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Abstract

The growing detection of papillary thyroid microcarcinomas
(PTMCs) is paralleled by an increase in surgical procedures.
Dueto the frequentindolent nature, cost, and risk of surgery,
active surveillance (AS) and ultrasound-guided minimally in-
vasive treatments (MITs) are in suitable cases of incidental
PTMC proposed as alternatives to thyroidectomy.

Surgery and radioiodine are the established treatments for
relapsing cervical differentiated thyroid carcinoma (DTC)
metastases. But radioiodine refractoriness, risk of surgical
complications, adverse influence on quality of life, or de-
clining repeat surgery have led to AS and MIT being con-
sidered as alternatives for slow-growing DTC nodal metas-
tases. Also, for distant radioiodine-refractory metastases
not amenable to surgery, MIT is proposed as part of a mul-
timodality therapeutic approach. The European Thyroid
Association and the Cardiovascular and Interventional Ra-
diological Society of Europe commissioned these guide-
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lines for the appropriate use of MIT. Based on a systematic
PubMed search, an evidence-based approach was applied,
and both knowledge and practical experience of the panel-
ists were incorporated to develop the manuscript and the
specific recommendations. We recommend that when
weighing between surgery, radioiodine, AS, or MIT for DTC,
a multidisciplinary team including members with expertise
in interventional radiology assess the demographic, clini-
cal, histological, and imaging characteristics for appropri-
ate selection of patients eligible for MIT. Consider TA in
low-risk PTMC patients who are at surgical risk, have short
life expectancy, relevant comorbidities, or are unwilling to
undergo surgery or AS. As laser ablation, radiofrequency
ablation, and microwave ablation are similarly safe and ef-
fective thermal ablation (TA) techniques, the choice should
be based on the specific competences and resources of the
centers. Use of ethanol ablation and high-intensity focused
ultrasound is not recommended for PTMC treatment. Con-
sider MIT as an alternative to surgical neck dissection in
patients with radioiodine refractory cervical recurrences
who are at surgical risk or decline further surgery. Factors
that favor MIT are previous neck dissection, presence of
surgical complications, small size metastases, and <4 in-
volved latero-cervical lymph nodes. Consider TA among
treatment options in patients with unresectable oligomet-
astatic or oligoprogressive distant metastases to achieve
local tumor control or pain palliation. Consider TA, in com-
bination with bone consolidation and external beam radia-
tion therapy, as a treatment option for painful bone metas-
tases not amenable to other established treatments.

© 2021 European Thyroid Association
Published by S. Karger AG, Basel

Scope of the Document

During the last decades, the incidence of differentiated
thyroid cancer (DTC) is continuously rising in Europe
and is estimated as high as 9 and 3 cases per 100,000 per-
son-years in the female and male population, respectively
[1]. Even if epidemiological differences are reported
among different countries, papillary thyroid cancer
(PTC) represents 80-85% and follicular cancer about
5-10% of cases, while medullary and anaplastic cancer
account for the remaining [2]. Most DTCs are not aggres-
sive tumors, as the disease-specific mortality rate is 0.7
and 0.5% per 100,000 person-years for women and men,
respectively [1]. After successful initial treatment, local
recurrences of PTC were registered during a 10-year fol-
low-up in about 1.4% of patients and most of them oc-
curred within 8 years [3]. However, the risk of recurrence
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or persistent structural disease rapidly increases in pa-
tients with advanced stage at diagnosis. Disease persis-
tence or relapse are expected in <5, 6-20, and >20% of
patients classified as low, intermediate, or high risk, re-
spectively, according to the ATA risk of recurrence stag-
ing system [4].

So, the majority of DTCs are successfully cured with
initial surgical treatment, followed, if needed, by radioio-
dine ablation (RAI) [4]. But, a few issues remain unset-
tled.

The growing incidental detection of papillary thyroid
microcarcinomas (PTMCs) is paralleled by the progres-
sive increase in surgical thyroid procedures [5]. Due to
the frequently indolent nature of PTMC and the cost and
risk of surgery, active surveillance (AS) and ultrasound
(US)-guided minimally invasive treatments (MITs) are
proposed as alternative management options to thyroid-
ectomy for selected incidental PTMC [4, 6-8].

Moreover, after complete surgical resection, a follow-
up by US may detect local recurrence in up to 7% of DTC
as a whole and in up to 2.4% of PTMC patients [9, 10].
Repeat compartment-oriented surgery is the established
therapeutic approach for DTC metastases which progres-
sively grow during follow-up, but lymphadenectomy re-
sults in biochemical remission only in 21-61% of these
patients [11, 12]. Also, management problems may occur
because of the absence of radioiodine uptake, the in-
creased risk of surgical complications, the unfavorable in-
fluence of further surgery on quality of life, or the pa-
tient’s declining repeat surgery after previous neck dis-
section. For these reasons, and the frequently indolent
course of DTC lymph-node recurrences, current thyroid
cancer guidelines suggest considering AS for cervical
nodal metastases with a diameter <10 mm that appear as
slow-growing [4]. As an alternative option, various im-
age-guided MITs are now proposed as outpatient therapy
of incidentally found indolent cervical DTC recurrences
[13].

DTCs can result in distant metastases in up to 10% of
cases, with lung and bone representing the 2 most com-
monly involved organs [14]. Various therapy options are
currently available in metastatic patients, including RAI
treatment, tyrosine-kinase inhibitors, surgery, radiation
therapy (external beam radiation therapy [EBRT]), and
MIT [15]. MIT is proposed in the multidisciplinary ap-
proach to patients with RAI refractory metastatic thyroid
cancer who are fragile or not amenable to surgery, with
the aim of achieving local control and/or pain palliation
with minimal invasiveness of lung, bone, and liver dis-
ease.
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Currently, the major thyroid cancer guidelines dedi-
cate only a marginal attention to the use of MIT for ma-
lignant thyroid disease management [4, 16]. As the avail-
able information and the technical resources are rapidly
evolving in this area [17], scope of the present guideline
is to provide a clinical practice guide for the appropriate
use of MIT, based on the best available scientific evidence
and the authors’ expertise.

Methodology and Grading of Evidence

The Executive Committees of the European Thyroid
Association (ETA) and the Cardiovascular and Interven-
tional Radiological Society of Europe (CIRSE) commis-
sioned development of these guidelines to a task force led
by 3 chairpersons (L.H., G.M., and E.P.). This team pro-
posed a group of other 8 authors (4 from CIRSE and 4
from ETA) to compose the guideline panel. The proposal
was based on clinical experience, scholarly approach, be-
ing an ETA or/a CIRSE member, and willingness to par-
ticipate. The ETA and CIRSE guideline boards approved
the composition of this team.

The relevant literature was taken into consideration
using a systematic PubMed search. An evidence-based
approach was applied, and both the knowledge and the
practical experience of the panelists were incorporated to
develop the manuscript and the specific recommenda-
tions. The Grading of Recommendations, Assessment,
Development, and Evaluation system was used when rat-
ing the strength of the recommendations and the quality
of evidence [18].

In accordance with previous guidelines, we used the
following coding system: strong recommendation indi-
cated by 1 and weak recommendation, or suggestion, in-
dicated by 2. The evidence grading is given as follows:
very-low-quality (Q000), low-quality (@@0OO0), mod-
erate-quality (QQQO), and high-quality evidence
(QODP). An electronic questionnaire was built on the
Google Forms platform (Google LLC, Mountain View,
CA, USA) and was disseminated to all participants and 2
Delphi rounds were performed to assess consensus.

Following discussions and after the task force had
reached consensus, the draft was sent to the Guideline
Boards for comments and thereafter posted on the ETA
websites for 4 weeks for critical evaluation by the mem-
bers. The received comments were evaluated by the au-
thors and the guideline board, and the resulting changes
were incorporated into the final document before sub-
mission to the European Thyroid Journal.

ETA-CIRSE Guideline on MIT in
Malignant Thyroid Lesions

Techniques for Image-Guided Ablation of Thyroid
Lesions: An Overview

Asarule, before MIT, the diagnosis of DTC recurrence
must be confirmed by fine needle aspiration or core-nee-
dle biopsy.Local anesthesia, with or without conscious se-
dation depending on the patients’ wish, is preferred for
the ablation of PTMC, cervical lymph-node metastases,
and distant metastases in case of short procedural times.
General anesthesia is preferred for the ablation of distant
metastases requiring protracted treatment time (over 60
min).

Ethanol Ablation

Ethanol affects the tissues by inducing coagulative ne-
crosis and endothelial damage resulting in thrombosis of
small vessels, ischemic injury, and permanent tissue abla-
tion. 21-27-gauge (G) needles are used, attached toa 1-5
mL syringe containing 95-99.9% ethanol. Small amounts
(0.1-0.5 mL) of ethanol are slowly injected, according to
size and shape of the lesion to be treated, with constant
US monitoring of the diffusion. Local anesthesia is gener-
ally used before ethanol ablation (EA). Immediately after
the injection of ethanol, the treated area becomes echo-
genic on US, masking the needle tip and blurring the im-
age of the area. After 1-3 min, the echogenic area decreas-
es, and the needle tip is eventually repositioned into an
untreated zone. Ethanol injections are repeated until the
entire targeted tissue appears completely treated. Ethanol
leakage outside the lesion may occur, resulting in severe
pain and requiring the immediate cessation of injection
[19-21].

Thermal Ablation

Laser Ablation

Laser is a focused beam of light energy, usually gener-
atedbyadiodeoraNd:YAG source and delivered through
an optical fiber into the target tissue [22-24]. In laser ab-
lation (LA), the optical fibers are inserted through a 21 G
flexible guiding needle. The number of fibers to be in-
serted and the path to be followed are planned by the op-
erator according to size and shape of the target lesion.
Needle insertion along the major axis of the target lesion
allows a repeat pullback for multiple illuminations. Injec-
tion of sterile saline or glucose solution around the target
lesion can be performed to obtain a safety distance be-
tween the lesion and surrounding critical structures (“hy-
drodissection”). Hyperechoic signals, due to the forma-
tion of gas microbubbles, occurs during the ablation pro-
cess, reflecting the heat-induced changes of the tissue.
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Most often, a fixed power protocol is used with LA,
changing the total amount of energy delivered according
to target tumor size and US modifications [25, 26].

Radiofrequency Ablation

An alternating electric current is applied to the target
tissue via an electrode needle. The electric current rap-
idly oscillates tissue ions, creating frictional heating in ar-
eas of high current density adjacent to the electrode. Ad-
ditional growth of the ablation zone is primarily due to
thermal diffusion [13, 27]. Monopolar electrodes, with
collecting pads and bipolar devices, without pads, are
available [27, 28]. Short (7-10 cm length) and thin (17-19
G) devices, appropriate for use in the neck region, are also
available. Hydrodissection with a glucose solution can be
used to increase the safety of the procedure. The electrode
is introduced under US guidance into the target lesion,
and in large lesions, a continuous repositioning of the ap-
plicator (“moving shot” technique) is performed to ablate
the entire lesion [27, 28]. The appearance of hyperechoic
signals close to the electrode tip indicates the develop-
ment of tissue changes, while a steep rise in tissue imped-
ance demonstrates the achievement of tissue necrosis [27,
28].

Microwave Ablation

With microwave ablation (MWA), high-frequency
(MHz to GHz range) electromagnetic energy passes un-
impeded into the tissue and induces hyperthermia by rap-
id oscillation of water molecules. This direct tissue heat-
ing is less susceptible to the perfusion cooling of blood
supply, thereby allowing larger volume and more consis-
tent tissue necrosis. The technique is otherwise identical
to RFA, by means of probe introduction into the lesion
under US guidance, followed by tumor coverage via mul-
tiple overlapping burns. Internally cooled antennas re-
quire a single low-loss cable and 14-17 G probes. Probe
dimension is chosen according to the target tumor to be
treated (either superficial neck lesions or deep liver/lung/
bone metastases) [29, 30].

Cryoablation

Localized tissue necrosis is achieved by inducing tissue
hypothermia down to —40 to —140°C. Inside the needle
probes, pressured gas (most frequently argon) passes
through a narrow channel and is released within the de-
vice tip. Expansion of the gas causes rapid cooling via the
Joule-Thompson effect, and an “ice ball” is formed in the
adjacent tissue. Probes producing ice balls of various siz-
es are available which can be combined to produce a treat-
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ment volume which conforms to the target tumor. The ice
ball is readily visible on computerized tomography and
magnetic resonance and, less distinctly, with US exami-
nation, thus allowing intraprocedural monitoring - par-
ticularly useful when treating lesions close to critical
structures. In cases at risk of complications, and for the
protection of the skin in superficial tumors, hydrodissec-
tion should be preliminarily performed as for the heat-
related techniques.

The mechanism of tissue injury is incompletely under-
stood, but osmotic insult, cell wall crystal injury, and mi-
crovascular thrombosis may all contribute to ablation.
Unlike hyperthermia-induced necrosis, there is less dis-
ruption of the tissue architecture, partly reducing the risk
of vascular and nerve injury, even if major complications
may occur [31, 32]. This technique is generally less pain-
ful than heat-based technologies and is especially suitable
for the treatment of superficial tumors on an outpatient
basis.

The complication rate is not negligible after cryoabla-
tion. Pneumothorax, pleural effusion, and hemoptysis are
reported in 61.7, 70.5, and 36.8% of lung cancer treat-
ments [33]. In a recent series of 23 patients with painful
sacral metastases treated with either RFA or cryoablation,
no major complications occurred, but the frequency of
minor complications was 23% [34].

High-Intensity Focused Ultrasound Ablation

High-intensity focused ultrasound ablation is the only
completely noninvasive ablation technique. Ultrasonic
energy, in the 20 kHz-200 Mhz range, induces molecular
vibration, frictional heating, and cavitation. By focusing
the energy from a probe outside the patient into a small
volume, tissue destruction can be achieved within the tar-
get tumor without affecting intervening structures. Mul-
tiple overlapping ablation volumes may allow a complete
target ablation. Care must be taken to avoid subtotal
treatment because computerized control may prevent the
ablation of peripheral areas close to critical structures [35,
36].

Criteria for the Selection of Oncologic Patients Who
Are Candidates for Minimally Invasive Treatment or
a Multimodality Approach

Indications for image-guided MITs in thyroid malig-
nancies should be evaluated by a multidisciplinary team
including experts in both traditional and image-guided
interventional treatment modalities [13]. The choice of
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the appropriate MIT procedure, whether EA, LA, RFA,
MWA, or high-intensity focused ultrasound ablation, de-
pends on type and location of tumor, the team’s experi-
ence, local technical resources, and the patients’ charac-
teristics [37]. Patients should always be informed about
advantages and limitations of MIT in comparison with
the other management options.

The use of MIT may be considered in patients with
DTC in the following conditions:

1. PTMC

2. Unresectable thyroid cancer

3. Neck lymph-node recurrences of DTC
4. Distant metastases

In incidentally discovered low-risk PTMC in pa-
tients who are not eligible for or decline surgery, MIT
may be considered as an alternative option to AS [38-
42]. A cytology suspicion of aggressive subtypes of thy-
roid carcinoma (e.g., tall cell, insular, and columnar
cell), imaging detection of extrathyroidal growth or
multiple neoplastic foci, presence of lymph node or dis-
tant metastases, and/or a worrisome molecular pattern
(e.g., the detection of TERT promoter and TP53 muta-
tions) contraindicate the use of MIT [38-42]. More-
over, due to the absence of comorbidities, higher risk of
lymph node metastases and need of life-long follow-up,
immediate surgery remains the best therapeutic ap-
proach to young subjects [40].

In patients with unresectable thyroid cancer, MIT
should be considered as a palliative procedure for rapidly
decreasing tumor burden and improving local symp-
toms, mainly in the context of multimodality treatment
[43-45]. In patients with progressive RAI refractory cer-
vical recurrences, who are at surgical risk or decline fur-
ther surgery, MIT may be employed as an alternative to
surgical neck dissection. MIT should be mainly consid-
ered in fragile patients with limited life expectancy, previ-
ous neck dissection, surgical complications, small size
(<20 mm) metastases, and limited number (<4) of in-
volved lymph nodes in the latero-cervical compartments
[26, 29, 30, 46, 47]. TA should be discouraged, except for
palliative purposes, in patients with extensive lymph node
involvement, central recurrences, evidence of radioio-
dine uptake, or clinical and histological factors suggesting
an aggressive disease.

In selected patients with distant RAI refractory me-
tastases from DTC, MIT may be proposed within the
multimodality approach to advanced disease, with pal-
liative intent (i.e., symptom relief) or in selected cases to
achieve local tumor control. TA is, in particular, indi-
cated in patients with bone metastases that are resistant

ETA-CIRSE Guideline on MIT in
Malignant Thyroid Lesions

to, or that could successively use, EBRT for preventing
adverse skeletal events or for delaying systemic treat-
ment [48, 49].

Clinical Use in Thyroid Malignancies

Primary Thyroid Cancer

MIT has been applied in the treatment of primary thy-
roid cancer, mainly in patients with incidentally diag-
nosed PTMC [40, 44, 50-54] and only rarely in patients
with other types of primary thyroid tumors [43-45].

Papillary Thyroid Microcarcinoma

Due to the frequent indolent nature of PTMC, and the
cost and risk of surgery, AS and MIT are considered as
alternative management options to thyroidectomy for in-
cidental PTMC [8, 55, 56]. Since the first feasibility study
using laser for nonsurgical management of PTMC [57],
US-guided treatments with laser, RFA, and MWA have
been documented by several centers [40, 44, 50-54].
Three systematic reviews and meta-analyses have provid-
ed high-quality evidence of the efficacy and safety of RFA,
MWA, and LA. The first study, based on 503 PTMCs with
follow-up ranging from 8 to 53 months, demonstrated
neither local tumor recurrence nor distant metastases af-
ter TA [6]. Cervical lymph node metastases were detect-
ed, at 24 and 30 months, respectively, in 2 patients (0.4%).
There were no major complications, and minor compli-
cations (transient dysphonia, intrathyroidal bleeding,
and parenchymal edema) ranged from 3.4 t0 19.0% [6]. A
second meta-analysis, including 715 patients with follow-
up ranging from 8 to 26 months, registered complete dis-
appearance in 57.6% of treated PTMC. Scar-like rem-
nants, devoid of viable cancer cells at FNA, were observed
in the remaining cases. Major (persistent dysphonia) and
minor complications were reported in 0.7 and 3.2% of
cases, respectively, with a 0.4% local recurrence rate [7].
A third meta-analysis, analyzing results of RFA, MWA,
and LA in 1,284 PTMCs, demonstrated that complete dis-
appearance was the highest (76.2%) and recurrence rate
the lowest (0.01%) after RFA, compared with the other 2
methods, although not statistically significant. Converse-
ly, the complication rate was lower with LA (0.9%) than
with RFA (1.7%) and MWA (6.0%). No distant metasta-
ses occurred during the 7.8 months median follow-up
[41]. Notably, in the reported meta-analysis, the follow-
up was generally short for thyroid cancer surveillance,
and the authors never mentioned the thyroglobulin level.
Randomized head-to-head trials of TA versus surgery are
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lacking but recent studies report the outcomes of large
retrospective series. Ninety-four patients treated with
RFA were compared to 80 patients treated surgically dur-
ing the same period [58]. After 5 years of follow-up, clin-
ical outcomes were similar but procedure time, hospital
stay, and cost of RFA were lower than those with surgery.
The surgery group had significantly more major compli-
cations and lower posttreatment thyroid-related quality
of life. In another study, 81 patients were treated with ei-
ther surgery or LA with a 49-month mean follow-up;
94.4% of the ablated lesions completely disappeared and
5.6% remained as scar-like zones. Complication rates and
recurrence rates did not differ significantly between the
LA (2.8 and 5.6%, respectively) and the surgical group
(6.7 and 6.7%, respectively). Mean hospital stay and pro-
cedure time were also shorter in the LA group. No distant
metastases occurred in either group [59]. Robust com-
parative data are available in 2 meta-analyses. The first,
including 867 patients, demonstrated that recurrence rate
and recurrence-free survival following TA and surgery
were similar, but that TA had a significantly lower com-
plication rate (odds ratio [OR] 0.24), postoperative length
of stay, and costs (pooled standard mean difference —1.69)
[60]. The second meta-analysis, involving 1,289 patients,
demonstrated that the risk of hoarseness (OR 0.33), late
hypothyroidism (OR 0.31), and postoperative pain (OR
0.35) was lower and the hospitalization time was shorter
(SMD -4.01) in the TA group. The TA group also ob-
tained a better cosmetic result while other symptomatol-
ogy did not differ significantly compared to surgery [61].

EA was employed from 2010 to 2017, in a small series
of 15 patients with PTMC. After ethanol injection, tumor
shrinkage and absence of Doppler flow was demonstrated
in all cases. Neither major complications nor local recur-
rence or nodal metastases were reported [62].

AS has been proposed as an alternative to immediate
surgery for PTMC, balancing the low probability of can-
cer progression, with prevention of surgical complica-
tions and late hypothyroidism [55]. No head-to-head
comparison of TA versus AS is available, but the advan-
tage of the ablation of the neoplastic area is potentially
relevant. During a 5-year AS period, linear growth of
PTMC volume has been reported in 12-23% of cases,
while a minority of patients, especially among the young,
developed extrathyroidal spread and cervical metastases
after several years of observation [56, 63, 64]. Finally, as
from 8.7 to 32.0% of patients in AS programs undergo
delayed surgery for reasons unrelated to cancer growth
[6], TA could also prevent the anxiety caused by aware-
ness of harboring a tumor which may grow and eventu-
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ally need more aggressive surgical removal [65]. The
main advantages of TA are the possibility of offering an
active treatment, which seems to be as effective as surgical
removal, in an outpatient setting, with reduced invasive-
ness, no need of general anesthesia, and low risk of com-
plications and hypothyroidism [17].

Unresectable Thyroid Cancer

A different scenario is represented by using MIT for
tumor volume reduction and control of threatening local
symptoms in unresectable primary DTC, medullary, or
anaplastic carcinomas. Few data are available on this top-
ic, but a mean volume reduction of 51% was observed in
a series of inoperable DTCs. Importantly, RFA was not
effective if the tumors had overt vascular encasement or
massive calcification due to the difficult approach and the
insufficient burden ablation [66]. In alarge series of DTCs
invading the airways, the volume reduction rate was
81.2% and complete disappearance rate, 72.1% (mean fol-
low-up, 47.9 months). The efficacy decreased significant-
ly according to the degree of tracheal abutment of the
tumors [35].

Both LA and RFA may be used for the management of
medullary thyroid cancer in patients not amenable to sur-
gery [67, 68]. A few case reports demonstrated the effi-
cacy of TA for short-term local control of medullary thy-
roid cancer, but the available evidence is still limited.

The feasibility of LA has been also reported for some
anaplastic thyroid cancers, usually with minor short-term
effects on symptoms and without effects on thyroid vol-
ume reduction [43-45]. Thus, treatment of inoperable
anaplastic or medullary thyroid carcinoma with TA is
characterized by inconsistent outcomes, and it should be
considered only in patients with no other possible option,
with palliative intent. In these cases, MIT may be part of
amultimodality approach to advanced thyroid cancer but
should never delay the use of systemic therapy and EBRT
for this deadly disease (Tables 1, 2).

Follicular Neoplasms

Few reports consider the use of TA for thyroid nodules
with a cytological diagnosis of follicular neoplasm. In a
5-year follow-up study, 8 of 10 follicular lesions <2.0 cm
in largest diameter completely disappeared, and 2 showed
97% volume reduction after RFA. There were no recur-
rences or distant metastases during the follow-up period
[69]. In a second study, 6 thyroid lesions with follicular
cytology and negative BRAF and NRAS molecular testing
were treated with RFA and followed up until 24 months
[70]. Two lesions regrew after treatment and were surgi-
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Table 1. Indications for use of MITs in PTMCs

Factors favoring thermal ablation

Factors favoring surgery

Demographics

Old age

Relevant comorbidities

No family history of aggressive forms
Contralateral vocal cord palsy
Refusal of surgery

Demographics
Young age

No comorbidities
Familial form

Cytology
Papillary carcinoma classical variant

Cytology
Worrisome cytology features

High-risk molecular pattern

US examination

Central location

Well defined margins

Absence of capsular contact

Solitary thyroid lesion

No evidence of extrathyroidal spread

US examination
Subcapsular location
Posterior location
Paratracheal location
Multinodular goiter
Extrathyroidal spread

Technical resources

Expertise in US-guided ablation procedures

Technical resources
High-volume thyroid surgery

MITs, minimally invasive treatments; PTMCs, papillary thyroid microcarcinomas; US, ultrasound.

cally excised. Histological examination revealed a follicu-
lar carcinoma and a follicular neoplasm of indeterminate
malignant behavior. Therefore, surgery remains the es-
tablished standard of care for the management of thyroid
nodules with Bethesda IV cytology because of the risk of
delayed diagnosis, and distant metastasis, in those follicu-
lar lesions that correspond to follicular thyroid cancers.
TA should be restricted to patients with follicular lesions
who are at surgical risk and present favorable US features
and negative molecular testing as an alternative to clinical
surveillance.

Neck Recurrences of Thyroid Cancer

The majority of DTCs are successfully cured with ini-
tial surgical treatment, followed, if needed, by RAI abla-
tion [15]. Even after apparently successful treatment, re-
currence can occur in the thyroid bed and/or as nodal
metastases. Repeat compartment-oriented surgery is the
established therapeutic approach for DTC recurrences
but lymphadenectomy results in biochemical and struc-
tural remission only in some of these patients [71]. Thus,
AS and MIT can be considered an alternative to surgery
for selected patients with cervical DTC metastases [15].

EA has been reported as effective in local disease con-
trol in a few single-center case series [19, 72, 73]. The larg-
est retrospective study, including 109 neck lymph node
metastases, with a 38-month median follow-up, demon-

ETA-CIRSE Guideline on MIT in
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strated complete response in 84% [19]. Up to 5 EA ses-
sions were needed for complete ablation and, despite re-
porting no major complications, local pain and side ef-
fects may occur frequently. The major limitations of EA
are the uneven and unpredictable area of ablation and risk
of ethanol seeping into neck tissues [8]. A retrospective
study comparing the outcomes of 42 patients with recur-
rence of DTC, treated either with EA or RFA, found no
recurrences in the RFA group (61 months follow-up),
while 5 of 21 (23%) metastases had local progression at
4-11 months after EA [74]. Retrospective and prospec-
tive studies have demonstrated efficacy of RFA, LA, and
MWA for local control of DTC recurrence [29,47, 75, 76].
A 2016 meta-analysis, including 255 metastatic lesions
treated with US-guided RFA, demonstrated a significant
tumor volume decrease at 6 months follow-up [77]. A
second meta-analysis, evaluating the efficacy and safety
of RFA and EA for treating locally recurrent thyroid can-
cer, included 415 thyroid lesions [78]. The complete dis-
appearance rate after RFA was 68.8% and the recurrence
rate, 0.0%, with a complication rate of 1.6%.
Head-to-head prospective studies of TA versus sur-
gery are unavailable, but a few papers retrospectively
compared the outcomes of RFA and surgical neck dissec-
tion. In a study in patients with <20-mm cervical DTC
recurrences, 27 treated with RFA and 46 treated with sur-
gery, the 3-year recurrence-free survival was similar in
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Table 2. Summary of recommendations

Summary of recommendations

Recommendation 1
Consider the use of image-guided MITs in the multimodal approach to patients with thyroid cancer. Strength of recommendation 1;
evidence @DOO. Strong agreement (11/11, 100%)

Recommendation 2

A multidisciplinary team, which includes members with specific expertise in MIT, perform the selection of patients eligible for MIT
based on the patient’s clinical, demographic, and imaging characteristics. Strength of recommendation 1; evidence @@0O. Strong
agreement (11/11, 100%)

Recommendation 3
Select the MIT modality based on involved organ(s), staging of the disease, patient characteristics and preferences, and specific
competences and resources at the treating center. Strength of recommendation 1; evidence @@OO. Strong agreement (11/11, 100%)

Recommendation 4
Inform patients about MIT feasibility and its advantages and limitations in comparison with the other management strategies.
Strength of recommendation 1*; evidence @OOO. Strong agreement (11/11, 100%)

Recommendation 5

Consider the use of image-guided TA for patients with low-risk PTMC, mainly if the patient is at surgical risk, is expected to have
short life expectancy, has comorbidities that need to be prioritized before thyroid surgery, or is unwilling to undergo surgery or AS.
Strength of recommendation 1; evidence @@OO. Strong agreement (11/11, 100%)

Recommendation 6
Inform patients with incidentally discovered PTMC who are suitable for AS about TA as a therapeutic alternative to immediate
surgery or AS. Strength of recommendation 1*, evidence @OOO. Strong agreement (11/11, 100%)

Recommendation 7

Inform patients with PTMC about advantages and limitations of TA in comparison with the other management options and the need
of protracted clinical and US follow-up for ruling out potential loco-regional recurrences. Strength of recommendation 1; evidence
DOOO0. Strong agreement (11/11, 100%)

Recommendation 8

Choose treatment modality based on specific competences and resources at the individual center, because LA, RFA, and MWA are
similarly safe and effective TA techniques for low-risk PTMC. Strength of recommendation 1; evidence @@OO. Strong agreement
(11/11; 100%)

Recommendation 9
Abstain from using EA and HIFU for PTMC treatment, due to insufficient evidence and technical limitations. Strength of
recommendation 1*; evidence @OOO. Strong agreement (11/11, 100%)

Recommendation 10
Consider MIT for palliative purposes, preferentially in the context of a multimodality approach, in patients with primary thyroid
cancer, other than low-risk PTMC. Strength of recommendation 2*; evidence @OOO. Strong agreement (11/11, 100%)

Recommendation 11
Consider MIT as an alternative option to surgical neck dissection in patients with radioiodine refractory cervical recurrences who are
at surgical risk or decline further surgery. Strength of recommendation 1; evidence @@0O. Strong agreement (11/11, 100%)

Recommendation 12
Confirm the diagnosis of DTC recurrence by fine needle aspiration or core-needle biopsy before MIT. Strength of recommendation 1;
evidence @@OO. Strong agreement (11/11, 100%)

Recommendation 13

Consider the following clinical factors as favoring MIT for DTC: cervical recurrences, a previous surgical neck dissection, presence of
surgical complications, small size metastases, and limited latero-cervical lymph node involvement. Strength of reccommendation 1;
evidence @D0O. Strong agreement (11/11, 100%)

Recommendation 14

Consider MIT only for palliative purposes in DTC recurrences with extensive lymph node involvement, central location, evidence of
radioiodine uptake, and clinical and histological factors suggestive of aggressive disease. Strength of recommendation 1; evidence
OWOO. Strong agreement (11/11, 100%)
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Table 2 (continued)

Summary of recommendations

Recommendation 15
Consider TA among the treatment options in patients with oligometastatic or oligoprogressive disease, to achieve local tumor control
or pain palliation. Strength of recommendation 1; evidence @@OO. Strong agreement (11/11, 100%)

Recommendation 16

Consider TA for the palliative treatment of painful bone metastases. Ablation may be proposed alone or in combination with bone
consolidation and EBRT to improve the clinical outcome. Strength of recommendation 1; evidence @@OO. Strong agreement (11/11,
100%)

Recommendation 17
Consider TA, alone or in combination with EBRT, with a local curative intent for <20 mm bone metastases. Strength of
recommendation 2*, evidence @OOO. Strong agreement (11/11, 100%)

Recommendation 18
Consider TA for residual RAI-refractory oligo-metastatic lung (sized <2 cm) and liver (sized <3 cm) DTC metastases, preferentially in
the context of a multimodality approach. Strength of recommendation 1; evidence @OOO. Strong agreement (11/11, 100%)

MITs, minimally invasive treatments; TA, thermal ablation; PTMC, papillary thyroid microcarcinoma; AS, active surveillance; US,
ultrasound; LA, laser ablation; RFA, radiofrequency ablation; MW A, microwave ablation; EA, ethanol ablation; HIFU, high-intensity
focused ultrasound; DTC, differentiated thyroid carcinoma; EBRT, external beam radiation therapy. * The strength of this recommen-
dation was considered as appropriate by the panel of experts though, for evident reasons, the evidence level was not based on prospective

randomized setting.

the 2 groups (96.0 and 92.6%, respectively). Major com-
plications, mostly hypocalcemia, occurred only in the re-
operated group [76]. In a long-term retrospective study,
with propensity score adjustment, 2 cohorts of 70 patients
with locally recurrent thyroid cancer underwent either
RFA or repeat surgery. The recurrence-free survival rates
in the RFA and in the surgery groups were similar (89.4
vs. 94.5% at 6 years, respectively) with no significant dif-
ferences in mean posttreatment serum Tg levels. Hypo-
calcaemia and overall complication rates were signifi-
cantly higher in the surgery group (7 cases in the RFA vs.
27 cases in the surgery group) [79].

LA was reported feasible in RAI refractory cervical
DTC recurrence following cervical lymph-node dissec-
tion. A prospective trial in 8 non-RAI-avid cervical recur-
rences demonstrated a mean volume decrease from 0.64
to 0.07 mL at 12-months, with undetectable Tg levels in
60% of cases [75]. In 46 18FDG-PET/computerized to-
mography-positive nodal metastases followed up for 30
months [46], local control was obtained in 40 of 46
(86.9%) lymph nodes, with no detectable residual disease
in 79% of patients.

Also, efficacy of LA was demonstrated in a patient with
medullary thyroid cancer recurrence [26]. In a retrospec-
tive study of 24 lymph node metastases of PTC treated
with MWA, nearly complete disappearance was achieved
with no late recurrence reported during a 32-month fol-

ETA-CIRSE Guideline on MIT in
Malignant Thyroid Lesions

low-up [30]. A prospective study of 23 cervical PTC re-
currences, with an up to 18-month follow-up, demon-
strated a 91% mean volume reduction at the final follow-
up. Complete disappearance in 30.4% and persistence as
scar-like areas in 52.2% were reported. One patient expe-
rienced transient dysphonia, but no permanent compli-
cations occurred [29].

Notably, TA of thyroid cancer metastases is followed
by a rapid increase of serum Tg levels during the follow-
ing 48 h. After complete destruction of lymph node me-
tastases, serum Tg progressively decreases to undetect-
able levels and becomes a sensitive blood marker for
monitoring potential disease relapse [25, 75]. Similarly,
serum calcitonin level may be used as an effective marker
for monitoring the local control of medullary thyroid
cancer metastases after thermal ablation of nodal recur-
rences [26].

Distant Metastases

Follicular and, to a lesser extent, papillary thyroid car-
cinomas result in distant metastases in up to 10% of cases,
with lung and bone representing the 2 most commonly
involved organs [14]. Various therapy options are cur-
rently available in metastatic patients, including RAI
treatment, tyrosine-kinase inhibitors, surgery, EBRT, and
MIT [15]. MIT is proposed in the multidisciplinary ap-
proach to patients with RAI refractory metastatic thyroid
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cancer who are fragile or not amenable to surgery. The
aim being local disease control in oligometastatic or oli-
goprogressive patients and/or pain palliation with mini-
mal invasion. However, outcome evidence is limited and
of modest quality.

Lung Metastases

RFA treatment of 1,037 lung metastases from primary
cancers of colon, rectum, kidney, and thyroid (the latter
accounting for only 3%), treated up to 4 times without
major complications, demonstrated progression-free
survival and local tumor progression rates of 40.2 and
13.1%, and 5.9 and 11.0%, at 1 and 4 years, respectively
[80]. Factors associated with poor overall and progres-
sion-free survival were primary disease other than colon
or kidney, disease-free interval <1-year, tumor size >20
mm, and >2 pulmonary metastases. Pneumothorax was
the most common adverse event, occurring in 67% of ab-
lation procedures and requiring treatment in 28% of cas-
es, while the 30-day mortality was 0.35%.

Bone Metastases

The most common site of bone metastases from thy-
roid cancer is the spine, severely affecting the quality of
life and frequently resulting in focal neurologic symp-
toms and pathologic fractures. Treatment options, be-
sides repeated RAI therapy in cases with persistent radio-
iodine uptake, include surgical resection, vertebroplasty,
EBRT, and MIT. In a single-arm prospective multicenter
study [81], RFA significantly relieved pain intensity from
bone metastases at the 3-month follow-up. Three major
adverse effects (refractory pain and neural damages) were
reported. Similarly, a study using cryoablation [82] re-
ported a mean score for worst pain in a 24-h period de-
creasing from 7.1/10 before treatment to 5.1/10 and
1.4/10 at 1- and 24-week follow-up, respectively; 83% of
patients reporting opioid use before cryoablation reduced
their intake during follow-up, and only 1 case of infection
was registered. LA was employed for the management of
6 DTC metastatic lesions resistant to high-dose RAI ther-
apy, followed by EBRT and on opioid analgesics [83]. At
6 months, imaging showed massive reduction of tumor
burden associated with a significant decrease in all pain
variables. No major complications occurred, and daily
opioid requirement significantly decreased. Secondary
fractures represent the most common major adverse
event following bone tumor ablation [84, 85]. Therefore,
TA should be combined, especially for weight-bearing
bones, with bone consolidation by osteoplasty or osteo-
synthesis [86, 87].
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Liver Metastases

There is considerable experience with TA of liver le-
sions, including metastases from different tumors [88,
89]. After RFA in 512 colorectal liver metastases, local
tumor progression-free and overall survival were 72 and
30% at 10 years, and 72 and 28% at 10 and 15 years, re-
spectively [89]. Small ablation margins (<5 mm) and large
tumor size (>2 cm) were factors affecting complete abla-
tion and local tumor progression [88, 89]. Importantly,
major complications following MIT were rare (1-7%)
(88, 89], and percutaneous TA was safely combined with
systemic treatments. Only sporadic reports are available
on TA outcomes in liver metastases of other origins, in-
cluding thyroid cancer. Use of LTA and RFA were de-
scribed in single case-reports [90, 91] as effective for rap-
id tumor burden decrease and associated with marked,
but temporary, symptom improvement. Therefore, TA
should be considered in a multimodality approach to
DTC patients who are at surgical risk and in whom other
treatment modalities are ineffective. Anecdotal reports
are also available for RFA treatment of liver metastases
from medullary thyroid cancer [67].

Concluding Remarks

The major hindrances before implementing these tech-
nologies in the treatment of malignant thyroid disease are
the same as those for benign thyroid disease, which are
primarily, lack of guidelines and access to these technolo-
gies for thyroid disease [92, 93]. Realizing this has been
among the main drivers of the present guideline and the
ambition to establish teaching courses in the near future.
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