b).

Table 7. PTC-A and PTC-B associations with immunomarkers.

Parameter PTC Total

PTC-A 1 PTC-B 2
p

n. (%) n. (%) n. (%)
8 (23) 27 (77) 35 (100)

N-cadherin
Low 1 (5) 20 (95)

0.003
21 (60)

High 7 (50) 7 (50) 14 (40)
AhR

Low 4 (18) 18 (82)
0.433

22 (63)
High 4 (31) 9 (69) 13 (37)

CD147
Low 5 (56) 4 (44)

0.015
9 (26)

High 3 (12) 23 (88) 26 (74)
E-cadherin

N 3 0 (0) 3 (100)
1.000

3 (9)
L/L 4 8 (25) 24 (75) 32 (91)

1 PTC-A: PTC infiltrating the airway. 2 PTC-B: PTC without airway infiltration. 3 N: normal expression.
4 L/L: lost/low expression.

4. Discussion

Thyroid carcinoma is a very heterogeneous disease with a different prognosis based
mainly on histology [4]. Surgery is still the best therapeutic option with a generally good
prognosis, especially in small-sized completely intra-thyroid DTC without lymph nodal or
distant metastases [4,14]. Conversely, PDTC and ATC are more aggressive with a severe
natural history. In these cases, there is usually no chance for curative surgery, only palliative
procedures [25,26].

Between these two last extremes described, there are several intermediate condi-
tions showing a locally advanced tumour that might benefit from a radical resection but
need more complex procedures than total thyroidectomy. Indeed, considering the neck’s
anatomy, when thyroid tumours acquire the capacity to infiltrate the neighbourhood, a
radical resection is a difficult goal. In this regard, infiltration of the airway represents the
most challenging condition, but, in a consistent number of patients, radical surgery can
be performed and increases the chances for cure [8]. The shaving-off of the tumour from
the airway, tracheal window resection or segmental resection are performed in relation
to the degree of airway invasion [4]. These procedures, already described and still dis-
puted in some technical aspects and indications [8,24], are effective in expert hands but
must be strictly planned [27]. The preoperative US evaluation of thyroid nodules allows
the identification of some characteristics, such as the higher tumour size or the irregular
tumour margins, typically associated with an already locally advanced disease and more
aggressive histotype [15]. However, although the US examination aims at also assessing
lymph node status, it might fail to adequately investigate the deep neck. Furthermore,
the cytological information derived from FNAs cannot currently predict the biological
aggressiveness of well-differentiated carcinomas.

In particular, this lack of knowledge prevents us from gaining specific information on
the tumour trend to present local infiltration, early lymphatic spread or both. To fill this
gap, we attempted to investigate the IHC expression of AhR, N-cadherin, E-cadherin and
CD147, considering the correlation found in various cancer types between their expression
and tumour aggressive behaviour [16–23].

58



J. Clin. Med. 2021, 10, 4351

Indeed, based on the study findings, we could advance the potential role of AhR/N-
cadherin as a prognostic marker, being able to suggest a more aggressive phenotype in
thyroid carcinoma as evidenced by the high levels of AhR/N-cadherin found in most
patients of the PTC-A and PDTC/ATC groups.

These findings are consistent with previously reported data that showed how the
increased expression of AhR may play an oncogenic enhancing function not only through
the induction of an immune-tolerant microenvironment but also through the expression of
proteins such as N-cadherin involved in the regulation and initiation of the EMT [17,28,29].

In our case series, AhR seems to be an important prognostic marker, highly expressed
in patients with a persistence or recurrence of disease in addition to being a marker of
aggression and histologic de-differentiation.

N-cadherin expression still remains a matter of debate in the context of thyroid
oncogenesis [17,30]. This study could find that expression of this protein plays a significant
role in promoting invasiveness, being expressed in both PTC-A and PDTC/ATC groups
and displaying a low expression rate in the PTC-B group.

The role of E-cadherin and CD147 remains to be defined: despite the available data
reported [31–36], they showed only marginal roles as markers of aggressive biological
behaviour in this analysis. In particular, although E-cadherin expression is not significantly
associated with all of the analysed variables, we could observe a trend of increased ag-
gressiveness (PTC-A and PDTC/ATC) with absent or very low E-cadherin. CD147 was
highly expressed both in PTC-B and PDTC/ATC groups and increased with a decrease in
E-cadherin. Nevertheless, as CD147 levels increased, both AhR and N-cadherin expressions
decreased; some authors hypothesised that the reason behind the biological aggressiveness
related to the overexpression of CD147 could be the enhancement of the EMT process with
cancer migration and invasion as also described in other tumours [37–39].

The current study has some limitations: this is a retrospective clinical study and
poor a priori knowledge is available to formally attribute an effective correlation between
AhR/N-cadherin expression and biologic aggressiveness. The study timeframe is almost
two decades and does not guarantee homogeneous diagnostic–therapeutic management in
all patients; moreover, the number of patients in group A is limited, despite it representing a
good experience for a very rare condition, and, hence, it cannot fully show an independent
impact of these findings. However, to have a more homogeneous caseload, the study
was designed to only analyse PTCs among the most differentiated histotypes. In addition,
considering that one of the goals of the study was to preoperatively identify non-infiltrating
airway carcinomas and infiltrating ones, we considered only PTCs, since the preoperative
FNAs do not allow the cytological diagnosis of follicular thyroid carcinomas. Therefore, the
assessment of the analysed biomarkers on such specimens would not change the surgical
management of preoperative follicular lesions. Moreover, since BRAFV600E mutation
was demonstrated to be associated with an increased expression of AhR, particularly at
the infiltrative tumour edge, in thyroid cancer murine models [17], and the associations
between the molecules here investigated and other mutations implied in thyroid cancer
pathogenesis, progression and prognosis (e.g., RET/PTC, TP53, TERT, ATK1 and RAS)
have not yet been described [40], additional studies at the molecular level of these aspects
should be conducted.

This study suggests that knowing in advance the most important onco-biological
factors might be helpful in the decision-making process, providing a more solid thera-
peutic indication and an increased expectation for radical surgery when markers of local
aggressiveness are negative. Hence, there is the need for further studies to confirm these
preliminary findings. When prognosticators and biomarkers for local aggressiveness can
be translated into clinical practice, they may be supportive in better planning the most
appropriate surgical procedure to be performed. A biological tumour profile could change
the current paradigm to plan treatments based on “static” instrumental examination, giving
a more “dynamic” assessment of tumour behaviour from the cytological immunopheno-
typing of the FNA-derived material.
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In conclusion, thyroid cancer is a varied disease with a positive outcome after resection,
if the tumour is intrathyroid. Our study suggests that several markers deserve to be further
investigated in view of a potential role to discriminate, among the same histotype, between
different subsets of a patient’s risk. Knowing in advance tumour aggressiveness could
be helpful in avoiding suboptimal surgery if the tumour has an inner trend to recur or to
infiltrate the neighbouring anatomical structures.
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Abstract: Background: The diagnosis of thyroid cancer is continuously increasing and consequently
the amount of thyroidectomy. Notwithstanding the actual surgical skill, postoperative hypoparathy-
roidism still represents its most frequent complication. The aims of the present study are to analyze
the rate of postoperative hypoparathyroidism after thyroidectomy, performed for cancer by a single
first operator, without any technological aid, and to compare the data to those obtained adopting
the most recent technological adjuncts developed to reduce the postoperative hypoparathyroidism.
Methods: During the period 1997–2020 at the Endocrine Surgery Unit of the Department of Clinical
and Experimental Medicine of the University of Florence, 1648 consecutive extracapsular thyroidec-
tomies for cancer (401 with central compartment node dissection) were performed. The percentage
of hypoparathyroidism, temporary or permanent, was recorded both in the first period (Group A)
and in the second, most recent period (Group B). Total thyroidectomies were compared either with
those with central compartment dissection and lobectomies. Minimally invasive procedures (MIT,
MIVAT, some transoral) were also compared with conventional. Fisher’s exact and Chi-square tests
were used for comparison of categorical variables. p < 0.01 was considered statistically significant.
Furthermore, a literature research from PubMed® has been performed, considering the most available
tools to better identify parathyroid glands during thyroidectomy, in order to reduce the postoperative
hypoparathyroidism. We grouped and analyzed them by technological affinity. Results: On the
1648 thyroidectomies enrolled for the study, the histotype was differentiated in 93.93 % of cases,
medullary in 4% and poorly differentiated in the remaining 2.06%. Total extracapsular thyroidectomy
and lobectomy were performed respectively in 95.45% and 4.55%. We recorded a total of 318 (19.29%)
cases of hypocalcemia, with permanent hypoparathyroidism in 11 (0.66%). In regard to the literature,
four categories of tools to facilitate the identification of the parathyroids were identified: (a) vital
dye; (b) optical devices; (c) autofluorescence of parathyroids; and (d) autofluorescence enhanced
by contrast media. Postoperative hypoparathyroidism had a variable range in the different groups.
Conclusions: Our data confirm that the incidence of post-surgical hypoparathyroidism is extremely
low in the high volume centers. Its potential reduction adopting technological adjuncts is difficult to
estimate, and their cost, together with complexity of application, do not allow immediate routine
use. The trend towards increasingly unilateral surgery in thyroid carcinoma, as confirmed by our
results in case of lobectomy, is expected to really contribute to a further reduction of postsurgical
hypoparathyroidism.

Keywords: thyroid carcinoma; postoperative complications; hypoparathyrodism; hypocalcemia;
parathyroid glands; methylene bleu; optical devices; autofluorescence; indocyanine green
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1. Introduction

The incidence of thyroid carcinoma has more than tripled in recent decades and con-
sequently so have thyroidectomies and their related complications [1,2]. It has long been
known that the most frequent of these is postoperative hypocalcaemia from temporary or
permanent parathyroid insufficiency due to unavoidable, involuntary removal, thermal
or vascular damage of the parathyroids. The incidence increases if total thyroidectomy is
associated with central compartment lymph-node dissection, when parathyroid glands are
often accidentally or inevitably removed in the pursuit of oncological radicality [3,4]. The
temporary form is still frequent and the permanent form is problematic to treat due to the
potential negative aspects of prolonged administration of calcium and vitamin D and the
unavailability of a replacement hormone [5,6]. Considering earlier diagnosis with smaller
size of thyroid carcinoma, the most recent guidelines point towards less aggressive and
often unilateral surgical treatment [1–7]. The expected reduction in hypoparathyroidism is
not substantial. In fact, total thyroidectomy remains by far the most prevalent intervention
due to the presence of concomitant contralateral nodularity or hormonal hyperfunction [8].
Moreover, even in lesions with indication for radiometabolic therapeutic completion, surgi-
cal radicality should always be pursued to avoid potential interferences in the humoral and
instrumental follow-up of a parenchymal residual. Although hypoparathyroidism is the
most common complication after thyroidectomy, the literature reports extremely different
incidence and prevalence values, ranging from 1.6% to more than 50%. In literature, the
adoption of non-univocal and non-standardized parameters in reporting postoperative
complications determines the inclusion in the different case series of very heterogeneous
patients, symptomatic or asymptomatic, with mild or severe hypocalcaemia [9–11]. Espe-
cially in the case of permanent hypoparathyroidism, which worsens the quality of life due
to replacement therapy and undefined controls, the differences are even more marked if
one compares the case histories of dedicated surgical centres, general centres and general
epidemiological surveys including patients who have escaped specialist controls. In fact,
contrary to what has been estimated, the majority of the studies report hypoparathyroidism
with percentages of more than 10%, even though these are often mild forms that can be
easily controlled with low doses of calcium and vitamin D, which rarely expose the patient
to complications such as calcification of the extra-skeletal soft tissues, basal ganglia and
kidney, as observed in cases that require much higher doses to compensate for the almost
total lack of parathyroid hormone [12–18].

In the face of these unexpected rates of post-surgical hypoparathyroidism revealed
by the most recent studies, it is not surprising that surgeons have turned to testing every
means of reducing them. In fact, it no longer seemed sufficient to rely solely on the
recommendations of good surgical practice and the individual surgeon’s experience and
ability to detect them with the naked eye aided only by good lighting and optional optical
magnification as basically indicated by the most authoritative guidelines [1].

The present paper, with a mainly clinical focus, has two aims: (a) to analyze the rate of
postoperative hypoparathyroidism after thyroidectomy performed for cancer by a single
first operator without any technological aid; (b) to evaluate if the numerous technological
proposals that have emerged in recent years in an attempt to make objective identification
of the parathyroids and assessment of their function, overcoming the limits related to
the subjective judgement of the individual surgeon, are really useful in reducing the
postoperative hypoparathyroidism incidence.

2. Materials and Methods

During the period 1997–2020 at the Endocrine Surgery Unit of the Department of
Clinical and Experimental Medicine of the University of Florence, 1648 consecutive ex-
tracapsular thyroidectomies for cancer (401 with central compartment node dissection)
were performed, and the patients’ data prospectively recorded in an electronic database. A
prospective study was conducted after approval by the Area Vasta Regione Toscana/AOUC
Ethics Committee (N 20534). An informed written consent was obtained from each patient.
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For the follow-up we have collaborated with the Endocrinology Unit of the same
institution with which this activity has been constantly shared.

These are 1648 consecutive thyroidectomies, in 401 patients with central compartment
lymph node dissection, to treat thyroid carcinoma performed almost exclusively by one
of the authors (GP) in little more than 20 years and in small part (<10%) by collaborators
always in his presence.

The case series was divided into a first period (March 1997–April 2015) (Group A)
and a second period (May 2015–December 2020) (Group B), each consisting of 824 consec-
utive cases. No technological adjunct was adopted in both periods. The thyroidectomy
procedure, always extracapsular, was carried out with the naked eye without magnifying
glasses or frontal light but only with the operating light.

In addition to demographic data, the percentages of hypoparathyroidism (symp-
tomatic or asymptomatic), temporary or definitive, were recorded calcium and PTH values,
tested preoperatively, and at 12, 18 h and 7 days postoperatively lower than normal (re-
spectively 8.5 mg/dL and 1.5 pmol/L in our laboratory) and the need for calcium-vitamin
D replacement therapy over six months after surgery for the definitive form.

We also included the 75 lobectomies in which the central compartment had been
explored and compared with total extracapsular thyroidectomies.

Total thyroidectomies were compared with those with central compartment and lat-
erocervical lymph-adenectomy (in which we systematically also performed the central
dissection); minimally invasive procedures (MIT, MIVAT, some transoral) with conven-
tional ones and the first period of the series with the second one.

For the statistical analysis, Chi-square tests or Fisher’s exact, when appropriate, and were
used for comparison of categorical variables. p < 0.01 was considered statistically significant.

From the literature published in Pub Med® in recent years, we extracted the most
suitable experiments to represent the current means available for a better identification
of the parathyroid glands during thyroidectomy. We grouped them by technological
affinity. The most reliable in terms of potential immediate clinical use experiments were
critically revised.

3. Results

3.1. Our Experience

On 5264 thyroidectomies performed from January 1997 to December 2020, we enrolled
all the 1648 patients who had undergone thyroidectomy for carcinoma. The histotype
was differentiated in 93.93% of cases, medullary in 4% and poorly differentiated in the
remaining 2.06%.

In 95.45% of the cases total extracapsular glandular excisions were performed and in
4.55% lobectomy alone was considered oncologically sufficient after negative exploration
of the central compartment.

We recorded a total of 318 hypocalcemia (19.29%) of which 11 (0.66%) diagnosed as
permanent hypoparathyroidism requiring therapy for more than 6 months. In particular,
we found that hypocalcemia affected 316 patients after total thyroidectomy (20.09%), and
only 2 patients after lobectomy (2.66%); after total thyroidectomy, 202 patients (25.06%)
had hypocalcemia in Period A and 114 (14.86%) in Period B (p < 0.0001), while no pa-
tient in Period A and 2 patients (3.51%) in Period B suffered this complication after
lobectomy (p < 0.0001).

Clinical characteristics of patients are described in Figure 1 and Table 1.
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Figure 1. Demographic characteristics of the patients, type of operation and histotype of malignancy, incidences of
temporary and permanent hypocalcaemia in the total case series and in the first and second period. Black numbers indicate
the number of patients, while red numbers indicate the percentage. Differences between the groups were calculated via
the Chi Square, or Fisher’s exact test, when appropriate (both 2-tailed); a p < 0.01 is considered statistically significant.
* p < 0.01, ** p< 0.0001.

Table 1. Comparison of conventional and minimally invasive procedures and of patients who received only a total
thyroidectomy versus those in whom a central compartment lymphectomy was also performed, whether or not extended to
the lateral compartments.

Group A Group B p
Value

Group A Group B
p Value

Type of Surgery Minimally Invasive Conventional

cases 403 257 421 567

N. % N. % N. % N. %

hypocalcemia

symptomatic 38 9.43 14 5.44 0.0752 47 11.16 43 7.58 0.0577

asymptomatic 56 13.89 24 9.34 0.0875 61 14.49 35 6.17 <0.0001

transient 91 22.58 37 14.39 0.01 104 24.7 76 13.4 <0.0001

definitive 3 0.74 1 0.39 1 4 0.95 2 0.35 0.4106

total 94 23.32 38 14.78 0.003 108 25.65 78 13.75 <0.0001

Type of Surgery Cclnd No Cclnd

cases 216 185 608 639

N. % N. % N. % N. %

hypocalcemia

symptomatic 44 20.37 32 17.29 0.4464 45 7.4 28 4.38 0.0293

asymptomatic 40 18.51 29 15.68 0.5077 73 12.01 27 4.22 <0.0001

transient 79 36.57 59 31.89 0.3 116 19.08 53 8.29 <0.0001

definitive 5 2.31 2 1.08 0.4589 2 0.33 2 0.31 1

total 84 38.88 61 32.97 0.2 118 19.41 55 8.6 <0.0001

Abbreviations: cclnd, central compartment lymph node dissection. Differences between the groups were calculated via the Chi Square, or
Fisher’s exact test, when appropriate (both two-tailed); a p < 0.01 is considered statistically significant.
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3.2. Literature Examination

The literature reports four categories of tools that can be used by the surgeon, together
with his eyes and experience, to facilitate the identification of the parathyroids (Table 2):

(a) Vital dye such as methylene bleu [19–21].
(b) Optical devices without contrast media and unaffected by ambient light [22–26].
(c) Autofluorescence of parathyroids detected by infrared light or laser stimulation [27–33].
(d) Autofluorescence enhanced by injection of indocyanine green or 5-ALA [34,35].

Table 2. The main original studies evaluating technologies in order to avoid postoperative hypoparathyroidism, from 1971
to 2021.

Reference Technology Article Type Nb pt
Parathyroid

Identification

Postoperative
Hypo-PTH

/Hypoca
Conclusions

Dudley
et al. [19] 1971

Intravenous
infusion of

methylene blue
original/humans 17 41/68 /

Could help to reduce
the high

incidence of clinical
hypoparathyroidism

after total
thyroidectomy.

Monib
et al. [20] 2020

Intraoperative
methylene
blue spray

original/humans 50 82% accuracy 18%
Safe, feasible, and

effective to identify
parathyroid glands

Sari et al. [21]
2012

Intraoperative
methylene
blue spray

original/humans 56 / 5% transient

Identification of
parathyroid glands

within three minutes
and also of recurrent

laryngeal nerves
and inferior

thyroid arteries.

Hu et al. [22]
2021

Dynamic optical
contrast imaging

(DOCI)

original/animals
and humans

ex vivo
/ / /

Facilitates specific
parathyroid

gland localization

Marsden
et al. [23] 2021

Fluorescence
lifetime imaging

(FLIm)
original/humans 21

100%
sensitivity

93%
specificity

/
Good sensitivity and

specificity for the rapid
identification of PG.

Mannoh
et al. [24] 2021

Laser speckle
contrast imaging

(LSCI)
original/humans 72 / 8.3% temporary

1.4% permanent

Promising technique
for assessing
parathyroid

gland vascularity

Kennedy et al.
2021 [25]

Near-infrared
molecular Imaging

(IMI)
original/humans 5 9/9 1/9

asymptomatic

Accurate and
reproducible method

of localizing
parathyroid glands

Wang et al. [26]
2021

Laser-induced
breakdown

spectroscopy (LIBS)

original/animals
ex vivo / / /

Can discriminate
between smear
samples of PG

and NPG

Paras et al. [27]
2011

Near-infrared (NIR)
autofluorescence original/humans 21 / /

Parathyroid
fluorescence was two
to eleven times higher
than that of the thyroid

tissues with peak
fluorescence occurring

at 820 to 830 nm.
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Table 2. Cont.

Reference Technology Article Type Nb pt
Parathyroid

Identification

Postoperative
Hypo-PTH

/Hypoca
Conclusions

Aoyama
et al. [28] 2020

Near-infrared (NIR)
autofluorescence original/humans 2 / /

The autofluorescence
of diseased glands was

weaker than that of
normal glands, even
with the excitation

light of NIR.

Akbulut
et al. [29] 2021

Near-infrared (NIR)
autofluorescence original/humans 300 25% * /

Second-generation
NIFI (CMOS)

displayed higher
detection rates and

AF intensity.

Kim et al. [30]
2021

Near-infrared (NIR)
autofluorescence original/humans 542 / 4.2%

permanent

May reduce temporary
hypoparathyroidism

and the risk of
inadvertent resection

of PGs in CND.

Wiseman
et al. [31] 2021

Near-infrared (NIR)
autofluorescence

original/humans
in vivo and ex

vivo
/ / /

Can successfully
intraoperatively

identify both normal
and pathological PGs.

Kiernan
et al. [32] 2021

Near-infrared (NIR)
autofluorescence original/humans 83 94.3%

accuracy /

Probe-based NIRAF
detection can be a

valuable adjunct device
to intraoperatively

identify PGs.

Mannoh
et al. [33] 2021

ParaSPAI a device
that combines

NIRAF imaging
with LSCI

original/humans / / /

Capable of label-free
parathyroid gland
identification and

vascularity assessment
through the

combination of NIRAF
imaging with LSCI.

Suzuki
et al. [34] 2011

5-Aminolevulinic
Acid original/humans 13 In all patients

at least one /

Useful to localize the
normal parathyroid

glands during
thyroid surgery

Jin et al. [35]
2018 Indocyanine green original/humans 26 / 7.69% transient

Safe, easy and effective
method to protect the

parathyroid and
predict postoperative
hypoparathyroidism

Abbreviations: / = no available data. Nb pt = number of patients; PG = parathyroid gland; NPG = no parathyroid gland; * = be-
fore visual identification of PGs; NIFI = near-infrared fluorescence imaging; CMOS = complementary metal-oxide semiconductor;
AF = autofluorescence; CND = central neck dissection; ParaSPAI = parathyroid speckle and autofluorescence imager; LSCI = laser speckle
contrast imaging.

4. Discussion

The literature evaluation has enabled us to consolidate certain convictions developed
over many years of activity. Firstly, the difficulty of defining hypoparathyroidism due
to the variables that characterize it and the clinical manifestations that arise with serum
calcium levels, which vary greatly in every single patient [1].
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We agree with Sitges-Serra that it is inappropriate and reductive to categorize it clearly
between clinical and humoral, temporary and definitive, since functional recovery is a
dynamic process that can last up to two years [9].

We have noted a considerable discrepancy in the prevalence of post-surgical hy-
poparathyroidism, especially permanent, reported in the various case histories according
to their origin. The ranges appear almost irreconcilable when comparing the surgical
series with the endocrinological or epidemiological ones, and the most common values are
around 1–3% in the former and around 12% in the latter [3,8,10,15,36].

There is a unanimous agreement in the literature that the identification and functional
preservation of the parathyroids is difficult due to the presence of contiguous similar
structures such as thyroid nodules, lymph nodes, adipose lobules or fibrosis from previous
operations. Therefore, it is directly related to the sensitivity and experience of the surgeon,
even though he strictly adheres to the principles of good surgical practice, which, in addi-
tion to anatomical integrity and the number of glands identified, also recommend respect
for vascular support [1,37,38]. Recent studies have in fact shown that accidental removal
and tissue or vascular damage do not find a remedy in glands autotransplantation [9], and
allografting is still not beyond the experimental stage or good hopes for the future [39].
There is evidence that systematic and meticulous research can lead to invisible parathyroids
damage and that selective identification is preferable to routine identification. In fact, it
would appear that the number of parathyroids actually left ‘in situ’ is more important than
the number of those identified [8,40–43].

Regarding instruments potentially useful in reducing post-surgical hypocalcaemia
through better identification and functional preservation of the parathyroids, intraoper-
ative biopsy, rapid PTH dosage on aspirate [44–47] and gamma probe identification [48],
which were proposed in the past and are now obsolete because they are invasive, costly,
time-consuming and ethically inapplicable as they damage tissue that should ideally be
preserved as much as possible, are now rarely used.

The simplest and easiest means of identifying vital parathyroids would be the use
of methylene blue. Known for fifty years [19] and appreciated for the identification of
pathological glands, it did not provide the same results in the recognition of normal
glands during thyroidectomy when injected intravenously. The recent adoption of a spray
application directly on the operating field seems to have achieved a high level of accuracy,
even avoiding the problem of the potential toxicity [20,21,49].

Looking at the group of instruments based on optical technology such as DOCI
(dynamic optical contrast imaging), FLIm (fluorescence lifetime imaging), LSCI (laser
speckle contrast imaging), NIMI (near infrared molecular imaging), LIBS (laser induced
breakdown spectroscopy), it is immediately evident that, despite the advantage of not using
any contrast medium and not being influenced by ambient light, these are still experimental
applications and reserved for research centres with strong financial backing, certainly not
within the reach of most thyroid surgery centres [22–26,33]. They demonstrate a high
level of accuracy in identifying and assessing glandular perfusion, but cannot prevent any
iatrogenic damage produced during retrieval, which in any case precedes the test. Due to
their complexity, they appear to be far from an imminent clinical application.

Paras et al. were the first in 2011 to discover and describe [27] an autofluorescence of
the parathyroids induced by stimulation with high-energy light sources of endogenous
fluorophores that reacted by emitting low-energy light. The exploitation of this property,
apparently easier to apply and with potentially more immediate advantages, has offered a
new opportunity in the attempt to reduce post-surgical hypoparathyroidism [27–33].

The long persistence of autofluorescence in parathyroids even after their removal
makes this property unsuitable for perfusion assessment and has necessitated the injection
of exogenous fluorophores as contrast agents or dyes (ICG, indocyanine green; 5-ALA,
5-aminolevulinic acid) to enhance natural fluorescence.

There are other commercially available laparoscopic or handheld camera instruments
which, although designed for ICG study of other organ perfusion or sentinel node detection,
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can be used in parathyroid fluorescence detection. Even instruments combining two
methods (Niraf and Laser-speckle contrast Imaging), Ref. [33] are not yet fully convincing
and in any case not applicable on a large scale.

Solorzano et al., examined in detail all fluorescence-based technology applicable to
parathyroid surgery today and compiled a valuable list of possible indications with poten-
tial advantages and disadvantages specific to probe-based and chamber-based technology.

Although the literature reports a sensitivity of autofluorescence of 80 to 100%, it is
also correctly acknowledged that there are false positives and negatives and that the main
limitation of the method lies in its poor tissues penetration power and that it requires
the manipulation of parathyroids, exposing to tissue damage. The additional use of ICG
improves the power of identification and allows a judgement of perfusion that is not
possible with autofluorescence alone. The conclusions are not definitive, so we invite
others to further clarify its real cost–benefit [50].

To date, unfortunately only a few studies have demonstrated a direct correlation
between visualization and glandular perfusion and a reduction in hypoparathyroidism [30],
which is in any case limited to the temporary but not definitive form. Moreover, none of
the prevention methods adopted seem to be able to reduce hypocalcaemia [42,49–55].

In summary, alongside with authoritative reviews confirming the feasibility and ef-
ficacy of recent parathyroid identification aids [56–58], there are others that urge caution
in adopting them too enthusiastically before larger prospective and randomised studies
confirm their superiority over surgeon volume and skill [59,60]. For example, the anal-
ysis of our case history, while showing values for temporary hypoparathyroidism that
are in line with the literature (19.29%), confirms the negligible values of our previous
investigations [4,8,18,61,62], for permanent hypoparathyroidism. The strict adoption of
the specific principles of thyroid surgery required by the university didactic nature of our
hospital and the high volume of cases treated, we believe, is sufficient to justify values
much lower than those of other series but not too dissimilar from other Italian multicentric
experiences where values of temporary and permanent hypoparathyroidism of 8.3% and
1.7% respectively are reported [3].

In this regard, the comparison between the first and second part of our series seems
very expressive: although they are absolutely superimposable in terms of demographic
characteristics and the methods adopted, they reveal statistically significant differences for
both forms of hypoparathyroidism, confirming the well-known and recently reaffirmed [14]
relationship between the surgeon’s case-volume and the number of complications.

As expected, and as already noted in our previous experiences, the differences between
minimally invasive and conventional surgery in the two groups are not significant [61,62].

In the second group, in accordance with the most recent guidelines, lobectomies
increased but hypocalcaemia, which was never definitive, remained negligible, confirming
that unilateral surgery, even in the cases we included with exploration of the central
compartment, protects against hypocalcaemic complications.

On the other hand, the values are very different in both groups when comparing simple
thyroidectomies and those accompanied by lymphectomy of the central compartment,
respectively 19.41% vs. 38.8% in Group A and 8.61% vs. 32.97% in Group B. Interestingly,
the percentages of hypoparathyroidism remained very similar in the two periods when
total thyroidectomy was accompanied by central compartment lymphectomy, 38.88% in
Group A and 32.97% in Group B, respectively. Moreover, out of eleven patients with
definitive hypoparathyroidism, as many as eight had undergone central compartment
lymphectomy, demonstrating that the complication is strictly procedure-dependent and
cannot be modified by the surgeon’s experience.

In addition, this study also confirms the higher incidence of hypocalcaemia in sim-
ple total thyroidectomies for carcinoma compared with total thyroidectomies for benign
disease, as previously reported by us and other authors (19.29% vs. 12.99), [4,8,14,63]. How-
ever, a recent article from Onder CE et al., 2020, reports that the management of the patients
with hypocalcaemia is suboptimal with active vitamin D and cholecalciferol treatment [64].
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The limitation common to all the examined tools is that they only record what has
already taken place and are not able to modify the intra-operative procedure except to
indicate an autotransplant in the event of hypoperfusion, with the possibility to increase
the risk of hypocalcaemia [9], therefore, the surgeon remains the one who has to assess the
parathyroids site, shape, color (and its possible variations) or, by touch, their consistency.

5. Conclusions

Our findings show that post-surgical hypoparathyroidism is extremely uncommon
in high-volume institutions. Its potential decrease through the employment of technical
adjuncts is impossible to quantify, and their expense, combined with the complexity of their
application, makes them unsuitable for immediate usage. As evidenced by our findings
in the case of lobectomy, the trend toward more unilateral thyroid surgery is predicted to
lead to a further reduction in postsurgical hypoparathyroidism.
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Abstract: Background: Thyroidectomy is the definitive treatment for most patients with thyroid can-
cer. Hypoparathyroidism is the most frequent complication of thyroidectomy, and its pathogenesis is
multifactorial. The aim of this study is to evaluate the patient- and surgical-related risk factors for
hypoparathyroidism after surgery for thyroid cancer. Methods: In this retrospective study, patients
referred to surgery for thyroid cancer from 2016 to 2019 were enrolled. Preoperative serum calcium
and parathyroid hormone (PTH) and postoperative 24 h PTH and calcium levels were evaluated. De-
mographic data, type of surgery, incidence of hypoparathyroidism and hypocalcemia were recorded
for all the patients. Patients were divided into two groups based on post-operative PTH levels (≤12
and >12 pg/mL). Results: A total of 189 patients were enrolled in this study. There were 146 women
(87.3%) and 43 men (22.7%), with a mean age of 51.3 years. A total of 79 patients (41.7%) underwent
a neck dissection. A total of 59 patients (31.1%) had a postoperative PTH level < 12 pg/mL. Female
sex, neck dissection, the yield of lymph node dissection and incidental parathyroidectomy were
significantly associated with postoperative hypoparathyroidism. Incidental parathyroidectomy was
reported in 44 (23.2%) patients and was correlated with younger age (<40 years) and neck dissection.
There was no difference in the rate of post-operative hypocalcemia between patients with incidental
parathyroidectomy and those without. Conclusions: Young patients undergoing neck dissection and
with incidental parathyroidectomy have the highest risk of postoperative hypoparathyroidism after
surgery for thyroid cancer. However, a large proportion of patients without incidental parathyroidec-
tomy may have temporary hypocalcemia, suggesting that impaired blood supply of parathyroid
glands during their identification and dissection may play a relevant role.

Keywords: parathyroid hormone; hypocalcemia; thyroid cancer; incidental parathyroidectomy;
parathyroid hormone; female; thyroidectomy; lobectomy; central neck dissection; lymph node

1. Introduction

Thyroid cancer is the most common endocrine tumor and its incidence has signifi-
cantly increased over the last three decades [1]. Although the prognosis of thyroid cancer is
usually good, in most cases a surgical approach is required. Total thyroidectomy is usually
recommended for patients with thyroid nodules in which thyroid cancer is suspected in or-
der to improve survival and lower recurrence [2,3]. Total thyroidectomy is one of the most
frequently performed endocrine surgical procedures, and it can lead to serious complica-
tions, including temporary or permanent cordal palsy or postoperative bleeding, although
hypoparathyroidism is the most frequent complication [4–6]. Hypoparathyroidism with
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hypocalcemia may affect 3–49% of patients undergoing thyroid surgery [4–14]. Many risk
factors have been associated with an increased incidence of post-operative hypocalcemia.
Post-thyroidectomy hypocalcemia may arise from an incidental parathyroid removal, but
the risk is also increased when a larger number of parathyroid glands are left in situ due to
a compromised blood supply as a result of their dissection [6,9,13]; this risk could be fur-
ther increased when a neck dissection is associated with a total thyroidectomy [6,8–11,13].
Parathyroid hormone (PTH) levels are the most frequently evaluated biochemical factor in
the development of post-operative hypocalcemia, but the association between PTH levels
and postoperative hypocalcemia has been reported with conflicting results [9,15,16]. More-
over, there is no consensus on the most useful predictive cut-off point for post-operative
PTH levels and the appropriate time of PTH measurement after surgery: 1 h PTH level
after skin closure may be predictive of postoperative hypocalcemia [6,8–11,13], while other
studies suggested that a reduction in postoperative PTH of more than 44% [17] or more
than 60% [18] is predictive of temporary biochemical hypocalcemia [7,14,19].

In this study, we evaluated the risk factors for low levels of PTH after surgery for thy-
roid cancer to identify the patient and surgical related factors that could have a significant
correlation with the development of hypoparathyroidism.

2. Materials and Methods

All patients who were scheduled for surgical treatment for thyroid cancer between
January 2016 and December 2019 were retrospectively reviewed. All patients were diag-
nosed with thyroid cancer based either on a fine needle aspiration or at final histological
examination. Inclusion criteria included the following: normal biochemical results of
calcium metabolism, normal serum albumin and total protein and normal thyroid, liver,
and kidney functions.

Cases of completed thyroidectomy and patients with diseases or who were taking
medications that affect calcium homeostasis were excluded. Each participant received
and signed an informed consent form. Total extracapsular excision of the thyroid gland
was performed on each patient by the same team of two surgeons. Central neck dissec-
tion, bilateral or ipsilateral lymphadenectomy, were performed on suspicious enlarged
lymph nodes on the bilateral or ipsilateral sides. No prophylactic unilateral or bilateral
lymphadenectomy was performed.

All parathyroids were visualized intraoperatively. In each case, the thyroid was
devascularized by selective closure of distal branches of the thyroid arteries to spare the
vascular supply of the parathyroids. Biochemical monitoring of mineral homeostasis
included the following: serum calcium (Calcium Arsenazo III, Beckman Coulter, Inc.,
normal range: 8.1–10.2 mmol/L), phosphate (Inorganic Phosphorous, Beckman Coulter,
Inc., normal range: 0.81–1.45 mmol/L) and PTH (Access Intact PTH Assay, Beckman
Coulter, Inc., normal range: 12–88 pg/mL), measured pre-operatively and 24 h after
surgery. Temporary postoperative hypocalcemia was considered for calcium serum levels
lower than 8.0 mg/dL, measured 24 h after surgery. Hypoparathyroidism was considered
for PTH levels < 12 pg/mL. Patients with biochemical hypocalcemia (<8 mg/dL) or with
symptoms associated with serum calcium decrease were given calcium carbonate orally as
well as calcium gluconate intravenously, when needed. Symptoms were monitored until
discharge and thereafter on an outpatient basis. In case of symptoms of hypocalcemia
or serum calcium < 8 mg/dL, an oral supplementation of calcium and calcitriol was
administered until resolution of symptoms or normalization of serum calcium levels.
Definitive hypocalcemia was defined as the need for treatment with calcium or calcitriol at
6 months after surgery.

Clinical and follow-up data were retrieved from our electronic database and included
sex, age, preoperative serum calcium levels, preoperative serum PTH levels, surgical
procedures (thyroidectomy/lobectomy) including neck dissection, number of retrieved
lymph nodes, thyroid volume, incidental parathyroidectomy, post-operative calcium levels,
post-operative PTH levels, definitive histological examination, presence of thyroiditis based
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on histopathology reports and surgical complications. Pathological staging was based on
the tumor/nodes/metastases (TNM) system.

Pathology reports were reviewed for documentation of parathyroids identified in
the specimen.

Patients were divided into two groups based on post-operative PTH levels (≤12 and
>12 pg/mL). Thyroid volume was calculated through the measurements of the depth (d),
the width (w) and the length (l) of each lobe, as reported at final histological examination.
The volume is calculated by the ellipsoid formula:

V (mL) = 0.52 × d × w × 1 (cm)

Permanent hypoparathyroidism was considered at PTH levels ≤ 12 pg/mL or clinical
symptoms of permanent hypocalcemia at 6-month follow-up [14]. Statistical data analysis
was performed using SPSS (version 20.0; SPSS Inc., Chicago, IL, USA). Data are expressed
as mean ± standard deviation (SD). To compare parametric variables, the Pearson chi-
square test or Fisher’s exact test was used. To compare non-parametric variables, Student
T test or Mann–Whitney U test was used. The difference between the two means was
calculated using the Wilson test. Odds ratios (OR) were reported with 95% confidence
interval (95% CI) and P values. The level of statistical significance was determined at
p < 0.05.

3. Results

A total of 189 patients undergoing thyroid surgery for thyroid cancer between January
2016 and December 2019 were enrolled in this study. There were 146 women (87.3%) and
43 men (22.7%), with a mean age of 51.3 years (range, 19–75). Patients’ demographics,
operative details, histological findings and postoperative events are reported in Table 1.

Table 1. Patients’ characteristics.

Characteristic N (%)

Age

Male 43 (22.8)

Female 146 (77.2)

Mean age (years) 51.3 ± 22.4

Surgical Procedure

Total Thyroidectomy 183 (96.8)

Lobectomy 6 (3.2)

Histological type

Papillary 163 (86.2)

Follicular 44 (23.2)

Other (medullary, anaplastic, rare tumors) 7 (3.7)

TNM Classification

T1 130 (68.7)

T2 10 (5.3)

T3 48 (25.6)

T4 1 (5.4)

Lymph-node metastasis (N+) 12 (6.4)
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Table 1. Cont.

Characteristic N (%)

Unintentional parathyroidectomy 44 (23.3)

Portion of parathyroid 12 (26.3)

One Parathyroid 32 (72.7)

Parathyroid glands identified during surgery

0 3 (1.5)

1 6 (3.2)

2 45 (23.9)

3 81(42.9)

4 54 (28.5)

Auto-transplanted parathyroids 20 (10.5)

Post-operative hypocalcemia 69 (36.5%)

Definitive Hypocalcemia 5 (2.6)

Most patients (183, 96.8%) underwent a total thyroidectomy, while six patients un-
derwent a lobectomy (3.2%). A total of 79 patients (41.7%) underwent a neck dissection.
Most patients were finally diagnosed with papillary cancer (163, 86.2%) or follicular cancer
(44, 23.2%). Post-operative temporary hypocalcemia was present in 69 (36.5%) patients,
while only five (2.6%) patients experienced a definitive hypocalcemia. Most patients with
hypocalcemia presented with numbness and tingling in their fingertips, toes and the
perioral region, while no patients presented convulsions.

A total of 59 patients (31.1%) had a postoperative PTH level < 12 pg/mL (Table 2).
Younger female patients were at higher risk of low PTH levels after thyroid surgery.
Hypoparathyroidism presented more frequently in female (37.3%) compared to male
patients (12.7%, p < 0.001). Interestingly, the total thyroidectomy did not increase the risk
of low PTH, but the neck dissection significantly increased the risk of parathyroid injury
(OR = 2.56 (95% CI 1.36–4.82), p = 0.004), and patients with low postoperative PTH had
a higher mean number of lymph nodes retrieved compared to patients with higher PTH
levels (8.53 vs. 4.12, p = 0.005). Low levels of PTH were associated with an increased
rate of incidental parathyroidectomy, which was present in 35.6% of the patients; this
was associated with an OR of 2.44 (95% CI 1.22–4.88, p = 0.017). However, 25 patients
(18.4%) with normal post-operative PTH levels had an incidental parathyroidectomy,
suggesting that this is not the only factor contributing to the development of post-operative
parathyroid dysfunction and hypocalcemia. Indeed, the number of parathyroid glands
identified during surgery and auto-transplanted parathyroids did not correlate with the
incidence of postoperative hypoparathyroidism.

While there was not a significant difference in pre-operative PTH levels between the
two groups, mean postoperative PTH levels were significantly different (4.3 ± 3.63 pg/mL
vs. 35.6 ± 17.5 pg/mL, p < 0.001). Overall, patients with postoperative hypocalcemia
had 70.6% lower PTH levels compared with preoperative levels, and this difference was
even more pronounced in patients with postoperative PTH levels < 12 pg/mL (92%).
Histological type, cancer volume and thyroid volume did not correlate with post-operative
PTH levels.

78



J. Clin. Med. 2021, 10, 4113

Table 2. Risk factors for low level of postoperative PTH.

Characteristics PTH < 12 pg/mL N (%) PTH > 12 pg/mL N (%) p Value

Patients 59 (31.1) 130 (68.9)

Age (mean, years) 48.4 ± 12.2 53.4 ± 11.8 0.011

Age Groups

<40 16 (27.1) 23 (17.7) 0.008

41–55 29 (49.1) 45 (34.6) 0.849

>55 14 (23.7) 62 (47.6) 0.754

Sex

Male 6 (10.2) 41 (31.6)

Female 53 (89.8) 89 (68.4) <0.001

Surgical Procedure

Total Thyroidectomy 59 (100) 124 (95) 0.898

Lobectomy 0 6 (5)

Neck dissection 34 (58) 45 (35) 0.004

Central neck dissection 15 (25.4) 20 (15.3) 0.622

Unilateral Lymphadenectomy 14 (23.7) 20 (15.3) 0.532

Bilateral lymphadenectomy 5 (8.4) 5 (3.8) 0.455

PTH levels (mean)

Preoperative 53.6 ± 26.9 53.1 ± 20.5 0.884

Postoperative 4.3 ± 3.63 35.6 ± 17.5 <0.001

Incidental Parathyroidectomy

No 38 (64.4) 107 (82.4)

Yes 21 (35.6) 23 (17.6) <0.001

Auto-transplanted parathyroids 3 (6.7) 16 (11.5) 0.312

Parathyroid glands identified during surgery

0 1 (1.6) 2 (1.5) 0.936

1 2 (3.4) 4 (3) 0.912

2 15 (25.4) 30 (23) 0.726

3 21 (35.6) 60 (46.3) 0.173

4 20 (34) 34 (26.2) 0.275

Histological type

Papillary 55 (93.2) 108 (83) 0.832

Follicular 11 (18.6) 33 (25.3) 0.651

Other (medullary, anaplastic, rare tumors) 0 7 (5.3) 0.821

Thyroid volume (mean, cm2) 23.43 ± 26.52 24.9 ± 26.4 0.724

Cancer volume (mean, cm) 0.93 ± 0.6 1.02 ± 0.9 0.654

Number of retrieved lymph nodes (mean) 8.53 4.12 0.005

Postoperative Hypocalcemia

Temporary 37 (63) 33 (25.4) <0.05

Definitive 5 (8) 0

Preoperative/postoperative PTH levels ratio 92% 49.5% <0.05
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Table 2. Cont.

Characteristics PTH < 12 pg/mL N (%) PTH > 12 pg/mL N (%) p Value

TNM Classification

T1 36 (61) 94 (71.1) 0.120

T2 3 (5) 7 (5.4) 0.622

T3 20 (34) 28 (21.5) 0.070

T4 0 1 (0.9)

N+ 36(61) 54 (41.5) 0.012

6-month Postoperative serum calcium (mean, g/dL) 8.8 ± 0.53 9.3 ± 0.42 0.643

6-month postoperative PTH level (mean, pg/mL) 18.22 ± 8.34 26.3 ± 10.4 0.138

A total of 37 patients (63%) in the group of PTH < 12 pg/mL developed a temporary
postoperative hypocalcemia, compared to 33 patients (25.4%, p < 0.01) in the group of
PTH > 12 pg/mL. Interestingly, five patients (8%) with a postoperative PTH value < 12 pg/mL
developed a definitive hypocalcemia, while no patient in the group with postoperative PTH
levels > 12 pg/mL developed a definitive hypoparathyroidism. Female sex, age < 55 years
and PTH levels < 12 pg/mL were predictive of postoperative temporary hypocalcemia,
while the incidental parathyroidectomy did not increase the risk of hypocalcemia (Table 3).

Table 3. Risk factors for temporary hypocalcemia.

Characteristics OR 95% CI p Value

Sex

Male 1

Female 4.06 1.618–10.228 <0.05

Age (ys)

<40 1.73 0.83–3.59 <0.01

41–55 1.82 0.97–3.41 <0.05

>55 1

PTH < 12 pg/mL 4.94 2.55–9.55 <0.001

Incidental parathyroidectomy 0.63 0.31–1.25 0.186

All patients who developed a definitive hypocalcemia had a 1-day postoperative PTH
level < 1 pg/mL, and a postoperative PTH level < 5 pg/mL was a strong predictive factor
for definitive hypoparathyroidism (OR = 24.5 (95% CI 2.83–212.51, p < 0.0001). At the
6-month follow-up, serum calcium and PTH levels were similar among the two groups.

A subsequent analysis on risk factors for incidental parathyroidectomy was performed
(Table 4). In 19 patients (10%), a parathyroid gland was auto-transplanted, of which only
three developed a transient post-operative hypocalcemia. There was no significant differ-
ence in the incidence of incidental parathyroidectomy among patients < 55 years compared
to those >55 years. However, when stratified for age, younger (<40 years) patients had the
higher risk of having an incidental parathyroidectomy (RR 1.8 OR 2.2 (95% CI 1.02–4.88),
compared to patients > 41 years (RR 0.9 OR 0.6 (95 CI 0.308–1.157). Patients who un-
derwent neck dissection had an increased risk of incidental parathyroidectomy (OR 3.03
(95% CI 1.50–6.12, p < 0.001), with the risk increasing with the number of retrieved lymph
nodes, being the highest for > 8 lymph-nodes (OR 1.7,95% CI 0.58–5.00, p = 0.044) re-
trieved. There was no significant correlation between the number of parathyroid glands
identified during surgery and the risk of incidental parathyroidectomy. Patients with unin-
tentional parathyroidectomy had significantly lower postoperative PTH levels (19.3± 19.2
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vs. 27.3 ± 23 pg/mL, p = 0.03) and, although there was a higher incidence of postoperative
biochemical hypocalcemia, this did not reach the statistical significance (45.4% vs. 34.4%,
p = 0.194). There were no significant differences for gender or histological type.

Table 4. Risk factors for un-intentional parathyroidectomy.

Characteristics
Unintentional

Parathyroidectomy
No

Parathyroidectomy

N (%) N(%) p Value

Patients 44(23.2) 145 (76.7)

Sex

Male 11 (25) 35 (24.2) 0.743

Female 33 (75) 110 (75.8) 0.896

Age (years, %) 50.1 ± 14.1 51.7 ± 11.9 0.451

<55 26 (59) 83 (57.2)

>55 18 (41) 62 (42.8) 0.827

Age Groups

<40 13 (29.5) 21 (14.5) 0.015

41–55 13 (29.5) 63 (43.4) 0.123

>55 18 (41) 61 (42.1) 0.091

Total thyroidectomy/lobectomy 43 (97.7) 140 (96.6) 0.833

Lobectomy 1 (2.3) 5 (4.6) 0.901

Neck dissection 28 (63.6) 51 (35.1) 0.001

Number of retrieved lymph nodes

<4 15 30 OR 1 (95% CI 0.39–2.78)

5–8 2 10 OR 0.3 (95% CI 0.07–1.76)

>8 8 11 OR 1.7 (95% CI 0.58–5.00)

Parathyroid glands identified during surgery

0 1 (2.2) 2 (1.3) 0.674

1 2 (4.6) 4 (2.8) 0.555

2 13 (29.5) 32 (22) 0.307

3 16 (36.3) 65 (44.8) 0.322

4 12 (27.2) 42 (28.9) 0.215

Preoperative PTH (mean, pg/mL) 55.9 ± 27 52.5 ± 21.3 0.396

Postoperative PTH (mean, pg/mL) 19.3 ± 19.2 27.3 ± 23 0.03

PTH < 12 pg/mL 21 (47.7) 39 (26.8) 0.009

Temporary Hypocalcemia < 8 mg/dL 20 (45.4) 50 (34.4) 0.194

Definitive Hypocalcemia 4 (10) 1 (2) 0.135

Underlying disease

Papillary 37 (84.1) 126 (86.9) 0.626

Follicular 12 (27.3) 32 (22.1) 0.435

Hashimoto thyroiditis 6 (13.6) 31 (21.4) 0.201

Others 3 (6.8) 4 (6.8) 0.832

Thyroid volume (mean, cm2) 16.4 ± 8.45 26.5 ± 28.5 0.002

Postoperative serum calcium (mean, mg/dL) 8.1 ± 0.65 8.3 ± 0.6 0.07

6-month Postoperative serum calcium (mean, g/dL) 9.1 ± 0.55 9.6 ± 0.35 0.845

Bold of numbers was for those statistically significant.
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4. Discussion

Hypoparathyroidism is the most common complication after thyroid surgery, but the
true incidence is debatable due to the heterogeneity in classification and identification of
this complication. A recent meta-analysis reported a median incidence of temporary and
permanent hypoparathyroidism following thyroidectomy ranging from 19% to 38% and 0%
to 3%, respectively, suggesting that a large number of patients undergoing thyroid surgery
may suffer from this complication [13].

This study investigated the patient- and surgery-related risk factors associated with
low postoperative PTH levels. After thyroidectomy, monitoring of PTH and serum calcium
levels is mandatory for identifying the hypoparathyroidism before the development of
severe and symptomatic hypocalcemia [20]. Because postoperative calcium levels may be
confounded by prophylactic calcium and calcitriol administration, or by low preoperative
vitamin D levels, many groups preferred the measuring of intraoperative or postoper-
ative intact PTH levels drawn at various time points in the early post-thyroidectomy
period [10,14,20]. A recent statement on hypoparathyroidism of the American Thyroid As-
sociation found that the timing of PTH measurements in published studies has ranged from
10 min to 24 h post-thyroidectomy [14], and that a postoperative PTH level < 15 pg/mL is
usually predictive of hypocalcemia [6,8–11,13,20,21]. However, serum PTH levels may re-
main stable within the first days after thyroidectomy and day 1 PTH levels may be accurate
enough to predict hypocalcemia and direct the initiation of calcium supplementation [4,21].

In our study, postoperative hypocalcemia developed in 36.5% of patients, while a total
of 59 patients (31.1 %) had a postoperative PTH level < 12 pg/mL. PTH levels may be
a significant predictive factor for post-operative hypoparathyroidism and hypocalcemia:
among the 37 patients with PTH < 12 pg/mL who developed a temporary postoperative
hypocalcemia, five patients (8%) developed a definitive hypocalcemia, while no patients
with hypocalcemia and PTH levels > 12 pg/mL developed a definitive hypocalcemia.

Postoperative PTH levels are significantly related to postoperative hypocalcemia [22],
and a recent systematic review showed that patients with a decrease in post-operative
PTH had a 69–100% chance of developing temporary hypocalcemia [13]. Moreover, the
accuracy of an absolute PTH level to predict temporary hypocalcemia ranges from 34%
to 100%, while the accuracy for a change in PTH ranges from 72% to 100%; however, the
development of hypocalcemia despite a normal PTH level is up to 54% for an absolute PTH
value and up to 50% for a percentage change in PTH, suggesting that even patients with a
normal PTH can develop hypocalcemia [13]. This assumption was further demonstrated by
Del Rio et al. [6] who showed that, among the 101 patients presenting with hypocalcemia
(serum calcium < 7.5mg/dL) beyond postoperative day 1, only 49 had PTH values less
than 12 pg/mL, whereas the others 52 patients had PTH values within the normal range;
additionally, there was no statistically significant difference in absolute PTH values in
patients with hypocalcemia compared with patients with eucalcemia [6].

This was also confirmed in our study where, although a higher incidence of post-
operative hypocalcemia (serum calcium < 8 mg/dL) was observed in patients with a lower
postoperative PTH level (<12 pg/mL), there was no significant difference of PTH levels
between patients with postoperative hypocalcemia and patients with normocalcemia; this
suggests that low PTH levels, although potentially predictive of postoperative temporary
hypocalcemia, do not indicate an absolute risk of hypocalcemia, and similarly, a normal
PTH value does not guarantee normocalcemia.

The mechanism of hypoparathyroidism after thyroidectomy has not been fully eluci-
dated and is likely to be multifactorial, including surgical technique, parathyroid injury,
patient gender, incidental parathyroidectomy and neck dissection [14,20].

Age < 40 years was found to be significantly associated with hypoparathyroidism.
In literature, there are conflicting data about the correlation between post-operative hy-
poparathyroidism and patient age: while temporary hypocalcemia may be associated
either with advanced age [16] or younger age [23,24], most studies found no significant
association with age [2,10,13]. More recently, a retrospective study on 278 Chinese patients
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found a significant association between age and postoperative hypocalcemia [5], while
Del Rio et al. [6] did not find such association among 2108 patients undergoing thyroid
surgery for benign and malignant diseases.

Many studies tried to find an explanation to female predisposition to post-thyroidectomy
hypocalcemia [6] and, although the specific mechanism is not certain, the gender disparity
may be related to effects of sexual steroids on PTH secretion [25,26]. Female patients were
at higher risk of developing postoperative hypoparathyroidism (53/142, 37.3%) compared
to male patients (6/47, 12.7%, p < 0.001). Female sex and age were found to be significant
risk factors for postoperative hypocalcemia with conflicting results: in their retrospective
study, Karadeniz and Akcay [27], found that young age (<28.5 years old) and female
sex were risk factors for post-operative hypocalcemia; in contrast, Algarni’s retrospective
analysis [28] found no significant correlation with female sex, probably because of the
small sample size of the study (40 patients).

The extent of surgery may influence the rate of postoperative hypoparathyroidism.
The number of parathyroids glands identified during surgery and auto-transplanted
parathyroids did not influence the rate of post-operative hypocalcemia, as reported in many
studies [9]. It should be noted that in patients with thyroid cancer, parathyroid glands may
be not easily identified since they could be confounded with enlarged lymph-nodes or
with the fat tissue surrounding the thyroid; this could partially explain the higher rate of
incidental parathyroidectomy in patients with thyroid cancer.

In our study, patients who underwent neck dissection had an increased risk of parathy-
roid injury. Moreover, patients with low post-operative PTH levels had a higher mean
number of lymph-nodes retrieved compared to patients with higher PTH levels. Total
thyroidectomy is seen to have an equivocal association with symptomatic hypocalcemia,
with little evidence suggesting an association with either temporary or permanent hypocal-
cemia [10]. However, neck dissection demonstrates a significant association with hy-
poparathyroidism [5,16,23,26], but a recent meta-analysis demonstrated that the addition
of neck dissection to total thyroidectomy shows an association only with symptomatic and
permanent hypocalcemia, but not with temporary biochemical hypocalcemia [10].

No significant correlation was found between histological type, cancer volume and
thyroid volume and postoperative hypoparathyroidism, as reported in other studies [27].
In contrast, Mo et al. [4], in their study investigating the risk for temporary hypocalcemia
in 176 patients undergoing total thyroidectomy for papillary thyroid carcinoma, found
that tumor diameter was a risk factor for temporary hypocalcemia in female patients,
while histological diagnosis of papillary cancer may be related to an increased incidence of
postoperative hypocalcemia [26].

Incidental parathyroidectomy was present in 44 (23.2%) patients, and it correlated
significantly with low postoperative PTH levels. This was consistent with data reported
in literature, where incidental parathyroidectomy was identified in 4%–28% of thyroid
specimens [21,27,29–33]. In this study, incidental parathyroidectomy was correlated with
younger age (<40 years) and with neck dissection with higher lymph-node yield, while
total thyroidectomy and histological findings did not increase the incidence of inciden-
tal parathyroidectomy. Malignancy and neck dissection, together with the surgeon’s
experience have been identified as the strongest risk factors associated with incidental
parathyroidectomy [26,27,29–33]. In their study, Barrios et al. [30], among 1114 thyroidec-
tomies and 396 concurrent central neck dissections performed across seven surgeons,
found that central neck dissection, either prophylactic or therapeutic, but not the yield of
lymphadenectomy, increased the risk of incidental parathyroidectomy (OR 2.68 and 4.44,
respectively). In contrast, the surgeon’s experience had a protective role, suggesting that
high-volume surgeons could safely perform more extensive central neck dissections with
lower incidences of complications [30]. The extent of thyroid surgery is not necessarily
associated with increased risk of incidental parathyroidectomy [26,27,29–33], as reported in
our experience. Interestingly, incidental parathyroidectomy was associated with a higher
risk of temporary hypoparathyroidism and with permanent hypocalcemia, although not
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statistically significant, but not with temporary hypocalcemia. This apparent paradox
may be correlated to the function of the remaining parathyroid glands [34]. However,
the 26.8% and the 34.4% of patients without incidental parathyroidectomy experienced
temporary postoperative hypoparathyroidism and hypocalcemia, respectively, suggesting
that extensive identification and dissection of parathyroids may compromise their blood
supply and, therefore, their function [9,30,35].

The main limitations of this study are the retrospective nature and the relatively small
sample size. However, surgical procedures were performed by the same surgical team in a
high-volume center, and this could reduce the bias caused by different surgeon experience.

In conclusion, surgery for thyroid cancer may be associated to an increased risk of
postoperative hypoparathyroidism and hypocalcemia. While neck dissection and incidental
parathyroidectomy may increase the rate of postoperative hypoparathyroidism, a large
proportion of patients without incidental parathyroidectomy may experience postoperative
hypocalcemia, suggesting that a careful surgical technique is recommended for reducing
the risk of post-operative complications.
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Abstract: The transcription factors involved in epithelial–mesenchymal transition (EMT-TFs) silence
the genes expressed in epithelial cells (e.g., E-cadherin) while inducing those typical of mesenchymal
cells (e.g., vimentin). The core set of EMT-TFs comprises Zeb1, Zeb2, Snail1, Snail2, and Twist1.
To date, information concerning their expression profile and clinical utility during thyroid cancer
(TC) progression is still incomplete. We evaluated the EMT-TF, E-cadherin, and vimentin mRNA
levels in 95 papillary TC (PTC) and 12 anaplastic TC (ATC) tissues and correlated them with patients’
clinicopathological parameters. Afterwards, we corroborated our findings by analyzing the data
provided by a case study of the TGCA network. Compared with normal tissues, the expression of
E-cadherin was found reduced in PTC and more strongly in ATC, while the vimentin expression
did not vary. Among the EMT-TFs analyzed, Twist1 seems to exert a prominent role in EMT, being
significantly associated with a number of PTC high-risk clinicopathological features and upregulated
in ATC. Nonetheless, in the multivariate analysis, none of the EMT-TFs displayed a prognostic value.
These data suggest that TC progression is characterized by an incomplete EMT and that Twist1 may
represent a valuable therapeutic target warranting further investigation for the treatment of more
aggressive thyroid cancers.

Keywords: thyroid cancers; epithelial–mesenchymal transition; transcription factors; Twist1; Snail;
Zeb; E-cadherin; vimentin; prognosis

J. Clin. Med. 2021, 10, 4076. https://doi.org/10.3390/jcm10184076 https://www.mdpi.com/journal/jcm87



J. Clin. Med. 2021, 10, 4076

1. Introduction

Epithelial–mesenchymal transition (EMT) indicates a physiological path by means of
which a well-polarized epithelial cell gradually loses its cell–cell contacts and acquires the
morphological and functional capabilities of a mesenchymal cell [1,2]. Three different types
of EMT have been described: type I takes place during the embryogenesis and morphogen-
esis of organs, type II occurs during tissue regeneration, as well as the fibrotic process, and
type III is responsible for cancer metastasis [2–4]. It is worth noting that the conversion
from an epithelial to a mesenchymal cell embraces a variety of cellular modifications, not
all of which are realized during the EMT. Actually, regarding type III EMT, there is evidence
indicating that tumor cells infrequently undertake a complete EMT, whereby they acquire
some mesenchymal characteristics while conserving epithelial features [2–6]. The ability
of a cancer cell to acquire a mixed epithelial–mesenchymal phenotype, together with its
capability to move along the epithelial–mesenchymal spectrum, is now recognized as the
epithelial–mesenchymal plasticity (EMP) [7]. The extent of EMT is thought to impact on
the metastatization approach adopted by tumor cells, whereby those showing a partial
EMT migration as a multicellular cluster, while those with a complete EMT are likely to
migrate as single cells [8].

Different factors associated with the microenvironment of tumors are thought to play
a role in EMT [3]. These include: (i) cellular and humoral components of inflammation,
which have been shown to be potent inducers of EMT in tumor cells [9,10]; (ii) hypoxia
and the induction of hypoxia-inducible factors (HIFs) [11,12]; and extracellular matrix
components, such as laminins, fibronectin, and collagens [13–19]. In addition, Wnt by
binding to its frizzled receptor, along with a number of growth factors, including the
epidermal growth factor (EGF), the fibroblast growth factor (FGF), the insulin growth
factor (IGF), the platelet-derived growth factor (PDGF), and the transforming growth factor
β (TGFβ), by binding with their cognate tyrosine kinase receptors, have been shown to
modulate the EMT process [3,4]. All the above-mentioned factors have been shown to
upregulate the expression of the so-called EMT transcription factors (EMT-TFs) of the
Zeb, Snail (also known as Slug), and Twist families [3]. The latter include Zeb1 and Zeb2,
Snail1 and Snail2, and Twist1, which function as repressors of the expression of E-cadherin,
claudin, occludin, and other genes involved in the epithelial phenotype while inducing
the expression of genes typical of the mesenchymal phenotype, including N-cadherin,
vimentin, catenin and others [3]. Experimental evidence accumulated over the last few
years indicates that the role of EMT-TFs is not limited to the regulation of cancer cell
invasion and metastatization but embraces additional important roles among cell fate
specification, cancer stem cell plasticity, malignant transformation and tumor initiation,
cancer cell survival in response to therapy, and immune evasion [20]. As a consequence,
EMT-TFs have been recognized as potential targets for anticancer therapy.

Follicular thyroid cancers (TC) represent the most common endocrine malignancy
and the fifth-most common cancer in women [21–23]. Its annual incidence, about 3% of
all cancers, has increased over the last decades due to the improved ability to diagnose
malignant transformations in small thyroid nodules [22,23]. Differentiated (DTC) papillary
(PTC) and follicular (FTC) thyroid carcinomas represent the majority of thyroid cancers,
which may dedifferentiate to form the more aggressive and poorly differentiated TC (PDTC)
and the highly aggressive and incurable anaplastic thyroid carcinomas (ATC) [24,25]. Even
if derived from the same cell type, the different TC histotypes show peculiar histological
features, biological behaviors, and degrees of differentiation as a result of different genetic
alterations [24,26]. In PTC, which account for 85–90% of all TC, more than 96% of the
underlying driver mutations have been identified [25]. Among these, the BRAFV660E

mutation is particularly frequent in PTC, as it is present in about half of all PTCs [26–28].
In the present study, we evaluated the expression level of Twist1, Snai1, Snai2, Zeb1,

and Zeb2 in 95 PTC and 12 ATC tissues compared, respectively, with their normal matched
tissues or a pool of normal thyroid tissues. The expression levels of the different EMT
transcription factors were then correlated with the patients’ clinicopathological parameters.
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The same was also evaluated in over 350 PTC patients from the TGCA network and
available in the public cBioPortal website [26,29].

2. Materials and Methods

2.1. Tissue Samples, Histology, and Patient Staging

Normal and matched PTC tissues were obtained from surgical specimens of 95 patients
(19 males and 76 females, age range 11–83 years, median 44 years) who underwent total
thyroidectomy for papillary thyroid cancer (PTC) at the Department of Surgical Sciences,
“Sapienza” University of Rome (38 patients) or at the Department of Medicine, University
of Padua (57 patients) enrolled from 2009 to 2016. ATC tissues were collected from surgical
specimens of 12 patients (4 males and 8 females, age range 57–79 years, median 69 years)
who had surgery at the Department of Medicine, University of Padua (7 patients) or at the
Department of Clinical and Experimental Medicine of Pisa (5 patients). All the patients
gave their informed consent, and the study was approved by the local ethical committee
(Protocol No. 2615). The tissue samples were collected, quickly frozen in liquid nitrogen,
and stored at −80 ◦C until use. Patients older than 45 years of age underwent total
thyroidectomy with dissection of the lymph nodes of the central compartment (level VI).
Patients younger than 45 years of age had total thyroidectomy with dissection of the lymph
nodes of the central compartment limited to patients with nodal disease. Surgical resection
of the lymph nodes from the lateral neck compartments (levels II–V) was performed in
patients with nodal disease diagnosed by preoperative ultrasound-guided fine-needle
aspiration (FNA) cytology and/or thyroglobulin (Tg) measurements in the FNA washout.
Of the 95 PTC patients, 72 (75.8%) exhibited the classical form, 18 (18.9%) the follicular,
2 (2.1%) the tall-cell, and 2 (2.1%) the oncocytic variants. The histological diagnoses were
carried out independently by two different histopathologists according to the World Health
Organization’s classification [24]. At the time of surgery lymph node metastases were
found in 39 (41.1%) patients. Following TNM staging, 59 (62.1%) patients were classified as
stage I, 1 (1.1%) as stage II, 29 (30.5%) as stage III, and 6 (6.3%) as stage IV. Approximately
40–50 days after the operation, all of the patients underwent radioiodine therapy followed
by thyroid hormone replacement therapy. The disease-free status was checked 4 to 5 months
later by means of neck ultrasound and serum Tg assay. Recurrences were diagnosed by
measuring the serum Tg levels either in basal conditions or following recombinant human
TSH stimulation, the determination of FNA cytology and/or Tg in the FNA wash-out
from lymph nodes, 131I whole-body scan, and a histological analysis following surgical
resection of the lesion [30]. The follow-up included 79 patients (mean 57.1 ± 36.7 months,
range 5–141 months), 52 (54.7%) of whom were at TNM stage I. During the follow-up,
16 recurrences were recorded, 12 being cervical lymph nodes and 4 being lung metastases.
As regards ATC patients, they all died from the disease (survival time range 1–25 months,
median 6 months). In parallel, we analyzed analogous clinical and molecular data obtained
from a previous study by The Cancer Genome Atlas (TGCA) network on 496 PTC patients;
for 396 of whom, data on the follow-up were available [26,29]. These data were downloaded
from the cBioPortal website [29].

2.2. Determination of BRAFV600E Mutation

The BRAF status was determined on 76 tumor tissue samples. The small amount of
tissue did not allow for determining the BRAF status on the remaining tissue samples.
Genomic DNA was extracted from the frozen tissues using the DNeasy Blood and Tissues
kit (QIAGEN, Milan, Italy) following the manufacturer’s protocol. The BRAF status of exon
15 was assessed by both direct sequencing and mutant allele-specific PCR amplification
for the T to A substitution at the nucleotide 1799 (V600E), using the procedure previously
described [31].
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2.3. Extraction and Analysis of mRNA

Frozen normal and tumor thyroid tissues were homogenized with the ultra-turrax and
total RNA extracted by applying the acid guanidinium thiocyanate–phenol–chloroform
method [32]. The first cDNA strand was synthesized from 5 μg of RNA with M-MLV
reverse transcriptase and anchored oligo(dT)23 primers (Merk Life Science, Milan, Italy).
Parallel controls for DNA contamination were carried out by omitting the reverse tran-
scriptase. The templates thus obtained were used for quantitative PCR amplifications of
TWIST1; SNAI1; SNAI2; ZEB1; ZEB2; CDH1; VIMENTIN; and three different housekeep-
ing genes (GAPDH, RPL13A, and SDHA) employing the LightCycler instrument (Roche
Diagnostics, Mannheim, Germany), the SYBR Premix Ex Taq II (TliRNase H Plus) (Takara,
Otsu, Shiga, Japan), and the specific primers listed in Table 1. Negative controls were per-
formed by preparing the samples with the same procedure without reverse transcriptase.
Amplicon specificities were checked by automated DNA sequencing (Bio-Fab Research,
Rome, Italy), an evaluation of the melting temperatures, and electrophoresis on 2% agarose
gel containing ethidium bromide.

Table 1. Sequences, genomic positions, and amplicon sizes of the primers used in qRT-PCR for the
target and reference genes. GAPDH, glyceraldehyde-3-phosphate dehydrogenase; RPL13a, ribosomal
protein L13a; SDHA, succinate dehydrogenase complex, subunit A; Twist1, twist basic helix-loop-
helix transcription factor 1; Snail1, snail family zinc finger 1; Snail2, snail family zinc finger 2; Zeb1,
zinc finger E-box binding homeobox 1; Zeb2, zinc finger E-box-binding homeobox 2.

Gene Primer Sequence Exons Amplicon Length

GAPDH F: 5′-ATCATCAGCAATGCCTCCTG-3′
R: 5′-GGCCATCCACAGTCTTCTG-3′

6 to 7
8 136 bp

RPL13a F: 5′-ACCGTGCGAGGTATGCTG-3′
R: 5′-TAGGCTTCAGACGCACGAC-3′

4 to 5
6 148 bp

SDHA F: 5′-GCATAAGAACATCGGAACTGC-3′
R: 5′-GGTCGAACGTCTTCAGGTG-3′

12
13 147 bp

Twist1 F: 5′-ATGTCATTGTTTCCAGAGAAGG-3′
R: 5′-CCACGCCCTGTTTCTTTG-3′

16
17 137 bp

Snail1 F: 5′-ACCCACACTGGCGAGAAG-3′
R: 5′-CAGGGACATTCGGGAGAAG-3′

19
20 150 bp

Snail2 F: 5′-GGTTGCTTCAAGGACACATTAG-3′
R: 5′-TGGAGAAGGTTTTGGAGCAG-3′

12
13 162 bp

Zeb1 F: 5′-ACCACCCTTGAAAGTGATCC-3′
R: 5′-CTGATTCTACACCGCCCAAA-3′

2
3 115 bp

Zeb2 F: 5′-CCCTTCTGCGACATAAATACG-3′
R: 5′-CGAGTGAAGCCTTGAGTGC-3′

1
2 113 bp

E-cadherin F:5′-CATTCTGGGGATTCTTGGAG-3′
R: 5′-CCGCCTCCTTCTTCATCATA-3′

1
2 156 bp

Vimentin F:5′-GAGAGAGGAAGCCGAAAACAC-3′
R: 5′-TCCACTTTGCGTTCAAGGTC-3′

1
2 90 bp

Standard curves for all the genes were created using five-fold dilutions of a cDNA
mix. Data for the PTC was calculated with the Relative Expression Software Tool (REST
2009) using the geometric media of the 3 housekeeping genes as the normalization factor,
whose expression was proven to be stable among the normal, PTC, and ATC tissues
during the preliminary experiments [33–35]. The fold changes in the gene expression were
calculated between each PTC tissue and its normal counterpart, while the ATC samples,
for which the normal matched tissues were not available, were compared to a pool of
10 normal thyroid tissues. A data analysis was performed with the Relative Expression
Software Tool (REST 2009) using as the normalization factor the geometric mean of the
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above-mentioned housekeeping genes, whose expression was proven to be stable among
the normal, PTC, and ATC tissues in the preliminary experiments. In the latter, to compare
the gene expressions between ATC and PTC, the ΔCt of each gene was calculated using
the geometric mean of the above-mentioned housekeeping genes, while the ΔΔCt was
obtained by comparing the samples ΔCt with that of samples showing the lowest gene
expression.

2.4. Western Blot

Frozen tissue fragments from normal and tumor tissues were ground using a mortar
and pestle in liquid nitrogen, then lysed in a RIPA buffer with an added fresh protease
inhibitor cocktail, sonicated, and centrifuged at 13,000 rpm for 20 min. The protein concen-
trations were determined by the Bradford assay. Protein aliquots of 30 μg were separated
by SDS-PAGE and transferred onto nitrocellulose membranes, which were washed with
TBS-T (50-mM Tris-HCl, pH 7.4, 150-mM NaCl, and 0.05% Tween-20); saturated with 5%
low fat milk in TBS-T; and then incubated at +4 ◦C overnight with antibodies against
E-cadherin 1:1000 (#3195 Cell Signaling Technology, Danvers, MA, USA), vimentin 1:1000
(#5741 Cell Signaling Technology), or GAPDH 1:10,000 (ab8245 Abcam, Cambridge, UK) in
TBS-T. After washing, the membranes were incubated with the appropriate horseradish
peroxidase-conjugated secondary antibodies against mouse or rabbit IgG (1:20,000) in TBS-
T and developed using the LiteAblot EXTEND chemiluminescent substrate (Euroclone,
Milan, Italy). Densitometric analyses were carried out using ImageJ software from the
National Institutes of Health (Bethesda, MD, USA).

2.5. Statistical Analysis

The Shapiro–Wilk test was used to evaluate the distribution shape of the data. Differ-
ences in the mRNA or protein levels between PTC tissues and their normal matched tissues
were analyzed by means of the Wilcoxon signed-rank test, while the Mann–Whitney U
test was employed to calculate the statistical significance of the differences in the expres-
sion levels of the target genes in female vs. male patients, in the classical PTC variant vs.
other variants, in BRAFV600E-mutated vs. BRAF wild-type (BRAFwt) PTC, in metastatic
(N1) vs. nonmetastatic (N0) PTC, in T1–2 vs. T3–4 tumor sizes, in TNMI–II vs. TNMIII–IV
stages, in the presence or absence of recurrence, and in normal thyroid tissues vs. ATC.
The correlations among each mRNA and between the mRNA levels and patient ages or
thyroid differentiation scores (TDS) were evaluated using Spearman’s Rho test. The TDS,
elaborated by the Cancer Genome Atlas Research Network, was calculated by evaluating
the mRNA expression levels of sixteen thyroid function genes, which included DIO1, DIO2,
DUOX1, DUOX2, FOXE1, GLIS3, NKX2-1, PAX8, SLC26A4, SLC5A5, SLC5A8, TG, THRA,
THRB, TPO, and TSHR [26]. The strength of the correlation was interpreted, considering a
correlation coefficient value (r): 0 < r < 0.19 very weak, 0.20 < r < 0.39 weak, 0.40 < r < 0.59
moderate, 0.60 < r < 0.79 strong, and 0.80 < r < 1.00 very strong [36]. Finally, Cox regression
was performed to quantify the hazard ratio (HR) of several explanatory variables, both
continuous and categorical. All available covariates were included in the analysis after
the assessment of the proportional hazard assumption and absence of multicollinearity.
The backwards stepwise approach was used for the model selection. All the statistical
analyses were carried out using SPSS software (IBM, Armonk, NY, USA), and the results
were considered significantly different if the pertaining p-values were lower than 0.05.

3. Results

Analyses of the five EMT-TFs mRNA levels of the 95 PTC tissues, compared to their
normal matched tissues, revealed that all of them were deregulated in the majority of
cancer tissues, as shown in panel A of Figure 1. With the exception of Twist1, which
showed a minimal, but significant, increment in the median value, all the other EMT-TFs
showed a significant reduction in their medians compared to the normal matched tissues
(Figure 1). A very similar outcome emerged from the analysis of a case study from The
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Cancer Genome Atlas (TGCA) network comprising 505 PTCs, as reported in panels B–F of
Figure 1 [26,29]. It has to be mentioned that, while, in our analyses, the mRNA levels of the
different EMT-TFs in PTC tissues were compared with the normal matched tissues, in the
TGCA study, the EMT-TF expressions found in 505 PTC tissues were compared with those
found in 59 unmatched normal tissues [26].

Figure 1. Expression level of the EMT transcription factors (EMT-TFs) in 95 papillary thyroid cancer
(PTC) tissues compared with the normal matched tissues from our case study (A) or from The Cancer
Genome Atlas network (B–F) case study consisting of 59 normal tissues and 505 PTC tissues. (A) The
small bars represent the median with the values indicated. The dotted line represents the expression
level for the normal matched tissues. (B–F) The data are presented as a box plot reporting the median
value (small bar) and the first (lower box limit) and third (upper box limit) quartiles and range of the
values observed for each gene.

92



J. Clin. Med. 2021, 10, 4076

Additionally, we also analyzed the expression at the mRNA level of E-cadherin and
vimentin, well-known EMT markers whose gene transcriptions are modulated by the EMT-
TFs under investigation [1–3]. In our case study, a trend toward a reduction of E-cadherin
mRNA and the protein level was observed, but it did not achieve statistical significance.
Vimentin, on the other hand, was found slightly but significantly reduced at the mRNA
level but not at the protein level (Figure 2).

Figure 2. Expression level of the E-cadherin and vimentin in 95 papillary thyroid cancer (PTC) tissues compared with the
normal matched tissues. (A) The E-cadherin and vimentin mRNA levels are reported. The small bars represent the median,
with the values indicated. The dotted line represents the expression levels for the normal matched tissues. (B,C) The
E-cadherin and vimentin Western blot results obtained on 10 PTC tissues and their normal counterparts. (B) A representative
Western blot image shows three PTC, and the normal matched tissue are shown. (C) A densitometric analysis of the 10 PTC
tissues analyzed is reported.
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The analysis of the mRNA data from the TGCA case study (Figure 3) indicated a
significant reduction of the E-cadherin expression in PTC tissues, while that of vimentin
was not significantly affected.

Figure 3. Expression level of the E-cadherin gene and vimentin from The Cancer Genome Atlas
network case study consisting of 59 normal tissues and 505 PTC tissues. (A,B) The data are presented
as a box plot reporting the median value (small bar) and the first (lower box limit) and third (upper
box limit) quartiles and the range of the values observed for each gene.

We also evaluated the presence of any correlations among all the mRNAs. The results,
reported in Table 2, showed several positive correlations between the different EMT-TFs. In
particular, a strong correlation was found both in our case series and in that from the TGCA
between Zeb1 and Zeb2, while a strong-to-moderate correlation was evident between
Zeb2 and Snai2, Zeb2 and Twist1, Zeb1 and Snai2, and Snai2 and Twist1. E-cadherin and
vimentin showed only weak or very weak correlations between each other and the other
EMT-TFs (Table 2).
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Table 2. Correlation analysis among the expression levels of the EMT transcription factor, E-cadherin, and vimentin from
the present case study consisting of 95 PTCs (A) or from the TGCA case study consisting of 388 PTCs (B). Correlations
among all the mRNAs were evaluated using the Spearman’s Rho test.

(A) Correlation Coefficient

Twist1 Snail1 Snail2 Zeb1 Zeb2 E-Cadherin Vimentin

Twist1
p-value

1.000 0.120 0.448 0.464 0.360 −0.155 0.128
- 0.246 <0.001 <0.001 <0.001 0.133 0.220

Snail1
p-value

1.000 0.339 0.378 0.369 0.376 0.393
- <0.001 <0.001 <0.001 <0.001 <0.001

Snail2
p-value

1.000 0.581 0.552 −0.007 0.335
- <0.001 <0.001 0.943 0.001

Zeb1
p-value

1.000 0.745 0.005 0.330
- <0.001 0.961 0.001

Zeb2
p-value

1.000 −0.089 0.343
- 0.392 0.001

E-Cadherin
p-value

1.000 0.292
- 0.004

Vimentin
p-value

1.000
-

(B) Correlation Coefficient

Twist1 Snail1 Snail2 Zeb1 Zeb2 E-Cadherin Vimentin

Twist1
p-value

1.000 0.249 0.694 0.291 0.502 −0.181 0.265
- <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Snail1
p-value

1.000 0.321 0.235 0.192 0.276 0.264
- <0.001 <0.001 <0.001 <0.001 <0.001

Snail2
p-value

1.000 0.552 0.697 −0.019 0.256
- <0.001 <0.001 0.714 <0.001

Zeb1
p-value

1.000 0.720 −0.095 0.076
- <0.001 0.061 0.135

Zeb2
p-value

1.000 −0.060 0.343
- 0.242 <0.05

E-Cadherin
p-value

1.000 0.096
- 0.060

Vimentin
p-value

1.000
-

In the present study, the expression of the five EMT-TFs, E-cadherin, and vimentin
detected in the PTC tissues was also compared with that observed in the 12 ATC tissues.
Figure 4 shows that the level of Twist1 mRNA appears to be considerably increased in ATC
compared to PTC, while the mRNA levels of all the other EMT-TFs are not significantly
modulated.

Regarding the two EMT markers, we found that the expression of E-cadherin strongly
decreased in ATC, while that of vimentin was not significantly modulated (Figure 5).

Next, we performed a univariate analysis to evaluate the association among the EMT-
TF expressions and several clinicopathological parameters, including age at the moment of
diagnosis, gender, tumor histology, BRAF status, size (T), lymph node metastases (N), stage,
and recurrences. Since some categories of tumor sizes and stages were poorly represented,
it was necessary to combine them in order to avoid the inclusion of overly small groups
in the statistics. As shown in Table 3, in our case study, none of the EMT-TFs analyzed
were significantly associated with the patient clinicopathological parameters, except for
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the Snai2 with BRAF status. Furthermore, Twist1 showed an increased trend in association
with the BRAFV600E mutation (p = 0.06).

Figure 4. Expression level of the EMT transcription factors (EMT-TFs) in 95 papillary thyroid cancer (PTC) and 12 anaplastic
thyroid cancer (ATC) tissues. The small bars represent the median with the values indicated. The dotted line represents the
expression level in normal tissues.
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Figure 5. The E-cadherin and vimentin mRNA levels of 95 papillary thyroid cancer (PTC) and
12 anaplastic thyroid cancer (ATC) tissues. The small bars represent the median with the values
indicated. The dotted line represents the expression levels in normal tissues.

Table 3. A univariate analysis of the EMT transcription factor expression and the clinicopathological features of 95 PTC
patients. In parentheses is the number of patients. The median values of the mRNA fold change between PTC tissue and its
normal counterpart are listed for each category of clinical parameters, except for patients’ ages, for which the correlation
coefficients are reported. pT, tumor size; pN, lymph node metastasis: TNM, Tumor, Node, Metastasis staging system.

Twist1 p Snail1 p Snail2 p Zeb1 p Zeb2 p

Gender
Male (n = 19)
Female (n = 76)

0.94
1.21 0.42 0.38

0.36 0.72 0.58
0.69 0.72 0.60

0.77 0.21 0.56
0.68 0.38

Age (year) Corr. Coeff. −0.124 0.23 −0.111 0.29 −0.088 0.40 −0.076 0.47 −0.022 0.84

Histology
Classical Variant (n = 72)
Other Variants (n = 23)

1.14
0.97 0.70 0.37

0.32 0.82 0.60
0.82 0.50 0.72

0.84 0.40 0.66
0.79 0.65

BRAF
Wild Type (n = 38)
V600E (n = 38)

0.68
1.35 0.06 0.55

0.31 0.09 0.53
0.84 0.04 0.66

0.66 0.69 0.56
0.73 0.85

pT
T1–2 (n = 39)
T3–4 (n = 56)

1.04
1.09 0.88 0.42

0.33 0.16 0.68
0.62 0.75 0.80

0.60 0.33 0.55
0.78 0.42

pN
N0 (n = 56)
N1 (n = 39)

1.14
0.98 0.40 0.34

0.36 0.58 0.69
0.61 0.90 0.79

0.58 0.31 0.72
0.66 0.73

TNM Stage
I–II (n = 60)
III–IV (n = 35)

1.25
0.79 0.36 0.37

0.36 0.50 0.66
0.61 0.98 0.78

0.72 0.61 0.58
0.79 0.31

Recurrences
No (n = 63)
Yes (n = 16)

0.79
1.40 0.47 0.39

0.32 0.58 0.69
0.70 0.71 0.72

0.58 0.45 0.64
0.49 0.60

However, when this type of analysis was performed on the data available from the
TCGA database, several associations emerged between the expressions of the EMT-TFs
and patient clinicopathological parameters represented in Table 4. Specifically, Twist1 was
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found to correlate with the thyroid differentiation score (TDS) and to associate with the
histological variants, BRAF/RAS phenotype, tumor size, lymph node metastasis, and TNM
stage. Additionally, Snai1 and Zeb2 correlated significantly with the TDS. Snai2 was found
to associate with the gender, histological variants, BRAF/RAS phenotype, and lymph
node metastases, while Zeb1 was found to be associated significantly with the histological
variants, BRAF phenotype, tumor size, and disease recurrences. On the contrary, Zeb2 did
not associate or correlate with any of the clinicopathological parameters (Table 4).

Table 4. Univariate analysis of the EMT-TF expressions and clinicopathological features of over 350 PTC patients from
the TGCA database. In parentheses is the number of patients. TDS, Thyroid Differentiation Score. Median values of the
mRNA Z-scores in PTC tissues are listed for each category of clinical parameters, except the patient’s age and TDS, for
which correlation coefficients are reported.

Twist1 p Snai1 p Snai2 p Zeb1 p Zeb2 p

Gender

Male (n = 93)
Female (n = 271)

−0.326
−0.329 0.07 −0.305

−0.235 0.41 −0.153
−0.278 0.04 −0.105

−0.168 0.69 −0.132
−0.257 0.26

Age (year) Corr. Coeff. 0.016 0.76 −0.054 0.30 0.066 0.21 −0.016 0.76 −0.016 0.76

Histological variants
Classical (n = 249)
Follicular (n = 81)
Tall cell (n = 28)

−0.320
−0.401
0.099

<0.001
−0.219
−0.285
−0.311

0.56
−0.226
−0.426
−0.106

0.02
−0.206
0.273
−0.682

0.001
−0.209
−0.269
−0.127

0.68

BRAF/RAS status
BRAF-like (n = 272)
RAS-like (n = 116)

−0.239
−0.441 <0.001 −0.278

−0.179 0.12 −0.163
−0.441 <0.001 −0.209

0.205 <0.001 −0.155
−0.310 0.08

TDS Corr. Coeff. −0.245 <0.001 0.245 <0.001 −0.071 0.16 0.327 <0.001 0.046 0.37

pT
T1–2 (n = 231)
T3–4 (n = 131)

−0.359
−0.242 <0.01 −0.231

−0.309 0.36 −0.306
−0.153 0.40 −0.045

−0.313 0.02 −0.230
−0.282 0.33

pN
N0 (n = 172)
N1 (n = 153)

−0.357
−0.239 <0.01 −0.289

−0.221 0.44 −0.338
−0.138 0.02 −0.086

−0.164 0.81 −0.199
−0.240 0.83

TNM Stage
I–II (n = 231)
III–IV (n = 131)

−0.350
−0.261 <0.01 −0.232

−0.315 0.19 −0.299
−0.129 0.28 −0.095

−0.307 0.05 −0.233
−0.252 0.43

Recurrences
No (n = 301)
Yes (n = 22)

−0.311
−0.394 0.48 −0.288

−0.337 0.68 −0.207
−0.500 0.07 −0.142

−0.548 0.02 −0.230
−0.377 0.40

As regards E-cadherin and vimentin expression, no significant correlations or associa-
tions with the clinicopathological parameters were observed in our case study (panel A
of Table 5). The same analysis performed on the TGCA database revealed that a higher
expression of E-cadherin was associated with the classical histological variants and the
BRAF/RAS phenotype (panel B of Table 5). A higher vimentin expression was found to
correlate inversely with age and to associate with the male gender, BRAF phenotype, and
lymph node metastases (panel B of Table 5).
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Table 5. A univariate analysis of the E-cadherin and vimentin expressions and clinicopathological fea-
tures of PTC patients from the present case study (A) or from the TGCA database (B). In parentheses
is the number of patients. TDS, Thyroid Differentiation Score.

(A) E-cadherin p Vimentin p

Gender
Male (n = 19)
Female (n = 76)

1.05
0.78 0.153 0.83

0.92 0.309

Age (year) Corr. Coeff. 0.022 0.835 −0.173 0.096

PTC histology
Classical Variant (n = 72)
Other Variants (n = 23)

0.85
0.76 0.262 0.92

0.97 0.758

BRAF
Wild Type (n = 38)
V600E (n = 38)

0.84
0.94 0.905 0.90

0.92 0.767

pT
T1–2 (n = 39)
T3–4 (n = 56)

0.95
0.73 0.104 0.95

0.90 0.161

pN
N0 (n = 56)
N1 (n = 39)

0.80
0.81 0.256 0.92

0.90 0.478

TNM Stage
I–II (n = 60)
III–IV (n = 35)

0.80
0.81 0.814 0.92

0.90 0.274

Recurrence
No (n = 63)
Yes (n = 16)

0.94
0.73 0.102 0.90

0.84 0.282

(B) E-cadherin p Vimentin p

Gender
Male (n = 93)
Female (n = 271)

0.158
−0.074 0.625 0.092

−0.206 0.021

Age (year) Corr. Coeff. −0.065 0.216 −0.165 0.002

PTC histology
Classical variant (n = 249)
Follicular variant (n = 81)
Tall cell variant (n = 28)

0.074
−0.300
−0.177

0.012
−0.150
−0.167
−0.318

0.203

BRAF-like vs. RAS-like
BRAF-like (n = 272)
RAS-like (n = 116)

−0.00005
−0.145 0.048 −0.100

−0.241 0.028

TDS 0.029 0.564 0.008 0.871

pT
T1–2 (n = 231)
T3–4 (n = 131)

−0.029
−0.024 0.757 −0.194

−0.091 0.260

pN
N0 (n = 172)
N1 (n = 153)

−0.025
−0.079 0.919 −0.239

−0.044 0.021

TNM Stage
I–II (n = 250)
III–IV (n = 112)

0.065
−0.154 0.054 −0.163

−0.149 0.667

Recurrence
No (n = 301)
Yes (n = 22)

−0.097
0.169 0.222 −0.133

−0.297 0.539
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We finally created some Cox regression models to predict the probability of DFI as
a function of the predictor variables (reported in Tables 3 and 4) for our case study and
for that of the TGCA network, respectively. In both settings, the EMT-TFs and E-cadherin
and vimentin mRNA levels were included among the predictor variables, but none of
them emerged as significant DFI predictors. The only independent prognostic factor for
recurrence was lymph node metastasis, with a hazard ratio of 21.0 (95% CI 2.7–161.0,
p < 0.01) in our case study and of 5.8 (95% CI 1.7–20.1, p < 0.01) in the TGCA case study.

4. Discussion

Epithelial–mesenchymal transition (EMT) represents a hallmark of cancer progression,
because it is required for the invasion and metastatization of cancer cells [37,38]. During this
process, a pivotal role is played by a number of transcription factors (EMT-TFs), including
Zeb1 and Zeb2, Snail1 and Snail2, and Twist1, which function as repressors of the genes of
the epithelial phenotype (i.e., E-cadherin) while inducing the expression of genes typical
of the mesenchymal phenotype (i.e., vimentin) [3]. Consistent with their role in cancer
progression and dissemination, higher expressions of EMT-TFs have been demonstrated
to associate with a poor prognosis, anticancer drug resistance, and tumor radiosensitivity
in different human cancers, including thyroid carcinomas [39–44]. In recent years, new
therapeutic strategies have been investigated to pharmacologically inhibit EMT-TFs to
tackle cells that have undergone EMT or to reverse the EMT process selectively [42]. Based
on this evidence, the present study sought to verify the expression and the possible clinical
utility of all the above-mentioned EMT-TFs in papillary thyroid carcinoma (PTC), the most
frequent type of thyroid cancer, and in invariably fatal anaplastic thyroid carcinomas (ATC).
In fact, although different reports described the expression of single EMT-TFs in thyroid
cancer, to the best of our knowledge, only one study, from the TGCA research network,
analyzed the expression of all the EMT-TFs in a single case study [26]. The data obtained
from our case series were compared with those available from the study reporting the
genomic landscape of 496 PTC, 396 of which had follow-ups [26].

The expression profile of the EMT-TFs in our PTC case study showed a significant
reduction of the Snail1, Snail2, Zeb1, and Zeb2 mRNA levels both in our own case study
and in that of the TGCA [29]. However, the results diverged regarding the Twist1 mRNA,
because a slight although significant increase was observed in our PTC samples, while a
slightly significant reduction was evident in those from the TGCA. It is worth mentioning
that this discrepancy, like others encountered, might be a reflection of the different sizes
of the two case series or the different normalization approaches employed to evaluate the
variations in the mRNA level of the genes investigated. The analyses were performed
against normal matched tissues in the present study and against unmatched normal tissues
in the TGCA study [26]. Weak-to-moderate positive correlations were observed among
each of the mRNAs of all the EMT-TFs analyzed in both studies. E-cadherin showed a
tendentially reduced expression both at the mRNA and protein levels in our PTC samples.
The mRNA scores detected by the TGCA analysis also reflected this trend. The only
variation found for vimentin was the reduction of the mRNA levels in our PTCs, which,
however, were not reproduced by the protein amounts and not even by the mRNA data
obtained from the TGCA. Although a more complete characterization is needed, on the
whole, these results suggest that EMT is not particularly evident in PTC, because the
downregulation of E-cadherin—one of the main initiation events of EMT—occurs, but
the vimentin expression remains unchanged, and the EMT-TFs are even reduced [7].
Nevertheless, in the univariate analysis, a higher vimentin expression was associated
with the male gender, BRAF phenotype, and lymph node metastases, features linked to
increased tumor aggressiveness. This is in line with the current understanding about
the role played by the EMT in thyroid cancer progression, which becomes more relevant
when the tumor evolves from a differentiated to an anaplastic phenotype [45]. Our study
provided evidence substantiating this pattern, since the ATC tissues examined displayed a
remarkable increase in the Twist1 mRNA level and a strong reduction in the E-cadherin
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mRNA. These results corroborate previous reports showing a high expression of Twist1
and a reduced expression of E-cadherin in aggressive follicular carcinomas and ATC
tissues [46–49]. All told, these findings appear to suggest a prominent role of Twist1 in the
formation of more aggressive thyroid cancers. Unlike what was observed here for the Snail1
and Snail2 mRNAs, a previous study reported that both Snail1 and Snail2 proteins were
not detectable in immunohistochemistry (IHC) experiments performed on normal human
thyroid tissues or cell lines but expressed at very high levels in human thyroid carcinoma
tissues and ATC-derived cell lines [50]. In a different immunohistochemistry study, Buehler
and colleagues reported that all normal thyroids, follicular adenomas, and papillary and
follicular thyroid carcinomas were negative for Snail2, while the ATC tissues showed
a strong nuclear immunoreactivity [47]. Similarly, by means of immunohistochemistry,
Wu and colleagues demonstrated that Snail1 expression was higher in widely invasive
FTC, PTC, and ATC tissues, though lower in follicular adenoma and minimally invasive
FTC tissues [46]. This kind of discrepancy between the expression at the mRNA and
protein levels of Snail1 and Snail2 in thyroid cancer remains to be elucidated. One possible
explanation is that post-transcriptional mechanism(s) play a major role in regulating Snail1
and Snail2 expressions in thyroid tissues.

Activation of the BRAF oncogene has been indicated as a driving force of EMT in
malignant cells. The univariate analysis yielded a higher expression of Snail2 associated
with the presence of a BRAFV600E mutation for our PTC samples, which was even more
evident in the broader TGCA case series. In the latter, the BRAF-like status was also asso-
ciated significantly with a reduced Zeb1 mRNA and increased Twist1 mRNA. However,
the connection between the BRAFV600E mutation and upregulation of Twist1 has not been
elucidated. A previous study, using the non-transformed rat thyroid epithelial cell line
PCCL3 conditionally expressing the BRAFV600E protein in a doxycycline-dependent man-
ner, failed to demonstrate any upregulation of the Twist1 protein following the induction of
BRAFV600E [49,51]. On the contrary, Puli and colleagues demonstrated that, in the human
PTC cell line KTC1, that BRAFV600E induced a Twist1 expression via the ETV5 transcription
factor, a downstream effector of the MAPK pathway [52]. Thus, the molecular mechanisms
underlying the BRAF mutation/Twist1 expression relation need to be elucidated further.
Several researchers also attempted to clarify the association between the BRAF mutations
and Snail/E-cadherin expression [53]. In particular, Baquero and colleagues reported
that BRAFV600E was capable of promoting thyroid cancer cell invasiveness by reducing E-
cadherin expression through a Snail-dependent mechanism [54]. Similar conclusions were
made by Ma and colleagues on a murine model of thyroid papillary carcinoma bearing
BRAFV600E [55].

EMTs in cancer are linked to cell dedifferentiation, and therefore, one would expect to
observe a negative correlation of the thyroid differentiation score (TDS) with the EMT-TFs
and EMT markers. Actually, we noticed an inverse relationship between the TDS and
Twist1 but a direct correlation between the TDS and Snail1 or Zeb1. Since all PTCs retain a
fairly differentiated phenotype, this data would seem to indicate that Twist1 is the factor
that comes into play earliest in the dedifferentiative transformation of the tumor. Moreover,
the Twist1 expression was greater in the tall-cell PTC variant, which had the lowest TDS
and was associated with more advanced stages and higher recurrence risks, while the
classical variant, with an intermediate TDS, had an intermediate Twist1 expression, while
the follicular variant, characterized by a high level of TDS, had the lowest Twist1 level [26].
In addition, the Twist1 expression was associated significantly with the PTC histological
variant. In particular, its expression was the highest in the tall-cell tumors showing the
lowest TDS and associated with more advanced stages and higher risks, while the classical
variant, with an intermediate TDS, had intermediate Twist1 expression, and the follicular
variant, characterized by a high level of TDS, had the lowest expression of Twist1 [26].
Twist1 upregulation was also associated with a larger tumor size and higher TNM stage
and with lymph node metastases. These data further reinforced the idea that Twist1 is
an important modulator of EMT and a major player in the progression of thyroid cancer
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toward the most aggressive phenotypes. This assumption is further corroborated by the
reported ability of the Twist1/miR-584/TUSC2 pathway to induce a resistance to apoptosis
of thyroid cancer cells [56]. Besides, the increased Snail2 expression appears to contribute
to this process, as it is significantly associated with the tall-cell variant of PTC and lymph
node metastases. An opposite kind of behavior was recorded for Zeb1 expression, with
higher expression levels in PTC that share a Ras-like phenotype, and in the less aggressive
classical and follicular variants. Finally, the multivariate analysis demonstrated that none of
the molecular parameters analyzed represented an independent prognostic factor for DFI.
In agreement with our previous observations, in this analysis, only lymph node metastasis
was capable of a significant prediction of the DFI both in our case study and that of the
TGCA network, with a hazard ratio, respectively, of 21.0 and 5.8 [54,57,58].

5. Conclusions

In conclusion, the data reported here show a low expression of E-cadherin, unchanged
level of vimentin, and reduction of the majority of EMT-TFs in PTC compared to normal
thyroid tissues, which would suggest that thyroid cancer progression is characterized by an
incomplete EMT. A more prominent reduction of the E-cadherin mRNA in ATC appears to
confirm the assumption that EMT attains major significance in the case of progression from
DTC towards the more aggressive PDTCs and ATC. Among all the EMT-TFs analyzed,
Twist1 seems to play the most prominent role in the partial kind of EMT occurring in PTC,
as it is significantly associated with several PTC high-risk clinicopathological features and
is strongly upregulated in ATC tissues and inversely correlated with the expression of
E-cadherin. Although, from the multivariate analysis, its prognostic value did not emerge,
Twist1 might represent a valuable therapeutic target, warranting further investigation for
the treatment of more aggressive thyroid cancers.
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Abstract: Background: Perioperative management of pheochromocytoma (PCC) remains under de-
bate. Methods: A bicentric retrospective study was conducted, including all patients who underwent
laparoscopic adrenalectomy for PCC from 2000 to 2017. Patients were divided into two groups:
Group 1 treated with alpha-blockade, and Group 2, without alfa-blockers. The primary end point was
the major complication rate. The secondary end points were: the need for advanced intra-operative
hemostasis, the admission to the intensive care unit (ICU), the length of stay (LOS), systolic (SBP), and
diastolic blood pressure (DBP). Univariate and multivariate analysis was conducted. A p-value < 0.05
was considered statistically significant. Results: Major postoperative complications were similar
(p = 0.49). Advanced hemostatic agents were 44.9% in Group 1 and 100% in Group 2 (p < 0.001).
In Group 2, no patients were admitted to the ICU, while only 73.5% of Group 1 (p < 0.001) were
admitted. The median length of stay was larger in Group 1 than in Group 2 (p = 0.026). At the
induction, SBP was 130 mmHg in Group 1, and 115 mmHg (p < 0.001). The pre-surgery treatment
was the only almost statistically significant variable at the multivariate analysis of DBP at the end
of surgery. Conclusion: The preoperative use of alfa-blockers should be considered not a dogma
in PCC.

Keywords: pheochromocytoma; alfa-blockers; perioperative management

1. Introduction

Pheochromocytoma (PCC) is a neuroendocrine tumor originating from the chromaffin
cell in the adrenal medulla that secretes the catecholamine. It has a low incidence of 0.8 per
100,000 individuals/year, occurring in 0.1–0.6% in the hypertensive population [1,2].

The secreted catecholamines explain all the clinical manifestations of this type of tumor.
Because the release of catecholamine by PCC is unpredictable, the clinical presentation
includes headaches, sweating, tachycardia, palpitation, and hypertension and can range
from clinically asymptomatic to life-threatening hypertensive crises [3].

To date, surgical resection is the only cure. Although laparoscopic resection was once
considered not indicated in PCC, several studies in the last twenty years have demonstrated
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that laparoscopic adrenalectomy is associated with less pain, less morbidity, and quick
recovery. It is considered the gold standard compared to open adrenalectomy [4–6].

However, general anesthesia induction, abdominal pressure fluctuations, and direct tu-
mor handing could increase catecholamine release, triggering intraoperative hypertensive
crisis and increasing the risk for major morbidity [7].

Improvement of operative and anesthetic techniques, such as laparoscopy and new
anesthetic drugs, and preoperative medical preparation, has decreased the risk of perioper-
ative hemodynamic instability. The perioperative management includes alpha-receptor
blockade, suitable drugs for anesthesia, volume expansion, and postoperative care [8,9].
Historically, the most critical factor that has drastically reduced these patients’ periopera-
tive morbidity and mortality is meticulous preoperative preparation. However, no clear
guidelines exist about the ideal drug for preoperative preparation, and the evidence from
a randomized controlled clinical trial is unavailable [10,11]. The optimal alpha-blockade
strategy achieves a seated blood pressure (BP) < 130/80 mmHg, withstanding systolic
BP > 90 mmHg. Traditionally, the long-acting, irreversible, non-selective alpha-blocker
phenoxybenzamine is initiated 7–14 days preoperatively, and patients present side effects
such as nasal congestion, preoperative orthostatic hypotension, and postoperative hy-
potension [11]. Short-acting, selective alpha-blockers, as doxazosin, have been promoted
as alternatives, and they are associated with less preoperative orthostatic hypotension
and shorter postoperative hypotension duration than phenoxybenzamine [10]. However,
competitive inhibition can be overcome by high levels of catecholamines, and the antihy-
pertensive effect of selective alpha-blockade may not be as potent [9].

Despite the preoperative preparation, 27.3% of the patients experienced hemodynamic
instability intraoperatively, which must be promptly and carefully managed intraopera-
tively [12]. Short-acting drugs with an established safety profile (sodium nitroprusside,
nitroglycerine, magnesium, and esmolol) permit good intraoperative blood pressure and
heart rate management. The most common complication after tumor removal is hypoten-
sion, which may require fluid therapy and vasopressor support. Postoperative management
usually requires intensive care or high dependency unit admission [13]. Although the rec-
ommendation from many reports suggested that patients with hormonally functional PCC
should receive proper adrenoceptor blockade [14], in one recent series, up to one-third did
not receive pre-adrenalectomy alpha-blockade [15]. In a recent series, preoperative selective
alpha-adrenoceptor antagonist had no benefit in maintaining intraoperative hemodynamic
stability in patients with normotensive PCC.

Moreover, they increased the use of vasoactive drugs and colloid infusion compared
to PCC, which received no alpha-blockers preoperatively. Whether normotensive PCC
patients truly benefit from alpha-adrenergic antagonist preparation remains uncertain [16].
These data suggest that alpha-blockade may sometimes be deemed “unnecessary” in PCC
associated with normotension/postural hypotension or apparently “non-functional”, not
according to recent recommendations and society’s guidelines. We performed a multicen-
tric retrospective case-control study of patients undergoing adrenalectomy for PCC from
2000 to 2017 at two University Hospitals.

2. Materials and Methods

We conducted a multicentric retrospective study at St. Orsola-Malpighi Hospital
(Bologna) and AOUP “P.Giaccone” Hospital (Palermo). Patients undergoing laparoscopic
adrenalectomy for pheochromocytoma from 2000 to 2017 were included in the study.
All patients included in the study have a preoperative positive catecholamine test with
high levels of plasma-free metanephrines or 24 h urinary fractionated metanephrine). We
included both symptomatic and asymptomatic patients.

The first team performed preoperative blood pressure management with alfa-antagonist
and beta-antagonist drugs, while the second team did not. Both institutions collected data
of patients in a prospectively maintained adrenal database. We performed per-protocol
analysis, including only patients with a final pathological diagnosis of PCC. Planned open
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and bilateral adrenalectomies were excluded from our analysis. Patients with missing
anesthetic records were excluded. Patients were divided into two groups based on pre-
operative alpha-blockade strategy: patients in Group 1 were treated with alpha-blockade,
non-selectively with phenoxybenzamine, or blocked selectively with doxazosin (n = 49),
while patients in Group 2 did not receive alpha-blockade preoperatively (n = 14) but only
miscellaneous, on-demand, antihypertensive drugs during the crisis. Preoperative data
included patient age, sex, Body Mass Index (BMI), comorbidities such as heart vascular
disease and hypertension, presence of typical symptoms of PCC (headaches, sweating,
tachycardia, palpitation, and hypertensive crisis), dimension of the lesion at CT scan and
duration of preoperative treatment in patients receiving alpha-blockade. In the group of
patients treated preoperatively with alpha-blockers, both selective and non-selective were
used. Patients treated with phenoxybenzamine (n = 37) started 2–7 days before hospital
admission. Following admission, they received an additional 5–10 days of alpha-blockade
with phenoxybenzamine in the hospital. A preoperative high-sodium diet and fluid in-
take were encouraged to reverse catecholamine-induced blood volume contraction. A
beta-blocker was added in cases of tachycardia. The remaining patients were treated with
doxazosin (n = 12). The starting dose of doxazosin was 1 milligram daily and was titrated in
1-milligram increments to the desired effect. Patients were considered adequately blocked
when they achieved a blood pressure below 140/90 mmHg. Patients of Group 2 received
daily blood pressure monitoring until the operation and continued their chronic cardio-
vascular therapy. All patients underwent a cardiac evaluation through a thorough history
and physical examination; complete blood count, basic metabolic panel, electrocardiogram,
and echocardiogram were performed in all patients. A radial artery line was routinely
inserted in both groups to monitor intraoperative hemodynamics. Intraoperative systolic
blood pressure (SBP) and diastolic blood pressure (DBP) were measured every 5 min. The
anesthesiologists established access with at least two peripheral intravenous lines or the
positioning of central access. Anesthesia methods were similar for both groups: propofol
was used for induction, and vecuronium bromide thymopeptides was as a muscle relaxant,
isoflurane and fentanyl were also used during anesthesia maintenance. Intraoperative
data included SBP at induction of anesthesia and pneumoperitoneum. Furthermore, SBP
and DBP were monitored at the end of the surgery. In all patients, laparoscopic adrenalec-
tomy was performed, and no conversions occurred; in every hospital, all procedures were
performed by the same surgeon with experience in laparoscopic adrenalectomy. No In-
traoperative complications were recorded. All patients were treated by using hemostatic
agents at the end of the operation. Anesthesiologists determined the thresholds for treating
patient hemodynamics and decided whether to use fluid or vasoactive drugs (sodium
nitroprusside, nitroglycerine and esmolol). We included in our variables the admission to
the intensive care unit (ICU), the length of stay (LOS), postoperative complications, and
mortality. Data, which were collected using Excel software, were analyzed by R Studio ver-
sion 1.1.419 software. For synthesis and variability measurements of continuous values, we
chose median and interquartile range (IQR). Univariate inference analysis was conducted
using the non-parametric Wilcoxon test for non-normal distribution and the Student’s t test
for the normal one as well as the Shapiro–Wilk test for continuous variables and Chi-square
for proportion. Multivariate analysis was conducted using linear regression models. The
values were considered significant when p-value < 0.05.

3. Results

Demographics and preoperative variables are presented in Table 1.
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Table 1. Basal characteristics of the two groups.

Variable
Preoprative

Anti-Hypertensive
Management (n = 49)

Not Preoperative
Anti-Hypertensive

Management (n = 14)
p-Value

Age (years) 56.00 (IQR 49.00–70.25) 57.00 (IQR 44.00–70.00) 0.5627

Female sex 26 (53.06%) 10 (71.4%) 0.3583

BMI (kg/m2) 24.00 (IQR 21.25–26.75) 27.00 (IQR 24.00–28.00) 0.0006

Heart disease 11 (22.45%) 0 (0.00%) 0.1147

Hypertension 8 (16.33%) 3 (21.43%) 0.3288

Symptomatic 28 (57.14%) 10 (71.43%) 0.5132

Alpha-blocker 49 (100.00%)

Beta-blocker 28 (57.14%)

Calcium channel blocker 2 (4.08%)

CT-dimension (cm max) 3.2 (IQR 2.38–8.70) 4.5 (IQR 3.63–5.88) 0.0008

Duration of preoperative treatment (days) 10.00 (8.00–18.00)

BMI: Body Mass Index; IQR: interquartile range.

The age and sex were comparable, whereas a trend was seen for a more significant
proportion of women in both groups. Overall, the median age was 56 years in Group
1 and 57 years in Group 2, while 53% and 71.4% were women, respectively, and no
statistical differences were detected in the two groups. The BMI of the patients in Group
2 was significantly greater (median 27, IQR 24.00–28.00, and median 24, IQR 21.25–26.75,
p-value 0.0006).

There was no statistical difference in comorbidity, such as heart vascular disease and
hypertension, in the two groups, even if many patients in Group 1 had preoperative major
cardiovascular disease.

Dimension of the lesion detected at the CT scan was larger in patients of Group 2
(median 4.5 cm, IQR 3.63–5.88, median 3.2, IQR 2.38–8.70 respectively, p-value 0.0008),
even if in Group 1, laparoscopic adrenalectomy was also performed for lesions larger than
6 cm. All patients in Group 1 were treated using alpha-blockers preoperatively, while
only 28 patients (57.14%) needed beta-blockers during preparation. Intraoperative and
postoperative results are summarized in Table 2.

Table 2. Results of univariate analysis.

Variables
Preoprative

Anti-Hypertensive
Management (n = 49)

Not Preoperative
Anti-Hypertensive

Management (n = 14)
p-Value

Major complications 5 (10.20%) 0 (0.00%) 0.4933

Need for advance intra-operative haemostasis 22 (44.89%) 14 (100.00%) <0.001

ICU admission 36 (73.47%) 0 (0.00%) <0.001

Length of stay (days) 5 (IQR 4–6) 4 (IQR 4–4) 0.0260

SBP induction (mmHg) 130 (IQR 120–150) 115 (IQR 110–125) <0.001

SBP pneumoperitoneum (mmHg) 120 (IQR 100–128.8) 110 (IQR 110–120) 0.3570

SBP end surgery (mmHg) 110 (IQR 100–120) 117.5 (IQR 110–120) 0.0513

DBP end surgery (mmHg) 60 (IQR 50–70) 60 (IQR 60–63.75) 0.6291

ICU: intensive care unit; SBP: systolic blood pressure; DBP: diastolic blood pressure.
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Major postoperative complications were observed in 8.5% (n = 5) of patients in
Group 1, while no major complications were detected in Group 2 (n = 0, p-value 0.49).
The complications were two cases of pneumonia, two postoperative fluid collections in the
surgical site, and one postoperative hematoma in the trocar site.

Moreover, no mortality was reported in either group. The use of advanced hemostatic
agents was observed in 44.9% (n = 22) of patients in Group 1 and 100% (n = 14) of patients
in Group 2 (p-value < 0.001). No Group 2 patients were admitted to the ICU, while 73.5%
of Bologna patients were transferred to the ICU, resulting in an increase of one day in the
median of the length of stay (p-value 0.026). Patients in Group 2 were readmitted to the
ward after a few hours of observation and semi-intensive hemodynamic monitoring in the
operating complex. During hospitalization in the ward, all patients of both groups were
monitored hemodynamically with non-invasive methods. At the induction of anesthesia,
SBP was 130 (IQR 120–150) mmHg in Group 1, while in Group 2, a lower SBP (median
115 mmHg, IQR 110–125, p-value 0.001) was detected. Instead, during the induction of
pneumoperitoneum, SBP was 120.00 (IQR 100.0–128.8) mmHg for Group 1 and 110 (IQR
110.0–120.0) mmHg for Group 2, with no statistical difference (p-value 0.3570). At the end
of the surgery, patients in group 1 had an SBP of about 110.0 (IQR 100.0–120.0) mmHg,
while in Group 2, this was about 117.5 (110.0–120.0) mmHg. This difference has a low
significance with a p-value of about 0.051. Moreover, DBP at the end of surgery was
similar in both groups, with no statistical difference at univariate analysis. We analyzed
the difference in SBP at induction and DBP at the end of surgery through multivariate
analysis. The pre-surgery treatment was the only almost statistically significant variable at
the multivariate analysis of DBP at the end of surgery (Table 3).

Table 3. Results for difference in diastolic blood pressure at end of surgery (multivariare analysis).

Variables Beta p-Value

Pre-surgery treatment 9.74801 0.058068

Age 0.01569 0.901548

Sex female 0.97157 0.742060

BMI −0.22330 0.651397

Hypertension −2.72738 0.432634

Heart Didease −3.62446 0.363887

Diabete −5.99645 0.153887

ASA score 0.39027 0.901152

Symptoms −4.11863 0.291716

Incidentaloma −1.28322 0.754422

CT Dimension 0.7616 0.846408
BMI: Body Mass Index; ASA: American Society of Anesthesiologists.

4. Discussion

Adrenalectomy for pheochromocytoma is reported with mortality close to zero in
recent studies. The dogma of preoperative fluid and hypotensive drug administrations
is widely applied in patients scheduled for pheochromocytoma removal and is assumed
to benefit operative outcomes. This paradigm is only based on historical studies of non-
standardized practices and criteria for efficacy, with no control group [1,12,15]. With
advancements in surgical and anesthetic techniques, severe morbidity and mortality as-
sociated with the surgery are low in high-volume centers [2]. The dogma of preoperative
blood pressure management is assumed to have a beneficial effect on operative outcomes,
but this paradigm is only based on historical studies of non-standardized practices. Re-
cent improvements in anesthetic management could permit an intraoperative reasonable
blood pressure control without preoperative treatment, reducing postoperative hypoten-
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sion. Better knowledge of the disease, efficiency of available intravenous short-acting
vasoactive drugs, and careful intraoperative handling of the tumor make it possible to
omit preoperative preparation in most patients scheduled for pheochromocytoma removal.
Ulchaker et al. [17] reported that 30% of patients received no medication 24 h before surgery.
Intraoperative mean blood pressure levels were similar in patients who were not treated
preoperatively with antihypertensive medications [17]. Boutros et al. compared 31 patients
receiving alpha-blockade preparation with 29 patients who did not receive any hypotensive
drugs, and no difference in perioperative mortality or morbidity was found. However,
intraoperative blood pressure rise was a little higher in the untreated group [18]. Shao et al.
compared pheochromocytoma receiving preparation with doxazosin with a group of pa-
tients who did not receive any medication [16]. The intraoperative blood pressure and
heart rate were similar in the two groups, whereas the intraoperative colloid transfusion
was significantly greater in patients receiving doxazosin. DBP intraoperatively tended to be
higher in patients without preoperative a-blockade but was not significant [16]. No severe
hypertension/hypotension or tachycardia/bradycardia was detected during surgery in
both groups. However, a1-blockade preparation increased the use of vasoactive drugs and
intraoperative colloid fluid to maintain their blood pressure stability [16].

Furthermore, the use of noncompetitive a-adrenergic antagonist phenoxybenzamine
leads to longer-lasting intraoperative hypotension that requires greater use of vasopres-
sors [19]. Our series preoperative administration of a-adrenergic blockade did not improve
the SBP during the operation compared to cases without preoperative antihypertensive
management. No severe cardiovascular complications were detected during surgery in
both groups. Increased knowledge of the disease, continuous arterial pressure monitoring,
fast-acting vasoactive agents, and improvement of the surgical approach have dramatically
improved the outcome of patients undergoing adrenalectomy for pheochromocytoma [8,19].
The anesthetic possibilities have transformed, and perhaps the time is ripe to change the
management of these patients reducing waiting times for surgery and the risk of postoper-
ative hypotension. Routine preoperative administration of fluids and hypotensive drugs is
not supported by any evidence-based study [11]. There are only a few studies on this topic
in literature due to the rarity of this disorder. A randomized prospective trial with a greater
number of cases is required to confirm whether the a-adrenergic blockade is necessary or
not as preoperative management for pheochromocytoma. This study has some limitations:
first, the sample size for the group without preoperative treatment was small; second, the
bicentric design could introduce some bias producing significant differences in the results,
such as those in the use of hemostatic agents or postoperative intensive care; third, the
difference in BMI and the size of the tumor could impact the results.

5. Conclusions

In conclusion, this is a small retrospective study and does not attempt, in any way, to
influence the perioperative management habits of patients undergoing pheochromocytoma
adrenalectomy surgery. In our experience, careful surgical handling of tumor tissue during
laparoscopic resection, limited intraabdominal pressure, adequate depth of anesthesia
and muscular relaxation, and fast-acting vasoactive agents are the only proven means to
avoid intraoperative hypertension. Preoperative strict blood pressure control is possibly a
dogma today.
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Simple Summary: Papillary thyroid microcarcinoma is currently the most frequent endocrine cancer
at this time. Usually, this form of cancer is indolent, but there are situations in which it metastasizes.
The current classification guidelines are rather simplistic and do not comprehend the whole disease
spectrum. Studies that have addressed this issue have evaluated various stages of papillary thyroid
carcinoma, considering the scarcity of studies based on European demographic data. We aim to
further investigate whether total tumor diameter and multifocality are directly correlated with
metastatic forms of papillary thyroid microcarcinoma. The results of this study could validate the
confidence with which current guidelines are used or could open new avenues in using the total
tumor diameter instead of the size of the largest tumor.

Abstract: The purpose of this study was to assess whether total tumor diameter (TTD) and multifo-
cality are predictors for metastatic disease in papillary thyroid microcarcinomas (PTMC). Eighty-two
patients with histologically proven PTMC were retrospectively included. Patients were divided
according to the presence of metastatic disease in the metastatic (n = 41) and non-metastatic (n = 41)
demographic-matched group. The morphological features of PTMCs (primary tumor diameter,
multifocality, TTD, number of foci, and tumor site) were compared between groups using univariate,
multivariate, and receiver operating characteristic analyses. TTD (p = 0.026), TTD > 10 mm (p = 0.036),
and Unilateral Multifocality (UM) (p = 0.019) statistically differed between the groups. The combina-
tion of the two independent predictors (TTD and UM) was able to assess metastatic risk with 60.98%
sensitivity and 75.61% specificity. TTD and UM can be used to predict metastatic disease in PTMC,
which may help to better adapt the RAI therapy decision. We believe that TTD and multifocality are
tumor features that should be considered in future guidelines.

Keywords: papillary thyroid microcarcinoma; PTMC; total tumor diameter; TTD; unilateral multifocality;
metastatic disease; independent predictors

1. Introduction

Papillary thyroid microcarcinoma (PTMC) is defined as a malignant epithelial tumor
with evidence of follicular differentiation and a series of specific nuclear features [1], with
the maximum size of the tumor ≤ 1 cm [2]. The incidence of PTMC is increasing due to
improved diagnostic methods such as ultrasound (US) with targeted fine-needle aspiration
biopsy (FNAB) [2] and is estimated to account for more than 50% of new cases of thyroid
cancer [3].
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Although PTMC is considered to be the most indolent form of thyroid cancer, lymph
node metastases (LNM) and local recurrence are frequently encountered [4]. The incidence
rate of central LNM (CLNM) in PTMC is approximately 23–64.1%, and the incidence rate
of lateral LNM (LLNM) in PTMC is approximately 3.7–44.5% [5–7].

Regardless of how comprehensive the content of the guidelines is, certain therapeu-
tic settings are still limited. The Updated AJCC/TNM (American Joint Committee on
Cancer/Union for International Cancer) Staging System for Differentiated and Anaplastic
Thyroid Cancer (8th edition) defines primary tumor’s category only by the size of the great-
est dimension [8]. The 2015 American Thyroid Association (ATA) places all intrathyroidal
PTMCs, whether unifocal or multifocal, in the low-risk category. Only multifocal PTMCs
with extrathyroidal extension (ETE) are considered to be in the intermediate-risk group [2].
Other international guidelines regarding thyroid cancer management do not have rec-
ommendations regarding PTMC treatment: National Comprehensive Cancer Network
(NCCN) 2018 [9], European Thyroid Association (ETA) 2019 [1], and European Society for
Medical Oncology (ESMO) 2019 [10].

Several studies show that multifocality/total tumor diameter (TTD) can better assess
the aggressiveness of the tumor in PTMC [4,11–16]. Another study claims that calculating
TTD in multifocal PTMC to evaluate adverse biological behavior is insufficient and lim-
ited [17]. Most research studies addressing the present topic of interest lack demographic
data from Europe. Another essential point to note is that TTD has previously been assessed
as a risk factor by comparing tumor size between different T stages of PTC (papillary
thyroid carcinoma).

Our study aimed to find whether multifocality and TTD can function as predictors for
metastatic disease in PTMC.

2. Materials and Methods

2.1. Conceptualization

TTDs’ impact on the development of metastatic disease in PTMC in the eastern
European population was the focus of our research. This was possible by comparing
a target group of metastatic PTMCs with a control group of PTMCs that did not have
metastatic disease. To exclude as many aspects as possible that could bias the compared
results, the non-metastatic group was chosen to have epidemiological characteristics as
near as possible to the target group.

2.2. Study Design and Population

This retrospective study was approved by the Ethical Committee of “Iuliu Hatieganu”
University of Medicine and Pharmacy, Cluj-Napoca (number 4458) and of “Prof. Dr.
Ion Chiricută” Institute of Oncology, Cluj-Napoca (number 175/5). The data collection
was done retrospectively including all patients treated in our regional oncological center
between January 2008 and March 2021 that met the following criteria: initial surgical
management of the thyroid, total thyroidectomy associated with central neck dissection,
full clinicopathological information available, and final pathological diagnosis of PTMC.
Patients with coexisting malignancies, previous history of radiotherapy to the head and
neck region, and incomplete data were excluded. All patients have signed the institutional
informed consent on participation in scientific studies.

2.3. Data Collection

We conducted a search in our institution database using the keywords: papillary+
thyroid + microcarcinoma + metastasis. After applying the selection criteria, 41 patients
with metastatic PTMC were identified. Using the metastatic group’s demographic data,
we found another 41 patients with PTMC who underwent lymph node dissection but did
not have metastatic disease and had demographic parameters that were as close to the
metastatic group as possible.
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Data collection regarding demographic characteristics, the diagnosis, and the therapeu-
tic protocol was retrieved from the patient medical file. The histopathological information
was extracted from the original pathology report. Papillary tumors measuring 1 cm or
less in diameter were defined as PTMCs. TNM grading was performed according to the
8th edition of the TNM classification introduced by the American Joint Committee on
Cancer [8]. The pathologic features examined were central and lateral nodal metastasis,
microscopic and gross extrathyroidal extension (ETE), lymphovascular invasion (LVI),
and distant metastasis. A tumor was defined as multifocal if at least 2 foci were found.
Multifocality/Unifocality was divided into four separate entities: Unilateral Multifocality
(2 or more foci in the same lobe); Bilateral Multifocality (more than 1 focus in both lobes);
Bilateral Unifocality (1 focus in each lobe) and Unilateral Unifocality (unique focus). For
multifocal lesions, the sum of the maximal diameter of each tumor foci was used to cal-
culate TTD. Patients were divided into two age groups according to age at the time of
diagnosis, <55 years and older.

2.4. Statistical Analysis

The metastatic group characteristics were compared with the non-metastatic group.
For categorical variables, the Chi-square test and Fisher test were used. For continuous
variables, the distribution was tested through the Kolmogorov–Smirnov Test of Normality.
For normal distributed continuous variables- independent samples t-test was used, and
for non-normal distributed continuous variables—Mann–Whitney U-test. Multivariate
regression analyses were performed to identify independent risk factors for metastases. A
p-value < 0.05 was considered statistically significant.

We investigated which of the parameters that showed statistically significant results
at the univariate analysis are also independent predictors of metastases. In this regard, a
multivariate regression analysis (using the “enter” input model) was conducted, with the
computation of the coefficient of determination (R-squared) and the variance inflation factor
(VIF). Since a high VIF value is an indicator of multicollinearity, features that recorded
a VIF of ≥104 were excluded from further analysis. The predicted values were saved
and subsequently used in a receiver operating characteristics (ROC) analysis to assess
the diagnostic power of the entire prediction model. The ROC analysis was also used
to determine the diagnostic power of features independently associated with metastases,
along with the calculation of the area under the curve (AUC), sensitivity, and specificity,
with 95% confidence intervals (CIs). Optimal cut-off values were chosen using a common
optimization step that maximized the Youden index for predicting patients with metastatic
disease. Sensitivity (Se) and specificity (Sp) were computed from the same data, without
further adjustments. Statistical analysis was performed by an independent statistician,
using The Statistical Package for Social Sciences software (SPSS, version 22.0, Chicago, IL,
USA) and MedCalc version 14.8.1 (MedCalc Software, Mariakerke, Belgium).

3. Results

3.1. Baseline and Tumoral Characteristics

Baseline clinicopathological characteristics of the 82 patients who underwent thy-
roidectomy due to PTMC are presented in Table 1. Mean age of the study participants
was 45.5 years with a standard deviation (SD) of 14.0; among these patients 60 (73.2%)
were women. Patients younger than 55 years old had a mean age of 37.8 years with a SD
of 9.6, while those older than 55 years old had a mean age of 62.0 years with a SD of 4.9.
Regarding pN staging, 42 patients (51.2%) were staged N0, 29 patients (35.4%) were N1a
staged and 11 patients (13.4%) were staged N1b. Of all patients included in the study, there
was only one case of distant metastasis (1.2%)—in the left gluteus muscle. The number of
patients in each TNM stage was as follows: 69 (84.2%) in stage I, 12 (14.6%) in stage II, and
1 (1.2%) in stage IVb.
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Table 1. Clinicopathological characteristics and the univariate analysis.

No Metastatic
Disease

Metastatic
Disease

Total p-Value

gender, n (%)

1male 11 (26.8%) 11 (26.8%) 22 (26.8%)

female 30 (73.2%) 30 (73.2%) 60 (73.2%)

age at diagnosis (years)

mean ± SD 46.5 ± 13.5 44.5 ± 14.7 45.5 ± 14.0 0.524

age group, (years)

<55 (mean ± SD) 39.1 ± 8.9 36.5± 10.3 37.8 ±9.6 0.310

≥55 (mean ± SD) 62.3 ± 5.8 61.7 ± 3.9 62.0 ±4.9 0.754

pN stage, n (%)

N0 41 (100%) 1 (2.4%) 42 (51.2%)

0.0001N1a 0 29 (70.7%) 29 (35.4%)

N1b 0 11 (26.8%) 11 (13.4%)

M stage, n (%)

0.0001M0 41 (100%) 40 (97.6%) 81 (98.8%)

M1 0 1 (2.4%) 1 (1.2%)

AJCC TNM staging, n (%)

I 41 (100%) 28 (68.3%) 69 (84.2%)

0.0001II 0 12 (29.3%) 12 (14.6%)

IVb 0 1 (2.4%) 1 (1.2%)

PTMC subtype, n (%)

Conventional 25 (61.0%) 27 (65.9%) 52 (63.4%)

0.532

Follicular variant 12 (29.3%) 11 (26.9%) 23 (28.1%)

Oncocytic 3 (7.3%) 1 (2.4%) 4 (4.9%)

Diffuse sclerosing 0 1 (2.4%) 1 (1.2%)

Solid/Trabecular 0 1 (2.4%) 1 (1.2%)

Columnar cell 1 (2.4%) 0 1 (1.2%)

lymphatic invasion, n (%)

0.364presence 5 (12.2%) 8 (19.5%) 13 (15.9%)

absence 36 (87.8%) 33 (80.5%) 69 (84.1%)

vascular invasion, n (%)

1presence 3 (7.3%) 5 (12.2%) 8 (9.8%)

absence 38 (92.7%) 36 (87.8%) 74 (90.2%)

perineural invasion, n (%)

0.712presence 2 (4.9%) 3 (7.3%) 5 (6.1%)

absence 39 (95.1%) 38 (92.7%) 77 (93.9%)

microscopic capsular invasion, n (%)

1presence 12 (29.3%) 12 (29.3%) 24 (29.3%)

absence 29 (70.7%) 29 (70.7%) 58 (70.7%)
n—data expressed as patients number (%); pN—pathologic lymph node stage; M—distant metastasis; AJCC TNM—
American Joint Committee on Cancer Classification of Malignant Tumors; PTMC—papillary thyroid microcarcinoma.
A statistically significant difference was defined as p < 0.05; bold values are statistically significant.

Analyzing the distribution of PTMC subtypes, 52 patients (63.4%) had conventional
PTMC, the second most common subtype being the follicular variant-23 patients (28.1%).
Four patients (4.9%) had oncocytic variant, one (1.2%) for diffuse sclerosing, one (1.2%) for
solid variant and one (1.2%) for columnar cell variant.
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The lymphatic invasion was present for 13 patients (15.9%), vascular invasion for
8 patients (9.8%), and perineural invasion was observed for only 5 patients (6.1%). A mi-
croscopic capsular invasion was found in 24 patients (29.3%). Table 2 shows the focal and
dimensional features. The median value for primary tumor diameter (PTD) was 5.0 mm with
an interquartile range (IQR) of 5.3 mm. The mean value for PTD less than 5 mm was 4.0 with
an IQR of 1.5, whereas the mean value for PTD 6–10 mm was 9.0 with a 2.5 IQR.

Table 2. Focal and dimensional characteristics and the univariate analysis results.

No Metastatic
Disease

Metastatic
Disease

Total p-Value

primary tumor diameter (mm)

median ± IQR 4.0 ± 4.5 6.0 ± 5.0 5.0 ± 5.3 0.061

≤5 mm 3.2 ± 2.0 4.0 ± 1.0 4.0 ± 1.5 0.445

6–10 mm 9.0 ± 2.0 9.0 ± 2.6 9.0 ± 2.5 0.453

multifocality, n (%)

presence 20 (48.8%) 25 (61.0%) 45 (54.9%)
0.270

absence 21 (51.2%) 16 (39.0%) 37 (45.1%)

bilateral unifocality 8 (19.5%) 5 (12.2%) 13 (15.9%) 0.364

bilateral multifocality 9 (22.0%) 9 (22.0%) 18 (22.0%) 1

unilateral unifocality 21 (51.2%) 16 (39.0%) 37 (45.1%) 0.267

unilateral multifocality 3 (7.3%) 11 (26.8%) 14 (17.0%) 0.019

TTD (mm)

median ± IQR 5.0 ±7.0 9.0 ± 7.2 7.75 ± 6.4 0.026

≤10 4.0 ± 5.0 6.0 ± 5.0 5.0 ± 6.0 0.059

>10 12.0 ± 3.9 17.0 ± 12.3 14.0 ± 9.0 0.036

number of foci, n (%)

1 21 (51.2%) 16 (39.0%) 37 (45.1%) 0.267

2 9 (22.0%) 9 (22.0%) 18 (22.0%) 1

3 6 (14.6%) 7 (17.0%) 13 (15.9%) 0.762

≥4 5 (12.2%) 9 (22.0%) 14 (17.0%) 0.240

tumor site, n (%)

RTL 13 (31.7%) 14 (34.1%) 27 (32.9%) 0.814

LTL 9 (22.0%) 9 (22.0%) 18 (22.0%) 1

RTL + LTL 17 (41.5%) 12 (29.3%) 29 (35.4%) 0.248

isthmus ± other location 2 (4.9%) 6 (14.6%) 8 (9.75%) 0.139
n—data expressed as patients number (%); IQR—interquartile range; TTD—total tumor diameter; RTL—right
thyroid lobe; LTL—left thyroid lobe. A statistically significant difference was defined as p < 0.05; Bold values are
statistically significant.

Multifocality was found in 45 patients (54.9%), with 14 (17.0%) having numerous foci
in a single lobe (unilateral multifocality) and 18 patients (22.0%) having multifocality in
both lobes (bilateral unifocality). Unifocality was identified in 37 patients (45.1%), with
13 (15.9%) patients having it in both thyroid lobes (bilateral unifocality) and 14 (17.0%)
patients having a single focus (unilateral unifocality).

The total tumor diameter (TTD) median was 7.75 mm with a 6.4 IQR, for the group
with TTD ≤ 10, the median was 5.0 mm with 6.0 IQR, and for the >10 TTD group the
median was 14.0 mm with a 9.0 IQR. There were 37 patients (45.1%) with a single tumoral
focus, 18 patients (22.0%) with two tumoral foci, 13 patients (15.9%) with three tumoral
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foci, and 14 patients (17.0%) with four or more tumoral foci. The largest fraction of patients
had tumor localization in both the right and left lobes-29 patients (35.4%), followed by
the right thyroid lobe site for 27 patients (32.9%), left lobe for 18 patients (35.4%), and
isthmus ± other location for 8 patients (9.7%).

3.2. Comparison between Metastasis and No Metastasis Groups

Gender and age are almost identical characteristics and therefore will not be described
comparatively. Naturally, the non-metastatic group is all N0 staged. However, there was
one patient in the metastatic group who is classed as N0 (a patient staged M1- with a
distant solitary muscle metastasis, in the left gluteus muscle). The patient was operated by
total thyroidectomy at the end of 2009. For 8 years, the patient was in complete remission
and disease-free. In 2018, thyroglobulin level started to rise, the patient received a dose
of radioactive iodine, with a negative post-therapy I-131 whole-body scan. For further
evaluation, a F-18 fluorodeoxyglucose (FDG) positron emission tomography/computer
tomography (PET/CT) scan was performed, which showed a 39/35/41 mm tumor in the
left gluteal muscle with focal pathological uptake SUV lbm max = 16.77, highly suggestive
for a metastatic lesion. After surgery and histology exam, the results confirmed papillary
thyroid carcinoma metastasis. The patient received another I-131 dose of 5.5 GBq, with
negative WBS, and was submitted to external beam therapy; at the moment of writing this
paper, the patient was alive and clinically negative [18].

The rest of the patients in the metastatic group were in stages N1a-29 patients (70.7%)
and N1b-11 patients (26.8%). All patients in the non-metastatic group were classified as
stage I according to AJCC. In the metastatic group, 28 patients (68.3%) were defined as
stage I, 12 (29.3%) as stage II, and one (2.4%) as stage IVb (same patient with pN0M1
staging mentioned above). In terms of PTMC subtype, lymphatic, vascular, perineural,
and microscopic capsular invasion, no statistically significant differences were identified
between the two groups (Table 1).

There was a statistically significant difference between the two groups in terms of
multifocality and TTD. The proportion of patients in the metastatic group with unilateral
multifocality was significantly higher than in the non-metastatic group (26.8% vs. 7.3%,
p = 0.019). Based on TTD, the metastatic group had a considerably higher dimension
compared to the non-metastatic group (median ± IQR: 9.0 ± 7.2 vs. 5.0 ± 7.0 mm.,
p = 0.026). Furthermore, there was a significant difference between the metastatic group
with TTD > 10 mm. compared to the non-metastatic group (median ± IQR: 17.0 ± 12.3 vs.
12.0 ± 3.9 mm., p = 0.036).

3.3. Predictors for Metastatic Disease

A multivariate analysis was used to identify which of the statistically significant char-
acteristics may be used as an independent predictor of metastatic disease. The multivariate
analysis showed a significant level of p < 0.0026, an R2 coefficient of determination of
0.1663, an adjusted R2 of 0.1342, and a multiple correlation coefficient of 0.4078 (Table 3).
TTD and UM were found to be independent predictors of metastatic disease in PTMC,
whereas TTD > 10 was not statistically significant. For additional statistical research, a
prediction model was created. TTD, UM, and the prediction model were subjected to a
ROC analysis (Table 4, Figure 1).
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Table 3. Multivariate analysis results showing the characteristics independently associated with
metastatic disease in PTMC. Bold values are statistically significant.

Least Squares Multiple Regression

Sample size 82

Coefficient of determination R2 0.1663

R2-adjusted 0.1342

Multiple correlation coefficient 0.4078

Residual standard deviation 0.4681

Regression Equation

Independent variables Coefficient Std. Error t p rpartial rsemipartial

(Constant) 0.2297

TTD 0.03242 0.01130 2.868 0.0053 0.3089 0.2965

UM 0.3312 0.1375 2.409 0.0183 0.2632 0.2491

TTD > 10 −0.2383 0.1707 −1.396 0.1666 −0.1561 0.1443

Analysis of Variance

Source DF Sum of Squares Mean Square

Regression 3 3.4090 1.1363

Residual 78 17.0910 0.2191

F-ratio 5.1861

Significance level p = 0.0026

Table 4. The receiver operating characteristic analysis results of the parameters that are independently
associated with the presence of PTMC metastatic disease and the prediction model consisting of
these parameters. Between the brackets are the values corresponding to the 95% confidence interval.

Parameter AUC
Significance

Level
J Cut-Off Se (%) Sp (%)

TTD
0.642

0.0197 0.2439 >4.4
78.05 46.34

(0.529 to 0.745) (62.4–89.4) (30.7–62.6)

UM
0.598

0.0163 0.1951 >0
26.83 92.68

(0.483 to 0.704) (14.2–42.9) (80.1–98.5)

Prediction model
0.734

<0.0001 0.3659 >0.4890
60.98 75.61

(0.625 to 0.826) (44.5–75.8) (59.7–87.6)

TTD—total tumor diameter; UM—unilateral multifocality; AUC—area under curve; Se—sensitivity;
Sp—specificity.

The cut-off value for TTD of >4.4 mm was found to be an independent predictor of
metastatic disease in PTMC (p = 0.0197, Se = 78.05%, Sp = 46.34%). The presence of UM
was also shown to be an independent predictor (p = 0.0163, Se = 26.83%, Sp = 92.68%). The
statistical characteristics of TTD and UM were translated by a prediction model with the
following statistical values (p < 0.0001, Se = 60.98%, Sp = 75.61%).
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Figure 1. Receiver operating characteristic curve of the two parameters independently associated
with the presence of PTMC metastatic disease and the prediction model. TTD-total tumor volume;
UM-unilateral multifocality.

4. Discussion

TTD/multifocality in PTMC have been the subject of several recent papers [11–17,19–21].
Most of the research was conducted on a large cohort of patients and provides extremely
useful data; nevertheless, European demographic data are scarce, with the majority of
studies focusing on Asian populations [11–17,19,20] and one in North America [21]. Fur-
thermore, some of these studies compare risk factors for PTMC and PTC groups, although
tumor sizes vary widely and comparative terms can be frequently misunderstood.

In our research, multifocality was found in 54.9% of PTMCs and 48.8% had LNM.
There was no statistical difference between the metastatic and non-metastatic groups in
terms of multifocality (p = 0.270). This result contradicts the findings of most research,
which demonstrate a link between multifocality and metastatic disease [4–6,11,12,14]. This
contradictory result may be a consequence of the different cohorts (in our study the number
of patients in the two groups is equal vs. the other studies that have a much higher number
of patients in the non-metastatic group).

Alternatively, a statistically significant difference in unilateral multifocality was ob-
served in our study (26.8% vs. 7.3%, p = 0.019). Unilateral multifocality was also shown to
be an independent predictor of metastatic disease in our study. Similar to our results, ac-
cording to Cai et al. [20], patients with unilateral multifocality were more likely than those
with bilateral multifocality to develop neck metastases. In contrast, the results published by
Yan et al. [19] show that bilateral multifocality, rather than unilateral multifocality, should
be considered as an aggressive marker at presentation, and neither is an independent
prognostic factor for clinical outcome in PTMC.

When we investigated the TTD, the findings of our research indicated that the
metastatic group had a considerably higher dimension compared to the non-metastatic
group (median ± IQR: 9.0 ± 7.2 vs. 5.0 ± 7.0 mm, p = 0.026). In addition, there was a
significant difference between the metastatic group with TTD > 10 mm. compared to the
non-metastatic group (median ± IQR: 17.0 ± 12.3 vs. 12.0 ± 3.9 mm., p = 0.036). Similar
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findings were revealed in research published by Feng et al. [11]. The results of his study
showed that multifocal PTMC with TTD > 10 mm was more aggressive than unifocal PTMC
or multifocal PTMC with TTD ≤ 10 mm. Likewise, the results of Zhao et al. [12] showed
that LNM frequency was significantly higher in multifocal PTMCs with TTD > 10 mm than
unifocal tumors with a diameter ≤ 10 mm (60.4 vs. 30%, p < 0.001).

According to Liu et al. [15], the risks of LNM, extrathyroidal extension (ETE), in-
filtration, and the recurrence-free survival were significantly different between PTMCs
with a unifocal diameter ≤ 10 mm and multifocal TTD > 10 mm and between multifocal
PTMCs with a TTD of ≤1 mm and >10 mm. TTD might be used as a criterion to identify
individuals at increased risk of persistence, according to Tam et al. [16], and T1a multifocal
PTMCs with TTDs of 1 to 2 cm might be classed as T1b. However, there are also published
data that demonstrate that calculating the TTD to assess adverse biological behavior in
multifocal PTMC is insufficient and limited [17].

The novel findings of our research showed TTD and UM as independent predictors of
metastatic disease in PTMC. The cut-off value of TTD > 4.4 mm independently predicts
metastatic disease with a Se of 78.05% and Sp of 46.34%. On the other hand, the presence
of UM independently predicts metastatic disease in PTMC (Se = 26.83%, Sp = 92.68%).
Integrating TTD and UM statistical characteristics, a prediction model for metastatic disease
has been developed (Se = 60.98%, Sp = 75.61%).

The latest consensus statements regarding the strategy for active surveillance of adult
low-risk PTMC published by Sugitani et al. [22] on behalf of the Japan Association of En-
docrine Surgery Task Force on management for papillary thyroid microcarcinoma consider
that no data suggest that tumor multiplicity is associated with tumor enlargement and
appearance of LNM; thus, patients with PTMC and multiple lesions can be candidates for
active surveillance. Our data and results suggest a special precaution related to multiplicity,
the UM being in our cohort an independent factor that predicts metastatic disease.

ATA guidelines [2] do not indicate routinely the Radioactive Iodine Therapy in PTMC,
except the association of aggressive histology or other specific individual conditions (ex.,
discordant thyroglobulin level after surgery, etc.) Considering the abovementioned results,
the Radioiodine therapy decision might be better adjusted.

There are several drawbacks to this study. The small number of patients included in the
research is one of the limitations. This is since prophylactic lymph node dissection (LND) is
not performed routinely in our center, thus the number of patients with a histopathological
result of PTMC that includes the status of lymph nodes being very limited. Furthermore,
this is a retrospective research based on a single regional center’s experience. In light of
this, randomized case-control clinical multicenter studies are required.

5. Conclusions

Regardless of how comprehensive the content of the guidelines is, certain therapeutic
settings remain insufficiently evaluated. Our data strongly indicate that TTD and UM can
be used to predict metastatic disease in PTMC, which may help to better adapt the RAI
therapy decision. We believe that TTD and multifocality are tumor features that should be
considered in future guidelines.
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Abstract: Lymph node neck metastases are frequent in papillary thyroid carcinoma (PTC). Current
guidelines state, on a weak level of evidence, that level VI dissection is mandatory in the presence of
latero-cervical metastases. The aim of our study is to evaluate predictive factors for the absence of
level VI involvement despite the presence of metastases to the lateral cervical stations in PTC. Eighty-
eight patients operated for PTC with level II–V metastases were retrospectively enrolled in the study.
Demographics, thyroid function, autoimmunity, nodule size and site, cancer variant, multifocality,
Bethesda and EU-TIRADS, number of central and lateral lymph nodes removed, number of positive
lymph nodes and outcome were recorded. At univariate analysis, PTC location and number of
positive lateral lymph nodes were risk criteria for failure to cure. ROC curves demonstrated the
association of the number of positive lateral lymph nodes and failure to cure. On multivariate analysis,
the protective factors were PTC located in lobe center and number of positive lateral lymph nodes < 4.
Kaplan–Meier curves confirmed the absence of central lymph nodes as a positive prognostic factor. In
the selected cases, Central Neck Dissection (CND) could be avoided even in the presence of positive
Lateralcervical Lymph Nodes (LLN+).

Keywords: papillary thyroid carcinoma; central compartment; lateralcervical lymph nodes; EU-
TIRADS; Bethesda; central neck dissection; lateral neck dissection; skip metastasis

1. Introduction

Papillary thyroid carcinoma (PTC) has an extremely strong tendency to metastasize
to the neck lymph nodes. This condition can occur in up to 80% of cases [1,2]. There is
widespread acceptance of the classification of neck lymph nodes into seven levels, with
level VI being the lymph nodes of the central compartment and level VII the lymph nodes
of the upper mediastinum. Level I (sub-mental and sub-mandibular lymph nodes) is
generally not considered in PTC exeresis, whereas levels II to V are the lymph nodes of the
lateral compartment involved in neck dissection [3].

The current ATA guidelines (2015) regarding prophylactic central neck dissection
(PCND) limit this indication to stages from T3 (tumor > 4 cm in greatest diameter and/or
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gross invasion of prethyroid muscles), while therapeutic central neck dissection is indicated
in T1 (tumor less than 2 cm) or T2 (tumor size between 2 and 4 cm) only in the clear
presence (clinically, ecographically and/or biopsy proven) of central metastases, or in
cases of lateral lymphadenopathy [4–6]. Although widely accepted and practiced, this
indication, contained in recommendation 36 of the ATA guidelines, is weak, with a low
level of evidence [4].

Central neck dissection is not a procedure without complications. Hypoparathy-
roidism and recurrent laryngeal nerve palsy (both transient or permanent) may occur more
frequently than in simple thyroidectomy [7–12].

The realization that central neck dissection is a surgical procedure with additional
morbidity may lead to the search for a context in which, even in the presence of metastases
to the lateral neck lymph nodes, central neck dissection could be avoided. The occurrence
of skip metastasis to the lateral lymph node compartment is well known [13–15]. However,
only recently a study appeared in the literature specifically aimed at answering the question
of whether prophylactic central compartment dissection is always needed in the presence
of lateral neck metastases [16].

The aim of this study is to evaluate predictive factors for the absence of level VI
involvement despite the presence of metastases to the lateral cervical stations in PTC, and
also to formulate hypotheses on the possible risk of persistence or recurrence directly
related to the persistence of level VI lymph nodes.

2. Material and Methods

This retrospective observational cohort study was carried out on patients consecutively
that had undergone thyroidectomy from January 2010 to December 2020, with the diagnosis
of papillary thyroid carcinoma at two University Surgery Units: the General and Emergency
Surgery Unit and the General and Oncology Surgery, both of which are referral centers
for endocrine neck surgery in western Sicily. All patients with complete clinical reports
regarding preparation for surgery, hospital course and follow-up until 30 June 2021 were
included in the study; patients included underwent surgery for PTCs with metastases to
the lateral-cervical lymph nodes at the time of surgery and who, therefore, underwent
TT + CND + unilateral LND in one step. Surgical procedures were performed by surgeons,
belonging to the respective operating units, classifiable as “high volume” according to the
unanimous consensus of the international literature [17,18], having all performed over
1000 thyroidectomies with more than 100 procedures/year for a period of activity of 10 or
more years.

Exclusion criteria were: surgery for central and/or latero-cervical metastases, which,
therefore, underwent Thyroidectomy and/or Central Neck Dissection and/or Lateral Neck
Dissection in two or more steps. We also excluded non-papillary thyroid cancers, patients
with incomplete clinical documentation, those with malignancy of another site or who
had developed an extrathyroid cancer during follow-up, familial thyroid tumors and who
had undergone operations performed by operators with a volume of activity of less than
1000 total thyroidectomies or <100 thyroidectomies/year or with a period of “dedicated”
activity of less than 10 years.

We considered the following variables (in brackets, the way the variables were as-
sessed): age (continuous), sex (categorical), TSH values detected at the time of preparation
for surgery (continuous), autoimmunity (categorical), largest diameter of the nodule mea-
sured at ultrasound (continuous), cancer variant (classical, follicular, other, categorical).
Based on preoperative ultrasonographic findings, we included the suspicious lesions in the
excel sheet classifying them as located in the “upper lobe pole” (=1), “middle lobe” (=2) and
“other” (=3), including in this group the isthmic or paraisthmic lesions and the lesions at the
lower pole of the thyroid lobe (categorical variable). Moreover, we recorded multifocality
(categorical), Bethesda classification (categorical), EU-TIRADS classification (categorical),
total number of central lymph nodes removed (continuous), number of positive central
lymph nodes (continuous), total number of lateral lymph nodes removed (continuous),
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number of positive lateral lymph nodes (continuous) and outcome (unfavorable, yes/no,
categorical). The categories that we considered as “unfavorable” outcomes fell into two dif-
ferent patterns: patients with “persistence”, in whom there was proven locoregional disease
before six months after postoperative radioiodine ablation, and patients with “recurrence”,
in whom new disease occurred after this cut-off time. The presence of locoregional disease
(persistence or recurrence) was assessed by integrating the results of laboratory tests (thy-
roglobulin [Tg] > 10 ng/mL after appropriate discontinuation of L-Tyroxine treatment in
the absence of anti-Tg antibodies), ultrasound (presence of suspected locoregional tissue)
and fine-needle aspiration biopsy of tissue detected on ultrasound, which in turn was
evaluated by cytology and Tg assay on the eluate. In two cases, there was persistence of
elevated Tg values in the absence of locoregional recurrence on instrumental exams: these
patients were excluded from the study because of the uncertainty of considering them as
loco-regional recurrence, systemic recurrence or false positive result.

For the purpose of the Kaplan–Meier curves, the date on which the recurrence was
detected was reported. Disease-free patients were conventionally verified as of 30 June 2021.

Among the variables included in the statistical evaluation, location within the thyroid
lobe was documented in the literature as a risk factor for skip metastasis [13–15], while
variables such as the threshold value of metastatic lateral lymph nodes and the total
number of central lymph nodes removed were derived from the study results. TIRADS
and cytology (classified according to Bethesda) were included in order to evaluate whether
these two simple datapoints from the preoperative diagnostic procedure could be used as
indicators and guide the choice of surgery.

2.1. Surgery

The surgical procedure has always been performed as a ‘formally’ total thyroidec-
tomy. In the patients undergoing Intraoperative Nerve Monitoring, if the surgical protocol
required to suspend the operation at lobectomy with removal of the central hemicom-
partment ipsilateral to the cancer (two-staged thyroidectomy), we excluded these patients
(two in the whole cohort) from the study. Central neck dissection was always bilateral,
with excision of both periricurrential and paratracheal chains, and lateral neck dissection
extended at least to IIa-III-IV levels, while IIb and V levels were removed in the presence of
gross and/or multiple latero-cervical metastases detected by ultrasound or in the presence
of involvement of these stations.

2.2. Radioiodine Ablation and Endocrinological Treatment

All patients with metastatic lateral lymph node (LLN+) underwent radioiodine ab-
lation, at a dosage of about 100–150 mCi, after suspension of L-thyroxine treatment until
TSH values > 30 microIU/mL were reached. This treatment was performed 4–8 weeks after
surgery and, after post-treatment whole-body scan, suppressive therapy with L-thyroxine
was reimposed with the aim of bringing TSH to about 0.5 microIU/mL.

2.3. Statistical Analysis

In a first step, a univariate analysis was carried out in which Fisher’s exact test for
categorical variables and Mann–Whitney’s test for continuous variables were applied.

ROC curves were then realized in order to evaluate the accuracy of the variables
“number of central lymph node (CLN)”, “number of lateral lymph node (LLN)” and
“number of LLN+” as predictors of the occurrence of metastatic central lymph node
(CLN+ ≥ 1).

Moreover, a multivariate logistic analysis was performed in which the following
variables were included: Age, Sex, TIRADS, Location, CLN and LLN+. From the various
models, the best fit was chosen. Akaike’s Information Criterion (AIC) was used as an
indicator of the quality of the fit of the multiple logistic regression function to the needs of
the study.
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Finally, Kaplan–Meier curves were created in the following three groups: CLN+ = 0,
All cases and CLN+ ≥ 1. The statistical significance of the differences between the Kaplan–
Meier curves was checked with the Log Rank test.

Statistical elaborations were carried out with the software RStudio (version 3.4.1 of 30
June 2017) for R (version 2.1) The ROC Curves and Kaplan–Meier were made using the
application packages “pROC” and “Survival”.

3. Results

Eighty-eight patients in follow-up from 6 months to 10 years (mean 4.6 years) with a
mean age of 46 years (range: 14–82) met the inclusion criteria.

3.1. Univariate Analysis

From the univariate analysis (Table 1) the variables with p-value < 0.05 were: Location,
TIRADS, CLN and LLN+. The location, TIRADS and LLN+ seem to be a moderately accu-
rate predictor of CLN+. Comparing the ROC curves, in which the specificity/sensitivity
relationship was calculated using CLN+ as a reference we note that the number of LLN
is a poor predictor of CLN+ (Figure 1). In fact, the Area Under the Curve (AUC) val-
ues were = 0.57 and 95% confidence interval (CI) (0.44–0.68), with a threshold value of
28.5. Specificity, therefore, was 1% CI (1–1) and sensitivity = 0.18 with 95% CI (0.09–0.29).
The numbers of CLN and LLN+ were found to be a moderately accurate predictor of
CLN+ with AUC = 0.73 and 95% CI (0.61–0.82) with a cutoff value = 7.5, specificity = 0.
84% CI (0.72–0.97) and sensitivity = 0.46 with 95% CI (0.34–0.59) and AUC = 0.83 and
95% CI (0.73–0.92) with a cutoff value of 2.5, specificity = 0.81% CI (0.66–0.94) and sensitiv-
ity = 0.77 with 95% CI (0.66–0.88), respectively.

Figure 1. The number of LLN is a poor predictor of CLN+ ≥ 1.

3.2. Multivariate Analysis

The multivariate analysis (Table 2) revealed that the best-fitting model according to
AIC (=67.98) included the following variables: Age, Sex, Localization, CLN > 7 and
LLN+ < 4. The model shows that center-lobar cancer localization and LLN+ < 4 ap-
pear to be protective values (CLN+ = 0 and no recurrence) with ORs of 0.005 95%IC
(8.12 × 10−5–8.21 × 10−2) (p-value < 0.05) and 0.020 95%IC (7.81 × 10−4–0.164)
(p-value < 0.05), respectively.
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Table 1. The number of CLN and LLN+ were found to be a moderately accurate predictor of CLN+ ≥ 1. TIRADS
Classification: TIRADS I: Normal thyroid US; TIRADS II: Benign Aspects; TIRADS III: Probably Benign Aspects; TIRADS
IV A Low Suspicious Aspect; TIRADS IVB 1 or 2 signs of High suspicious aspects and no Adenopathy; TIRADS 5: ≥3
of High Suspicious aspects and/or Adenopathy. The Bethesda System for Reporting Thyroid Cytopathology: Bethesda
I: Nondiagnostic or Unsatisfactory; Bethesda II: Benign; Bethesda III: Atypia of undetermined significance or follicular
lesion of undetermined significance; Bethesda IV: Follicular neoplasm or suspicious for a follicular neoplasm; Bethesda V:
Suspicious for malignancy; Bethesda VI: Malignant. Nodule location: Site 1: upper lobe pole; Site 2: middle lobe; Site 3:
isthmic, paraisthmic or lower pole [19,20].

Variable CLN+ 0_Recovery CLN+ ≥ 1 Total OR (95%CI) p-Value

Age 47 46 0.677

Sex M 6 22 28 2.77
(0.92–9.60) 0.05849Sex F 26 34 60

Total 32 56 88

TSH 2.19 2.15 0.5318

Autoimmunity
YES 7 12 19 0.97

(0.31–3.32) 0.9999Autoimmunity NO 25 44 69
Total 32 56 88

Size 1 27 44 71

0.8454
Size 2 2 6 8
Size 3 3 6 9
Total 32 56 88

Site 1 12 31 43

8.141 × 10−6Site 2 13 1 14
Site 3 7 24 31
Total 32 56 88

Multifocality NO 40 9 49 0.37
(0.06–1.65) 0.2136Multifocality YES 36 3 39

Total 32 56 88

Bethesda 1 1 1 2

0.3606

Bethesda 2 3 4 7
Bethesda 3 9 11 20
Bethesda 4 15 22 37
Bethesda 5 4 13 17
Bethesda 6 0 5 5

Total 32 56 88

TIRADS 3 2 1 3

0.008372
TIRADS 4 14 10 24
TIRADS 5 16 45 61

Total 32 56 88

CLN 4.4 7.5 0.0008545
LLN 17.31 19.57 0.3917

LLN+ 1.81 4.36 5.741 × 10−7

ROC Curves. Bold format of data mean p-Values < 0.05.

From the analysis of Kaplan–Meier curves (Figure 2), it can be seen that the difference
in disease-free survival between the group of patients in which no central lymph nodes
were found and the group with metastatic central lymph nodes was significant (p < 0.05).

Finally, we found it interesting to note that patients with CLN = 0 had a small number
of metastatic LLN (4 or less) and none of them experienced persistence or disease recurrence.

Variables found to be non-significant in the univariate analysis (age, sex, TSH levels,
autoimmunity, multifocality, Bethesda category, TIRADS category) were not considered in
the multivariate analysis.

Variables found.
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Table 2. The model shows that center-lobar cancer localization and LLN+ < 4 appear to be protec-
tive values.

Variable OR IC (Inf) 95% IC (Sup) 95% p-Value

Age 0.959 0.907 1.007 0.10725
Sex 0.564 0.073 3.448 0.54998

Site 2 0.005 8.12e−5 8.21e−2 0.00210 **
Site 3 1.224 0.275 5.491 0.78752

CLN > 7 1.587 1.231 2.195 0.00149 **
LLN+ < 4 0.020 7.81e−4 0.164 0.00238 **

** mean p-values lower than 0.05.

Figure 2. The group of patients with no central lymph nodes involvement has longer disease-free survival than the group
with metastatic central lymph nodes (p < 0.05). Kaplan–Meier Curves.

4. Discussion

Nowadays, the role of PCND in PTC is still debated, with studies proposing to avoid
this procedure for early stages and limit CND to cases of clinically positive central lymph
nodes [21,22] and others showing benefits even for stages below T3 [23–25]. Given the
advantages, especially from the point of view of postoperative radiometabolic treatment,
and possible complications such as hypoparathyroidism and recurrent nerve palsy, careful
case selection and consensus in the context of the multidisciplinary team has been proposed
by others [26]. In any case, the position that PCND does not change the overall survival
rate of PTC seems to be prevalent [27–29].

Currently, the ATA, CCN and ESES guidelines consider the presence of lateral neck
metastases as an indication for CND [4,6,30]. This is also supported by the order of the
lymphatic diffusion pathways, which, however, may vary for portions of thyroid tissue
located near the upper poles of the gland, as stated in several studies [13,14,31–33]. This
was also confirmed in a detailed anatomical study [34].

Central lymph node metastases in PTC are extremely frequent (up to 80%), but most
of them are microscopic, detected after careful histopathological evaluation and have no
clinical significance [2,16,35]. On the other hand, in studies considering prophylactic lateral
cervical dissection, the occurrence of metastases in levels II–V was well above 50% [36],
although there is very little support for such a choice and not much data available on the
subject. These data have to be compared with those related to the risk of PTC recurrence,
which is very low in the most common variants of PTC and, in any case, ranging from
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1% to 40% [16,37], and, in an even clearer perspective, in the 5-year disease-free survival,
which reaches 98% [4]. This debate could be concluded by stating that, obviously within
certain limits, there is no correlation between central or lateral lymph node metastases, rate
of locoregional recurrence and in general the prognosis of PTC [4,16,21,38]. These limits
may be constituted by the real numerical and especially volumetric consistency of the
affected lymph nodes [16], as well as by the prognostic factors of cancer, which, however,
most likely act independently from lymph node metastases [39].

The attitude taken at our institution with regard to PCND has gone from a gradual
enthusiasm that had extended its indications also to early stages of PTC (T2 and sometimes
T1), which culminated in the middle of the last decade [9,24], to a gradual alignment with
the actual indications of the main scientific societies mentioned above, so that, in fact, we
now perform PCND only in T3 and in N1b with any T.

In this study, we found a relapse rate of 13.7% (12), similar to percentage described in
several other studies [40,41].

The number of patients with positive LLN but without central compartment involve-
ment was very high (32 = 36.4%). This high prevalence of LLN+ without CLN+ would be
sufficient to justify further investigation, which led to our results.

An aspect that we found interesting in our study was the finding that the presence of
few positive LLNs (<4) seems to be protective compared to the presence of CLN metastases;
therefore, in such circumstances, the presence of a sporadic metastasis in the lateral site
might be predictive of skip metastasis. A finding that could be investigated in the future
is the association of more advanced TIRADS with the increased likelihood of central
metastases in the presence of known LLN metastases. Although we are not able to give a
definite interpretation to this statistical finding, we believe we can explain this effect by a
probably greater aggressiveness of the tumor that could tend to be associated with more
advanced morphological aspects. A similar association was not found when evaluating
cytological features with the Bethesda system, whose degree of alterations do not correlate
in any way (indeed we did not expect it) with a more extensive metastatic spread of
the tumor.

The first interesting result of our study is evidenced by the multivariate analysis,
which confirms the importance of the apical location in the thyroid lobe as a risk factor
for the presence of possible skip metastases and, conversely, a certain “protective” role of
cancer locations other than this one in the context of the thyroid lobe.

Another attractive finding arising from the results of the Kaplan–Meier curves is the
better disease-free survival reported in the group of patients without involvement of CLN,
even with LLN+, demonstrating a role of the CLN− as a positive prognostic factor in terms
of persistence or recurrence. Conversely, the simultaneous presence of CLN+ and LLN+
entails in a worse prognosis. All these results could constitute a further justification to limit
prophylactic CND in the presence of isolated skip metastases, provided that these do not
hide central metastases [40].

We are aware of several biases in our study: firstly, its retrospective nature; secondly,
the expertise-dependence of lymph node clearing during lymph node dissections; and
thirdly, we consider the study to be very large, with follow-up ranging from 6 months to
10 years. Furthermore, the empiricism with which recurrence was established and with
which, in turn, it is distanced from persistence. Furthermore, the enrolment of latero-
cervical dissections less extensive than II–V may constitute a bias but this type of surgical
choice is justified and validated in the literature [41–43].

Another bias is the lack of evaluation of some prognostic factors, such as angioin-
vasiveness, extracapsular or extranodal extension, but usually, such evaluations are not
reliably answered during the preoperative workup and, on the other hand, our intention
was to find reliable answers to the question “what to do if a certain condition is found” in a
real scenario. Finally, we did not compare a population of patients who underwent CLND
plus LLND versus only LLND. In this perspective, the comparison between the two groups
should be considered virtual.
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5. Conclusions

At present, we cannot consider the data obtained from this study sufficient to lead to
the adoption of new treatment protocols.

Far from providing definitive data on the existence of a category of PTC patients in
whom level VI dissection can be avoided even in the presence of lateral cervical metastases,
this study aims to provide further food for thought and add data to achieve the goal of
avoiding central compartment dissection, albeit in a restricted category of patients, and
thus limiting risks and sequelae of this not entirely harmless procedure.
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prophylactic central neck dissection on the surgical outcomes in papillary thyroid cancer: Experience in a single center. Eur. Arch.
Oto-Rhino-Laryngol. 2020, 277, 1491–1497. [CrossRef]

26. Chen, L.; Wu, Y.-H.; Lee, C.-H.; Chen, H.-A.; Loh, E.-W.; Tam, K.-W. Prophylactic Central Neck Dissection for Papillary Thyroid
Carcinoma with Clinically Uninvolved Central Neck Lymph Nodes: A Systematic Review and Meta-analysis. World J. Surg. 2018,
42, 2846–2857. [CrossRef]

27. Leboulleux, S.; Rubino, C.; Baudin, E.; Caillou, B.; Hartl, D.M.; Bidart, J.M.; Travagli, J.P.; Schlumberger, M. Prognostic factors for
persistent or recurrent disease of papillary thyroid carcinoma with neck lymph node metastases and/or tumor extension beyond
the thyroid capsule at initial diagnosis. J. Clin. Endocrinol. Metab. 2005, 90, 5723–5729. [CrossRef]

28. Toniato, A.; Boschin, I.M.; Casara, D.; Mazzarotto, R.; Rubello, D.; Pelizzo, M. Papillary Thyroid Carcinoma: Factors Influencing
Recurrence and Survival. Ann. Surg. Oncol. 2008, 15, 1518–1522. [CrossRef]

29. Bardet, S.; Malville, E.; Rame, J.P.; Babin, E.; Samama, G.; De Raucourt, D.; Michels, J.J.; Reznik, Y.; Henry-Amar, M. Macroscopic
lymph-node involvement and neck dissection predict lymph-node recurrence in papillary thyroid carcinoma. Eur. J. Endocrinol.
2008, 158, 551–560. [CrossRef]

30. National Comprehensive Cancer Network. NCCN Clinicial Practice Guidelines in Oncology-Thyroid Carcinoma. Available
online: https://www.nccn.org/ (accessed on 20 April 2019).

31. Zhang, L.; Wei, W.-J.; Ji, Q.-H.; Zhu, Y.-X.; Wang, Z.-Y.; Wang, Y.; Huang, C.-P.; Shen, Q.; Li, D.-S.; Wu, Y. Risk Factors for Neck
Nodal Metastasis in Papillary Thyroid Microcarcinoma: A Study of 1066 Patients. J. Clin. Endocrinol. Metab. 2012, 97, 1250–1257.
[CrossRef]

32. Xiang, D.; Xie, L.; Xu, Y.; Li, Z.; Hong, Y.; Wang, P. Papillary thyroid microcarcinomas located at the middle part of the middle
third of the thyroid gland correlates with the presence of neck metastasis. Surgery 2015, 157, 526–533. [CrossRef]

33. Zhan, X.; Xue, S.; Yin, Y.; Chen, G. Related factors on skip metastasis of neck lymph node in papillary thyroid carcinoma. Zhonghua
Wai Ke Za Zhi Chin. J. Surg. 2017, 55, 599–602. [PubMed]

34. Likhterov, I.; Dos Reis, L.L.; Urken, M.L. Central compartment management in patients with papillary thyroid cancer presenting
with metastatic disease to the lateral neck: Anatomic pathways of lymphatic spread. Head Neck 2017, 39, 853–859. [CrossRef]
[PubMed]

133



J. Clin. Med. 2021, 10, 3407

35. Randolph, G.W.; Duh, Q.Y.; Heller, K.S.; LiVolsi, V.A.; Mandel, S.J.; Steward, D.L.; Tufano, R.P.; Tuttle, R.M. The prognostic
significance of nodal metastases from papillary thyroid carcinoma can be stratified based on the size and number of metastatic
lymph nodes, as well as the presence of extranodal extension. Thyroid 2012, 22, 1144–1152. [CrossRef] [PubMed]

36. Mulla, M.G.; Knoefel, W.T.; Gilbert, J.; McGregor, A.; Schulte, K.M. Lateral cervical lymph node metastases in papillary thyroid
cancer: A systematic review of imaging-guided and prophylactic removal of the lateral compartment. Clin. Endocrinol. 2012,
77, 126–131. [CrossRef]

37. National Cancer Institute. Surveillance, Epidemiology, and End Results Program (SEER): Thyroid Cancer. Available online:
https://seer.cancer.gov/statfacts/html/thyro.html (accessed on 30 June 2021).

38. Viola, D.; Materazzi, G.; Valerio, L.; Molinaro, E.; Agate, L.; Faviana, P.; Seccia, V.; Sensi, E.; Romei, C.; Piaggi, P.; et al.
Prophylactic central compartment lymph node dissection in papillary thyroid carci-noma: Clinical implications derived from the
first prospective randomized controlled single institution study. J. Clin. Endocrinol. Metab. 2015, 100, 1316–1324. [CrossRef]

39. Cipriani, N.A. Prognostic Parameters in Differentiated Thyroid Carcinomas. Surg. Pathol. Clin. 2019, 12, 883–900. [CrossRef]
40. Lee, D.Y.; Oh, K.H.; Cho, J.-G.; Kwon, S.-Y.; Woo, J.-S.; Baek, S.-K.; Jung, K.-Y. The Benefits and Risks of Prophylactic Central Neck

Dissection for Papillary Thyroid Carcinoma: Prospective Cohort Study. Int. J. Endocrinol. 2015, 2015, 571480. [CrossRef]
41. Chéreau, N.; Buffet, C.; Trésallet, C.; Tissier, F.; Leenhardt, L.; Menegaux, F. Recurrence of papillary thyroid carcinoma with lateral

cervical node metastases: Predictive factors and operative management. Surgery 2016, 159, 755–762. [CrossRef]
42. Chinn, S.; Zafereo, M.; Waguespack, S.G.; Edeiken, B.S.; Roberts, D.B.; Clayman, G.L. Long-Term Outcomes of Lateral Neck

Dissection in Patients with Recurrent or Persistent Well-Differentiated Thyroid Cancer. Thyroid 2017, 27, 1291–1299. [CrossRef]
43. Hartl, D.M.; Al Ghuzlan, A.; Borget, I.; Leboulleux, S.; Mirghani, H.; Schlumberger, M. Prophylactic Level II Neck Dissection

Guided by Frozen Section for Clinically Node-Negative Papillary Thyroid Carcinoma: Is It Useful? World J. Surg. 2013, 38, 667–672.
[CrossRef] [PubMed]

134



Journal of

Clinical Medicine

Article

Tall Cell Variant versus Conventional Papillary Thyroid
Carcinoma: A Retrospective Analysis in 351
Consecutive Patients

Alessandro Longheu *, Gian Luigi Canu, Federico Cappellacci, Enrico Erdas, Fabio Medas and Pietro Giorgio Calò

Citation: Longheu, A.; Canu, G.L.;

Cappellacci, F.; Erdas, E.; Medas, F.;

Calò, P.G. Tall Cell Variant versus

Conventional Papillary Thyroid

Carcinoma: A Retrospective Analysis

in 351 Consecutive Patients. J. Clin.

Med. 2021, 10, 70. https://dx.doi.

org/10.3390/jcm10010070

Received: 24 November 2020

Accepted: 22 December 2020

Published: 28 December 2020

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional claims

in published maps and institutional

affiliations.

Copyright: © 2020 by the authors. Li-

censee MDPI, Basel, Switzerland. This

article is an open access article distributed

under the terms and conditions of the

Creative Commons Attribution (CC BY)

license (https://creativecommons.org/

licenses/by/4.0/).

Department of Surgical Sciences, University of Cagliari, S. S. 554, Bivio Sestu, 09042 Monserrato, Italy;
gianlu_5@hotmail.it (G.L.C.); fedcapp94@gmail.com (F.C.); erdasenrico@libero.it (E.E.);
fabiomedas@gmail.com (F.M.); pgcalo@unica.it (P.G.C.)
* Correspondence: alex1283@tiscali.it; Tel.: +39-393473779728

Abstract: Background: The aim of this retrospective study was to investigate clinical and pathological
characteristics of the tall cell variant of papillary thyroid carcinoma compared to conventional variants.
Methods: The clinical records of patients who underwent surgical treatment between 2009 and 2015
were analyzed. The patients were divided into two groups: those with a histopathological diagnosis
of tall cell papillary carcinoma were included in Group A, and those with a diagnosis of conventional
variants in Group B. Results: A total of 35 patients were included in Group A and 316 in Group
B. All patients underwent total thyroidectomy. Central compartment and lateral cervical lymph
node dissection were performed more frequently in Group A (42.8% vs. 18%, p = 0.001, and 17.1%
vs. 6.9%, p = 0.04). Angiolymphatic invasion, parenchymal invasion, extrathyroidal extension, and
lymph node metastases were more frequent in Group A, and the data reached statistical significance.
Local recurrence was more frequent in Group A (17.1% vs. 6.3%, p = 0.02), with two patients (5.7%)
in Group A showing visceral metastases, whereas no patient in Group B developed metastatic
cancer (p = 0.009). Conclusions: Tall cell papillary carcinoma is the most frequent aggressive variant
of papillary thyroid cancer. Tall cell histology represents an independent poor prognostic factor
compared to conventional variants.

Keywords: tall cell variant of papillary thyroid carcinoma; conventional papillary thyroid carcinoma;
thyroid surgery

1. Introduction

Papillary thyroid carcinoma (PTC) is the most common malignant endocrine tumor.
The prognosis for patients with PTC is almost the same as that of individuals who never
had cancer, and only a few patients with PTC are affected by a biologically aggressive
tumor [1,2]. The most common of PTC aggressive subtypes is the tall cell variant (TCV).
TCV was first described by Hawk and Hazard in 1976 [3] and represents from 4% to
19% of all PTCs [4,5]. Several studies have demonstrated that this variant is generally
underdiagnosed [6–9]. The definition of TCV includes the presence of a tumor whose cells
are two to three times as tall as they are wide, eosinophilic cytoplasm, basilar-oriented
nuclei, and the nuclear features of PTC [3,10,11]. TCV is generally considered a more
aggressive variant of PTC and frequently has lymph node metastases and/or distant
metastases, with a poorer prognosis [12–14] compared to conventional PTC (cPTC). The
aim of this retrospective study was to investigate the clinical and pathological characteristics
of TCV-PTC compared to conventional variants.

2. Materials and Methods

2.1. Study Design

This is a retrospective cohort study on patients who underwent thyroidectomy in our
Unit of General and Endocrine Surgery (University of Cagliari, Cagliari, Italy) after the
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histopathological diagnosis of cPTC or TCV-PTC between January 2009 and December
2015. We identified cPTC with a classical variant, a follicular variant, and an oncocytic
variant. Other biologically aggressive variants of PTC, papillary thyroid microcarcinoma,
follicular carcinoma, medullary carcinoma, anaplastic carcinoma, secondary tumors, and
tumors with a tall cell component < 50% were excluded. The patients were identified from
a prospectively maintained institutional database, and those with incomplete or lost data
at follow-up were excluded from the study. The patients were divided into 2 groups: those
with a histopathological diagnosis of TCV-PTC were included in Group A, while those with
a histopathological diagnosis of cPTC were included in Group B. Demographic data (sex
and age), preoperative findings (cytological diagnosis and echographic features), surgical
treatment (total thyroidectomy ± central compartment neck dissection ± modified lateral
neck dissection), surgical outcomes (operative time and postoperative stay), histopatho-
logical findings, complications (hypoparathyroidism, recurrent laryngeal nerve injury,
postsurgical cervical hematoma, wound infection, and chylous fistula), and follow-up data
(local recurrence and distant metastases) were recorded.

2.2. Preoperative Evaluation

For each patient, preoperative assessment consisted of free triiodothyronine (FT3),
free thyroxine (FT4), and thyroid-stimulating hormone (TSH) blood measurements; high-
resolution ultrasound (US) of the neck; and fibrolaryngoscopy for assessment of vocal fold
mobility. In the case of suspicious nodules, US-guided fine-needle aspiration cytology
was performed.

2.3. Surgical Procedure

All operations were performed under general anesthesia by the three most skilled
endocrine surgeons of our unit. Recurrent laryngeal nerves and parathyroid glands were
systematically searched and identified. Intraoperative nerve monitoring (IONM) was
routinely used to facilitate nerve identification and to confirm its functional integrity.
Hemostasis was mainly achieved using energy-based devices. One or two closed-suction
drains were placed below the strap muscles. The cervical linea alba and platysma were
sutured with absorbable sutures, and the skin was closed by a continuous intradermal
suture. The duration of the surgical procedure, from skin incision to skin closure, was
estimated in minutes.

2.4. Postoperative Management and Follow-Up

The serum calcium and PTH levels were assayed pre- and postoperatively. Postsurgi-
cal hypoparathyroidism was defined as PTH < 10 pg/mL following the operation (normal
range = 10–65 pg/mL). Permanent hypoparathyroidism was defined as PTH concentra-
tions below the normal range for more than 12 months. In case of suspected recurrent
laryngeal nerve injury, a fibrolaryngoscopy was performed to assess vocal cord mobility.
Postoperative radioactive iodine therapy (RAI) was administered, according to the 2009
American Thyroid Association guidelines, in case of gross extrathyroidal extension, pri-
mary tumor size greater than 4 cm, distant metastases, or selected patients with a primary
tumor, ranging from 1 to 4 cm, confined to the thyroid gland but with a significant risk
of recurrence. Follow-up consisted of neck US examination and dosage of thyroglobulin
(Tg) and thyroglobulin antibodies (TgAb) levels every six months during suppressive
L-thyroxine treatment (a serum Tg level of 0.2 ng/mL was considered as undetectable). In
patients with suspicious recurrence, a whole-body 131I scanning after recombinant human
thyrotropin (rhTSH) was performed. The diagnosis of disease recurrence in the cervical
lymph nodes was based on serum Tg level monitoring, US-guided fine-needle aspiration
cytology (FNAC), and Tg washing of FNAC aspirates.
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2.5. Statistical Analysis

Statistical analyses were performed with MedCalc® (Ostend, Belgium) 19.1.3. The
Fisher exact test or chi-squared test was used for categorical variables, and the t-test for
continuous variables. The Kaplan–Meier method was used to analyze disease-free survival
curves. p-values < 0.05 were considered statistically significant.

3. Results

As reported in Table 1, 351 patients were included in this study: 35 (9.97%) in Group
A and 316 (90.03%) in Group B. Women were more numerous than men in both groups.
The mean age was 49.3 ± 18.2 years in Group A and 50.6 ± 14.9 in Group B (p = 0.6). An
indeterminate or suspicious nodule was identified in 8 (22.8%) cases in Group A and 131
(41.4%) in Group B (p = 0.04), whereas a carcinoma was diagnosed in 14 (40%) patients
in Group A and 24 (7.5%) in Group B (p < 0.0001). Suspicious echographic features were
found in 14 (40%) patients in Group A and 119 (37.6%) in Group B (p = 0.8). Benign thyroid
disease (multinodular goiter and hyperthyroidism) was associated with thyroid cancer in
10 (28.5%) patients in Group A and 87 (27.5%) in Group B (p = 0.8).

Table 1. Demographic and preoperative data.

Group A (n = 35) Group B (n = 316) p-Value

Sex
Male

Female

14 (40%)
21 (60%)

80 (25.31%)
236 (74.68%) 0.07

Age (years, mean ± SD) 49.34 ± 18.22 50.62 ± 14.9 0.6

Indeterminate or suspicious nodule on cytology 8 (22.85%) 131 (41.45%) 0.04

Diagnosis of carcinoma on cytology 14 (40%) 24 (7.59%) <0.0001

Suspicious nodule on US 14 (40%) 119 (37.65%) 0.8

Benign disease (multinodular goiter and
hyperthyroidism) 10 (28.57%) 87 (27.53%) 0.8

All patients underwent total thyroidectomy; central neck compartment lymphadenec-
tomy was associated with thyroidectomy in 15 (42.8%) patients in Group A and 57 (18.03%)
in Group B (p < 0.001), whereas modified lateral neck dissection was performed in 6 (17.1%)
patients in Group A and 22 (6.9%) in Group B (p = 0.04). The mean surgical time was
121 ± 29.01 min in Group A and 100 ± 28.91 min in Group B (p = 0.0004). The mean
postoperative stay was 2.74 ± 0.97 days in Group A and 2.68 ± 0.93 in Group B (p = 0.7)
(Table 2).

Table 2. Surgical procedure and postoperative stay.

Group A (n = 35) Group B (n = 316) p-Value

Total thyroidectomy and central
compartment dissection 15 (42.85%) 57 (18.03%) <0.001

Total thyroidectomy and modified
lateral neck dissection 6 (17.14%) 22 (6.96%) 0.04

Surgical time (min, mean ± SD) 121 ± 29.01 100 ± 28.91 0.0004

Postoperative stay (days, mean ± SD) 2.74 ± 0.97 2.68 ± 0.93 0.7

The mean tumor size was 2.69 ± 1.27 cm in Group A and 2.22 ± 1.25 cm in Group
B (p = 0.03); thyroid weight was 31.9 ± 42.99 g in Group A and 33.91 ± 42.37 g in Group
B (p = 0.7). Multicentric cancer was found in 11 (31.42%) patients in Group A and in 110
(31.64%) in Group B (p = 1), angiolymphatic invasion in 6 (17.14%) patients in Group A
and in 16 (5.06%) in Group B (p = 0.01), parenchymal invasion in 13 (37.14%) patients in
Group A and in 56 (17.72%) in Group B (p = 0.004), and extrathyroidal extension in 11
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(31.42%) patients in Group A and in 16 (5.06%) in Group B (p < 0.0001). Cervical lymph
node metastases were found in 16 (45.71%) patients in Group A and in 42 (13.29%) in Group
B (p < 0.0001) (Table 3).

Table 3. Histopathological diagnosis.

Group A
(n = 35)

Group B
(n = 316)

p-Value

Tumor size (cm, mean ± SD) 2.69 ± 1.27 2.22 ± 1.25 0.03

Thyroid weight (grams, mean ± SD) 31.9 ± 42.99 33.91 ± 42.37 0.7

Multicentric carcinoma 11 (31.42%) 100 (31.64%) 1

Angiolymphatic invasion 6 (17.14%) 16 (5.06%) 0.01

Carcinoma infiltrating the glandular parenchyma 13 (37.14%) 56 (17.72%) 0.004

Extrathyroidal extension 11 (31.42%) 16 (5.06%) <0.0001

Node metastases 16 (45.71%) 42 (13.29%) <0.0001

In Group A, postoperative hematoma occurred in one (2.85%) patient, transient recur-
rent laryngeal nerve palsy in one (2.85%), transient hypoparathyroidism in 11 (31.42%),
and permanent hypoparathyroidism in three (8.5%), whereas wound infection, permanent
recurrent laryngeal nerve palsy, and chylous fistula did not occur. In Group B, postopera-
tive hematoma occurred in four (1.26%) patients, transient recurrent laryngeal nerve palsy
in four (1.26%), transient hypoparathyroidism in 87 (27.53%), and permanent hypoparathy-
roidism in 20 (6.3%), whereas wound infection, permanent recurrent laryngeal nerve palsy,
and chylous fistula did not occur (Table 4).

Table 4. Postoperative complications.

Group A (n = 35) Group B (n = 316) p Value

Postoperative hematoma 1 (2.85%) 4 (1.26%) 0.4

Wound infection 0 0

Transient recurrent laryngeal nerve palsy 1 (2.85%) 4 (1.26%) 0.4

Permanent recurrent laryngeal nerve palsy 0 0

Transient hypoparathyroidism 11 (31.42%) 87 (27.53%) 0.6

Permanent hypoparathyroidism 3 (8.5%) 20 (6.3%) 0.6

Chylous fistula 0 0

The mean follow-up was 79.4 ± 25.9 months in Group A and 98.4 ± 26.5 in Group B
(p = 0.09). Local recurrence affected 6 (17.1%) patients in Group A and 20 (6.3%) in Group
B (p = 0.02); 2 (5.71%) patients in Group A developed distant metastases, whereas distant
metastases did not occur in Group B (p = 0.009) (Table 5).

Table 5. Local recurrence and distant metastases.

Group A
(n = 35)

Group B
(n = 316)

p-Value

Local recurrence 6 (17.1%) 20 (6.3%) 0.02

Distant metastases 2 (5.71%) 0 0.009

Follow-up (months, mean ± SD) 79.4 ± 25.9 98.4 ± 26.5 0.09

Five-year disease-free survival was 82.3% in Group A and 92.8% in Group B (p = 0.0018)
(Figure 1).
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4. Discussion

Only a few patients with PTC are affected by a clinically aggressive tumor, and
the most common of these subtypes is TCV-PTC, which was first described by Hawk
and Hazard in 1976 [3]. The definition accepted widely by pathologists includes the
presence of a papillary tumor whose cells are at least twice as long as they are wide [3,11].
Currently, this variant is underdiagnosed: several studies have demonstrated that when
cases diagnosed as cPTC were reviewed by endocrine pathologists, 1–13% of the tumors
were identified as TCV-PTC [6,15,16]. One of the obstacles to the correct diagnosis of
TCV-PTC is the lack of consensus as to how much of the tumor must be composed of
tall cells to make a diagnosis. The cutoff varies from one institution to another, from 30%
to 70% [10,17,18], and any tumor that contains a smaller percentage of tall cells than the
institutional cutoff is classified as PTC with tall cell features [18]. In our institute, tumors
with less than 50% tall cells are excluded by the diagnosis of TCV-PTC, and they were
excluded from this study because the implications of the presence of a small number of
tall cells in a thyroid tumor are currently debated [6–9]. However, some authors found an
association between PTC with tall cell features and a poorer prognosis than cPTC [19–22].
FNAC is the most useful tool in the preoperative diagnosis of papillary carcinoma. The
accuracy of FNAC can reach more than 95% in adequate specimens [23].

The cytological features of TCV-PTC have been well described [24]. Nevertheless,
preoperative diagnosis of TCV-PTC on FNAC is difficult, and it is more common for
patients to be diagnosed postoperatively after histopathological examination [25]. Use of
molecular testing and immunochemistry may aid in the preoperative diagnosis of TCV-PTC
and other more aggressive variants of PTC: the BRAF V600E mutation is highly prevalent
in TCV-PTC, with reports ranging from 66% to 100% [26–31]. The conventional smear is
the standard diagnostic method for detecting thyroid lesions. Liquid-based cytology can
improve detection of tall cells, because the cytoplasm of the cells is not well preserved
in the conventional smear. Liquid-based cytology allows distinguishing TCV-PTC from
PTC with tall cell features, and the residual material in fixative solution allows further
studies to be carried out, such as immunostaining or molecular testing [32]. In 1976,
Hawk and Hazard retrospectively reviewed 197 cases of PTC from 1921 to 1960. Four
patients with a diagnosis of TCV-PTC died of the disease, and the mean follow-up was
7.3 years. The authors were the first to describe an association of TC cytology with larger
tumors and older age [3]. In 2004, Sywak et al. reviewed 209 cases of TCV-PTC. The
authors of this study found high rates of extracapsular spread of tumors (67%) and cervical
adenopathy (57%); 25% of the patients showed locoregional recurrence and 22% developed
distant metastases [33]. In the same year, Machens et al. found the association between
TC cytology and distant metastases (50% in the TCV-PTC cohort vs. 31% in PTC) [34].
In 2007, Ghossein et al. reported that TCV-PTC without extrathyroidal extension has a
more aggressive behavior than conventional intrathyroidal PTC, with a significantly higher
nodal metastatic rate independent of tumor diameter, sex, and age [16]. In 2010, Jalisi et al.
published a systematic literature review to evaluate the prognosis of TCV compared to
cPTC. The TCV patients showed a higher rate of extrathyroidal extension (cumulative
average of 60.3%), a higher rate of distant metastases at diagnosis (cumulative average
of 15%), and nodal metastases (cumulative average of 58.1%). The cumulative average
recurrence and the cumulative average disease-related mortality were higher in the TCV
group versus cPTC group (42.5% vs. 9.8% and 23.6% vs. 1.5%, respectively) [35]. In a large
multicenter study, Shi et al. confirmed the association between PTC-TCV and high-risk
parameters, including extrathyroidal invasion, lymph node metastasis, stage III/IV, disease
recurrence, mortality, and the use of radioiodine treatment [36].

In our study, the histopathological and prognostic data of patients with a diagnosis of
TCV-PTC agreed with the data reported in previous studies. TCV-PTC showed a greater
diameter than cPTC (2.69 vs. 2.22 cm), and angiolymphatic invasion, thyroid parenchymal
invasion, extrathyroidal extension, and lymph node metastases were greater in TCV-PTC
than cPTC (17.14% vs. 5.06%, 37.14% vs. 17.72%, 31.42% vs. 5.06%, and 45.71% vs. 13.29%,
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respectively). TCV-PTC also showed higher rates of local recurrence (17.1% vs. 6.3%)
and distant metastases (5.71% vs. 0%). Five-year disease-free survival in patients with a
diagnosis of PTC-TCV was 82.3% in the TCV-PTC group, whereas it was 92.3% in the cPTC
group. All these findings reached statistical significance. Local recurrences in TCV-PTC
patients were identified early in the follow-up. They all occurred within 16 months of
surgery, while the few distant metastases occurred within 24 months. Similarly, local
recurrences in the cPTC group were early, all occurring within 25 months of surgery.
Clinical aggressiveness of TCV-PTC seems to be related to certain factors elaborated by the
tumor. The high expression of Muc1 and type IV collagenase in TCV-PTC may allow for
degradation of stroma, and this can be responsible for the greater invasiveness compared
to usual and follicular variants of PTC [37,38]. The clinical behavior of TCV-PTC may also
be related to the higher prevalence of activating point mutations of the BRAF compared to
cPTC [38]. Indeed, tumors characterized by BRAF mutations in their molecular profile have
a higher rate of extrathyroidal extension and nodal metastases and show a higher stage
than BRAF-negative tumors [28]. The impact of TC cytology on prognosis requires a more
aggressive therapeutic approach than typically followed in other PTC variants. However,
the main problem is that TCV-PTC is diagnosed on histopathological examination after
the initial thyroid surgery has been performed. If a patient is diagnosed with TCV-PTC
and has undergone partial thyroidectomy, the patient should return to the operating room
to perform a completion thyroidectomy associated with central neck dissection followed
by RAI. If a total thyroidectomy is performed, the therapeutic choices to consider are the
execution of central neck dissection followed by RAI versus RAI alone, and if the tumor
is not iodocaptant, external beam radiation can be a therapeutic option [35]. Sywak et al.
described that the treatment of choice of TCV-PTC is represented by total thyroidectomy
associated with cervical lymph node dissection in the case of lymph node involvement, and
en bloc resection of the perithyroidal tissues is necessary if their involvement is detected
before or during surgery [33]. Prendiville et al. found that all patients with TCV-PTC
require aggressive surgical treatment in association with RAI, levothyroxine suppressive
therapy, and close follow-up [15].

In agreement with these findings, all patients enrolled in this study underwent total
thyroidectomy, while more conservative surgery was not performed. Central compart-
ment lymph node dissection and modified lateral neck dissection were performed more
frequently in TCV-PTC patients than in cPTC patients (42.85% vs. 18.03% p = 0.001 and
17.14% vs. 6.96% p = 0.04, respectively). Consequently, the mean operative time increased
in TCV-PTC patients (121 ± 29.01 min vs. 100 ± 28.91 min p = 0.0004), with no differences
in postoperative stay between the two groups. In this study, the problem of difficult preop-
erative diagnosis of TCV-PTC emerged. In the case of postoperative diagnosis of TCV-PTC,
no patient underwent rescue central compartment lymph node dissection because, in our
clinical practice, total thyroidectomy was always associated with a central or modified lat-
eral neck dissection in the case of clinical or ultrasound findings suggestive of lymph node
involvement [39,40]. Total thyroidectomy is a safe procedure and showed a similar low
complication rate in the two study groups. TCV-PTC patients should always be considered
at intermediate risk of recurrence. Among the factors known to confer an intermediate risk
of recurrence are extrathyroidal extension, lymph node metastases at the time of surgical
treatment or I131 uptake outside the thyroid lodge on a post-therapy whole-body scan
(Rx-WBS) performed after initial radioablative therapy [41,42], aggressive tumor histology,
and vascular invasion [15,43,44]. All patients enrolled in this study underwent at least
one course of RAI because it is always indicated when individual histology confers an
intermediate risk of recurrence [45].

Our study has a main limitation. It is based on a retrospective analysis from a single
institution. However, as ours is a high-volume center in a region where thyroid disease is
endemic, our results are in line with those reported in the literature.
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5. Conclusions

TCV is the most frequent aggressive histopathological variant of PTC. Our patients
with a diagnosis of TCV-PTC showed larger tumor diameter and higher frequency of
angiolymphatic invasion, extrathyroidal invasion, and lymph node metastases at the time
of surgery than cPTC patients, and this resulted in a higher rate of local recurrence and
distant metastases and in a less favorable clinical outcome. In this study, TC histology was
therefore confirmed as an independent negative prognostic factor. Among the authors,
there is the general consensus that the surgical treatment of TCV-PTC should be aggressive,
with the execution of total thyroidectomy associated with central neck dissection followed
by RAI. This good practice of therapeutic conduct is contrasted by TCV-PTC being largely
underdiagnosed, being usually identified on definitive histopathological examination in
patients with a generic preoperative diagnosis of suspicious or indeterminate nodule or
PTC. We think that a good therapeutic option is to combine total thyroidectomy with
the execution of central and/or modified lateral compartment lymph node dissection
in the case of clinical or ultrasound findings suggestive of lymph node involvement,
associated with RAI. Surgery is safe, and the complication rate is similar to that of cPTC
patients. Further studies are needed to increase the chances of preoperative diagnosis of
aggressive variants of PTC and to perform a tailored surgical treatment based on precise
preoperative findings.
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Abstract: There is controversy in the literature regarding a distinct subset of thyroid carcinoma whose
histologically classification falls between well-differentiated and anaplastic carcinomas, previously
identified as ‘poorly differentiated thyroid carcinoma’ (PDTC), or ‘insular carcinoma’, in view of the
peculiar morphological characteristics of the cell groupings. The correct diagnosis and treatment of
this entity have important prognostic and therapeutic significance. In this review, we describe the
epidemiology, diagnosis, and management of PDTC and report our single centre experience to add
to the limited evidence existing in the literature.

Keywords: poorly differentiated thyroid cancer; total thyroidectomy; fine-needle aspiration cytology

1. Epidemiology

Poorly differentiated thyroid carcinoma (PDTC) is a rare disease, with an intermediate
biological behaviour between well-differentiated (papillary and follicular) and undifferen-
tiated (anaplastic) carcinoma; it can arise de novo in the gland or represent the evolution
of an unknown differentiated carcinoma [1]. According to published studies, only 27%
of cases are diagnosed correctly before surgical intervention; about 80% of PDTC have a
poorly differentiated component of ≥50%, and only 20% a lower percentage [2].

PDTC-reported incidence varies according to the geographic area considered: less
than 1% of the whole thyroid cancers diagnosed in Japan [3], 2–3% in North American [4],
and 15% of those diagnosed in northern Italy [5]. The frequency is higher in older age
and more prevalent in women (2.1:1 female to male ratio), particularly in areas of endemic
goitre [6].

In PDTC, regional lymph nodal or distant metastases are common at diagnosis, with
about 70% of patients presenting with locally advanced disease and a median 5 years-
survival of 50–60% [7].

2. Ultrasonographic Features

Ultrasound (US) scan of the neck is an essential imaging technique for the evaluation of
thyroid disease [8], and it is used to guide fine-needle aspiration cytologic (FNAC) and core-
needle biopsy procedures [9]. PDTC should be suspected when a circumscribed margin
and an oval-to-round shape nodule of around 3–3.5 cm [7,10] are visualised, particularly if
there is a concomitant irregular rich blood flow [11,12]. Notably, the so-called ‘sword sign’
is of particular importance, and it is observed only in poorly or undifferentiated thyroid
carcinomas, with Colour Doppler US [13,14]. The reason for these appearances is supposed
to be in relation to the abnormal circumscribed proliferation driven by genetic mutations
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and following atypical hyperplasia of thyroid follicular epithelial cells. This is commonly
observed in immune diseases, as for example, in Hashimoto thyroiditis [15], and other
goitre diseases where the abnormal lymphocytes stimulation might occur with higher
frequency. Since only poorly differentiated or anaplastic carcinomas display external or
internal jugular vein central invasion, Doppler US, preferrable during Valsalva manoeuvre,
is vital to correctly plan the surgical strategy [16]. Microcalcifications presence could also
be considered as a sign of malignancy in suspicious nodules, as they mostly represent
psammoma bodies and might raise awareness of an occult ipsilateral or contralateral
disease [17].

3. Histological Examination

Since its original description in 1983 by Japanese authors [18], the controversy sur-
rounding the intrinsic nature of PDTC has been debated. Dr. Juan Rosai, who contributed
significantly to this debate, observed that the main growth pattern was insular, therefore
proposed the name of ‘insular carcinoma’ [19]. He also highlighted that this feature was
already been described earlier on as a ‘proliferating goitre’ by Dr. Langhans, although such
entity did not overlap with the solid, trabecular, and/or scirrhous patterns above identified
by the Japanese authors. Thus, the controversy in the histological diagnosis, in addition
to possible different geographical and ethnic factors are the main drivers of the ongoing
debate.

From 2004, the WHO classified PDTC as a non-follicular non-papillary, thyroglobulin-
producing thyroid carcinoma [20] with an intermediated behaviour between well-differentia
ted and anaplastic carcinoma, whose distinctive hallmarks of adverse prognosis are high
mitotic index and the presence of necrosis.

In 2006, a proposed diagnostic algorithm, known as the ‘Turin proposal’ defined the
following diagnostic criteria [21]: (1) presence of a solid/trabecular/insular pattern of
growth in a malignant (invasive) thyroid lesion of follicular derivation in the majority of the
tumour; (2) lack of the conventional papillary carcinoma nuclear features; (3) presence of
mitotic activity >3 × 10 HPF or tumour necrosis or convoluted nuclei. Albeit simplifying the
diagnosis, limitations inherent criteria reproducibility have been highlighted [22]—namely,
what percentage of poorly differentiated tissue was needed in a tumour to allow for such
a diagnosis and to affect patient prognosis, specifically considering the fact that the 2004
WHO classification did not offer a cut-off value.

Finally, the Memorial Sloan Kettering Cancer Centre (MSKCC) criteria for PDTC are
less restrictive and only consider an elevated mitotic index (>5/10 HPFs) and/or tumour
necrosis regardless of tumour growth patterns and nuclear aspects [23].

4. Histological Variants of Poorly Differentiated Carcinoma

The oncocytic variant of PDTC is even more controversial, and although it is recog-
nised as an independent entity by the WHO [20], it was not originally included in the Turin
proposal. The presence of necrosis in this tumour variant is the main characteristic, which
is common to oncocytic lesions in general, where spontaneous or FNA-initiated infarction
and focal necrosis often occur. It is important, however, to identify oncocytic PDTC early,
as it is associated with worse outcomes in comparison with conventional PDTC [24].

5. Cytology: The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC)

The needle aspiration under ultrasound guidance is the most frequently used ex-
amination for diagnostic purposes [25]; however, the amount of material may be low or
inadequate for diagnosis. In these cases, with high suspicion of malignancy, a core biopsy
is recommended rather than FNAC repetition to increase the accuracy of percutaneous
needle diagnostics, as a first-line tool in selected cases [26].

The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) regulates the
management of patients after FNAC [27], as summarised in Table 1.
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Table 1. The Bethesda System for Reporting Thyroid Cytopathology (TBSRTC) classification.

Diagnostic Category Risk of Malignancy (%) Recommendation

I. Non-diagnostic or unsatisfactory 1–4 Repeat FNAC with
Ultrasound guidance

II. Benign 0–3 Clinical Follow-up

III. AUS or FLUS 5–15 Repeat FNAC

IV. Suspected follicular
neoplasm/Follicular neoplasm 15–30 Hemithyroidectomy

V. Suspected Malignancy 60–75
Near total

thyroidectomy or
hemithyroidectomy

VI. Malignancy 97–99 Total thyroidectomy
AUS: Atypia of undetermined significance; FLUS: follicular lesion of undetermined significance; FNAC: fine-
needle aspiration cytology.

A difference exists for category IV (follicular neoplasm) cases which undergo hemithy-
roidectomy and category V (suspected malignancy) which undergo total thyroidectomy.
Single cases of PDTC might be placed in either of these categories because of morphological
overlapping, as previously mentioned, but surgical intervention is always recommended,
given the malignant nature of PDTC. Furthermore, it has been reported that only 32.5%
of PDTC cases are correctly diagnosed by FNAC, whose main feature appears to be the
architectural pattern of cellular nests and three-dimensional clusters, along with loosely
cohesive singly dispersed cells in the background. This latter feature represents a highly
distinctive tract of PDTC.

In view of the controversy related to the interpretation of the cytological appearance,
an integration with ultrasound findings might be useful in the intermediate (IV) Bethesda
category, where completion of the thyroidectomy would be the safest approach if an initial
lobectomy was performed. However, in cases where morphological features are indicative
of TBSRTC category V or VI, a preoperative histological diagnosis before surgery is not
necessary, as the treatment will not be affected.

6. Immunohistochemistry

In addition to the cytohistological tracts, the diagnosis is based on a panel of immuno-
histochemical stains, summarised in Table 2. Although PDTC loses the component of
well-differentiated thyroid carcinoma, it produces thyroglobulin, contains colloids, and
retains the ability to respond to radioactive iodine [28]. Furthermore, since it originates
from a gland, it is derived from epithelial cells, thus maintaining the immunophenotypic
characteristic of expressing cytokeratins, as reported by Dettmer et al. [29].

Table 2. Common immunohistochemical staining used in poorly differentiated thyroid carcinoma
(PDTC).

Immunohistochemical Staining PDTC

Calcitonin −
Chromogranin A no data

Synaptophysin no data

Thyroglobulin +

Galectin-3 −/+

HBME-1 −/+

PanCK +

TTF1 −/+
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Table 2. Cont.

Immunohistochemical Staining PDTC

CK7 −/+

CK19 −/+

PAX8 −/+

7. Molecular Biology

BRAF and RAS mutations remain the principal genes involved in aggressive thyroid
carcinomas, occurring in 33% and 45% of the PDTCs, respectively [30,31]. Notably, there is
a correlation between the genes involved and the phenotype displayed, with 42% of RAS
mutations in identifiable PDTCs according to both Turin proposal and MSKCC criteria,
and with BRAF mutation only accounting for 78% of the MSKCC-diagnosed PDTCs.
Additionally, BRAF-mutated PDTCs are more frequently responsible for a loco-regional
disease, while on the contrary, RAS-mutated follicular carcinomas tend to present with
distant metastases.

It has also been demonstrated that the co-existence of BRAF/RAS and TERT genetic
alterations has a detrimental impact on the aggressiveness of thyroid carcinoma. More
specifically, TERT promoter and TP53 mutations, as well as PIK3CA–PTEN–AKT–mTOR
pathway, SWI–SNG complex synergistically concur to worse outcomes in PDTC [32].

The median mutation burden detected in PDTC is 2, and an above-median number of
somatic mutations is associated with a larger tumour size of >4 cm, a higher frequency of
distant metastasis, and shorter overall survival [30].

8. TNM Classification

In October 2016, the American Joint Committee on Cancer (AJCC) published the 8th
edition of the AJCC/TNM cancer staging system, and it has been introduced in clinical
practice since 1 January 2018 [33,34] (Table 3).

Table 3. TNM classification.

Primary tumour (pT):

TX: Primary tumour cannot be assessed

T0: No evidence of primary tumour

T1: Tumour ≤2 cm in greatest dimension limited to the thyroid

T1a: Tumour ≤1 cm in greatest dimension limited to the thyroid

T1b: Tumour >1 cm but ≤2 cm in greatest dimension limited to the thyroid

T2: Tumour >2 cm but ≤4 cm in greatest dimension limited to the thyroid

T3: Tumour >4 cm limited to the thyroid or gross extrathyroidal extension invading only
strap muscles

T3a: Tumour >4 cm limited to the thyroid

T3b: Gross extrathyroidal extension invading only strap muscles (sternohyoid, sternothyroid,
thyrohyoid, or omohyoid muscles) from a tumour of any size

T4: Includes gross extrathyroidal extension into major neck structures

T4a: Gross extrathyroidal extension invading subcutaneous soft tissues, larynx, trachea,
oesophagus, or recurrent laryngeal nerve from a tumour of any size

T4b: Gross extrathyroidal extension invading prevertebral fascia or encasing carotid artery or
mediastinal vessels from a tumour of any size
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Table 3. Cont.

Regional lymph node (pN):

NX: Regional lymph nodes cannot be assessed

N0: No evidence of regional lymph node metastasis

N0a: One or more cytologic or histologically confirmed benign lymph nodes

N0b: No radiologic or clinical evidence of locoregional lymph node metastasis

N1: Metastasis to regional nodes

N1a: Metastasis to level VI or VII (pretracheal, paratracheal, prelaryngeal/Delphian or upper
mediastinal) lymph nodes; this can be unilateral or bilateral disease

N1b: Metastasis to unilateral, bilateral, or contralateral lateral neck lymph nodes (levels I, II, III,
IV, or V) or retropharyngeal lymph nodes

Distant metastasis (M):

M0: No distant metastasis

M1: Distant metastasis

9. Management

As for well-differentiated thyroid cancers, the initial phase is managed by the en-
docrinologist and the surgeon, with an adequate staging of the disease in a short time,
the main requirement to correctly plan the treatment and achieve the best recurrence-free
survival outcomes [7,10]. The initial diagnosis is clinical and cytohistological. The presence
of rapidly growing thyroid nodule with a tendency to involve loco-regional structures
(nodes), but also to eventually metastasise, is already clinically suggestive of an aggressive
carcinoma. It is recommended to consider the clinical, US, and cytological major features
including the rapid growth of a well-defined mass, as well as its heterogeneity and hypoe-
chogenicity, trying to target the strong hypoechoic area when performing the FNAC. The
same alert should rise for fast-growing suspicious lymph nodes, mainly at the subcortical
area (where the metastatic cell nests develop; in fact, necrosis is often acellular and located
centrally within the metastatic node), to give rise to the diagnosis of PDTC.

Yet, as previously mentioned, cytological diagnosis of PDTC based on FNAC is
challenging, in view of the rarity of the disease, the nonspecific cytological features, the
overlap with cytological characteristics of follicular neoplasms, and the frequent presence
of the poorly differentiated component within the well-differentiated tumour.

Elimination of PDTC can be achieved by complete surgical removal and treatment
of a limited loco-regional disease, with a high remission (94.3%) [35], very close to that
of well-differentiated carcinoma and superior to that of anaplastic carcinoma [36]. The
increase in survival is associated with the young age (<60 years), the limited size of the
tumour, the absence of distant metastases, the co-existence of a well-differentiated thyroid
tumour, and a greater extension of neck surgery, as indicated in Table 4, our single centre
experience. Surgical intervention in operable cases involves total thyroidectomy associated
with complete recurrent and lateral cervical lymphadenectomy.
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Table 4. Our single centre experience.

Pt Sex
Age

(Years)
FU

(Months)
FNAC

AP
(mm)

T
(mm)

L
(mm)

Surgery Histology Lymphadenectomy pT pN

1 M 58 60 - - - - TT PDTC
Radical

lymphadenectomy +
laryngectomy

4a 0/8

2 F 85 24 4 - - - TT PDTC Periglandular nodes 4a 1a 1/2

3 M 64 24 4 24 13 27 TT PDTC 2 loco-regional
nodes 4a 0/2

4 F 54 24 recurrence 7.5; 18.9 4.6; 8.8 11.6;
20

Nodule
removal PDTC - - -

4 F 55 12 recurrence x2 0.08 0.05 0.05 Nodule
removal PDTC - - -

5 M 56 12 3 46 38 41 TT PDTC N 3a -

6 F 55 12 3 50.8 37.7 61.2 TT Oncocytic Latero-cervical II-IV 3b 1b
(10/43)

7 F 80 12 - - - - TT PDTC Latero-cervical
III-IV-VI-VIII 4 1b

6/44

AP: anteroposterior diameter; FNAC: fine-needle aspiration cytology; FU: follow-up; L: lateral diameter; pN: primary nodes; pT: primary
tumour; Pt: patient; T: transversal diameter; TT: total thyroidectomy.

Our previous experience also showed that the presence of lateral cervical lymph nodes
at the time of diagnosis is higher for patients older than 71 years [37], confirming the
significance of age as a prognostic factor, especially in thyroid cancers.

Finally, in terms of follow-up, given the differentiation of the thyroid cell, the use of
thyroglobulin dosage in the follow-up is an indicator for relapse of the disease, and for the
same reason, there is support for the use of a suppressive hormone replacement therapy or
for the use of radioactive iodine (even in the presence of mixed forms). This is particularly
relevant in the radioiodine-resistant forms, and even though chemotherapy is currently not
standard of care, emerging positive effects have been reported into two large trials [38,39],
in which monoclonal antibodies, sorafenib and lenvatinib, were administered.

10. Conclusions

Poorly differentiated thyroid carcinoma diagnosis is challenging; thus, this disease
might remain underdiagnosed. The Turin proposal—namely, a high mitotic index and a
solid/trabecular or insular pattern, are the most broadly in use diagnostic algorithm, and
it is important to determine the percentage of poorly differentiated disease to correctly
estimate recurrence-free survival and plan treatment accordingly. The genetic landscape of
PDTC is in continuous evolution and surgical radical treatment offers excellent survival.
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FNAC Fine-needle aspiration cytology
PDTC Poorly differentiated thyroid carcinoma
TBSRTC Bethesda System for Reporting Thyroid Cytopathology
US Ultrasound
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Abstract: Ultrasound often represents the first diagnostic step for thyroid nodule evaluation in
clinical practice, but baseline US alone is not always effective enough to achieve thyroid nodule
characterization. In the last decades new ultrasound techniques, such as CEUS, have been introduced
to evaluate thyroid parenchyma as recommended by EFSUMB guidelines, for use in clinical research
field, although its role is not yet clear. Several papers show the potential utility of CEUS in the
differential diagnosis of benign and malignant thyroid nodules and in the analysis of lymph node
involvement in neoplastic pathology. Therefore, we carried out an evaluation of the literature
concerning the role of CEUS in three specific areas: the characterization of the thyroid nodule,
the evaluation of minimally invasive treatment and loco-regional staging of the lymph node in
proven thyroid cancer. According to evidence reported, CEUS can also play an operative role in
nodular thyroid pathology as it is able to guide ablation procedures on thyroid nodule and metastatic
lymph nodes, to assess the radicality of surgery, to evaluate disease relapse at the level of the
margins of ablated regions and to monitor the clinical evolution of necrotic areas in immediate
post-treatment setting.

Keywords: thyroid nodule; CEUS; RF Ablation; thyroid nodule diagnosis; lymph node

1. Introduction

Ultrasound often represents the first diagnostic step for thyroid nodule evaluation in
clinical practice. The thyroid nodule is one of the most common endocrinological disease
and its incidental finding is very frequent during diagnostic neck examinations. In fact it is
reported in about 10% of CT and MRI and 40–50% of ultrasound neck examinations [1,2].
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It is noteworthy that the incidence of the thyroid nodule increases significantly as well
as that of the malignant rate. [3]. However, baseline US alone is not always effective
to achieve thyroid nodule characterization; that is why, especially in recent years, the
support of other imaging modalities have become increasingly necessary to limit as much
as possible the use of Fine Needle Aspiration Biopsy/Cytology, Core biopsy or even the
diagnostic thyroidectomy.

CT and MRI (DWI, DCE-MRI and hybrid PET/MRI techniques) play a primary role,
especially, in the visualization of deep metastatic lesions and in the evaluation of the
response to treatment in non-differentiated thyroid cancer histological types [4], in the
localized disease, whereas the use of Contrast-Enhanced-Ultrasonography for a second
level evaluation is extensively preferable. Currently, the latest guidelines for the use of
CEUS propose its employment in the evaluation of organs such as liver, kidney, testis
and lymph nodes [5–8], and in the context of diagnostic procedures such as monitoring
stent-graft status and in ultrasound-guided biopsies [9]. Conversely, the role of CEUS in
the evaluation of nodular and diffuse thyroid pathology is not universally accepted and
standardized, as it is not recommended by EFSUMB in its latest Guidelines as routine
clinical practice, although it enjoys a significantly active research field [5].

The main diagnostic application of the methodology in this area of interest is rep-
resented by the characterization of the different microvascular patterns, with diagnostic
accuracy superior to Color-Doppler alone [10]. Through the analysis of qualitative and
quantitative parameters, CEUS is in fact able to identify pathological changes in the vascu-
larity of both the thyroid nodule and the lymph nodes of the central and lateral compart-
ments of the neck. CEUS is, therefore, a potentially useful tool in the differential diagnosis
of benign and malignant pathologies. This is so even in the cases of nodules with indeter-
minate cytology, and in the analysis of lymph node involvement in neoplastic pathology.
Indeed, it has been reported that increases in ultrasonographic diagnostic accuracy, espe-
cially if associated with factor BRAF V600E [11,12] or integrated with superb microvascular
imaging (SMI) [13], ultrasound elastography and shear wave elastography [14].

CEUS can also play an operative role as well as a diagnostic one in nodular thyroid
pathology: in fact, it can be used to guide ablation procedures on thyroid nodule and
metastatic lymph nodes, to study the radicality of surgery, to evaluate the disease relapse at
the level of the margins of ablated regions and to monitor the clinical evolution of necrotic
areas in the immediate post-operative setting. [15,16].

Therefore, the purpose of this work was to carry out a narrative literature review on
the role of CEUS regarding three specific areas: (1) characterization of the thyroid nodule;
(2) evaluation of minimally invasive treatment (above all in percutaneous laser, microwave
and radiofrequency ablation); (3) loco-regional staging of the lymph node in proven thyroid
cancer patients.

2. Materials and Methods

The study was conducted mainly focusing on papers published over the last decade,
as these are based on stronger scientific evidence and larger samples on which to perform
retrospective studies with greater statistical significance. Research on online databases
such as PubMed and Google Scholar was performed:

- to evaluate the role of CEUS in discriminating benign from malignant thyroid nodules
using “CEUS or Contrast-Enhanced Ultrasonography” and “thyroid nodule or thyroid
cancer” as MESH terms;

- to investigate the role of CEUS in evaluating the efficacy of treatment performed
on thyroid nodules and nodal involvement the MESH terms “CEUS or Contrast-
Enhanced Ultrasonography” and “thyroid nodule or thyroid cancer” and “after treat-
ment” were used. Additionally, to evaluate the actual effectiveness of CEUS in
detecting nodal metastatic involvement “CEUS or Contrast-Enhanced Ultrasonogra-
phy” and “thyroid cancer lymph nodes or thyroid metastatic lymph nodes or thyroid
cancer lymphatic nodes” were used as MESH terms. In this case, 118 studies were
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identified from January 2010, but only 80 of them were retrieved because of their true
adherence to the topic.

3. Results and Discussion

3.1. CEUS r in the Diagnosis of Thyroid Nodule

Even if conventional US is recognized as the pivotal diagnostic tool to characterize
thyroid nodules, some limitations, such as low reproducibility and operator-dependent
performance, may reduce its diagnostic value. Furthermore, several additional US applica-
tions, including CEUS, have been reported recently in order to improve US performance in
the diagnosis of thyroid nodule. In fact, CEUS actually allows us to enhance the microvas-
cular blood flow of the nodule and then assess perfusion and vascular distribution in real
time during the US examination [17]. Unfortunately, the technique has not as yet been
fully standardized, there are no fixed references for quantitative or qualitative assessment
and, importantly, no single CEUS parameter seems to be sensitive and specific enough
for a diagnosis of malignancy. However, while the thyroid gland is rich in microvessels
and after the injection of contrast agent, the parenchyma of normal thyroid exhibits rapid
uniform enhancement, the vascular structures of nodules reveal enhancement in contrast
with that of normal tissue [18]. These characteristics can enable the use of CEUS in the
diagnosis of thyroid cancer.

Several studies showed that malignant nodules have specific CEUS enhancement
patterns (i.e., heterogeneous or low enhancement) [19,20] and some relevant meta-analyses
found a good level of performance for CEUS when discriminating thyroid cancer from be-
nign lesions. One systematic review with meta-analysis [21] included articles reporting data
regarding 1515 thyroid nodules with histological diagnoses only and their pre-operative
CEUS evaluations. This study recorded a pooled sensitivity, specificity, positive predictive
value and negative predictive value for CEUS of 85%, 82%, 83% and 85%, respectively,
without inconsistency of sensitivity and with mild inconsistency of specificity [21]. A sec-
ond meta-analysis, including further preliminary studies and comprehensive heterogeneity
analyses carried out to assess the performance of CEUS in identifying benign and malig-
nant thyroid nodules, confirmed that CEUS yielded high pooled sensitivity and specificity
(87% and 83%) with an AUC of 0.92, indicating that it might be a tool of considerable
value in the diagnosis of thyroid nodules [22]. However, there also existed a considerable
heterogeneity between the studies included, which might compromise the reliability of the
results [22]. This meta-analysis concluded that CEUS might provide high accuracy for the
identification of thyroid nodules, but that there is still insufficient evidence that the features
of CEUS can improve the diagnostic accuracy of US imaging reporting systems (such as
TIRADS) at present [22]. In addition to these evidence-based data, the diagnostic value of
CEUS regarding specific clusters of nodules, such as thyroid lesions with calcification, has
been said to score high when selecting those in which biopsy is indicated [23]. Anyway,
these results have been confirmed by all the studies [24]. It is important to note that the
features of CEUS were closely related to nodule size in several studies; Yuan et al. indicated
that patterns of real-time CEUS are significantly different when it comes to discerning
between benign and malignant thyroid nodules, and have important clinical value [25]. Ma
et al. showed that heterogeneous enhancement was an independent predictor of papillary
thyroid microcarcinoma [26]. Xu et al. reported that TIRADS classification plus CEUS may
be more accurate than TIRADS classification alone [27].

In addition to the above findings in literature regarding clinical applications of CEUS,
some general considerations should be taken into account about its use to discriminate
between thyroid cancer and benign thyroid nodules. It is well acknowledged that CEUS is
associated with a rate of adverse events close to zero (1:10,000 vs. 1–12:100 of iodinated
contrast agents) [5]. CEUS has a reasonable cost in many countries but is expensive in
others. Only one nodule can be evaluated for each injection of contrast agent. To date, no
established criterion for the patterns of enhancement and classification of thyroid nodules
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exists, so that it cannot be widely used worldwide [18]. Finally, CEUS is not included in
any TIRADS, making it controversial in clinical practice [28].

3.2. The Role of CEUS in the Evaluation of Thyroid Nodules after Thermal Ablation and
Radioactive Iodine Therapy

Traditionally surgery has been the main option for the treatment of thyroid nodules,
however it presents several drawbacks, such as general anesthesia, scarring and the risk of
induced hypothyroidism [29]. Thermal ablation has been increasingly applied in recent
years to reduce the invasiveness of treatment in patients with benign thyroid nodules,
recurrent thyroid cancer and metastatic cervical lymph nodes. Among the image-guided
thermal ablation techniques available for solid- and mixed-structure nodules, the most
commonly used are the following-laser (LA) and radiofrequency ablation (RFA) [30,31],
microwave ablation [15,32,33], and the latest one introduced-high-frequency ultrasound
(HIFU) [34,35]. Ultrasound (US) guided non-thermal ethanol ablation is performed in
predominantly cystic nodules [36]. Some guidelines and documents expressing consensus
suggest the use of image-guided thermal ablation as an alternative to surgery in patients
with symptomatic thyroid nodules, more recently as first-line treatment [29,37,38]. At
present, many studies have indicated a role for thermal ablation in primary thyroid micro-
carcinoma (PTMC) with low recurrence rate [39]. All diseases and their treatment require
proper follow-up period selection, clinically relevant history data and knowledge about
expected outcomes. Ultrasound is one of the most accessible methods for this purpose
with all its multiparametric-spectrum advantages.

3.2.1. Benign Nodules

One should be aware of the strict criteria regarding the use of thermal ablation proce-
dures when seeking expected findings during follow-up examinations. Thyroid nodules
should be symptomatic or cause mass effect and need to be confirmed as benign with at
least two US-guided fine-needle aspirations (FNA) or core-needle biopsy (CNB) before
treatment. A single benign diagnosis on FNA or CNB is sufficient when the nodule presents
US features highly specific for benignity (isoechoic spongiform nodules or partially cystic
nodules) or in the case of an autonomously functioning thyroid nodule (AFTN) at very
low risk of malignancy (less than 1%) [40]. The most important indicator of the efficacy of
treatment is reduction of the thyroid nodule’s volume after treatment. Reported mean data
for thermal ablation varies from 50.7 to 93.5% of volume reduction [41].

Percutaneous ethanol injection (PEI) has been used for decades in thyroid nodule
treatment [36] since it presents shorter procedure time and less periprocedural pain than
thermal ablative procedures [42]. PEI efficacy is mainly related to proportion of solid
and cystic component and is reported to be effective in the treatment of cystic nodules,
especially with cystic components of >90% [43]. Reported volume reduction has been
observed in 82.4–96.9% cases of cystic nodules and 65.8–86.2% in predominantly cystic
nodules. This can be explained by the fact that solid components are thought to be more
resistant to ethanol and that increased vascularity of nodules increases the drainage of
ethanol [44].

Nevertheless, the best treatment modality for predominantly cystic thyroid nodules is
still under debate because the reported recurrence rate after PEI is 26–38.3% [45], therefore,
a combination of both methods may be advised for benign thyroid nodules.

Even though thermal ablation is a safe and effective procedure in predominantly solid
nodules, the pattern of regrowth from margins can occur during follow-up, with a rate of
5.5% and 9% for RFA and laser ablation, respectively [46,47]. Rarely, nodules disappear
completely, generally leaving scar tissue–which appears predominantly hypoechoic or
has hyperechoic areas in the center of the area treated. Follow-up periods can affect
study results concerning volume reduction [48]. As the size of thyroid nodules reduces
gradually-mostly rapidly at the end of the first month and continues further up until at least
6–36 months. In the literature examined the primary outcome of image-guided thermal
ablations was associated with a volume reduction ratio (VRR) of 60%, 66%, 62% and 53%
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at months 6, 12, 24 and 36. On the whole, RFA was associated with a VRR of 68%, 75% and
87%, respectively. Laser ablation was associated with a VRR of 48%, 52%, 45% and 44%,
respectively. [21], suggestive of clinically significant and long-lasting volume reduction of
benign thyroid nodules with some risk of regrowth (20% in the RFA and 38% in the LA)
and needing lower retreatment after RFA over a 5-year follow-up period associated with a
young age, large baseline volume and treatment with low-energy delivery [30]. Further
promising results are also shown in the use of HIFU in a study by Trimboli et al., a reduction
of at least 50% was observed at months 6, 12 and 24 in 6.4%, 16.1% and 22.5% nodules,
respectively [34], while reduction of volume of 31.5% and 31.9% at 12 and 36 months,
respectively, was observedin a European multicenter study [35].

US is the most widely used imaging modality for the assessment of early signs of
a potential future regrowth of a nodule. Usually, the efficacy of an ablation technique
is defined in terms of volume reduction >50% of the initial volume and is evaluated at
one year after treatment [31,47]. Recently, some authors introduced the initial ablation ratio
(IAR) as a quantitative early indicator correlated with the reduction ratio of volume during
follow-up [31]. In their paper, Sim et al. evaluated the IAR identifying the ablated area on
standard B-mode ultrasound images [47]. According to this study, IAR is the ratio of the
ablated volume to the total volume of the nodule. If the IAR after RFA is <70%, the nodule
is likely to regrow [47]. However, some limitations of US, such as low reproducibility
and operator-depending performance and measuring, might reduce its accuracy in the
evaluation of the ablated volume of the thyroid nodule. In particular, the ablated area
can be difficult to demarcate clearly with B-mode, as it can appear as an isoechoic area
compared with nonablated surrounding thyroid tissue. In these cases, a contrast-enhanced
ultrasound (CEUS) is advocated after ablation to better identify the necrotic area, showing
reduction in the variation of measurements and may impact on IAR definition in thyroid
ablations [5].

CEUS is applied in some centers to precisely delineate the ablated area in thyroid
nodules treated with image-guided thermal ablation (Figure 1a–d) [49,50]. In addition,
US contrast agents can be directly administered to complete a standard US examination.,
They are safe, requires no preliminary blood testing and are well tolerated by patients. [50].
Ma et al. [51] evaluated the single-session complete ablation rate of US-guided percuta-
neous laser ablations for benign thyroid nodules and found that all decreased from the
original size within 1 day after ablation and suggested CEUS as the main method for the
evaluation of treatment efficacy. During the procedure, if CEUS shows nodules with a
small amount of residual tissue at the edge, the patient requires further ablation treatment
until the remnants of the lesion disappear completely. CEUS helps to clarify boundaries
between viable and nonviable tissue. This might prove helpful when seeking a more
precise and reproducible measure of the ablated area right after the ablation procedure and
e during follow up imaging-early (3 months) and intermediate term (6 and 12 months) are
the intervals suggested for follow-up with subsequent monitoring for up to 1–2 years, in
order to reveal regrowth [38]. Follow-up periods can be discontinued if treated nodules
disappear completely or remain as small scarring tissue [48].

3.2.2. Malignant Nodules and Lymph Nodes

In cases of PTMC the retrospective studies have reported minor recurrence rates, e.g.,
from Yan et al. with the largest sample sizes (414 cases), the overall incidence of local
tumor progression rate after RFA was only 3.62% including LNM (0.97%) and recurrence
PTMC (2.42%) [39]. In addition, the patients who received additional RFA achieved good
therapeutic results during follow-up. However, in a recent study, compared with PTMC,
PTC (diameter > 10 mm, T1bN0M0) patients who were enrolled to undergo the TA had
a relatively higher residual lesion and LNM ratio (3.03%, two in 66 cases; 1.52%, one in
66 cases, respectively) [52].
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(a) (b) 

  
(c) (d) 

Figure 1. (a) At B-mode US, the shape of the lesion appeared taller-than-wide, hypoechoic with regular margins without
internal microcalcifications (EU-TIRADS 5); (b) At qualitative USE evaluation, the lesion appeared stiff (completely red in
the color box); (c) At CEUS evaluation, the lesion appeared richly vascularized similar to surrounding thyroid parenchyma
without strong wash-out. At FNAC the lesion was classified as Tir 5. (d) After Radiofrequency Ablation, the lesion and
surrounding parenchyma does not show enhancement in the CEUS mode.

In cases of Primary Thyroid Microcarcinoma (PTMC) Zhang et al. suggested that the
characteristics of high specificity, sensitivity and accuracy of CEUS might also be applied
to the postoperative evaluation of PTMC and at the same time, used to access the exact
ablation zone and detect the residual enhancement of suspicious lesions [53]. Even though,
the postoperative pathology reports confirmed the presence of incomplete ablation in all
cases where 66.7% of them presented LNM. Therefore, the authors concluded that thermal
ablation should be recommended with caution as a treatment for operable patients with
PTC. Of the thermal treatment methods, RFA yielded a relatively lower complete ablation
rate compared with MWA and LA in recently published research. This phenomenon
might be explained as follows: first, a part of the macro-calcification might not have been
totally ablated, secondly, MWA is rarely affected by the heat-sink effect (local cooling of the
thermal process by adjacent blood flow) that is thought to contribute to incomplete ablation
and local recurrence after RFA [54]. The use of US and contrast-enhanced ultrasound
(CEUS) examinations before ablation, in a study by Zhang et al. of 92 cases, confirmed by
core biopsy before and after treatment, revealed that RFA can effectively eliminate low-risk
PTMC with no signs of recurrence or residual tumor during follow-up periods of up to
12–18 months [55]. In a critical view of the satisfactory results of residual volume, there
were great differences in the absorption rate, ranging from 10.2% to 100%, after thermal
ablation in different trials [52]. PTMC is a slowly progressing disease and requires a longer
and more active follow-up period to verify the efficacy of treatment [33]. Two main criteria
are mandatory to evaluate ablated tissue vascularity and serum thyroglobulin (Tg) levels.
Vascularity may be assessed by imaging: computed tomography [56], magnetic resonance
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imaging within staging protocol [57] and Color Doppler ultrasound or CEUS-loss of color
signal or absence of contrast uptake within a treated lesion that was previously vascularized
is adequate evidence of appropriate thermal coagulation.

The main features to be assessed in ultrasonography are: changes in nodule size,
echogenicity and vascularity. Ablation areas are hypoechoic and tend to reduce in sizes.
The presence of intra-nodal vascularity after RFA is an important indicator of the need
to repeat the RFA procedure [58] because it should disappear in fully ablated regions. In
a study a of the prognostic value of CEUS, patterns and tumor size, a comparison was
made between extrathyroid extension (ETE) and non-ETE groups showing that the time
from peak to one-half tumor size and wash-in slope were significantly different between
the ETE and non-ETE groups [44]. Xiang et al. [59] evaluated the CEUS in the detection
of neck lymph node metastasis for papillary thyroid carcinoma. The results approved
heterogeneous enhancement, perfusion defects, microcalcification and centripetal/hybrid
enhancement as specific criteria for malignant lymph nodes.

Hypo-enhancement and absent enhancement are considered major CEUS patterns
characteristic of malignant thyroid nodules [23,60–62], and absent enhancement especially
for thyroid tumors of 10 mm or less in diameter. The main reason that malignant thyroid
tumors show a lack of blood supply is related to their complex neovascularization-once the
growth becomes greater than neovascularization, tumor necrosis and embolus formation
leads to hypo-enhancement on CEUS. Moreover, Zhou et al. [63] found that instead of hypo-
enhancement, the nodule-to-perinodule peak intensity ratio showed the best diagnostic
efficiency, with an optimal cut-off value of 0.9 [15].

In conclusion, CEUS is a precise tool before and after thyroid treatment, to use to
assess the margins of recent ablation or recurrence but overlapping data between CEUS
qualitative and quantitative evaluation parameters and criteria of benign and malignant
features indicate a limitation in the interpretation of the nodules after treatment and create
difficulties when interpreting tumor microvascularity interpretation. No single indicator
is sufficiently sensitive or specific [5]. Therefore, the results should be interpreted in
conjunction with clinical and case-history data, conventional US and the findings of other
imaging examinations if one is to improve diagnostic accuracy in the assessment of thyroid
nodules after treatment.

3.2.3. Radioactive Iodine Therapy (RAI)

In patients operated for papillary thyroid carcinoma (PTC), US should be used a few
months later in all patients as part of the investigation defining the response to adjuvant
therapy with radioactive iodine (RAI) therapy [64–66]. After this first assessment, the
American Thyroid Association (ATA) [65] and the European Thyroid Association (ETA) [64]
only exclude the need for repeat US in patients (1) with low-risk rates, (2) with excellent
response to therapy and (3) with persistently negative unstimulated Tg (u-Tg) and anti-Tg
antibodies (TgAb). Even in these cases, the recommendation of repeating a US at least
every 12–24 months within the first 5 years has recently been reiterated [66]. However, US
frequently reveals false positive lesions that raise patient concern and required fine-needle
aspiration (FNA) [67]. Most patients with PTC (except high-risk ones) will not develop
disease after treatment with RAI [65]. Consequently, the detection of a neck recurrence
requires that a US be performed in many patients as well as several examinations per
patient [67], sometimes followed by FNA, resulting in unnecessary expenditure. These
cases might be the subject of possible CEUS evaluation pre and post RAI.

In patients with macroscopically complete tumor resection who have recently re-
ceived RAI, a postoperative US (before RAI) has been shown to be a valuable proce-
dure [64–66,68,69] and CEUS may bring an added value. The indication of a US could
be selective in the first years after RAI when postoperative US has ruled out persis-
tent neck disease after total thyroidectomy, e.g., Rosario et al. [70] suggests that low-
or intermediate-risk patients with papillary thyroid carcinoma without persistent disease
after total thyroidectomy (including postoperative US and whole-body scanning) do not
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require repeated US examinations during the first two years after treatment with RAI. In the
following years and up until the fifth year, this imaging method can be restricted to patients
with u-Tg ≥ 1 ng/mL [67] and seems to be unnecessary in patients with undetectable Tg
and TgAb.

3.3. Evaluation of Lymph-Node Local Staging Using CEUS

A correct locoregional staging of thyroid cancer through the identification of metastatic
lymph nodes (LN) is essential for proper clinical and surgical management, for the treat-
ment plan and the prognostic evaluation. Metastases from thyroid carcinoma, especially
in papillary thyroid cancer (PTC) which is the most common thyroid cancer, are found in
20–50% of all cases, even in small or occult neoplastic nodules [71]. Patients with cervi-
cal lymph node metastasis (CLNM) increase the recurrence risk of PTC, and associated
PTC-related death [72]. A key role in detecting pathological lymph nodes is played by
ultrasound, which is more effective than mere physical examination through the palpation
of the neck. At the same time, it is very effective from a cost-benefit point of view due
to its widespread diffusion and accessibility. Compared to the other techniques used for
the evaluation of the lymph nodes (CT, MRI techniques and PET), it turns out to be the
cheapest and least invasive. This is true also during the follow-up phase [73]. Moreover,
ultrasound contrast agents can be used in patients with impaired renal function and have a
lower incidence of severe allergic reactions than CT and MRI contrast agents [74].

The main B-mode sonographic features of neoplastic lymph nodes are a long-axis
diameter to short-axis diameter ratio (L/S ratio) of lesser than 2, a round shape, fatty
hilum loss, hyper-echogenicity and the presence of calcifications and cystic components.
However, all these signs can coexist both in healthy and pathological lymph nodes or have
low specificity for malignancy [74]. Furthermore, there is a large discrepancy of results
among the studies that analyze the effectiveness of preoperative ultrasound in the diagnosis
of CLNM. As shown in the Zhao et al. and Li et al. meta-analysis, preoperative ultrasound
demonstrates an intermediate sensitivity and a good but not excellent diagnostic efficacy
in the diagnosis of central and lateral CLNM of PTC [75].

Thus, nowadays, CEUS might improve ultrasound diagnostic accuracy for cervical
lymph node staging after PTC diagnosis. In fact, CEUS can be useful for the characterization
of focal US alterations in patients with suspicious LN metastatic involvement. Specifically,
CEUS emphasizes the micro-vascularization of the lymph node, where perfusion defects
are a sign of metastatic involvement: poor or absent vascularization can be identified in
widespread metastatic infiltration, corresponding to large areas of necrosis [8]. CEUS might
also be useful for characterizing focal cortical thickening identified on grey-scale ultra-
sonography. Metastatic deposits are less vascularized than the adjacent nodal parenchyma,
which is more evident during the parenchymal phase due to earlier contrast washout. On
the contrary, more often focal thickening in benign LN displays the same enhancement
features as the adjacent nodal tissue [8]. Furthermore, to improve differentiation between
benign and metastatic LN perfusion kinetics has been examined too. Benign LN shows
a centrifugal progression of enhancement, while a prominent centripetal enhancement is
more often observed in a metastatic LN. By analysing signal time-intensity curves and the
parametric images obtained through the perfusion parameters, it has also been noted that
in metastatic LN compared to non-pathological LN, the difference between peak signal
intensity in hyper enhancing and hypo enhancing regions is emphasized more [76].

In most of these studies the conventional US and CEUS combination is compared to
histological examinations (by dissection, gun biopsy) or FNA cytology as gold standard.
Hong et al. found some US and CEUS parameters useful in differential diagnosis between
benign vs. metastatic LN with high specificity and statistical significance. In particular:
L/S ratio < 2, ill-defined margins, hyper-echogenicity, cystic necrosis, calcification and
peripheral vascularity are found at baseline US; meanwhile, centripetal or asynchronous
perfusion (Figure 2a,b), non- or hyper-enhancement, perfusion defects and ring enhancing
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margins are found using CEUS; lymph nodes with one or more of the previous features are
considered metastatic [77].

 

 
(a) (b) 

Figure 2. (a) At B-mode US in Patient with papillary thyroid carcinoma, a laterocervical node showed irregular shape,
hypoechoic aspect and regular margins with no internal microcalcifications or cystic changes (low metastatic risk); (b) At
CEUS, the laterocervical node presented rich heterogeneous and centripetal vascularization (high metastatic risk). The
histological examination confirmed that it was a metastatic node of a papillary thyroid cancer.

The six largest studies regarding differentiation between benign and metastatic cer-
vical lymp nodes, conducted between 2014 and 2019, show that CEUS has a good diag-
nostic accuracy superior to standard US and Color-Doppler grayscale alone [59,74,77–79]
(Table 1).

Table 1. Comparison of the papers based on the number of patients included in each single study and on the number of
patients with at least one malignant nodule detected using CEUS; the values for sensitivity, specificity, PPV and NPV were
obtained though comparison with the histological examination.

Authors of the Studies Total Patients Patients ± Total Patients Sensitivity (%) Specificity (%) PPV 1 NPV 2 Accuracy

Xiang et al. [59] 82 65/82 82% 65% 90% 48% 79%

Zhan et al. [74] 56 33/56 65% 100% 100% 63% 78%

Hong et al. [77] 573 253/573 85% 94% 94% 86% 89%

Wang et al. [78] 285 102/285 67% 64–85% 3 - - -

Chen et al. [79] 206 46/206 90% 89% 90% 86% 89%

Tao et al. 4 [80] 275 127/275 72% 74% 70% 75% 73%
1 Positive Predictive Value; 2 Negative Predictive Value; 3 The study divides patients into two groups, PTC (>10 mm), PTMC (<10 mm);
4 The evaluation is based on a prediction model combining both the parameters obtained from the CEUS and clinical parameters.

Furthermore, both Hong et al. and Chen et al. demonstrate how a combination
of US and CEUS is more accurate on the whole than any of these two techniques used
individually: the Hong et al. paper reported a detected a B mode US + CEUS accuracy
of 92.2% (vs. 89.3% of CEUS and 84.6% of grayscale US alone) [77]; the Chen et al. paper
reported a B mode US + CEUS accuracy of 92.7% (vs. 89.1% of CEUS and 80.0% of grayscale
US alone) [79].

In addition, Zhan et al. proved that homogeneity, cystic change or calcification and
above, all peak-time intensity, were the three strongest independent predictors for CLNM
using CEUS [74]. However, only one previous study showed that no single conventional
ultrasonography or CEUS characteristics were conclusive enough to distinguish metastatic
thyroid nodules from indolent ones; anyway iso- or hypo-enhancements at peak time,
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especially in combination with several other parameters, might still be good predictors for
CLNM prognoses in PTC patients [81].

In conclusion, although the studies published to date are still too few, besides being
based on limited sample populations and the sensitivity and specificity values reported are
quite inhomogeneous, it is possible to state that CEUS could play a role in loco-regional
lymph-node evaluation in patients with malignant thyroid nodule.
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Abstract: In the past three decades, several recent studies have analyzed the alarming increase of
obesity worldwide, and it has been well established that the risk of many types of malignancies is
increased in obese individuals; in the same period, thyroid cancer has become the fastest growing
cancer of all malignancies. We investigated the current literature to underline the presence of
a connection between excess body weight or Body Mass Index (BMI) and risk of thyroid cancer.
Previous studies stated that the contraposition between adipocytes and adipose-resident immune cells
enhances immune cell production of multiple pro-inflammatory factors with subsequent induction
of hyperlipidemia and vascular injury; these factors are all associated with oxidative stress and
cancer development and/or progression. Moreover, recent studies made clear the mitogenic and
tumorigenic action of insulin, carried out through the stimulation of mitogen-activated protein kinase
(MAPK) and phosphoinositide-3 kinase/AKT (PI3K/AKT) pathways, which is correlated to the
hyperinsulinemia and hyperglycemia found in obese population. Our findings suggest that obesity
and excess body weight are related to an increased risk of thyroid cancer and that the mechanisms
that combine overweight with this cancer should be searched for in the adipokine pathways and
chronic inflammation onset.

Keywords: thyroid cancer; obesity; chronic inflammation; adipokines

1. Introduction

In the past three decades, several recent studies have analyzed the alarming increase
of obesity worldwide and its role as a risk factor for the onset of different metabolic
disorders, such as type 2 diabetes and cardiovascular diseases [1]. Moreover, it has been
well established that the risk of many types of malignancies is increased in morbid obese
individuals with a body mass index (BMI) > 40 kg/m2 or >35 kg/m2 in the presence of
obesity-related comorbidities [2]. In the same period, thyroid cancer has become the fastest
growing cancer of all malignancies, with an estimated 62,450 new cases in the United States
and 52,900 new thyroid cancers developed in Europe [3].

Molecular mechanisms linking excessive adiposity with the development of thyroid
cancer are complex and still not completely known; furthermore, the results of several
observational studies have been conflicting or inconclusive [4,5].

This review is aimed to present the current knowledge of the connection between
excess body weight BMI and the risk of thyroid cancer.

2. Thyroid Cancer

Thyroid cancer accounts for only 1% of solid organ malignancies and 0.5% of all
cancer deaths. Although thyroid cancer is more common overall in females, men are twice
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as likely as women to die from this cancer [6]. Thyroid cancers exhibit a broad range
of clinical behavior that varies from indolent tumors with low mortality in most cases,
to very aggressive malignancies, for example, anaplastic thyroid cancer; differentiated
forms, which represent 95% of cases, are the most common category of thyroid cancer and
include papillary thyroid cancer (PTC), follicular thyroid cancer (FTC), and Hurthle cell
thyroid cancer [7]. Papillary thyroid cancer is the most common type with the best overall
prognosis. On the other hand, follicular thyroid cancer, Hurthle cell thyroid cancer, and
poorly differentiated thyroid cancers are high-risk tumors characterized by hematogenous
metastasis to distant sites (lungs and bones) [8]. PTC is the most common endocrine
malignancy, accounting for 96.0% of total new endocrine cancers and 66.8% of deaths due
to endocrine cancers [9].

Findings from DNA sequencing studies of thyroid cancer have revealed the genetic
basis for most thyroid cancers: non-overlapping mutations of the RET, TRKA, RAS, and
BRAF genes are found in about 70% of PTCs, and it is well known that these genes encode
activators of the mitogen-activated protein kinase (MAPK) cascade [10]. The most frequent
mutation in non-medullary thyroid cancer is the BRAFT1799A mutation, which is exclusive
to papillary thyroid cancer and papillary-thyroid-cancer-derived anaplastic thyroid cancer.
Similarly, mutations in the RAS family of oncogenes also occur most frequently in follicular
thyroid cancer and follicular-variant papillary thyroid cancer [11].

Considering the role of inflammation and immune response in the onset of thyroid
cancer, a link between this tumor, in particular the PTC histotype, and autoimmune
thyroid diseases, such as Hashimoto’s thyroiditis and Grave’s disease, has already been
demonstrated, although the precise mechanism is still unclear [12]. It has been proposed
that inflammation might facilitate the rearrangement of the RET/PTC genomic complex
through the production of free radicals, cytokine secretion, and cellular proliferation [13].
In detail, it is possible that cytokines and chemokines released by the inflammatory tumoral
stroma determine the survival of those thyroid cells in which RET/PTC rearrangements
randomly occur, promoting the selection of clones that acquire additional genetic lesions
and thus become resistant to oncogene-induced apoptosis [14].

Another consideration regards the evidence of immune-inflammatory cell infiltrates in
thyroid cancer: carcinomas are often present with a remarkable lymphocytic infiltrate in the
absence of the typical signs of autoimmune thyroiditis. This phenomenon is characterized
by a lymphocytic infiltrate and is generally significantly higher in patients with PTC than
in patients with benign lesions [15]. Moreover, Ryder et al. found that an infiltration of
macrophages and immature dendritic cells in PTC is correlated with capsule invasion and
extrathyroidal extension [16].

Described findings suggest that the interaction between inflammation and genetic
factors can represent a fundamental moment in the alteration of the molecular mechanisms
that drive thyroid tumorigenesis.

3. Obesity, Inflammation and Cancer Development

Obesity is a chronic, low-grade inflammatory, and non-transmissible disease that
affects all ages with a worldwide prevalence of 13% (11% of men and 15% of women).
More than 1.9 billion adults aged 18 years and older were overweight and of these over
650 million adults were obese. In 2016, 39% of adults aged 18 years and over (39% of
men and 40% of women) were overweight. The worldwide prevalence of obesity nearly
tripled between 1975 and 2016 [17]. Comorbidities in patients with obesity may be due to
extra body weight on the musculoskeletal system or by increased secretion of free fatty
acids, peptides, and adipocytokines produced by adipocytes. More common comorbidities
include depression; biliary lithiasis; hepatic steatosis; dyslipidemia; arterial hypertension;
coagulopathies; endothelial dysfunction; thyroid alterations; type 2 diabetes mellitus;
polycystic ovarian syndrome and hypogonadism; breast, esophagus, pancreas, and colon
neoplasms; and sleep apnea [18,19].
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As the definition of obesity can vary between different countries, the WHO stated a
standard classification according to patients’ BMI: 18.5–24.9 healthy weight; >25.0 over-
weight; >30 obese; >40 morbid obese [20].

Obesity is often accompanied by a low-grade chronic inflammatory state characterized
by an increase in systemic markers of inflammation with a non-specific activation of the
immune system, which is believed to contribute to the development of these obesity-
associated pathologies [21].

In detail, contraposition between adipocytes and adipose-resident immune cells en-
hance immune cell production of multiple pro-inflammatory factors with subsequent
induction of insulin resistance and hyperinsulinemia, hyperglycemia, hyperlipidemia, and
vascular injury; these factors are all associated with oxidative stress and cancer develop-
ment and/or progression [22,23].

This hypothesis is also supported by the observation that chronic infections are associ-
ated with 18% of cancer cases worldwide, as in the well-known mechanics of Helicobacter
pylori infection role in gastric cancer onset, in which the intervention of immune response
in the course of chronic infection determines the production of inflammatory cell mediators
that sustain proliferative signaling, induce cell migration and metastasis, and promote
angiogenesis [24].

For the first time in 1863, Virchow linked chronic inflammation and cancer develop-
ment, observing an abundance of leukocytes in neoplastic tissue [25]. Analyzing mecha-
nisms leading to different tumors, such as breast and colorectal cancer [26,27], it is nowa-
days clear that chronic inflammation produces the activation and transcription of factors
such as nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB), STAT3, and
activator protein 1 in pre-malignant cells; at the same time, obese white adipose tissue tends
to have an increase in the production of leptin, which is pro-inflammatory, pro-angiogenic,
and pro-proliferative, and a decrease in adiponectin, which is anti-inflammatory, anti-
angiogenic, and anti-proliferative [28]. Moreover, obesity leads to increased endoplasmic
reticulum stress, resulting in the activation of the unfolded protein response, with an
increased oxidative stress, and in turn the upregulation of inflammatory cytokines [29].
All these pathways enhance cell proliferation and survival and promotes angiogenesis in
conjunction with hypoxia [30].

Finally, recent studies have focused attention on the role of obese white adipose
tissue in the activation of the inflammasome: multiprotein complexes that activate IL-1β
and IL-18 pathways in response to pathogen-associated molecular patterns (PAMPs) and
danger-associated molecular patterns (DAMPs) [31]. Inflammasomes have been shown to
play a complex role in cancer through IL-1β, which promotes proliferation and invasion
of tumors, and although there is no evidence for the role of inflammasome activation in
obesity-associated cancer, it has been demonstrated that the inflammatory effect of leptin is
dependent on IL-1β [32,33].

In such a scenario, recent evidence, primarily from bariatric surgery studies, indicates
that substantial weight loss reduces cancer risk, most likely by attenuating adipose-related
inflammatory mechanisms that can regulate tumor development and progression [34].

4. Obesity and Thyroid Cancer

Recent studies and metanalyses have investigated the relationship between obesity
and the development of thyroid cancer.

Zhao et al. [35] first studied this field with a review of seven cohort studies for a total
of 5154 thyroid cancer cases; the pooled results demonstrated that there was a statistically
significant association between BMI and cancer risk. Authors also performed a stratified
analysis according to sex, finding a statistically more significant association between BMI
and thyroid cancer risk for males than for women.

Schmid and colleagues [36], pooling together data from 21 studies and 12,199 thy-
roid cancer cases, found a statistically significant 25% greater risk of thyroid cancer in
overweight individuals and a 55% greater thyroid cancer risk in obese individuals; their
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analysis revealed that an increase of 5-unit in body mass index (BMI), 5 kg in weight, 5 cm
in waist or hip circumference, and 0.1-unit in waist-to-hip ratio were associated with 30%,
5%, 5%, and 14% greater risks of thyroid cancer, respectively. Authors also evaluated
histologic type, demonstrating that obesity was significantly positively related to papil-
lary, follicular, and anaplastic thyroid cancers, whereas there was an inverse association
with medullary thyroid cancer. Another important aspect is represented by the relation
between obesity and the risk of cancer progression. Recently, Wang et al. [37] analyzed
data from 1579 patients with PTC, clustering sample size based on BMI: underweight
patients (BMI < 18.5 kg/m2), normal body patients (18.5 < BMI < 24.0 kg/m2), overweight
patients (24.0 < BMI < 28.0 kg/m2), and obese patients (BMI > 28.0 kg/m2). They found
a higher risk for extrathyroidal extension, advanced T stage (T III/IV), and advanced
tumor-node-metastasis stage (TNM III/IV) in the overweight and obese patients’ groups,
concluding that obesity is closely related to the risk of PTC and, particularly, that BMI is
positively associated with the invasiveness of PTC.

The complex interplay among genetic variants of thyroid cancer and dietary intake
has been recently investigated [38]: it is now clear that carbohydrate intake, such as alcohol
and coffee consumption, are positively associated with thyroid cancer. Considering a
stratification based on demographic characteristics, Ma et al. [39] presented a metanalysis
on 32 studies in which they assessed that obese women have a higher risk of thyroid cancer
onset when compared with obese men (RR = 1.43 vs. RR = 1.26); moreover, significantly
elevated risk was observed in obese Caucasians and Asians and in the obese population
>50 years-old as opposed to the young obese population (RR = 1.28 vs. RR = 1.23).

It is worth mentioning, on the other hand, that the results published in some recent
studies reveal ongoing debate over the relationship between thyroid cancer and obesity.
Rotondi retrospectively analyzed 4849 fine-needle aspiration cytology (FNAC) for thy-
roid nodules, concluding that a significant lower rate of Thy4/5 was observed in female
obese patients [40]; Farfel et al. [41], on 760 incidence cases of thyroid cancer, proposed a
multivariate analysis that demonstrated that BMI was not associated with cancer incidence.

5. Studies in Animal Models

Animal studies have elucidated the complex role between obesity and thyroid cancer,
helping to interpret the pathogenetic mechanisms behind this complex correlation. Kim
et al. [42] evaluated the role of diet-induced obesity on the development of thyroid cancer
in a mouse model that spontaneously develops thyroid cancer, finding that a high-fat diet
(HFD) increases thyroid tumor cell proliferation by increasing the protein levels of cyclin
D1, phosphorylated retinoblastoma protein, serum leptin levels, and STAT3 target gene
expression. The same results were found by Park [43], who demonstrated the effect of
S3I-201, an inhibitor of STAT3 activity, on HFD-induced thyroid cancer progression in a
murine model; the authors found decreased protein levels of cyclins D1 and B1, cyclin
dependent kinase 4 (CDK4), CDK6, and phosphorylated retinoblastoma protein led to the
inhibition of tumor cell proliferation.

6. Molecular Mechanisms

The role of Adiponectin (APN) in endocrine cancer risk has been widely studied, but
there are still controversies on the exact mechanics that rule their anti-neoplastic function:
it has been proposed that low APN levels could be associated with cancers due to an excess
of fat mass and sex-steroid hormones with high levels of inflammation, but there is a lack
of evidence on the pathway involved.

As stated by previous research, APN’s protective role on endocrine cancer cells is
the activation of adenosine monophosphate-activated protein kinase (AMPK), which
negatively influences cancer cells growth through p53 and p21- induced apoptosis [44,45];
moreover, it has been demonstrated that APN is able to down-regulate leptin-induced
STAT3 phosphorylation, reducing tumor cell growth [46].
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Despite some discrepancies, scientific research has amply demonstrated an inverse
correlation between APN levels and the risk of endocrine neoplasms [47]. Considering
that obesity frequently results in hypoadiponectinemia, it is very likely that the increased
risk of cancer found in obese patients is at least partially attributable to the loss of the
immunosuppressive effects induced by this hormone. Indeed, APN exerts its tumor
suppressor effect both directly, through the interaction with its specific receptors, and
indirectly, through the regulation of the immune response, angiogenesis, and insulin
sensitivity. Through the activation of its receptors and the consequent activation of the
adenosine monophosphate-activated protein kinase (AMPK), APN is able to determine
both a reduction of the anabolic and proliferative pathways and an increased expression of
important factors involved in the arrest of cell cycle and apoptosis, such as p21 and p53 [45].
Furthermore, AMPK activation determines an indirect inhibition of both MAPK and
PI3K/AKTt/mTOR pathways, with an effect of downregulation of cell proliferation [48].
Regarding indirect anti-neoplastic effects, it has been shown that APN levels are inversely
related to the degree of insulin resistance and to insulin levels [49]. Furthermore, the APN
effect on insulin signaling seems to be also present at the post-receptor level. In addition,
through interaction with the NF-kB pathway and its capacity of inhibiting myelomonocytic
progenitor’s growth and macrophage phagocytic activity, APN is able to exert a real anti-
inflammatory and immunomodulating effect [50]. Finally, it seems that APN may play
a key role in angiogenesis regulation, but the studies currently available have provided
conflicting results. In fact, some studies have shown that this adipokine is able to cause a
conspicuous reduction in angiogenesis, while other studies conducted on mouse models of
breast cancer suggest that adiponectin has a powerful pro-angiogenic effect [51]. Regarding
the link between APN and thyroid cancer, some studies have shown an inverse relationship
between APN levels and thyroid cancer [52]; however, further studies are required to
confirm these findings.

Considering thyroid cancer, Mitsiades et al. [53] found lower levels of circulating APN
in patients with any form of thyroid cancer compared to the control population; similarly,
Warakomski et al., in a large prospective study, found that upper tertiles of IL-6 and leptin
were associated with a higher clinical stage of PTC. The same results were found in the
multicenter “EPIC” study from Dossus et al. [52] on 475 primary thyroid cancer cases:
the authors underlined that adiponectin was inversely associated with cancer risk among
women, whereas a positive association was revealed with IL-10. Supporting this interesting
hypothesis, Cheng et al. [54] have shown that papillary thyroid carcinoma cell lines express
a significantly lower number of AdipoR1 and AdipoR2 receptors than normal thyrocytes.

At the same time, APN may also express its anti-neoplastic role through insulin-
sensitizing and angiogenesis-related effects. Considering that APN levels are inversely
related to fasting insulin concentrations due to its significant effect on insulin post-receptor
signaling, and considering that insulin supports tumor cell proliferation, it was proposed
that APN is able to reduce tumor cell growth induced by insulin pathway [55,56].

Recently, some studies also highlighted the pro-carcinogenic role of leptin: Hedayati
et al. [57] found Leptin levels were higher in thyroid cancer patients compared to healthy
subjects, and Uddin and colleagues [58] demonstrated that leptin acts via its receptor to
induce PTC cell proliferation and inhibit apoptosis.

Finally, it has been shown that the state of chronic hyperinsulinemia is associated
with the development of different types of malignancies, such as lung, prostate, and
breast cancer [59,60]. The mitogenic and tumorigenic action of insulin would seem to
be carried out through the stimulation of mitogen-activated protein kinase (MAPK) and
phosphoinositide-3 kinase/AKT (PI3K/AKT) pathways [61]. Of interest, several indirect
mechanisms seem to underlie the link between insulin resistance and thyroid cancer. First,
the condition of hyperinsulinemia and insulin resistance, typical of subjects with obesity, is
associated with an increase in TSH levels, with a consequent enhancement of thyrocyte
proliferation [62]. The increase in thyrocyte proliferation could lead to a mutational ac-
cumulation capable of triggering neoplastic transformation. The increase of TSH levels
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in the obese population probably represents an adaptive response aimed at increasing
energy expenditure [63]. Furthermore, insulin receptor overexpression often occurs in DTC
cells. In fact, the relative abundance of IR-A is around 40% in normal thyrocytes, while
it increases to over 70% in DTC cells [64]. In addition, hyperinsulinemia determines an
increase in the bioavailability of insulin-like growth factor 1 (IGF-1) through the inhibition
of the synthesis of IGF binding protein 1-2 (IGFBP1-2) and the stimulation of the produc-
tion of IGF-1 by the liver. The increased bioavailability of IGF-1 may contribute to tumor
progression through the stimulation of IGF-1R [65]. More recently, it was demonstrated
that insulin resistance may influence the evolution of thyroid nodules through an enhance-
ment of angiogenesis and intranodular vascularization [66]. This phenomenon is probably
caused by vascular endothelial growth factor (VEGF) overexpression and the consequent
promotion of endothelial cell proliferation. Thus, in the condition of insulin resistance,
the concomitance of hyperinsulinemia, hyperthyrotropinemia, increased bioavailability of
IGF-1, and increased angiogenesis in thyroid nodules may represent important risk factors
for DTC in overweight and obese patients (Figure 1).

 

Figure 1. Molecular Mechanisms supporting the relation between obesity and thyroid cancer onset. AMPK: 5’ AMP-
activated protein kinase; MAPK: mitogen-activated protein kinase; PI3K: Phosphoinositide 3-kinases; mTOR: mammalian
target of rapamycin; STAT3: Signal transducer and activator of transcription 3; AKT: serine/threonine kinase.

7. Conclusions

In the last three decades, the incidence of thyroid cancer has increased simultaneously
with the increase of obesity rates. Analyzing previous literature, growing interest has been
focused on the adipocyte-secreted mediators as a sprouting factor in cancer pathophysi-
ology. The most recent meta-analyses and reviews have demonstrated the causal role of
APN and have reconstructed the signaling pathway that this and other molecules induce
in obese patients with thyroid cancer [67]. The review conducted by Kim in 2017 confirmed
that obesity accelerates the growth and progression of thyroid cancer, determining a shorter
survival and promoting anaplastic transformation through elevated leptin level and the
JAK2-STAT3 pathway [68]. Similarly, Averginos in 2019 stated that there was convincing
evidence that excess body weight is associated with an increased cancer risk of at least 13
anatomic sites, including the thyroid; authors focused attention on insulin receptor role
and chronic inflammation as major causes of cancer development [23].
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However, Kim and colleagues [69], in a large retrospective study on 1579 cases,
emphasized that, at present, the relationship between obesity and the pathological features
of PTC remains controversial and there is still not agreement over many factors that could
lead to interpretation bias. From this point of view, demographic characteristics such as age,
sex, ethnicity, as well as smoking habits were analyzed on relatively small samples size in
order to be able to identify their incidence on the obesity-tumor development relationship.
Moreover, it is worth noting that BMI cannot be used as an exclusive criterion for assessing
obesity, especially when it reflects the lack of specificity in centripetal obesity [70].

Finally, some authors have investigated the possible role of obesity on the outcomes
of thyroid surgery; apart from a longer operative time and an increased risk of wound
complications than patients with low BMI, obesity seems not to be associated with worse
surgical outcomes. Pooling data from more than 18,000 patients, it is reasonable to perform
thyroidectomy safely in obese patients, without expecting to manage major complica-
tions [71,72].

In conclusion, despite some contrasting results, the findings of this review suggested
that obesity and excess body weight were related to an increased risk of thyroid cancer
and the mechanisms that combine overweight with this cancer should be searched in the
adipokines pathways, chronic inflammation onset, insulin-resistance development, and
oxidative stress processes. Further studies, with a randomized and controlled design and
large sample size, are needed to better address this interesting relation and overcome the
confounding factors bias.
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