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Differentiated thyroid cancers (DTCs) are slow-growing malignant tumours, including
papillary and follicular carcinomas. Overall, prognosis is good, although it tends to
worsen when local invasion occurs with bulky cervical nodes, or in the case of distant
metastases. Surgery represents the main treatment for DTCs. However, radical excision is
challenging and significant morbidity and functional loss can follow the treatment of the
more advanced forms. Literature on advanced thyroid tumours, both differentiated and
undifferentiated, does not provide clear and specific guidelines. This emerges the need for
a tailored and multidisciplinary approach. In the present study, we report our single-centre
experience of 111 advanced (local, regional, and distant) DTCs, investigating the rate of
radical excision, peri-procedural and post-procedural complications, quality of life,
persistence, recurrence rates, and survival rates. Results are critically appraised and
compared to the existing published evidence review.

Keywords: thyroid, thyroid cancer, papillary carcinoma, follicular carcinoma, differentiated carcinoma,
thyroidectomy, lymph node dissection
INTRODUCTION

Thyroid cancer accounts for less than 1% of all malignancies, but for about 5% of all thyroid nodules
(1). Among thyroid cancers, differentiated thyroid carcinoma (DTC) is the most common and
includes papillary thyroid cancer (PTC), follicular thyroid cancer (FTC), and Hürthle cell thyroid
carcinoma (HTC) (2). DTC has an annual incidence of 1/10,000 with a female-to-male ratio of 3:1
(3, 4). DTC incidence is increasing, most probably due to the continuous improvement offered by
early diagnostic tools (4–6). DTCs have a favourable prognosis, with a 5-year survival rate of
approximately 93% and 88% in women, and men, respectively (4), although unfortunately, 5% of
DTCs are fatal (3). Surgery represents the initial treatment of choice (7, 8), followed in most cases by
radioactive iodine (RAI) I131 to eradicate microscopical disease or distant metastases. In addition,
multikinase inhibitors (MKIs), including sorafenib and lenvatinib, are rising as alternative medical
treatments in the most advanced forms, especially in RAI-refractory differentiated thyroid cancer
(RR-DTC). Advanced disease accounts for 13%–15% of DTCs and is characterized by a worse
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prognosis and more challenging management (5). Advanced
DTC (ADTC) is defined by the existence of one or more of the
following conditions: local invasion, bulky cervical nodes, and/or
distant metastases. A recent review by Russel et al. describes all
the issues associated with advanced thyroid cancer, from the lack
of adequate guidelines and the need for a multidisciplinary and
tailored approach. This is necessary to overcome the challenges
of the distinct DTC subtypes, such as those related to surgical
radicality, meaning not only total thyroidectomy and
lymphadenectomy, but even tracheal ring resection, partial or
total laryngectomy, or thoracic access. Based on the
aforementioned study (4), the aim of the present manuscript is
to critically review our single-centre experience of advanced
thyroid cancer (local, regional, and distant), but focusing
specifically on ADTC, thus not dealing with medullary,
anaplastic carcinoma, or other undifferentiated cancers,
because of their worst prognosis and the limited therapeutic
options and surgical strategies currently available. Herein, we
provided our DTC 30-year experience on therapeutic approach,
peri-procedural and postsurgical management, quality of life
disease recurrence, and survival rates.
MATERIALS AND METHODS

A retrospective analysis of medical and electronic charts of a
single-centre series comprised 656 thyroid tumours, 627
of which are DTCs (333 PTC, 92 FTC, 202 papillary
microcarcinoma), 21 medullary thyroid carcinomas, 1
squamous cell carcinoma, and 7 anaplastic tumours. An
exception from Institutional Review Board evaluation was
granted due to the study’s retrospective nature. Our experience
herein reported involved 111 consecutive patients diagnosed
with ADTC who underwent a surgical assessment between
May 1992 and September 2021 at the Outpatient Endocrine
Surgery Service, Thyroid and Parathyroid Surgery Unit, in San
Paolo Hospital, Milan, Italy. Before surgery, our protocol
included blood tests, with particular attention to the TSH,
calcium, PTH, 25 – OH vitamin D, and calcitonin blood levels.
Neck ultrasound was always the first imaging examination, to
evaluate for thyroid nodules and cervical lymph nodes. All
patients with ultrasonographical suspicion of nodules and/or
lymph node involvement underwent ultrasound-guided fine-
Frontiers in Oncology | www.frontiersin.org 2
needle aspiration (FNA) to confirm DTC cytologically. In case
of suspicion of infiltration of surrounding tissues, further
targeted radiological examinations, such as neck and chest CT,
were performed.

All patients underwent a preoperative evaluation with video-
laryngoscopy by an expert otolaryngologist. All ADTC cases
were discussed pre- and postoperatively by a multidisciplinary
team (MDT) consisting of an endocrinologist, an endocrine
surgeon, an otolaryngologist, a pathologist, a radiologist, and a
nuclear medicine physician (Figure 1).

Risk factors in the patient’s medical history, such as family and
personal history of thyroid disease, cancer, goitre endemics, and
radiation exposures, were also analysed. Symptom onset was
identified when the presence of local complaints such
as dysphagia, dysphonia, dyspnoea, sensation of cervical
encumbrance and cervical dysmorphism, lymphadenopathies, or
distant metastases appeared. Patients were divided into the
following classes according to the surgery performed: total
thyroidectomy with adjacent structure resection and centra cervical
lymphadenectomy (TT + CCL), total thyroidectomy and central and
unilateral cervical lymphadenectomy (TT + CUCL), ;total
thyroidectomy and central and bilateral cervical lymphadenectomy
(TT + CBCL), unilateral cervical lymphadenectomy (UCL), and
bilateral cervical lymphadenectomy (BCL) after previously
performed thyroidectomy. “Cervical lymphadenectomy” was
intended as modified radical neck dissection, including II, III, IV,
and V levels. Only five patients, underwent additional resection of
distant metastases. We systematically started the use of
intraoperative inferior laryngeal nerve neuromonitoring in 2018.
We also analysed the rate of complications and divided them into
transient hypocalcaemia (TH), persistent hypocalcaemia (PH),
recurrent laryngeal nerve transient unilateral palsy (RLNTUP),
recurrent laryngeal nerve transient bilateral palsy (RLNTBP),
recurrent laryngeal nerve persistent unilateral palsy (RLNPUP),
recurrent laryngeal nerve persistent bilateral palsy (RLNPBP),
superior laryngeal nerve deficit (SLD), and other complications.
Moreover, we analysed the total excision rate and indications to
perform postoperative RAI therapy or other adjuvant treatments. Of
the 111 patients recruited, 53 were on regular follow-up (FU) at our
Centre. Complete data were available on disease-free survival, total
survival, and recurrence. Of the remaining 58 patients, we could not
obtain up-to-date information, and they were therefore considered
lost to follow-up. After treatment, all patients received levothyroxine
FIGURE 1 | Multidisciplinary team.
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TSH suppressive therapy and were entrusted to the attending
endocrinologists for follow-up treatment. All ADTC patients were
considered high-risk and underwent periodic blood checks
consisting of TSH, thyroglobulin, and antithyroglobulin antibodies,
as well as a cervical ultrasonography (US) every 6–12 months, for an
average period of 15 years (range 2–30 years).
RESULTS

Population
A total of 111 patients were enrolled in our study, 74 women and
37 men. The median age is 45.8 ± 19.5 SD years of age. Women
were in the age ranges of 19 to 93, and men ranging between 11
and 81 years, with women’s mean age of 46.4 ± 20.4 and men’s
44.4 ± 17.9. We enrolled and treated exclusively in the
abovementioned centre 96 patients, while 15 had previous
thyroid surgery in other Italian centres.

Clinical History
Family history of cancer thyroid disease was present in 26/111
patients (23.42%), in particular 7 men (18.92%) and 19 women
(25.68%). We identified 53 patients (47.75%) coming from areas
known for endemic goitres; 17 aremen (45.95%), and 36 are women
(48.65%). Of our sample, 35 women (47.30%) were menopausal at
the time of diagnosis. The clinical characteristics of the patients
enrolled in the study are briefly summarized in Table 1.

Clinical Presentation
At the time of diagnosis, 76/111 (68.5%) patients had lymph
node metastases, and the presence of a cervical mass was the
Frontiers in Oncology | www.frontiersin.org 3
problem that initiated the diagnostic process, which then led to
the discovery of DCTs.

In the other cases, at the time of diagnosis, 22/111 patients
(19.8%) presented with a locally advanced tumour characterized
by the involvement of adjacent anatomical structures. All of
them presented with local symptomatology and thus were
referred for clinical evaluation. In this group of 22 patients, 15
were women and 7 were men, respectively 18.92% and 21.62% of
their groups. The most frequent symptoms were dysphonia (8/22
cases), dysphagia (3/22 cases), and cervical encumbrance
sensation (19/22 cases).

For six out of 111 (5.4%) patients, the tumour was
occasionally detected incidentally during clinical examination
conducted for other reasons and they were asymptomatic at the
time of diagnosis.

In our study, seven out of 111 (6.3%) patients were diagnosed
with DCTs after clinical examinations for distant metastasis
presence, initially unknown, but later identified as a repetition
from DCT. The distant metastases included the following
groups: bone metastasis of the mandible, liver metastasis, lung
and liver metastasis, two isolated lung metastases, one multiple
lung metastasis, and multiple bone metastasis of three ribs.

After preoperative blood tests, five out of 111 cases of reduced
TSH levels were detected (normal range 0.15–3.5 U/ml); two out
of 111 patients had increased TSH levels, while the remaining
patients were within the normal range. Only four out of 111
patients were hypocalcemic, but three previously underwent TT at
different Italian centres. Only a single patient was hypercalcemic.

Treatment and Complications
Surgical procedures consisted of 21 (18.9%) TT and CCL, 70
(63.1%) TT and CUCL, 5 (4.5%) TT and CBCL, 10 (9.0%) UCL,
and 5 (4.5%) BCL after previous thyroidectomy in other Italian
centres. None of the patients enrolled in the study underwent
hemithyroidectomy. In the case of local advanced tumours or
distant metastases, patients received tailored treatments based on
their individual clinical condition. For details, see Table 2.

The final histological examination on the samples obtained
during surgery reported 9/111 (8.1%) cases of follicular
carcinoma and 102/111 (91.9%) cases of papillary carcinoma.

After the surgery, 87/111 patients (78,3%) developed a
temporary or persistent complication as summarized in Table 3.

Postsurgical Treatments and Follow-up
A total of 110 patients received adjuvant radioiodine therapy
after surgery; only one patient died 3 weeks after surgery, as
reported in Table 3. They underwent from one to five cycles of
treatment, with a mean of 2.4 ± 1.3, and of 98 ± 19 mCu total
radiation dose. Of the 111 patients in our cohort, 53 remained in
regular FU at our centre.

The three out of 53 patients that underwent TT and CCL
presented peculiar conditions, such as liver, lung, or rib
metastasis. After thyroid surgery, they all received surgical
treatment for metastatic lesions (left robotic hepatectomy,
atypical lung resection, and rib removal).

Of a total of 53 patients, 46 underwent TT and CUCL, 5 of
them with LN resection, and 4 underwent TT and CBCL, 2 of
TABLE 1 | Clinical features of patients (n 111).

Clinical features Value

Sex n (%)
Female (F)
Male (M)

74 (66.7%)
37 (33.3%)

Age at surgery
Mean ± DS
Median (range)

45.8 ± 19.5
46 (11–93)

Pre-operative TSH
Mean ± DS
Median (range)

1,97 ± 0,17
2,1 (0.0015–6.99)

Preoperative fT3

Mean ± DS
Median (range)

2.91 ± 0.07
3.1 (2.1–30)

Preoperative fT4

Mean ± DS
Median (range)

1.02 ± 0.18
1.2 (0.34–45.81)

Presentation with
Lymph node metastases
Locally advanced
Distant metastases

76 (68.47%)
22 (19.82%)
7 (6.3%)

Surgical treatment n (%)
TT + CCL
TT + CUCL
TT + CBCL
UCL
BCL

21 (18.9%)
70 (63.1%)
5 (4.5%)
10 (9.0%)
5 (4.5%)
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which with LN resection. Moreover, one of these four patients
presented mandible metastasis as symptom onset. She underwent
mandible resection, with total metastasis gross excision.

Only 8/53 (15.1%) (3 men and 5 women, mean age 69 years
old) are deceased, while 45/53 (84.9%) are currently alive (16
men and 29 women, mean age 42 years old). Patients currently
still alive have a mean FU of 165 ± 101.2 months.

A total of 39/45 (86.7%) never developed recurrences; they all
underwent TT and CUCL. Serum Tg and Ab-Tg never showed
an increase during the follow-up period. Neck ultrasound always
resulted negative. Five out of 45 (11.1%) have developed relapse,
and one (2.2%) had persistence. The persistence was subjected to
the neck radiotherapy cycle (5550 Mbq). The five relapses
included heterogeneous cases (Table 4).

Three of eight patients deceased underwent TT and CCL.
Three out of eight underwent TT and CUCL, and two out of
eight underwent TT and CBCL. They had a mean survival of 47
months, ranging from 14 days to 151 months. All these patients
presented distinctive characteristics as shown in Table 5.
Frontiers in Oncology | www.frontiersin.org 4
In our series, only one patient refused surgery and was
therefore not included in the above discussion. He underwent
treatment with lenvatinib and is now in good clinical condition
with tumour regression 20 months after diagnosis. The 45
patients still alive and in regular follow-up are in good clinical
condition. During a telephone interview specifically for the
present study, they reported living a normal life with good
quality of life, taking into account age and other pathologies.
They are all in thyroxine suppression therapy and present a
mean TSH level of 0.54 µIU/ml (range 0.0015–3.61 µU/ml),
mean Tg 0.07 ng/ml (range 0.04– 0.59 ng/ml), and Ab anti Tg
11.26 IU/ml (0–20 IU/ml), and all have neck ultrasound negative
for thyroid bed and lymph node recurrence.
DISCUSSION

There is no standard definition for ADTC in the literature. In the
ATA guidelines published in 2016 (9), there is a session entitled
TABLE 2 | Detailed treatment received by patients in case of local advanced tumour or distance metastases. In brackets are the reported number of cases.

Clinical condition Treatment

Complete unilateral vocal cord palsy
(6)

Unilateral laryngeal nerve resection

Unilateral vocal cord hypomobility (3) Laryngeal nerve preservation
Intraoperative evidence of nerve
hypofunction with neuromonitoring in
extensive tumour infiltration (1)

Unilateral laryngeal nerve resection

Laryngeal and tracheal massive
infiltration (1)

The patient refused to undergo total laryngectomy and tracheal resection preoperatively. Surgical excision was therefore subtotal
followed by radioiodine treatment.

Laryngeal minimal infiltration (1) Thyroid nodules identified during routine carotid echo doppler: PTC infiltrating proximal tissues. During TT+CCL, evidence of
millimetric laryngeal infiltration was left in place. Radioiodine treatment. In 5 months, the patient developed a massive neck mass,
with extensive laryngeal invasion. The patient underwent total laryngectomy + BCL.

Lung metastasis (8) One patient underwent atypical thoracoscopic lung resection, with metastasis excision. All the other patients received only
adjuvant radioiodine treatment.

Mandibular metastasis (1) Nontoxic thyroid goitre, not in regular follow-up. Clinical evaluation was requested for a mandibular lesion, which showed to be
an FTC metastasis. The patient underwent TT+CBCL and mandibular resection. After radioiodine evidence of lung, clavicle,
spine, femoral, and skull base metastasis.

Rib metastasis (1) Three bone metastases in three different ribs at diagnosis. The patient underwent TT+CCL and rib resection.
Brain metastasis (1) PTC, treated with TT+UCLC. After 11 months, the patient underwent contralateral CLC for tumour relapse. After 13 months, a

brain metastasis was detected, followed by trans-cranial excision.
Liver metastasis (1) Evidence of liver lesion during examinations for other reasons, FTC metastasis. The patient underwent TT+CCL, and after full

recovery (2 months), she underwent robotic left hepatectomy.
TABLE 3 | Post-surgical complications developed in our series.

TH 53/111 45 patients have total spontaneous recovery
PH 8/53 Patients have not recovered, needing persistent pharmacological support
RLNTUP 3/111 Full spontaneous recovery in about 6 months
RLNPUP 8/111 7 of them were “obliged” nerve resections, as shown in Table 2
RLNTBP 1/111 The patient underwent tracheostomy
SLD 1/111 Persistent nerve deficit
Hypoglossal nerve deficit 1/111 Total spontaneous recovery in 4 months
Unilateral spinal accessory deficit 2/111 Persistent nerve deficit
Brachial plexus deficit 1/111 Total spontaneous recovery in 3 months
Marginal mandibular branches of the facial nerve deficit 2/111 Total spontaneous recovery in about 6 months
Oedemas of the surgical wound 4/111
Postoperative bleeding 1/111 Immediate revision surgery
Pulmonary embolism 1/111 Massive PE 3 weeks after TT. Exitus
TH, temporary hypocalcemia, PH, persistent hypocalcemia; RLNTUP, recurrent laryngeal nerve transient unilateral palsy; RLNTBP, recurrent laryngeal nerve transient bilateral palsy;
RLNPUP, recurrent laryngeal nerve persistent unilateral palsy; RLNPBP, recurrent laryngeal nerve persistent bilateral palsy; SLD, superior laryngeal nerve deficit.
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“DTC: Long-Term Management and Advanced Cancer
Management Guidelines,” but the definition of ADTC is missing.
In our series, we defined ADTC according to Russel et al. (5):
invasion of thyroid adjacent structures (local invasion), laterocervical
lymph nodes, metastasis, distant metastases, and more than one of
the previously mentioned characteristics simultaneously.

The first consideration in the analysis of the present study is
treatment. The different therapeutic choices have been tailored to
the characteristics of each patient, and this approach has led to
encouraging results: 84.9% of the 45 patients with available
follow-up are currently alive, with a median FU > 10 years, i.e.,
165 months (range 12–345 months). All of them were in the
group with regional lymph node metastases, more in detail, eight
with locally advanced tumours. Among these 45, four (11.1%)
have developed relapse, in all cases localized in the neck, that was
subsequently successfully treated by re-surgery and adjuvant
therapy. None of the 45 patients developed distant metastases.
Two of these relapses had at the time of their first intervention
one RLN infiltration and the other tracheal cartilage infiltration.
Only one (2.2%) has persistence in the thyroid bed, without
disease progression. For relapse and persistence, the histological
result was PTC. Of the eight patients who died, only four died of
neoplastic causes, two of them after more than 10 years, 151
months, and 111 months, both with histological results of PTC.
The two patients with the worst evolution were, one, already
diagnosed with multiple lung and bone metastases for follicular
carcinoma, and the other, showed trachea and larynx
involvement for papillary carcinoma.

According to literature (10, 11), local invasiveness, albeit with a
limited number of local ADTC in our case series, had a greater
impact on survival than cervical lymph node involvement.
However, DTCs are generally slow-evolving tumours, even if
Frontiers in Oncology | www.frontiersin.org 5
advanced. This aspect should be the first to be considered in the
therapeutic choice of ADTC. With regard to complications
associated with surgery, we observed a higher percentage of
definitive hypoparathyroidism and persistent RLNUP in
thyroidectomies performed for diseases other than ADTC
carcinoma (12, 13). This may be related to the fact that central
neck dissection, always performed in all patients included in this
study, is a well-known risk factor for persistent hypoparathyroidism.
Regarding the definitive RLNUP, the locally advanced situation of
the tumour, with the involvement of the RLN in 10 cases,
preoperative palsy of the vocal cord and intraoperative nerve
infiltration in 6, and intraoperative infiltration in 4 cases, leading
to sacrifice in one, has increased the number of definitive vocal cord
paralysis. In the case of locally advanced tumours (LADTC), the
most commonly involved structure in our experience was the
recurrent laryngeal inferior nerve (RLN), more specifically in
10 cases.

In agreement with the literature, treatment of the infiltrated
RLN was based on the knowledge of preoperative vocal function
(14, 15), magnitude of neural invasion, and occurrence of loco-
regional or distant metastases not surgically removable. There is
a general agreement that attempts should be made to preserve
RLN when preoperative vocal cord function is normal, and
intraoperatively it appears only to be superficially invaded. The
location of the RLN invasion should be taken into account in the
decision to preserve it or not: resection should be performed
when neural invasion occurs near the point where the RLN
enters the larynx. This is because an incomplete resection of the
tumour at this point can lead to the progression of the tumour
along the nerve and its spread into the larynx, with subsequent
indications for laryngectomy (5). In addition to the location, the
extent of neural invasion should influence intraoperative
TABLE 4 | Clinical history and treatment of the five relapsed patients.

Patient 1 During radioiodine therapy, development of cervical lymph node metastasis (left V level). UCL + removal of a portion of infiltrated sternocleidomastoid.
Patient 2 Recurrence at the thyroid bed 1 year after surgery. Revision surgery, followed by external radiotherapy and radioiodine
Patient 3 V level lymph node metastasis from papillary carcinoma 12 years after surgery, treated with UCL.
Patient 4 Contralateral lymph node localization 11 months after TT+CUCL. He underwent a second UCL.
Patient 5 Contralateral lymph node localization 13 months after TT+CUCL. He underwent a second UCL and a new course of radioiodine therapy (130 mCu)
TABLE 5 | Clinical history and treatment of the eight deceased patients.

Patient
1

Thyroid cartilage infiltration, revealed during TT. Adjuvant radioiodine therapy alone to preserve the organ. After 8 months, massive cervical metastasis
associated with local laryngeal progression, which led to total laryngectomy. The patient died 15 months later secondary to other medical conditions.

Patient
2

Left vocal cord palsy at diagnosis. TT+CCL+ resection of the left lower laryngeal recurrent nerve. The patient died 22 months following another clinical
condition.

Patient
3

Macroscopic laryngo-tracheal tumour penetration at the time of diagnosis, but the patient refused total laryngectomy and tracheal resection. Surgical excision
was subtotal (TT+CCL) followed by radioiodine treatment. The patient died 5 months after secondary to another clinical condition.

Patient
4

TT+CCL. The patient died at 14 days for pulmonary embolism.

Patient
5

TT+CUCL. Local disease recurrence, in the thyroid bed and in an area of oesophageal infiltration and a delayed onset lymph node metastasis. The patient died
151 months after due to tumour progression.

Patient
6

TT+CUCL. Multiple lung and bone metastases at the time of diagnosis. The patient died 111 months after due to tumour progression.

Patient
7

TT+CBCL. Five months later, the patient showed a local macroscopic recurrence with the involvement of trachea and larynx, treated with a total laryngectomy.
The patient also underwent therapies with tyrosine kinase inhibitors but died 12 months later.

Patient
8

TT+CBCL. Multiple lung metastases at the time of diagnosis. Progressive development of bone and brain metastasis. The patient died 55 months after due to
tumour progression.
July 2022 | Volume 12 | Article 954759

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Bulfamante et al. Advanced Differentiated Thyroid Cancer
decision-making. When only the epineurium is infiltrated, a
shave excision may be performed (14–16). Even if the nerve
shaving may cause partial layer resection, most nerves
demonstrate a long-term recovery of neural function (14). On
the contrary, if the perineurium, endoneurium, and neural fibres
are invaded, the resection should be considered. In this case, the
simple shaving of the nerve without the complete removal of
the tumour may be considered, as we did in the three cases
abovementioned, that is, if adjuvant RAI therapy may treat the
residual neoplastic tissue (14, 16–18). When intraoperative
neuromonitoring (IONM) is routinely used during surgery, it
is important to evaluate the possibility of proximally stimulating
the nerve (18): the ability to stimulate the proximal side of an
infiltrated RLN suggests some maintenance of neural function,
even if paralysis of the vocal cord is documented preoperatively.
As reported by Kamani et al., 60% of invaded nerves can be
stimulated with IONM (19) and the resection of invaded RLN
with preoperative paralysis of the vocal cord, according to some
authors (20), may worsen glottic function. For this reason, the
ability to stimulate the proximal segment of the invaded nerve
may be a parameter for intraoperative decision to preserve or not
the nerve (14). A very important aspect to consider about the
treatment of an infiltrated RLN is that resecting or preserving it
would not seem to change the prognosis (14, 17, 18, 21–23). For
this reason, if possible, it would be best to preserve the sRLN,
because the integrity of the nerve corresponds to the good
functioning of the vocal cord, which has a great impact on the
quality of life. A negative impact on the quality of life may occur
when there is an infiltration of viscera adjacent to the thyroid,
such as airways (larynx and/or trachea), oesophagus, and
vascular structures. In our experience, among ADCT not lost
at follow-up, five had invasions of the airway, two had laryngeal
invasion, and three had tracheal invasion. One patient with
laryngeal infiltration refused laryngectomy and died after 25.
Another patient had infiltration of the larynx and the first two
tracheal rings. She underwent laryngectomy 5 months after TT,
and she died 12 months later. The others are alive respectively
after 37, 77, and 101 months, without resecting trachea. They
were treated with tracheal shaving during TT and CCL as well as
postoperative RAI, referring to good quality of life. In the
presence of visceral structure invasion, the objective of surgery
should be to remove the majority of the tumour mass. ATA
guidelines recommend surgery for tumours invading the upper
aerodigestive tract along with 131I (RAI) and/or external beam
radiation therapy (ERBT) (9, 24, 25). In some patients, surgery
may represent a viable cure effort, while in others it represents a
palliative approach to reduce symptoms such as asphyxia and
haemoptysis (26, 27). In the case of tracheal infiltration, surgical
techniques depend on the type of tumoral invasion. The extent of
tracheal invasion has been classified by Shin, as well as others
(21, 27, 28), in four stages: perichondrial invasion with adherence
to the trachea (stage I), cartilaginous invasion but without
mucosal involvement (stage II), mucosal infiltration (stage III),
and extension into the lumen (stage IV). In the suspicion
of tracheal involvement, besides CT scan, preoperative
bronchoscopy is mandatory, to assess mucosal intraluminal
Frontiers in Oncology | www.frontiersin.org 6
involvement. Shave resection of the airway may be
appropriated in cases of limited cartilage invasion, involving
tiny segments. In the presence of more extensive or intraluminal
tumour infiltration, tracheal resection is suggested (21, 29). In
the case of larynx infiltration, shave excision is possible when the
tumour does not extend into the larynx. Otherwise, more
aggressive treatment, such as laryngectomy, may be required
(27). In our series, patients with laterocervical lymph node
metastases, not lost at follow-up, were 44. All had a functional
cervical dissection, including II, III, IV, and V levels. Five of them
had recurrences, and 32 were alive following a mean follow-up of
210 months. Treatment of distant metastases should consider
that both morbidity and mortality are increased in patients with
distant metastases and that individual prognosis is influenced by
a number of factors, including histology of the primary tumour,
distribution and number of metastatic sites (e.g., brain, bone,
lung), age at diagnosis, and RAI avidity (30–38). Treatment of a
specific metastasis should be grounded on patient status and on
the presence of other sites of disease (39–42). According to ATA
(9), the sequence of therapeutic choices for the treatment of
metastatic disease should be in order:

i) surgical excision of loco-regional metastasis in potentially
curable patients;

ii) 131I therapy for RAI-responsive disease;

iii) ERBT or other directed treatment modalities for metastases;

iv) TSH-suppressive thyroid hormone therapy for patients, with
stable or slowly progressive asymptomatic disease;

v) systematic therapy with kinase inhibitors, especially for
patients with significantly progressive macroscopic
refractory disease.

In the management of the patient with lung metastases,
therapeutic decisions should consider the following: size of
metastatic lesions (i.e., macro-nodular detected by chest
radiography, micro-nodular detected by CT, lesions below CT
resolution); avidity for RAI; response to previous RAI therapy;
stability or not of metastatic lesions. In view of the high rate of the
observed complete remission, lung micro-metastases should be
treated with RAI therapy and eventually be repeated every 6–12
months, if the disease continues to concentrate RAI and respond
clinically (41, 42). Also, radioiodine-avid macro-nodular
metastases should be treated with RAI when objective benefit is
demonstrated (i.e., decrease in the size of the lesions, decreasing
Tg). In the latter, however, complete remission is uncommon and
survival remains poor. It is also worth considering the risks
associated with repeated doses of RAI such as bone marrow
suppression or pulmonary pneumonitis and fibrosis. Solitary
lung metastases could be resected via surgery, even though the
potential benefits compared with the risk of surgery remain
unclear. With regard to bone metastasis, RAI therapy may be
considered for those that are iodine-avid. In these cases, the
therapy has been associated with improved survival, although
RAI is rarely curative. Regardless, some patients with RAI-avid
bone metastases may still benefit from this therapy (35–37). These
patients may also be considered for directed therapy in cases
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where metastases are visible on anatomical imaging. Directed
therapies include surgery, EBRT, and other focal treatment
modalities discussed below. Systemic therapy with bone-targeted
agents may also be considered in these patients. The therapeutic
approaches to brain and liver metastases are similar to those
previously mentioned for lungs and bone metastases (9). As
mentioned, several focal treatments other than surgery, for lung,
bone, liver, and brain DTC metastases, are available. In certain
patients, these treatment modalities, alternative to surgery, may be
effective for local tumour control as first-line treatment with
similar efficacy to that of surgical resection. In general, such
treatments may be indicated in case of high anaesthesiologic
risk, lung metastasis in patients with insufficient respiratory
reserve, multiple previous surgical resections, local recurrence
after surgery, and refusal of additional surgery. In our
experience, we treated seven metastatic patients: two had
pulmonary metastases, three had bone metastases, one had liver
metastases, and one had brain metastases. Of the two patients with
lung metastases, one was a young patient for whom the diagnosis
of DTC was made through the removal of a solitary pulmonary
nodule, with pathological examination showing PTCmetastasis as
a result. Then, only a single sub-centimetre nodule was found
during neck ultrasound and she underwent total thyroidectomy
with central neck dissection. After these two interventions, she
underwent RAI with no evidence of further lesions. She remains
disease free at her 89-month follow-up. The other one showed
multiple pulmonary areas of uptake at post-thyroidectomy 131I
total body scan, after total thyroidectomy for follicular carcinoma.
During a chest CT, she showed multiple micro-metastases. She
underwent three cycles of RAI therapy. She is alive and persistent
but reduced for many metastases at the 125-month follow-up. Of
the three patients with bone metastases, two were treated: patients
with ADTC are treated by RAI. The dose of RAI, the number of
treatments, and the time between treatments should be
personalized depending on unique patient characteristics such as
disease response to therapy, patient’s age, and the onset of side
effects (i.e., radiation lung damage, bone-marrow suppression, and
salivary gland damage). Therapy should be repeated at least 6–12
months after the previous treatment (5). Finally, systemic therapy
may be considered in patients with locally advanced and/or
metastatic RAI refractory disease not suitable for local therapies
with the purpose to reduce tumour growth and/or metastatic
spread (43). The first-line systemic therapy is represented by the
multikinase inhibitors lenvatinib and sorafenib, approved by
FDA and EMA (44–49). In our series, we have two patients
enrolled by endocrinologists for systemic therapy with
lenvatinib, as described before: one for local advanced and
metastatic disease who refused intervention and the other for
multiple recurrent metastatic DTCs (4). Nowadays, traditional
chemotherapy is indicated only in selected cases: when
multikinase inhibitors are ineffective or cannot be used. If 131I-
refractory, metastatic patients should be maintained only with
TSH-suppressive thyroid hormone therapy if they are
asymptomatic or stable or have a minimally progressive disease
without clinically significant complications. These patients need
serial radiographic imaging every 3–12 months (9).
Frontiers in Oncology | www.frontiersin.org 7
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In the case of locally and/or metastatic ADTC, there are many
therapeutic options available. The best treatment modality must
take into consideration various aspects related to the patient and
the pathology at hand. Moreover, the benefits of surgical excision
of a slow-evolving tumour, such as DTC, in terms of local
control, risk of persistence/recurrence, and survival, must
always be carefully weighed against the morbidity of surgery,
which may require aggressive resection of extrathyroidal tissues.
For these reasons, a single standardized approach for local and/
or metastatic ADTC could not be established, but rather a
tailored treatment must be defined for each patient. The best
treatment certainly requires a multidisciplinary group, consisting
of an endocrinologist, an expert endocrine surgeon, an
otolaryngologist, a radiologist, a nuclear medicine doctor, and
an oncologist, all operating in a high-volume centre. Multicentre
studies from high-volume centres would be desirable, to
optimize the choice of various therapeutic options discussed
before, and to offer the best tailored treatment to the patients
affected with locally and/or metastatic ADTC.
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