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Editorial on the Research Topic

Recent advances in thermal and nonthermal ablative technologies of
the thyroid

The field of thyroidology is rapidly expanding to include alternatives beyond surgery
such as minimally invasive thermal and nonthermal ablative techniques for benign and
carefully selected malignant thyroid nodules. The patient-centered, minimally invasive
approach to thyroid nodules has been used globally for years and is now permeating North
America. The main appeal for these newer approaches is that compared to surgery it avoids
the need for a general anesthetic, an incision, and is associated with a quick recovery and
low risk for hypothyroidism. We compiled a series of articles that reflect this exciting time
in thyroid research with articles that look at different therapeutic and diagnostic approaches
for treating benign and malignant thyroid nodules. Within this diverse set of articles, we
share quality research that looks at ways to individualize treatment ranging from isolating
biomarkers at the microscopic genetic level for autoimmune thyroiditis spanning to novel
diagnostic and clinical approaches for treating thyroid nodules with ablative technologies.

With the introduction of any new procedure, there is always a learning curve to achieve
proficiency. This is a timely topic given the number of new centres bringing thermal
ablation to their institution and wanting safe alternatives for their patients. According to
the literature, physicians with prior experience doing their own thyroid ultrasounds and
ultrasound guided fine needle biopsy (FNA) may have to carry out at least 20-30
radiofrequency ablation (RFA) procedures before reaching a safe and competent level
(1). Chytiris et al., explore this concept further by providing insight into the learning curve
for safely and effectively ablating non-functioning thyroid nodules with the nodule volume
considered. We felt this paper was important since the authors provide guidance to novice
operators on the various factors (such as technical ability and nodule characteristics)
involved in successful and safe ablation.

Ultrasound is the gold standard for risk stratifying whether biopsy is warranted.
Traditional grey scale ultrasound can be ineffective for managing isoechoic thyroid nodules
and ruling out sonographic features of cancer (2). Most of these nodules are benign but can
lead to unnecessary biopsies in the process of ruling out malignancy. Goundan et al. discuss
the use of quantitative ultrasound (QUS) as a novel imaging method to assess the tissue
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microarchitecture of the nodule as a means of further risk stratifying
isoechoic and hypoechoic thyroid nodules. Improving accuracy of
imaging by subtyping the nodule characteristics may lead to less
FNA biopsies, and improved quality of care.

We have included articles that describe methods for ensuring
safety and efficacy when using Radiofrequency ablation (RFA). By
pushing the boundaries and indications of RFA, Teliti et al. ensure
patient safety by monitoring the recurrent laryngeal nerve with
flexible laryngoscopy in the awake patient while using RFA in
bilateral thyroid nodules. As this technology continues to evolve,
innovative techniques emerge to ensure efficacy and safety but also
accuracy. Sarkis et al. use a novel guide when performing RFA of
thyroid nodules to provide a robust in line visualisation of the 7 mm
or 10 mm radiofrequency active probe tip to ensure safety while
near the danger triangle and complete ablation of the conceptual
subunits during RFA to avoid later regrowth. Furthermore,
Chuanke et al. demonstrates long-term volume reduction in up to
6 years post treatment, with stabilization 2 years post treatment.
Comparing preoperative contrast-enhanced ultrasonography
(CEUS) in the target area with postoperative CEUS to ensure
complete ablation particularly along the margins of the nodule is
a useful technique ensuing long-term success. In addition, the use of
percutaneous laser ablation has been shown to effectively reduce
nodule volume and alleviate associated compressive symptoms in
benign nodules. Malik et al. demonstrate sustained reduction long-
term (up to 18 months) post laser ablation with a thin percutaneous
optic fiber creating a predictable zone of coagulation with a type of
image guidance (spatial overlay) for treatment planning to ensure
all zones are equally targeted.

While early studies indicate that thermal ablation does not
appear to compromise the overall survival rate or increase the risk
of recurrence, more extensive long-term data are required to better
understand its role in the management of thyroid cancer. The use of
thermal ablation, such as RFA, in the treatment of low-risk papillary
thyroid carcinoma (PTC) is an area of growing interest. PTC,
particularly in its low-risk form, has a relatively good prognosis,
and many patients may not require aggressive surgical intervention
or treatment at all. For these individuals, thermal ablation may
provide a less invasive option, with the potential to avoid the risks
associated with thyroidectomy. Gong et al. compare the efficacy,
safety and impact on the quality of life between thermal ablation
(RFA and laser) and surgical interventions in patients with papillary
microcarcinoma. A superior quality of life and better functional
outcomes were noted in the thermal ablation group compared to
the surgery group underscoring the need to incorporate such
treatments for low-risk disease.

As the use of RFA expands, its application in low-risk papillary
thyroid carcinoma offers a potentially transformative approach to
treatment, though more long-term data are needed to fully evaluate
its role in oncological management. On the other end of the
spectrum, newer studies continue to push the boundaries of
traditional treatment methods and use creative multimodal
solutions for more aggressive thyroid disease. Wan et al. explore
the clinical benefits of using ultrasound guided '*’lodine seed
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implantation for iodine-refractory differentiated thyroid cancer
(RAIR-DTC). These authors employ a localized treatment to
tumor cells which causes minimal damage to surrounding
structures by emitting energy over a long period of time
compared to doses of external beam radiation which causes lethal
damage to surrounding tissues. Akin to the concept of minimally
invasive thermal ablation, this paper employs other methods for
targeted local tumor ablation with minimal side effects.

Complications can and do happen despite the excellent safety
profile of minimally invasive treatments. Major complications are
rare with minimally invasive techniques but do exist. Ferraro et al.
review the literature and share a case report of thyroid nodule
rupture post RFA and propose a treatment algorithm for managing
major complications. Chuanke et al. also share a complication of
Horner’s syndrome post cervical chain injury for readers so
awareness and consent can be appropriately obtained.

At a more microscopic level, the genetics of thyroid disease can
dictate the trajectory of disease outcome. With autoimmune
thyroiditis, understanding the complex genetic expression of T
cell exhaustion (Tex) and its role in Graves™ disease (GD) can be
helpful to tailor therapeutics. Jiang et al. examine gene profiling in
GD to investigate how Tex related gene CBL is expressed in
autoimmune thyroid disease and to subtype its expression. By
shedding light on the genetic expression of the immune response
within the thyroid, it introduces a novel research avenue for
developing molecularly targeted drugs for each subtype. Once
again, another example of how the field of thyroidology is
moving away from a “one size fits all” approach to a more
tailored and individualized one.

We hope you enjoy the diverse topics within our Research
Topic on ablative technology and become inspired to develop
innovative approaches within your own centres for further
improving the management of both benign and malignant
thyroid disease.
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Improved cancer risk
stratification of isoechoic
thyroid nodules to reduce
unnecessary biopsies using
quantitative ultrasound

Poorani N. Goundan™, Theresa Lye*®, Andrew Markel**,
Jonathan Mamou? and Stephanie L. Lee!

Section of Endocrinology, Diabetes, Nutrition and Metabolism, Boston Medical Center, Chobanian
Avedisian School of Medicine, Boston, MA, United States, 2Department of Radiology, Weill Cornell
Medicine, New York, NY, United States, *Topcon Advanced Biomedical Imaging Laboratory, Topcon
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Objective: Gray-scale ultrasound (US) is the standard-of-care for evaluating
thyroid nodules (TNs). However, the performance is better for the identification
of hypoechoic malignant TNs (such as classic papillary thyroid cancer) than
isoechoic malignant TNs. Quantitative ultrasound (QUS) utilizes information from
raw ultrasonic radiofrequency (RF) echo signal to assess properties of tissue
microarchitecture. The purpose of this study is to determine if QUS can improve
the cancer risk stratification of isoechoic TNs.

Methods: Patients scheduled for TN fine needle biopsy (FNB) were recruited
from the Thyroid Health Clinic at Boston Medical Center. B-mode US and RF data
(to generate QUS parameters) were collected in 274 TNs (163 isoechoic, 111
hypoechoic). A linear combination of QUS parameters (CQP) was trained and
tested for isoechoic [CQP(i)] and hypoechoic [CQP(h)] TNs separately and
compared with the performance of conventional B-mode US risk
stratification systems.

Results: CQP(i) produced an ROC AUC value of 0.937+/- 0.043 compared to a
value of 0.717 +/- 0.145 (p >0.05) for the American College of Radiology Thyroid
Imaging, Reporting and Data System (ACR TI-RADS) and 0.589 +/- 0.173 (p
>0.05) for the American Thyroid Association (ATA) risk stratification system. In this
study, CQP(i) avoids unnecessary FNBs in 73% of TNs compared to 55.8% and
11.8% when using ACR TI-RADS and ATA classification system.

Conclusion: This data supports that a unique QUS-based classifier may be
superior to conventional US stratification systems to evaluate isoechoic TNs
for cancer and should be explored further in larger studies.

KEYWORDS

thyroid nodule, thyroid cancer, fine needle aspiration, thyroid ultrasonography,
thyroid cytology
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Introduction

A long-standing concern in the management of thyroid nodules
(TNs) is the ineffectiveness of risk stratification of isoechoic TNs as
cancer or benign using gray-scale ultrasound (US). The American
Thyroid Association (ATA) TN classification system and the
American College of Radiology Thyroid Imaging, Reporting and
Data System (ACR TI-RADS) use high-risk US features including
hypoechogenicity, irregular margins and microcalcification to assign
a risk level for malignancy (1, 2). The high-risk features identified in
these systems are, however, more specific for the classic papillary
thyroid cancer subtype. Isoechoic TNs are very common and are
more likely to undergo fine needle biopsy (FNB) due to their larger
size (3). While a majority of isoechoic TNs are benign, some
malignant TNs (follicular thyroid cancer, follicular variant of
papillary thyroid cancer and 20% of classic papillary thyroid
cancer) demonstrate an isoechoic appearance on US (4, 5). The
current ACR TI-RADS TN classification system would not biopsy
and completely miss these isoechoic cancers if partially cystic in
appearance. The ATA classification system classifies isoechoic TN’ as
low suspicion and recommends FNB for a size greater than 1.5 cm
regardless of other high-risk features such as hyperechoic foci or
invasive margins. Follicular cancer and those that behave similarly
have a higher risk for distant metastatic disease compared to papillary
thyroid cancer making it important that these TNs undergo FNB
appropriately (6). At the same time, considerable health care cost and
patient and provider anxiety associated with invasive procedures (i.e.,
FNB, surgery) for benign disease highlight the need to avoid
unnecessary FNBs in benign TNs. Therefore, an imaging technique
that uniquely allows analysis of isoechoic TNs to reduce unnecessary
invasive FNBs in benign TNs without missing cancer will improve
the quality of medical care provided to patients with TNs.

Quantitative US (QUS) is an imaging method that utilizes data
from raw ultrasonic radiofrequency (RF) echo signals to assess
properties of tissue microarchitecture (7-11). Most of the
information contained in RF data is discarded in B-mode gray-
scale US imaging that is typically used in clinical care. QUS generates
numerical parameters that are a function of the underlying
microstructure of the interrogated tissue (e.g., effective scatterer size
and effective acoustic concentration) (8, 9). Our group has previously
demonstrated the use of this clinically novel US technique in the risk
stratification of TNs (12). The area under the receiver operating
characteristics (ROC) curve of a linear QUS-based classifier
(combination of QUS parameters or CQP) was 0.857 +/- 0.033,
and statistically the same as that of ACR TI-RADS and ATA risk
classification system for discriminating between malignant and
benign TNs (p = 0.327 and p =0.041, respectively) but without the
limiting factor of clinician inexperience in thyroid sonography. This
CQP classifier also demonstrated a 44 to 66% reduction in
unnecessary FNBs which outperformed the reduction using the
ACR TI-RADS and ATA risk classification systems with a negative
predictive value of 97 to 100%. We now report the outcomes of a
preliminary study in which different QUS-based classifiers were
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created for isoechoic and hypoechoic TNs to determine if cancer-
risk stratification improves.

Materials and methods

The study was performed following institutional review board
approval. Details regarding subject recruitment, data collection, RF
data processing have been outlined in a prior publication (12).
Briefly, patients with one or more TNs who were either undergoing
an FNB or had a prior FNB were recruited from the Thyroid Health
Clinic at Boston Medical Center. A GE LOGIQ-E9 US scanner (GE
Healthcare, Chicago, IL) was used for acquiring RF data utilized for
computing QUS parameters using the reference phantom method
(13). RF data capture is available natively on the LOGIQ-E9 and
therefore no modification of the instrument was necessary. A
software key provided by the manufacturer had to be input once
to activate RF data capture. TNs with significant cystic area or
macrocalcification anterior to the region of interests were not
included in the analysis due to interference with US wave
propagation. Non-invasive follicular thyroid neoplasms with
papillary like features (NIFTPs) were not included due to small
numbers in the data set. Investigators who are experienced
ultrasonographers reviewed gray-scale US images from the
picture and archiving, and communications system (PACS) and
determined the echogenicity of TNs. TNs that were designated as
isoechoic or hyperechoic were categorized as isoechoic for this
study. TNs that were designated as mildly hypoechoic or very
hypoechoic were categorized as hypoechoic. A combination of
cytology, molecular testing using ThyroSeq genomic classifier (v2
or v3) (CBLPath, Inc., Rye Brook, NY) and surgical pathology was
used to classify TNs as benign or cancer. A TN was categorized as
benign if it had benign cytology (Bethesda II), or indeterminate
cytology (Bethesda IIT or IV) without any high-risk molecular test
result or if surgical pathology did not show any evidence of
malignancy. A TN was classified as cancer if found to have
Bethesda VI cytology or if surgical pathology demonstrated
malignancy. In one subject, a TN with high-risk US features was
categorized as malignant based on the presence of a suspicious
cervical node that was positive for metastatic thyroid cancer on
FNB. Similar methods described in prior publications and in our
prior study were used for RF data processing and QUS parameter
estimation (7, 12, 14). A combination of QUS parameters were
tested using a Fisher linear discriminant approach and classification
performance was assessed using ROC curves. Statistical analysis for
the study was performed using the MATLAB statistical toolbox
(The MathWorks, Inc., Natick, MA).

An optimal linear combination of QUS parameters (CQP) was
derived individually for isoechoic TNs [CQP(i)] and hypoechoic
TNs [CQP(h)]. The performance of these classifiers was compared
to a classifier that was trained using TNs irrespective of echogenicity
[CQP(c)] and also to currently used gray-scale TN classification
system, ACR TI-RADS and ATA classification system.
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Results

A total of 274 TNs were included in the final analysis. Of these,
163 were categorized as isoechoic (158 benign and 5 cancer) and
111 as hypoechoic (86 benign and 25 cancer) [Table 1]. The
prevalence of malignancy in TNs categorized as isoechoic was
3.1% and in those categorized as hypoechoic was 22.5%.

(A) Performance of CQP(i) compared to gray-scale US:

The optimal linear combination of QUS parameters (Nakagami
shape parameter, intercept, effective scatterer size, and acoustic
concentration) for isoechoic TNs - CQP(i) was determined
[21.1875 x Avg_NakShapeParam + 2.6668 x Avg_Intercept -
0.89063 x Avg_EffectiveScattererSize - 2.41 x
Avg_AcousticConcentration + 25.9495 x NStd_NakShapeParam].
CQP(i) performed with an ROC AUC of 0.937+/- 0.043 [95% CI
0.853 - 1.000] compared to the performance of ACR TI-RADS,
0.717 +/- 0.145 [95% CI 0.436-1.000, p >0.05] and ATA risk
stratification system, 0.589 +/- 0.173 [95% CI 0.250 - 0.929, p
>0.05] [Table 2]. Using the CQP(i) threshold of -61.341 for FNB
(i.e., a TN chosen for FNB if the CQP(i) value for the TN is equal or
less than the threshold), 119 of 163 (73%) TNs were excluded from
FNB with a missed malignancy rate of zero among isoechoic TNs
(i.e., all malignant TNs would be selected for FNB). With ACR TI-
RADS, FNB would not have been recommended in 91 (55.8%) TNs
and one malignant TN would have been missed. With the ATA risk
stratification system, FNB could be avoided in 19 (11.7%) TNs, with
no missed malignant TN. The reduction in FNB for the ATA system
is low in the study as the patient population from which subject
recruitment occurred had TNs for which FNB was recommended
clinically based primarily on the ATA risk stratification system.

When comparing the TNs for which FNB was not
recommended, between the CQP(i) and ACR TI-RADS, there was
an overlap of 67 TNs in this category. However, 52 TNs for which

TABLE 1 TN characteristics and categorization.

Isoechoic = Hypoechoic
TN TN

No. of nodules 163 111

Average maximal diameter (cm) 2.8 [range 1 2.2 [range 0.9
-7 - 7.5

Final Classification

Benign, n 158 (96.9%) 86 (77.5%)
Cancer, n 5(3.1%) 25 (22.5%)
- cPTC 3 (60%) 15 (60%)

- fvPTC 2 (40%) 3 (12%)

- FTC 0 2 (8%)

- Anaplastic thyroid cancer 0 1 (4%)

- Bethesda VI cytology 0 3 (12%)

- Cytology of cervical nodule positive = 0 1 (4%)

for thyroid malignancy

TN, thyroid nodule; cPTC, classic papillary thyroid cancer; fvPTC, follicular variant papillary
thyroid cancer; FTC, follicular thyroid cancer.
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FNB was not recommended per CQP(i) met criteria for FNB per
ACR TI-RADS. Conversely, 23 TNs for which FNB was not
recommended per ACR TI-RADS met criteria per the CQP
(i) threshold.

The malignant TN missed by the ACR TI-RADS classification
system was a 5 cm solid cystic nodule with isoechoic echotexture,
with a smooth margin and without any echogenic foci. The surgical
pathology of this TN demonstrated a follicular variant papillary
thyroid cancer without lymphovascular invasion, extrathyroidal
extension or metastatic nodes. Given the size of this TN, it is
likely that many clinicians would have chosen to perform an FNB
for the TN even if they used ACR TI-RADS system in their clinical
practice. When the performance of each TN classification method
was revised after removing this nodule, the CQP(i) produced an
ROC AUC performance of 0.929 +/- 0.053 [95% CI 0.825-1.000]
compared to the performance of ACR TI-RADS of 0.854 +/- 0.095
[95% CI 0.668-1.000] and the performance of ATA risk
stratification system of 0.729 +/- 0.149 [95% CI 0.406-1.000].

(B) Performance of CQP(h) compared to gray-scale US:

The optimal linear combination of QUS parameters (acoustic
concentration, intercept, midband fit, Nakagami shape parameter,
spectral slope) for hypoechoic TNs - CQP(h) was determined
[0.062268 x Avg_AcousticConcentration - 0.62066 x
Std_Intercept - 0.41233 x Std_MidbandFit - 10.5011 x
NStd_NakShapeParam + 0.092736 x NStd_SpectralSlope]. CQP
(h) performed with an ROC AUC of 0.822 +/0.051 [95% CI 7.22-
0.921], compared to 0.810 +/- 0.049 [95% CI 0.714 - 0.907, p >0.05]
for ACR TI-RADS and 0.822 +/- 0.049 [95% CI 0.729 - 0.918, p
>0.05] for ATA risk stratification system [Table 2]. When CQP(h)
threshold of -3.079 to perform an FNB in hypoechoic TNs was
chosen, 24 of 86 (21.6%) TNs could be excluded from FNB without
missing any malignant TNs. ACR TI-RADS would avoid a FNB in
20 (18%) TNs, and miss one malignant TN (a 1.4 cm hypoechoic
TN that was found on surgical pathology to be a follicular variant
papillary thyroid cancer without lymphovascular invasion,
extrathyroidal extension or metastatic lymph nodes). With the
ATA risk stratification system, FNB was avoided in 2 TNs with
no missed malignant TNs.

When comparing the TNs for which FNB was not
recommended, between the CQP(h) and ACR TI-RADS there
was an overlap of 8 TNs in this category. There were 16 TN for
which FNB was not recommended per CQP(h) that met criteria for
FNB per ACR TI-RADS and there were 11 TNs for which FNB was
not recommended per ACR TI-RADS that met criteria per the CQP
(h) threshold.

(C) Performance of CQP(i) and CQP(h) compared to a
common classifier - CQP(c):

The performance of an optimal linear classifier trained on TNs
irrespective of echogenicity, CQP(c) [7.086 x Avg_NakShapeParam —
0.8791x Avg_SpectralSlope + 0.1900 x Avg_AcousticConcentration —
0.6343 x Std_Intercept + 0.1049 x Std_SpectralSlope] was compared
to the echogenicity specific classifiers CQP(i) and CQP(h) [Table 3].
Using a biopsy threshold of 6.638, the number of TNs excluded from
FNB without missing any cancer was 91 (33.2%) when CQP(c) was
applied to all TN. Specifically, for isoechoic TNs, 74 (45.4%) FNBs
could be avoided which is fewer compared to when CQP(i) was used.
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TABLE 2 Comparison of results of individual QUS-based classifiers for isoechoic and hypoechoic TNs compared to ACR TI-RADS and ATA risk

stratification system.

Isoechoic TN (163)

Hypoechoic TN (111)

AUC FNB reduction = Missed AUC FNB reduction = Missed
cancers, n cancers, n
QUS-based classifier | 0.937* 73% (119/163) 0 0.822% 21.6% (24/111) 0
ACR 0.717 55.8% (91/163) 1 0.810 18% (20/111) 1
TI-RADS
ATA system 0.589 11.7% (19/163) 0 0.820 1.8% (2/111) 0

TN, thyroid nodule; *based on CQP(i); **based on CQP(h).

When CQP(c) was applied for hypoechoic TNs, 17 (15.3%) FNBs
could be avoided.

Discussion

TNs are made up of a heterogeneous group of histology that
includes benign hyperplasia and adenomas, differentiated (papillary
and follicular), poorly differentiated, anaplastic and medullary
thyroid cancer, thyroid lymphoma and metastatic disease to the
thyroid gland (15). All of these subtypes vary in their histological
appearance. For example, classic papillary thyroid cancer is
characterized by papillary arrangements with a vascular core and
psammoma calcification while in follicular thyroid cancer sheets of
follicular cells with reduced amounts of colloid are seen with
hallmark vascular or capsular invasion. Certain gray-scale US
features, such as echogenicity, reflect these differences in the TN
architecture. However, while these are more effective in identifying
classic papillary thyroid cancers that are hypoechoic and have
punctate echogenic foci, it is less the case for the other subtypes.

It is also important to note that we are shifting from an
emphasis on TN US to diagnose cancer to a recognition that the
management of TNs should also prioritize avoiding unnecessary
invasive procedures. Up to 90 to 95% of TNs are benign (16, 17).
The incurred cost from FNB, molecular testing and surgery for
benign TN is exorbitant (18, 19). In addition, it adds to patient and
provider anxiety and increases the risk for post-surgical
complications including nerve injury and hypocalcemia. These
complications can be reduced, however not eliminated, through
various measures such as undergoing surgery by a high-volume
thyroid surgeon and use of neuromonitoring devices
during surgery.

Creating a separate QUS-based linear classifier for isoechoic
and hypoechoic TNs demonstrated improved TN risk stratification,
specifically for isoechoic TNs, compared to applying a single
classifier for all TNs. The ROC AUC performance of CQP(i) was
greater than that of ACR TI-RADS and ATA classification system,
but not statistically significantly in the setting of inadequate TN
numbers. However, CQP(i) reduces unnecessary FNBs by 73% in
isoechoic TNs compared to 55.8% by ACR TI-RADS. Figure 1
demonstrates two TNs that were both classified as isoechoic. One
TN was isoechoic, solid and taller-than-wide and biopsied based on
the TI-RADS classification system because the size was >1.5 cm, but
was benign by cytology. The second TN was isoechoic and partially
cystic and would not have been biopsied based on the TI-RADS
classification system. It was found to be a follicular variant of
papillary thyroid cancer. These two nodules have very different
QUS-based CQP(i) values that would not have recommended a
biopsy of the benign isoechoic, solid nodule but would have
biopsied the partially cystic isoechoic papillary thyroid cancer. In
addition, CQP(i) and CQP(h) together can reduce unnecessary FNB
by 52.2% in all TNs without missing a malignant TN. This is
improved compared to the reduction in unnecessary FNBs when a
single QUS-based classifier is applied to all TNs (45.4%). The
relevance of these findings is further highlighted by the fact that
60% of the TN in the study were isoechoic and 97% of the isoechoic
TNs were benign. Of note, while a majority of classic papillary
thyroid cancers were hypoechoic, 17% in the study were classified as
isoechoic. Follicular thyroid cancers, which are often isoechoic, in
the current study were categorized as hypoechoic.

The data demonstrated differences in how the QUS-based
classifier and gray-scale US categorized TNs. 43.7% of TNs that
did not meet criteria for FNB by the CQP(i) classifier, were
recommended for FNB by ACR TI-RADS. 25.3% TNs that did

TABLE 3 Comparison of performance of CQP(c), CQP(i) and CQP(h) in isoechoic and hypoechoic TNs.

FNB criteria CQP(c)

All TNs Isoechoic TNs

TN category

CQP(c)

CQP(i) CQP(h)

Hypoechoic TNs Isoechoic TNs = Hypoechoic TNs

N 274 163

True Negative, n 91 (33.2%) 74 (45.4%)

False Positive, n 153 (55.8%) 84 (51.5%)

111 163 111

17 (15.3%) 119 (73%) 24 (21.6%)

69 (62.2%) 39 (23.9%) 62 (55.9%)

True positive, n 30 (10.9%) 5 (3.1%)

25 (22.5%) 5 (3.1%) 25 (22.5%)

TN, thyroid nodule.
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FIGURE 1

TNs (A, B) described with gray-scale US as isoechoic. Nodule (A) (right mid 2.6 cm isoechoic TN with well-defined margins, taller-than-wide
configuration and no microcalcification; biopsy recommended for TI-RADS 4 if size greater than 1.5 cm) was benign by cytology. TN A had a CQP(i)
value of -55.878 (biopsy is not recommended). Nodule (B) (left 5.1 cm isoechoic, mixed solid cystic TN with well-defined margins and no
microcalcification; biopsy not recommended for TI-RADS 2) was malignant (follicular variant of papillary thyroid cancer) by pathology. TN B had a
CQP(i) value of -64.560 measured in the solid region of the nodule (biopsy is recommended). [C, carotid artery; T, tracheal.

not meet criteria for FNB by ACR TI-RADS were recommended for
FNB by the QUS-based classifier. This suggests that the two risk
stratification systems are likely assessing different attributes of the
TNs and may have a synergistic effect when combined to reduce
unnecessary FNBs in TNs. For instance, if one considers combining
the CQP(i) and ACR-TI-RADS in the simplest way: a TN is
recommended to undergo FNB only if both recommend it, then
142/163 (87%) TNs would have not been recommended for FNB
(this includes one malignant TN for which ACR TI-RADS
recommend deferring FNB). This demonstrates the tremendous
clinical value of combining the microstructural information
provided by QUS parameters with the gray-scale US features
assessed by an expert ultrasonographer.

Interestingly, the performance of CQP(h), ACR TI-RADS and
ATA risk stratification system for hypoechoic TNs was similar.
Published literature has demonstrated the ROC AUC performance
of gray-scale US in various practice settings ranges from 0.76 to 0.88
(20-23). QUS is not prone to the operator and machine variability
seen with gray-scale US, and it can potentially be a useful tool to
improve the performance of a less experienced ultrasonographer
assessing TNs.

Similar to our prior study, we did not include TNs with a final
surgical pathology of NIFTPs due to the low numbers in this
preliminary data set. Our institution historically has a low
prevalence of NIFTP, which represents 2.3% of all papillary
neoplasia (24). In addition, the prevalence of malignancy in
isoechoic TNs is low which limits the interpretation of results in
our current study. These two concerns can be better addressed in
future studies with larger number of subjects. TNs with significant
macrocalcification or cystic areas anterior to region of interest in the
TN were also excluded because these structures prevent or change
the propagation of US RF signal preventing QUS analysis. The
authors recognize while TNs were separated into iso- and
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hypoechoic, these groups are still heterogeneous in their
pathology. While echogenicity was chosen in this study to
categorize TNs, in future studies the use of other gray-scale US
features in combination with QUS should be explored. Secondly,
hypoechoic echogenicity can be further categorized as mildly
hypoechoic and very or markedly hypoechoic, the latter
associated with a higher risk for malignancy (25-27). This needs
to be taken into consideration when planning future studies. In this
preliminary analysis, the categorization of TNs based on the
echogenicity was done manually by the investigators. There can
be inter-observer and machine variability. In the future, exploring
an objective method for determining echogenicity using either QUS
or other techniques should be considered.

For many years we have adhered to a tradition of treating all
TNs the same while imaging. Our study is an attempt to apply an
algorithmic approach to TN imaging. Our preliminary results are
promising and builds compelling case to explore TN imaging
keeping heterogeneity in TN histology in mind.
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Thyroid nodule rupture after
radiofrequency ablation: case
report and literature review
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Purpose: Radiofrequency ablation (RFA) is an effective and safe modality for
the treatment of thyroid nodules. Nodule rupture is a major complication of
RFA. There s little known on the natural history of nodule rupture due to a lack
of clinical experience and no consensus on its management. A
comprehensive review of nodule rupture presentation, diagnosis, and
management is needed.

Methods: We report a case of nodule rupture and conduct a literature review. A
total of 33 patients experiencing nodule rupture after RFA were included, and
their clinical presentation, management, and outcomes were collected
and analyzed.

Results: Nodule rupture presents with acute swelling (90.3%) and pain (77.4%)
within 7 months of RFA procedure, most commonly due to disruption of the
anterior thyroid capsule (87%), and can be diagnosed with ultrasonography. Most
ruptures can be managed conservatively, exemplified by our reported case.
There are no reported cases of long-term sequalae.

Conclusion: Nodule rupture is the second most common major complication of
RFA. Based on the available evidence, we propose a treatment algorithm for
nodule rupture and recommendations for future data collection to address gaps
in our understanding of rupture etiology and effective management.

KEYWORDS

radiofrequency ablation, thyroid nodule rupture, minimally invasive techniques, thermal
ablation, thyroid nodule
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1 Introduction

Radiofrequency ablation (RFA) is a minimally invasive
technique that is an effective and safe treatment modality for
benign symptomatic thyroid nodules. Average nodule volume
reduction of 67.7%-84.8% at 12 months following RFA has been
reported (1-4) leading to symptomatic and cosmetic improvement
as measured by patient health-related quality of life scores (3).
However, RFA is associated with a number of possible adverse
events. These include minor complications such as local pressure,
pain, vasovagal reaction, cough, hematoma, vomiting, and skin
burns, and major complications such as both transient and
permanent voice changes, hypo/hyperthyroidism, nerve plexus
injury, and nodule rupture (5).

Following voice injury, nodule rupture is the second most
common major complication associated with RFA occurring in
0.2%-2.5% of cases (1, 3). Nodule rupture usually requires a
significant escalation of follow-up intensity and sequelae, may
range from local discomfort to formation of an abscess with mass
effect on the trachea requiring urgent surgical management (3, 6).
Nodule rupture is defined by the disruption of the thyroid capsule
with extravasation of nodule contents into the extra thyroidal space
(5). The pathophysiology of nodule rupture is unknown. Reported
management strategies include conservative measures of pain
control and antibiotic therapy, and invasive measures including
surgical evacuation and thyroid lobectomy (1, 2, 6). Currently, there
is a paucity of data on nodule rupture including consensus on
etiology and management despite the increasing number of
clinicians performing RFA procedure for thyroid structural
disease. In this study, we report our experience with a case of
nodule rupture and review the available literature for risk factors,
etiology, methods of diagnosis, and management. Finally, we

10.3389/fendo.2024.1355383

propose a standard of data collection to improve our
understanding of this serious complication of RFA.

2 Case report

Informed consent was provided for all clinical information and
images associated with this publication.

A 47-year-old man with a history of congenital heart disease
presented seeking alternatives to surgical management for a
cosmetically bothersome left lobe thyroid nodule associated with
compressive symptoms while wearing a buttoned collar. Ultrasound
of the thyroid revealed a solid, mildly hypoechoic nodule nearly
replacing the left lobe measuring 42 x 23 x 29 mm (14.7 mL)
(Figure 1). Fine needle aspiration demonstrated benign cytology.
The patient was biochemically euthyroid with a baseline TSH of
1.37 mIU/L (0.4-4.1 mIU/L). The patient opted to undergo
radiofrequency ablation. On the day of the procedure, the patient
was given 1 mg of Xanax for anxiolytic effect, and 1% lidocaine
without epinephrine was infiltrated in the skin at the planned needle
entry site and around the anterior thyroid capsule to provide local
analgesia. A 7-cm-length, 18-ga, 1-cm active tip, internally cooled
radiofrequency (RF) electrode (Well-Point RF Electrode, Taewoong
Medical, Seoul Korea) was used via the trans-isthmic approach with
moving shot technique. Power was initiated at 35 W, and a
maximum power of 60 W was used. The patient tolerated the
procedure well with only transient pauses for discomfort. Upon
completion, ultrasound imaging confirmed typical hypo- and
hyperechoic changes consistent with treatment effect throughout
the entire volume of the nodule; there was no evidence of immediate
complication, and the patient was discharged 60 min after the

completion of the case.

FIGURE 1

Baseline ultrasound demonstrates 4.2 cm solid homogenous, mildly hypoechoic nodule thyroid nodule replacing the majority of the left thyroid lobe

in (A) longitude and (B) transverse views with (C) scant peripheral vascularity.
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One week post-RFA, the patient reported transient anterior
neck discomfort associated with mild erythema for 24 h, which
resolved without intervention (Figure 2A). Ultrasound performed
within 1 day of complaint demonstrated the continued presence of
expected post-treatment changes including a non-distinct anterior
border in close proximity to the treatment zone, however, with no
evidence of extrathyroidal fluid extravasation (Figure 3A) or
evidence of active bleeding (Figure 3B).

At 4 weeks post-RFA, the patient reported mild, recurrent 3/10
anterior neck pain associated with redness and swelling (Figure 2B).
The maximum temperature measured at home was 100.0°F. The
patient also reported dental work 2 days prior to recurrent pain. The
patient presented to a local facility for evaluation, and contrast-
enhanced neck CT showed a 3.3 cm x 2.1 cm x 3.5 cm (AP x TR x
CC) low-density perithyroidal fluid collection contiguous with the
treated thyroid nodule with peripheral enhancement deep to the
sternocleidomastoid muscle associated with edema and reticulation
of the overlying subcutaneous tissue and skin (Figure 4) consistent
with thyroid nodule rupture. Findings were confirmed on
subsequent ultrasonography (Figure 5). Because of the recent
dental procedure and concern for potential infection, Augmentin
500-200 mg daily for 10 days was initiated and surveillance
was continued.

The patient reported resolution of pain after 3 days with
persistent prominence of the left neck. Over the course of the
next 3 months, the patient reported slow resolution of neck fullness.
Progress was monitored with ultrasound imaging over the course of
1 year following RFA (Figure 5) demonstrating progressive
resolution of rupture findings. Ultimately, there was a 93%
nodule volume reduction from baseline without development of
recurrent pain or thyroid hormone dysfunction [TSH of 1.51 mIU/
L (0.4-4.1)] at 1 year post-RFA.

3 Literature review

We identified seven studies in the literature that reported a total
of 33 cases of nodule rupture after radiofrequency ablation (RFA).
Studies predominantly included benign thyroid nodules (BTN) but
also included malignant nodules. All cases of nodule rupture
occurred in BTN (Table 1). Study inclusion criteria included

FIGURE 2

10.3389/fendo.2024.1355383

English Language and report of thyroid nodule rupture. Best
judgment was used to eliminant redundant cases used in
serial publications.

4 Discussion
4.1 Presentation and diagnosis

Nodule rupture is the second most common major
complication of radiofrequency ablation occurring at a frequency
0f 0.21%-2.5% (1, 3). Nodule rupture is not unique to RFA and has
been reported following microwave and laser ablation as well (7, 8).

Nodule rupture after RFA typically presents with acute swelling
(90.3%), pain (77.4%), and erythema (16.1%) of the anterior neck
(Table 1). Relatively few patients have fever (6.5%), and only one
patient reported cough associated with a medial rupture content
compressing the trachea (2). Onset of symptoms ranges from 16 to
195 days post-procedure with an average of 48.8 days (Table 1),
suggesting that rupture typically presents within the first 2 months
following RFA, however should be considered up to 7 months post-
procedure (1, 5).

The diagnosis of nodule rupture is confirmed by imaging
demonstrating the disruption of the thyroid capsule with nodule
contents extravasating into the extrathyroidal space. Extrathyroidal
contents most commonly spread within the soft tissue with
inflammatory response consistent with phlegmon and less
commonly form organized abscess (1). Thyroid ultrasonography
is sensitive for the diagnosis of rupture; however, patients
presenting to emergency services are more likely to be diagnosed
by CT (1). Familiarity with ultrasonographic findings consistent
with nodule rupture would obviate the need for unnecessary
diagnostic procedures such as CT or aspiration and expedite
correct diagnosis (2).

Nodule ruptures can be classified by the location of thyroid
capsule disruption: anterior, posterolateral, and medial (Figure 6)
(2). Anterior ruptures are characterized by disruption of the
anterior thyroid border and extension of nodular contents into
the anterior extrathyroidal area, which may invade the strap
muscles. Anterior nodule ruptures are the most common
classification subtype (2, 6); experts propose that the relative

~—

LEFT'LONG NODULE™

Photograph of patient neck at (A) 7 days post-RFA at time of initial complaint of transient redness and discomfort with spontaneous recovery and
(B) at time of recurrent symptoms of pain, swelling, and redness at 1 month post-RFA prompting CT neck demonstrating findings of nodule rupture
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FIGURE 3

Ultrasound 7 days post-RFA with patient reported symptoms of transient erythema and fullness. Ultrasound without extrathyroidal mass but classic
artifacts typical of immediate post-RFA including areas of (A) hyperechoic and hypoechoic changes with a non-distinct anterior border (B) without
evidence of active bleeding.

FIGURE 4
Four weeks post-RFA contrasted neck CT demonstrating a 3.3 cm x 2.1 cm X 3.5 cm (AP x TR x CC) low-density perithyroidal fluid collection with
peripheral enhancement (arrow) deep to the sternocleidomastoid muscle with disruption of the anterior capsule (Asterix) associated with edema and
reticulation of the overlying subcutaneous tissue and skin (arrowhead) consistent with nodule rupture. Features of the nodule rupture are shown in
(A) transverse, (B) coronal, and (C) sagittal planes

9 months (long axis) S

FIGURE 5
Serial ultrasound changes for 1 year following initial RFA procedure measured at time post-rupture, monitoring nodule rupture resolution.
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TABLE 1 Characteristics, procedure, management of nodule rupture in eight case reports/series.

Age Rate of Mean time to RUP Mean total Mean max power = Symptoms = Method Location of Peri- Outcome
Mean + rupture/ onset of symp- (min) energy of all RFA ses- of nodule rupture
range nodules toms (days) used (kcal) sions (W) diagnosis rupture complications
(years) ( treated
Baek - - 37.5 (range, 3/875 = 0.34% 34 days - - - Swelling US 66% Anterior 100% Internal Bleeding 66% CR 100%
2012 & 17.4-71.5) (range, 22-50) 100% US&CT33% Abscess 33%
Kim 2017 Pain 100%
(N=3)
Shin 43 (28- 33% 22.5 6/2616 = 38.5 days 237 - 83.2 W (range, Swelling US Only Anterior - CR 100%
2011 60) years male (range, 0.2% (range, 9-60) 50-130) 100% 33% 100%
(N=6) 2.12-57.47) Pain 100% CT only
17%
US&CT
50%
Che 2015 - 100% - 1/200 = 7 days - - - - - - - CR
(N=1) male 0.5% 2 weeks
Valcalvi - - - 1/40 = 2.5% 26 days - - - - - - Fasciitis CR
2015
(N=1)
Chung 40.6 25% 17.18 mL - 50.5 days (range, 12.2 - 57.5 W (range, Sudden US only Anterior 75% - CR ~100%
2019 (16— male (range, 11-156) 30-110) Swelling 83.3% Posterolateral (11/11)*
(N=12) 75) years 0.19-75.13) 83.3% CT only 16.7%
Pain 83.3% 8.3% Medial 8.3%
Cough US &
8.3% CT 8.3%
Fever 8.3%
Chen 38.9 22.2% 73.9 mL 9/818 = 1.1% 51.4 days 29.3 16.6 kcal 58.8 W (range, Swelling CT only Anterior 88.9% - CR 100%
2021 (range, male (range (range, 19-195) (Std (range, 30-70) 88.9% 33.3% Medial 11.1%
(N=9) 27- 7.7-198) dv 1.5-33.3) Pain 33.3% us
48) yrs 13.5) Erythema only 66.7%
44.4%
Fever
11.1%
Our case 47 100% 14.67 mL - 21 days - - 60 W Swelling CT & US Anterior 100% - CR
study male 100%
(N=1) Pain 100%
Erythema
100%
All 41.5 36.4% 36.57 0.44% 48.8 days (7-195) 20.5 16.6 kcal 649 W Swelling US Only Ant 27/ Superimposed infection CR 100%
Studies (16-75) male mL (20/4,549) min 90.3% 64.5% (20/ 31 =87.1% (abscess or fasciitis) (32/32)
(N=33) (12/33) | (0.19-198) (28/31) 31) posterolateral=  =6.0% (2/33)
Pain 77.4% | CT Only 2/31 = 6.5%
(24/31) 16.1% medial=
Erythema (5/31) 2/31 = 6.5%
16.1% (5/ US & CT
31) 19.4%
Fever 6.5% (6/31)
(2/31)
Cough (1/
31) =3.2%

Abx, antibiotics; HA, hospital admission; I&D, incision and drainage; SD, surgical debridement; NR, not reported; CR, complete recovery; —, data not reported; RUP, ablation time in minutes; of the RFA session immediately prior to rupture; Mean Max Power= the average
obtained for maximum power achieved across all RFA sessions; *Chung 2019 study one patient without report of management technique so eliminated from this chart bring n = 11.
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FIGURE 6

Locations of nodule rupture on normal thyroid ultrasonographic
imaging with arrows indicating anterior rupture (blue), medial
rupture (yellow), and posterolateral rupture (pink).

reduction in pressure exerted on the anterior capsule by the strap
muscles compared to the trachea, vasculature, and paraspinal
muscles makes the anterior capsule more vulnerable to rupture
(6). Nodular contents can result in sinus track formation to the skin,

10.3389/fendo.2024.1355383

possibly following the artificial track made by the RF needle
(Figure 7). Dou et al. hypothesized fistula formation as a
consequence of nodule rupture from microwave ablation (MWA)
due to necrotic breakdown of the needle tract (7).

Medial nodule ruptures occur due to loss of integrity of the
medial aspect of the thyroid capsule with ablated material
protruding into the potential space between the thyroid and
trachea, potentially leading to mass effect on trachea. One patient
with reported medial rupture presented with cough due to tracheal
irritation from ruptured nodule contents (2). Posterolateral nodule
ruptures occur from disruption of the thyroid capsule posterior to
the vascular compartment and occurs at the same frequency (6.5%)
as medial ruptures (Table 1).

4.2 Etiology and risk factors

The pathophysiology of nodule rupture is not known; however,
several mechanisms have been proposed. Baek et al. described a
series of three patients with nodule rupture and proposed acute
volume expansion of nodule due to hemorrhage (5). Supporting this
theory, Shin et al. in 2011 reported that nodule ruptures

FIGURE 7

Progression of anterior nodule rupture with sinus track development. (A) 60 days post-RFA procedure, (B) 67 days post RFA, (C, D) 82 days

post-RFA.
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demonstrated hyperechoic areas of high attenuation consistent with
intranodular bleeding on CT scan. These authors hypothesized that
microvessel leakage within the nodule leads to a delayed volume
expansion with subsequent rupture (6).

However, in 2021, Chen et al. reported that aspirated nodule
rupture contents consisted of mucus and turbid content without
evidence of bleeding most consistent with necrotic fluid collection
(1). Dou et al. proposed the concept of symptomatic aseptic necrosis
(SAN) in which microwave thermal destruction of nodule
vasculature resulted in delayed clearance of necrotic content
leading to symptomatic irritation of the nodule capsule and
surrounding thyroid tissue, a prodrome of impending rupture (7).
We suggest that the currently reported case demonstrated a
prodrome consistent with SAN on day 7 post-RFA, with ultimate
manifestation in nodule rupture at day 30 post-procedure.

Trauma to the treated nodule is another possible mechanism of
nodule rupture (5, 6). Kim et al. reported a case of nodule rupture in
a patient who habitually massaged his treated nodule leading to
diagnosis of rupture at day 60 post-RFA (9). The patient presented
in the current study experienced neck extension during dental
procedure, a possible contributing factor to the rupture.

The timing of nodule rupture is not predictive of underlying
etiology. Nodules with imaging findings consistent with
intranodular bleed presented on days 22, 30, and 60 post-RFA
(6). The patient with history of habitual massage of treated nodule
presented on day 60 post-RFA. Our patient and the patient reported
by Chen et al. both presented with extravasation of poorly absorbed
necrotic nodule contents, in a similar time frame of 30 and 21,
respectively, demonstrating significant overlap of presentation
timing of all suspected etiologies (1).

Clinically relevant risks for nodule rupture after RFA have not
been delineated. Dou et al. reported increased risk of rupture in larger
nodules and in men after microwave ablation. Initial nodule volume
and increasing amount of energy used did not reach significance for
nodule rupture risk (7). A systematic review by Chen et al. in 2021
speculates that nodule rupture risk following RFA is associated with
greater total energy used, severe tissue edema, and increased volumes
of necrotic tissue (1). Expert opinion also postulated higher energy
deposition near the affected capsule, trauma from multiple RF needle
entry points or repetitive patient swallowing during RFA, overlap of
energy deposition at capsule entry of the RF needle, and increasing
cystic composition of the treated nodule as risk factors for the
development of nodule rupture.

4.3 Management

Reported management ranges from active surveillance to
lobectomy with or without use of antibiotics and analgesia
(Table 2). Selecting the correct therapy is based on early
identification of nodule rupture to prevent unnecessary
procedures for diagnosis and management, such as aspiration and
empiric antibiotic use (2). Of the currently reported cases, 59.4%
were managed with antibiotics, monotherapy, or in combination
with additional strategies. However, there are no reported cases of
culture-positive rupture fluid collection, suggesting that selective
use antibiotics may be the most appropriate management.

Frontiers in Endocrinology
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Impingement on surrounding structures including tracheal
compromise, severe dysphagia, or recurrent laryngeal nerve
dysfunction may necessitate invasive management like aspiration,
I&D, or lobectomy. Aspiration of necrotic content has also been
proposed as a method to reduce patient symptomatology but
currently lacks evidence of efficacy. Factors that may predict the need
for invasive management after nodule rupture have been proposed and
include initial nodule diameter and ablative time. Initial diameter of
thyroid nodule >4.5 cm has a reported sensitivity and specificity of 69%
and 79%, respectively, for predicting the need for invasive management
after rupture (1). Shin et al. found that all patients with nodule rupture
with an initial greatest diameter >5 cm required invasive management
(6). Chen et al. reports RUP, defined as the ablation duration of the
RFA session immediately prior to rupture, >20 min is associated with
increased odds of requiring invasive treatment of the management of
nodule rupture compared to those that can be conservatively managed
(OR 1.11, p=0.025). The authors note this association to be of limited
clinical utility as RFA procedures commonly exceed 20 min (1).

4.4 Outcomes

Nodule rupture can be an unsettling complication to providers
and patients alike, requiring serial evaluations and patient
discomfort and cosmetic defect. However, all current studies
suggest that after management, regardless of the treatment
method, all patients experience resolution of symptoms without
permanent sequalae (1-4, 6, 10). Theoretic concerns for sequalae
include the creation of adhesions that complicate subsequent
surgical interventions and risk of extrathyroidal extension of
subsequently developed thyroid tumors.

The timeline to resolution of nodule rupture clinical symptoms
and imaging features is variable and overall underreported. Che
et al. reports symptomatic recovery in 2 weeks following rupture
with no intervention (4). Baek et al. described spontaneous
reabsorption over 3-6 months (5). In the reported case,
symptomatic improvement of pain occurred within 3 days with a
slow resolution of pressure and cosmetic defect over 4 months,

TABLE 2 Management of nodule rupture after radiofrequency
ablation (RFA).

Management Type % Patients (N=32)

Non-Invasive Management 56.3% (N=18)
« Observation (+/— NSAID) Only 31.3% (N=10)

« Antibiotics monotherapy 25.0% (N=8)

« Antibiotics used 59.4% (N=19)

Invasive Management 43.8% (N=14)
o Aspiration 9.4% (N=3)
« Incision and Drainage 21.9% (N=7)

o Surgical Debridement 9.4% (N=3)

« Lobectomy 3.1% (N=1)

*Additional treatment modalities include NSAID use, aspiration, I&D, surgical debridement.
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correlating with the resolution of ultrasonographic features of
rupture (Figure 5).

5 Summary

Thyroid nodule rupture is a major complication following
thermal ablation. The available data supports that the majority of

TABLE 3 Comprehensive data collection points for future cases of post-
RFA thyroid nodule rupture.

Baseline characteristics

Nodule size

Nodule content (% solid component)
Nodule location

Nodule distance from affected capsule
Gender

Age

Procedure data

Thermal modality used

RUP

Number of RF needle punctures

Number of RFA treatments

Total energy deposition from all treatments
Power setting used along anterior capsule
Maximum power

Rupture characteristics
Location of rupture
Anterior
Posterolateral
Medial
History of Trauma or aggravating activity
Symptoms consistent with SAN
Diagnostic imaging technique
Additional methods of diagnosis
Aspiration
Other

Treatment
Antibiotics
Anti-Inflammatory
Analgesia
Aspiration
Cytology

Culture

1&D

Surgical wash out
Lobectomy

Other

Outcomes
Complete resolution without sequalae
Hypothyroidism
Chronic cosmetic deformity
Chronic discomfort/functional limitation
Time to patient reported improvement of symptoms
Time to cosmetic improvement
Time to negative VRR

From rupture diagnosis

From baseline nodule volume
Development of sinus track

Time to resolution

Outcome of culture if performed
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1) Signs & symptoms of
nodule rupture in a patient
with hx of thermal ablation

within 7 months.

2) Image characteristics on
ultrasound or CT consistent
with nodule rupture: thyroid
capsule disruption with
extravasation of contents in
the extrathyroidal space

History and exam most
consistent with SAN:
Treat with anti-
inflammatory*

Evaluate for
—=- No — other etiology,
consider SAN

ves

3) Compression of trachea,
patient inabilty to swallow or
respiratory complaint

No ]

4) Signs of infection or hx
concerning for
inoculation

Invasive management**

15D vs lobectomy,

then return to step 4

sinus track
development?
Culture

Pain control.
[Consider abx with}
aspiration for
cutture to tailor or}
stop abx
treatment

Pain control with with
anti-inflammatory** and
reassurance

Lack of treatment
response
5) Monitor for
ultrasonographic
resolution at 1,3, 6
months post rupture

6) symptom
improvement at

each interval
YES. No
FIGURE 8

Proposed treatment algorithm for nodule rupture post-RFA.

nodule rupture patients can be diagnosed with ultrasound and
managed conservatively with pain control with serial ultrasounds
documenting resolution. Empiric antibiotics in all cases are not
necessary and can be reserved for patients with signs of infection or
circumstances that increase risk of infectious inoculation, like
dental procedures. Patients can be counseled that symptoms of
pain resolve before pressure and cosmetic defects over the course of
3-6 months. Fistula formation with cutaneous drainage may occur
with anterior nodule rupture. Rare cases will require invasive
management such as lobectomy/I&D due to impingement on
critical structures of the neck. Improved understanding of nodule
rupture and its management is dependent on the accumulation of
clinical experience. The adoption of common terminology and
collection of proposed data points (Table 3) are necessary to
improve our understanding of rupture. The current study is the
first, to our knowledge, to summarize the presentation, proposed
etiologies, management strategies, and outcomes of thyroid nodule
rupture after RFA. Based on the current literature review, we
propose a management strategy (Figure 8) to guide clinicians
whose patients experience nodule rupture.
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The clinical value of iodine-125
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University, Nanchang University, Nanchang, Jiangxi, China

Objective: To explore the clinical benefits of 125 seed implantation for iodine-
refractory differentiated thyroid cancer (RAIR-DTC).

Methods: A retrospective analysis was conducted on 36 patients with RAIR-DTC
who underwent radioactive 12°| seed implantation from January 2015 to February
2022, involving 73 lesions. Prescription dose: 80~120 Gy. All cases were followed
up atl, 3, and 5 months postoperatively to monitor changes in tumor size, serum
thyroglobulin (Tg), and serum anti-thyroglobulin antibody levels in thyrotropin-
inhibited states, pain scores, and postoperative adverse reactions. The data were
processed and analyzed using IBM SPSS 26.0. LER (Local Effective Rate) and LCR
(Local Control Rate) were expressed as n (%), tumor diameter, Tg, and pain scores
were represented as Median (Q1, Q3). Pairwise comparisons were conducted
using the Wilcoxon signed-rank test, and a p-value of less than 0.05 indicated
statistical significance.

Results: Tumor size was significantly reduced after treatment (all P < 0.001):
tumor length diameters were 32.67 (17.70, 45.72) mm, 27.45 (12.30, 39.98) mm,
20.70 (11.98, 37.58) mm, and 20.39 (10.56, 33.20) mm in the preoperative, 1-, 3-,
and 5-months postoperative periods, respectively. Additionally, two consecutive
post-treatment results were more minor and statistically significant than the
previous results (P < 0.001). The LER at 1-, 3-, and 5-months post-surgery was
23.73%, 38.98%, and 52.54%, respectively, while the LCR at the same time points
was 98.31%, 96.61%, and 94.92%, respectively. Patients’ serum Tg levels
decreased significantly after surgery. (P < 0.001). Serum Tg levels were
measured before surgery and 1-, 3-, and 5-months post-surgery. The results
showed that serum Tg levels were 249.45 (79.39, 4718.75) ng/ml, 193.40 (44.53,
2829.00) ng/ml, 192.10 (25.58, 1758.00) ng/ml, and 136.25 (16.57, 1553.25) ng/ml,
respectively. Two consecutive post-treatment results were more minor and
statistically significant than the previous results (P < 0.001). The patients’ pain
symptoms were significantly relieved after *2° brachytherapy (P < 0.001). The
pain scores before 2° seed implantation and at 1, 3, and 5 months after the
operation were 5.00 (4.00, 6.00), 3.00 (2.25, 4.00), 2.00 (2.00, 3.00), and 2.00
(1.00, 3.00), respectively.
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Conclusion: Most lesions treated with 2° seed implantation in RAIR-DTC
patients showed shrinkage and improved pain symptoms.

Clinical trial registration: https://www clinicaltrials.gov, identifier NCT06362772.

KEYWORDS

iodine-refractory differentiated thyroid carcinoma, iodine-125 particles, brachytherapy,
iodine radioisotopes, thyroglobulin

1 Introduction

Thyroid cancer (TC) is the most common malignant tumor of
the endocrine system, and its incidence is increasing (1). Over 90%
of cases are differentiated thyroid cancer (DTC). While the majority
of DTC cases have a favorable prognosis, with a 10-year survival
rate of 90% (2), a subset of patients experience recurrence or distant
metastases even after surgery, '>'I therapy, and thyrotropin (TSH)
inhibition therapy (3), and progress to radioactive iodine-refractory
differentiated thyroid cancer (RAIR-DTC) (4).

Current therapies for RAIR-DTC, including targeted therapy
and external beam radiotherapy, have advantages and
disadvantages. Although the targeted drugs sorafenib and
lenvatinib are approved for treating RAIR-DTC (5), the impact
on overall survival is insignificant (6). There are apparent drug
resistance and adverse reactions (5), such as hand-foot syndrome,
myelosuppression, hypertension, proteinuria, and diarrhea (7),
which make it challenging to meet clinical needs. Molecular
targeted drugs, such as mitogen-activated protein kinase (MAPK)
inhibitors and phosphatidylinositol 3-kinase (PI3K)/AKT
inhibitors, have the potential to redifferentiate RAIR-DTC (8).
Although the combination of '*'I therapy after redifferentiation
therapy showed positive effects in RAIR-DTC, long-term follow-up
data are lacking. Issues such as population screening, exploration of
individualized treatment, and criteria for evaluating therapeutic
response remain to be addressed. External beam radiotherapy
cannot continuously affect the complete division cycle of the
tumor; it damages the surrounding tissue. In addition, TC cells
are hypersensitive to external beam radiotherapy (9), limiting local
control’s effectiveness.

After Whitmore (10) successfully implanted 1257 seeds to treat
prostate cancer in 1972, '*I seed implantation became increasingly
popular after the success of TPS in the 1980s. Over the last three
decades, due to its effective local control, minimally invasive nature,
low complication rates, and good tolerability, *I seed implantation
has been widely utilized in treating malignant tumors such as
prostate and lung cancer (11). This study aims to explore the
application of '*’I seed implantation in treating bone, lymph
node, and lung metastases in RAIR-DTC. Further details are
provided below.

Frontiers in Endocrinology

2 Materials and methods
2.1 Clinical data

Data from 36 RAIR-DTC patients hospitalized at Jiangxi Cancer
Hospital from January 2015 to February 2022 were retrospectively
collected. The average age was 57.39 + 14.76 years, with 14 males and
22 females. A total of 73 lesions were recorded, including four local
recurrences and metastases in various parts of the body: 19 in lymph
nodes (8 central, three lateral cervical, two supraclavicular, and six
mediastinal), 4 in lung (3 in the left lung and 1 in the right lung), 4 in
pleura, and 42 in bones (1 in the mandible, 18 in the vertebrae, 4 in the
sternum, 6 in the ribs, 2 in the extremities, 11 in the pelvis). Of the bone
metastases, 28 had bone destruction and soft tissue formation, while 14
had bone destruction only. The staging of patients is based on the
American Joint Committee on Cancer's 8th edition thyroid cancer
staging system (12). The Jiangxi Cancer Hospital Ethics Committee
approved all treatment plans. In advance of the surgery, patients were
informed about their condition, the expected efficacy of 1257 gseed
implantation therapy, alternative treatments such as external beam
radiotherapy and chemotherapy, as well as potential side effects and
toxic effects. The patient signed an informed consent form after
accepting the treatment plan. A total of 1,971 '*°I seeds were
implanted. The median number of particles injected per lesion was
20 (range 4 to 146) with a median radioactivity of 2.59 x 10” Bq (range
1.85 x 107 to 3.33 x 107 Bq). Table 1 provides detailed baseline data on
the patients and foci.

2.1.1 Critical eligibility criteria included

DTC was confirmed by pathology, with local recurrence or distant
metastasis of residual thyroid cancer and conforming to any of the
following RAIR-DTC criteria: (1) no uptake of B in the initial "'
treatment; (2) loss of iodine uptake capacity in previously functional
iodine-avid lesions; (3) disease progression after 1317 therapy, including
gradual enlargement of the lesion and continuously increasing levels of
serum thyroglobulin (Tg).

2.1.2 Critical exclusion criteria were as follows
Patients with severe physical diseases, such as severe

dysfunction of the cardiac, pulmonary, hepatic, or renal systems,

poor compliance, inability to tolerate '*°I seed implantation, severe
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TABLE 1 Patient characteristics(n=36). TABLE 1 Continued
Characteristics \[o) % Characteristics No %
Sex Type of lesions
Male 14 38.89 Pulmonary metastasis 4 5.48
Female 22 61.11 Bone metastasis 42 57.53
Age Pleural metastasis 4 5.48
<60 18 50.00 Type of bone metastasis
>60 18 50.00 Soft tissue formulation 28 66.67
Histopathology Bone destruction only 14 33.33
PTC 24 66.67 PTC, Papillary Thyroid Carcinoma; FTC, Follicular Thyroid Carcinoma; KPS, Karnofsky
Performance Scale; Y, years.
FTC 12 33.33
Cancer Stage acute infectious or chronic infection with acute exacerbation, severe
coagulopathy that may lead to serious complications like infection
Age<55Y I 8 22.22% . . . .
or bleeding, pregnant or lactating women affecting fetal and infant
II 6 16.67% growth and development, patients with cachexia or expected
Agez55Y I 0 0.00% survival of <3 months and patients with positive serum anti-
thyroglobulin antibodies (TgAb) that may impact the assessment
1 2 5.56%
’ of treatment efficacy.
111 3 8.33%
IVa 2 5.56% .
2.2 Materials
Vb 15 41.67%
KPS Tianjin Said Biopharmaceutical Co., Ltd. supplies '*’I seeds,
<80 5 13.89 specifically seed model 6711-99. Physicists verify the quality of
seeds by conducting quality control and sampling at least 10% of the
80 31 86.11 .
g seeds (100% if there are fewer than five seeds). They ensure that the
Previous surgeries seed radioactivity is within a +5% deviation to meet the required
0 1 278 standards for seed quality. Beijing Atomic Hi-Tech Co., Ltd.
provided the seed implantation device, and the 18G seed
1 16 4444 . . . .
implantation needle was provided by Hakko International
2 13 36.11 Trading (SHANGHAI) Co., Ltd. The CT scan was performed
>3 6 16.67 using a SPECT/CT Symbia T2 from Siemens Healthineers,
i : i Germany, with a slice thickness of 5 mm, a slice pitch of 2 mm, a
Slele eledie e current of 48 mA, and a voltage of 130 kV. The KL-SIRPS-3D
0 32 88.89 model from Beijing Astro Technology Ltd. was used as the
1 1 278 treatment planning system.
2 3 8.33
Previous chemotherapy 2.3 Method
Yes 1 2.78 )
All patients received '*°I brachytherapy treatment and follow-up
No 3 97.22 care at the Department of Nuclear Medicine within Jiangxi Provincial
Previous ablation Cancer Hospital. The preoperative evaluation process includes
Yes ) 578 assessments of coagulation function, liver and kidney function,
cardiopulmonary function, and local CT scans. A collaborative
No > o722 effort between physicians and physicists was undertaken to
Type of lesions establish a treatment regimen with a prescription dose ranging
from 80 to 120 Gy. For individuals who have undergone external
Local recurrence 4 5.48
beam radiotherapy within five months, a dose of 80 Gy is
Lymph node metastasis 19 26.03

recommended. For individuals with a history of external beam
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(Continued)  radiotherapy lasting more than five months or those who have
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received a cumulative dose of *' therapy exceeding 2.22*10'° Bq, a
dose of 100 Gy is recommended. Patients who did not fall into these
specific categories were prescribed 120 Gy. There was a difference in
the activity level among '*°I particles implanted at different locations.
The activity level was 1.85 x 107 Bq for near-surface lesions, 3.33 x
1077 Bq for bone metastases, and 2.22-2.96 x 107 Bq for other
metastatic sites. The CT-guided '*°I seed implantation procedure was
conducted following the prescribed treatment regimen. Subsequent
evaluations were scheduled at 1-, 3-, and 5-months post-surgery,
focusing on lesion dimensions, serum Tg levels, pain levels, and
adverse reactions. Lesion size was determined using CT imaging, with
a total of 73 RAIR-DTC metastases from various locations included
in the study. Measurements were conducted for 59 metastases,
excluding 14 lesions that solely impacted bone tissue without
associated soft-tissue hyperplasia. This rendered the assessment of
treatment efficacy based on tumor size alterations unfeasible. Lymph
nodes were assessed based on their shortest diameter (Figure 1), while
other target lesions were evaluated based on their longest diameter

10.3389/fendo.2024.1327766

(Figure 2). Each measurable lesion underwent an average
measurement derived from a minimum of three readings, with all
measurements conducted by the same individual to minimize
measurement discrepancies.

Response Evaluation Criteria in Solid Tumors (RECIST 1.1)
(13) were used to assess treatment response. Local Effective (LE)
was defined as a 30% or greater reduction in the longest diameter of
the targeted lesion. Progressive Disease (PD) was defined as a 20%
or greater increase in the longest diameter of the targeted lesion,
while Stable Disease (SD) was defined as being in between. The
Local Efficacy Rate (LER) and Local Control Rate (LCR) were
calculated by recording the number of lesions classified as LE, SD,
and PD at months 1, 3, and 5. (LER = LE/total number of lesions x
100%; LCR = (LE + SD)/total number of lesions x 100%).

Use the Visual Analogue Scale to record patients’ pain scores.
The scale ranges from 0 to 10 points, with pain increasing
incrementally. 0 indicates no pain, 1-3 indicate mild pain that is
still tolerable and does not interfere with sleep or normal life, 4-6

FIGURE 1

A right superior mediastinal lymph node metastasis of thyroid follicular papillary carcinoma. (A—D) show the changes in lymph node short diameter before
125 brachytherapy (54.88 mm) and after treatment at one month (45.77 mm), three months (37.6 mm), and five months (28.4 mm), respectively

Frontiers in Endocrinology

25

frontiersin.org


https://doi.org/10.3389/fendo.2024.1327766
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wan et al.

10.3389/fendo.2024.1327766

FIGURE 2

The second lumbar vertebra shows metastasis from follicular thyroid carcinoma (FTC). (A—D) show the changes in length and diameter of paraspinal
soft tissue metastasis before 1251 seed implantation (56.46 mm) and after treatment at one month (53.1 mm), three months (40.68 mm) and five

months (34.11 mm), respectively

indicate moderate pain that interferes with sleep and requires
analgesic medication to alleviate it, and 7-10 show intense and
intolerable pain that seriously interferes with sleep and diet and
requires strong analgesic drugs.

Postoperative adverse reactions, including infection, bleeding,
pneumothorax, bone marrow suppression, and seed displacement,
were recorded. Radiation injury was graded according to the
Radiation Therapy Oncology Group (RTOG) and European
Organization for Research and Treatment of Cancer (EORTC)
toxicity criteria (14).

2.4 Statistical analysis

The data were analyzed using IBM SPSS 26.0. The count data (n
%) and skewed measures [Md (Ql, Q3)] are presented. Group
comparisons were conducted using the paired Wilcoxon rank-sum
test, with statistical significance set at P < 0.05.

3 Results

The diameters of the tumor lengths were 27.45 (12.30,
39.98mm), 20.07 (11.98, 37.58mm) and 20.39 (10.56, 33.20mm)
at months 1, 3, and 5 after '*°I seed implantation, respectively.
These values were significantly reduced compared to the initial

Frontiers in Endocrinology

diameter of 32.67 (17.70, 45.72mm) before treatment (Z= -6.227,
-6.272, -6.189; all P < 0.001). Two consecutive post-treatment
results were more minor and statistically significant than the
previous results (P < 0.001). At one month postoperatively, there
were 14 cases of LE, 44 cases of SD, and 1 case of PD. At three
months postoperatively, there were 23 cases of LE, 34 cases of SD,
and 2 cases of PD. At five months postoperatively, there were 31
cases of LE, 25 cases of SD, and 3 cases of PD. The LER at 1, 3, and 5
months postoperatively was 23.73% (14/59), 38.98% (23/59), and
52.54% (31/59), respectively. The LCR was 98.31% (58/59) at one
month, 96.61% (57/59) at three months, and 94.92% (56/59) at five
months postoperatively. The interquartile range includes the data
[Md(Q1, Q3)]. Please refer to Table 2 for further details.

The serum Tg levels of 36 patients were measured before and
after '*°I seed implantation. The levels were measured in the Ist,
3rd, and 5th postoperative months. Specifically, the serum Tg levels
were 249.45 (79.39, 4718.75) ng/ml before treatment, 193.40 (44.53,
2829.00) ng/ml in the 1st month, 192.10 (25.58, 1758.00) ng/ml in
the 3rd month, and 136.25 (16.57, 1553.25) ng/ml in the 5th month.
The results showed that the serum Tg level decreased significantly
after treatment (Z = -3.881, -4.587, -4.823, all P < 0.001).
Furthermore, serum Tg levels had returned to normal or were
approaching normal in some patients. Two consecutive post-
treatment results were more minor and statistically significant
than the previous ones (Z = -3.661, -3.931, and P < 0.001). Please
refer to Table 3 for further details.
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TABLE 2 The efficacy of radioactive 12°| seed implantation.

Follow-up time LE SD PD LER(%) LCR(%)
One month 14(23.73) 44(74.58) 1(1.69) 2373 9831
Three months 23(38.98) 34(57.63) 2(3.39) 38.98 96.61
Five months 31(52.54) 25(42.37) ‘ 3(5.08) 5254 94.92

The number of lesions is expressed as n(%); LE: Local Effective; SD: Stable Disease; PD: Progressive Disease; LER: Local Effective Rate (LER = LE/total number of lesions x 100%); LCR: Local
Control Rate (LCR = (LE + SD)/total number of lesions x 100%).

The pain scores of 36 patients were recorded at months 1,3,and ~ metastatic lymph nodes in the neck and mediastinum, lung
5 after treatment. The scores were 3.00 (2.25, 4.00), 2.00 (2.00, 3.00),  metastases, bone metastases, and pleural metastases.
and 2.00 (1.00, 3.00), respectively. These scores were significantly This study included a total of 73 RAIR-DTC metastases from
lower than the score of 5.00 (4.00, 6.00) recorded before treatment  various sites. However, 14 lesions that only destroyed bone without
(Z = -5.339, -5.330, -5.278; all P < 0.001). Statistically significant  soft tissue hyperplasia were excluded because their efficacy could

differences were observed between month one and month 3 (Z =  not be evaluated based on tumor size changes. The LER of the
-4914, P < 0.001) and between month three and month 5 (Z =  remaining 59 metastases was 23.73%, 38.98%, and 52.54% at
-4.104, P < 0.001). Please refer to Table 4 for more information  postoperative months 1, 3, and 5, respectively. The LCR was
on this. 98.31%, 96.61%, and 94.92% at postoperative months 1, 3, and 5,

All 36 patients remained infection-free following '*°T seed  respectively. The study’s results align with Chen et al.’s (15) report
implantation. Two cases of radiation injury were reported: one  of a 95% LCR for RAIR-DTC bone metastases in 9 cases.
case of Grade I radiation dermatitis, which gradually improved after ~ Additionally, the results are superior to Chen et al’s (16) report
treatment with anti-inflammatory drugs, and one case of Grade I~ of over a 90% shrinkage rate of metastatic lymph nodes in the neck
radiation pneumonitis, which resolved without specific treatment.  of RAIR-DTC through ultrasound-guided '*I seed implantation.
Puncture-related complications occurred in two cases. One minor ~ The data show that '*°I seed implantation effectively reduces the
bleeding was controlled by applying local pressure to stop it. In the ~ tumor size and achieves local tumor control (refer to Figures 1, 2).
other case, a small pneumothorax was detected by CT after a few  The physical properties of '*°I seeds, such as their low energy
days and resolved spontaneously. Mild myelosuppression was  (27~35 keV) and long half-life (59.5 days), strongly correlate with
observed in three cases, which was managed with leukocyte-  these results. Due to its low energy and long half-life, the radiation
boosting medications and later determined. Five instances of seed  emitted by the '*°I seeds implanted in the tumor causes minimal
displacement were reported, with one involving the left ventricle, — damage to surrounding normal tissues while delivering a lethal dose
one affecting the left upper lung, and three affecting the chest cavity.  of radiation to the tumor cells. Liyuan Zhang (17) reports that small
Radiological toxicity did not occur in these cases, affecting adjacent ~ doses of radiation can stimulate the immune system to suppress

vital organs. Further details are provided in Table 5. tumor growth. Due to the necessity of considering the tolerated
dose of surrounding normal tissues, external beam radiotherapy
cannot administer a radical dose to tumors. Furthermore, '*’I
4 Discussion particles emit rays continuously over an extended period,

impacting the entire cycle of tumor cell division for an extended

The available studies on the clinical benefit of '*°I seed  duration. In contrast, conventional external beam radiotherapy
implantation for treating RAIR-DTC are limited, and most  involves multiple split irradiations, which make tumor cells in the
studies only focus on single types of metastatic cancer, such as  interphase of division insensitive to the rays. This is the primary
lymph nodes or bone metastases (15, 16). This study aims to  reason why '*’I seeds can effectively treat cases that have failed
comprehensively evaluate the clinical improvement of '*°I seed  conventional external beam radiotherapy, chemotherapy, and '*'I
implantation for RAIR-DTC across a wide range of metastatic sites,  therapy. Proton and heavy ion radiotherapy can induce double-

including locally recurrent foci in the thyroid surgical bed, strand breaks in the chromosomes of tumor cells (18), resulting in a

TABLE 3 The serum Tg level is associated with radioactive 2|

seed implantation. TABLE 4 Pain score related to radioactive 12°| seed implantation.
Follow-up time Tg(ng/ml) z P Follow-up time Pain score z P
Preoperative 249.45(79.39,4718.75) - - Preoperative 5.00(4.00,6.00) - -
One month 193.40(44.53,2829.00) -3.881 <0.001* One month 3.00(2.25,4.00) -5.339 <0.001*
Three months 192.10(25.58,1758.00) -4.587 <0.001* Three months 2.00(2.00,3.00) -5.330 <0.001*
Five months 136.25(16.57,1553.25) -4.823 <0.001* Five months 2.00(1.00,3.00) -5.278 <0.001*
*Compared with preoperative. *Compared with preoperative.
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TABLE 5 Complications related to radioactive ?°| seed
implantation (n=36).

Infection 0 0.00
Bleeding 1 2.78
Myelosuppression 3 8.33
Seed migration 5 13.89
Pneumothorax 1 2.78
Radiodermatitis 1 2.78
Radiation pneumonitis 1 2.78

loss of their ability to increase. Due to its unique Bragg peak effect,
this effect is achieved with minimal damage to surrounding normal
tissues. However, proton and heavy ion therapy are costly and
require highly qualified personnel. It is mainly used in clinical
research and is still being developed for routine tumor treatment.
The study identified three progressive lesions that may have
been caused by the presence of poorly differentiated tumor tissue.
These cells have a short doubling time, and the initial dose rate of
1251 seed is low (approximately 0.07-0.09 Gy/h) (17), which may

1257 seed has had a chance to

result in tumor progression before the
take effect. '>°I seeds can treat tumors by slowly releasing radiation
and gradually increasing the cumulative dose in the tumor cells. In
this study, most RAIR-DTC tumor cells were relatively inactive and
slow-growing. Thus, although the LCR at 1 and 3 months
postoperatively were low and most lesions showed SD, the
treatment’s effectiveness became more apparent as the cumulative
tumor dose increased, consistent with a progressive increase in LCR
and LER over time.

Serum Tg is a crucial indicator of postoperative relapse and
metastasis in patients with DTC (19). A decrease in serum Tg levels
may indicate the effectiveness of DTC treatment if a patient tests
negative for TgAb. The study found that the serum Tg levels of the
patients decreased after treatment compared to before treatment
(both P < 0.001). Additionally, the serum Tg levels of some patients
had returned to normal. These findings suggest that '*°I seeds can
effectively inhibit and kill RAIR-DTC tumor cells.

10.3389/fendo.2024.1327766

The progression of RAIR-DTC may cause severe pain and a
significant reduction in patients’ quality of life, mainly when
metastatic lesions occur in the bone and pleura (20). The results
of this study indicate that '*°I seed implantation can effectively
relieve and reduce patient pain, resulting in significantly lower pain
scores post-treatment compared to pre-treatment.

While '*I seed implantation is minimally invasive, it is still
considered an invasive treatment. Therefore, it may lead to
complications related to puncture, such as bleeding, pain, and
pneumothorax. As tumor volume and metastases increase, the
number and activity of '**I seeds required for implantation also
increase, leading to higher radiation exposure and an increased risk
of complications. In addition, adverse reactions related to radiation,
such as radioactive damage and necrosis, may be experienced (21).
Three patients experienced mild bone marrow suppression after '2°I
seed implantation. Patient 1 had 146 particles implanted with an
activity of 2.22*10” Bq in an extensive mediastinal lymph node
metastasis. In contrast, patients 2 and 3 had 57 and 88 seeds planted
with an activity of 2.59*10” Bq in bone metastases with soft tissue
formation, respectively. A small number of adverse events were
reported in this study, including pneumothorax, bleeding, radiation
pneumonitis, dermatitis, and mild myelosuppression. These issues
were resolved through observation or symptom management,
indicating the relative safety of '*°I brachytherapy.

5 Conclusions

2T seed brachytherapy has demonstrated reasonable local
tumor control, effective pain relief, and minimal side effects in
RAIR-DTC. However, this study has several limitations compared
to similar research efforts. These limitations include a small sample
size, the absence of a control group, and insufficient reliability in
data analysis. These limitations hinder a comprehensive depiction
of the actual scenario in particle therapy. Furthermore, the follow-
up period is relatively short, which limits a thorough evaluation of
the medium- and long-term effectiveness of '>°I brachytherapy (22).
This is especially true regarding potential toxic side effects resulting
from dose accumulation. The therapy effectiveness evaluation is
based solely on changes in tumor dimensions observed through CT

FIGURE 3

8E_FDG imaging of bone metastasis in the left proximal femur of thyroid carcinoma. (A) shows a high uptake of 18F-FDG in the metastatic focus
before treatment. In contrast, (B) shows no significant change in the size of the metastatic focus and bone destruction three months after treatment.

However, no 18F-FDG uptake indicates that the tumor cells were inactivated
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scans. However, this approach neglects the consideration of the
tumor’s functional metabolism at the treatment site post-
implantation (refer to Figure 3) or alterations in other tumor sites
induced by treatment that may enhance immune responses (23). It
is essential to conduct further comprehensive clinical investigations
to explore these aspects.
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Proficiency in performing
radiofrequency ablation
procedure for non-functioning
benign thyroid nodules: a
qualitative rather than
quantitative matter

Spyridon Chytiris*, Marsida Teliti*?, Laura Croce®?,
Francesca Coperchini? Beatrice Grillini®, Matteo Cerutti?,
Rodolfo Fonte®, Flavia Magri** and Mario Rotondi**

*Unit of Endocrinology and Metabolism, Laboratory for Endocrine Disruptors, Istituti Clinici Scientifici
Maugeri IRCCS, Pavia, Italy, 2Department of Internal Medicine and Therapeutics, University of
Pavia, Pavia, Italy

Objective: Radiofrequency ablation (RFA) is an emerging non-surgical treatment
for benign thyroid nodules (BTN). Despite its proven safety profile, data on the
learning curve (LC) required to achieve proficiency are still lacking.

Materials and methods: The first 179 RFA procedures performed by a single
operator in patients with non-functioning BTN were retrospectively analyzed.
Six-month nodule volume reduction rate (VRR) > 50% was regarded as reflection
of proficiency. Multiple linear regression analysis has been performed to
determine the relationship between the VRR and clinical variables. Cumulative
sum (CUSUM) charts were plotted to assess LCs for all consecutive procedures
and in relation to basal nodule size. In details, Group 1 (G1): 57 patients with small
nodules (<10 ml); Group 2 (G2): 87 patients with intermediate nodules (10 — 25
ml); Group 3 (G3): 35 patients with large size (> 25 ml).

Results: LC of all 179 procedures showed 3 phases: initial learning (1-39
procedures); consolidation (40-145 procedures); and experienced period
(146-179 procedures). For G1 and G2 proficiency is achieved starting from the
10th procedure within the group (or 37th considering consecutively all
procedures) and from the 59th procedure within the group (or 116th
considering consecutively all procedures), respectively. LC of G3 did not detect
operator proficiency.

Conclusion: Specific LCs exist concerning the basal size of the nodule treated
with RFA. In nodules with baseline volume > 25 ml suboptimal VRR has to be
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expected. Previously achieved experience on small-intermediate nodules does
not seem to provide advantages in terms of higher VRR in the treatment of large
nodules. Other potential and non-modifiable factors likely play a key role in the
final volume reduction independently from the increased skill of the operator.

KEYWORDS

thyroid nodules, benign, non-functioning, radiofrequency ablation, learning curve

Introduction

Thermal ablation for benign thyroid nodules is an effective and
safe non-surgical treatment for benign thyroid nodules (BTN) (1,
2). Radiofrequency ablation (RFA), is a procedure performed
through a trans-isthmic approach and a moving-shot technique,
reported to display a high efficacy together with a low complication
rate (3). In this regard, a recent interdisciplinary consensus
statement of the American Thyroid Association aimed to provide
a framework for the safe adoption and implementation of non-
surgical ablation technologies for BTN, including data on the
learning curve (LC) and necessary prior skillset (4).

LC is defined as the time taken and/or the number of cases
required by an average operator to become proficient to be able to
perform a procedure independently and obtaining a satisfactory
outcome (5). The concept of the LC is often employed in surgery,
where a constant stream of new skills must be acquired safely and
effectively (6). Similarly, some Authors have addressed the issue of
how many RFA procedures an operator may have to carry out
before reaching a safe and competent level of performance.

Up to now, only three reports with an overall number of 291
patients have focused on LCs for thyroid RFA (7-9). Two of the
three studies focused on the LC for a single operator (7, 8), and the
other involved a team of two radiologists (9). According to these
previous studies, physicians with prior expertise in thyroid
ultrasound (US) and fine-needle aspiration (FNA) biopsy may
have to carry out at least 20-30 RFA procedures before reaching
a safe and competent level of performance. Although these previous
experiences have provided a first and meaningful insight into the
role of the operator experience on clinical efficacy in RFA for benign
nodules, some additional aspects require further investigation. Just
to give an example, the baseline nodule volume was consistently
reported to be related to RFA treatment outcomes (10, 11), but the
role of basal volume of the treated nodule was not fully
characterized when LC is considered.

Thus, the primary outcome of this study will be to assess the LC for
thyroid RFA of a single operator in treating non-functioning BTN,
using volume reduction rate (VRR) as a proficiency marker. The
secondary goal will be to identify both baseline patient-related as well
as technical aspects of the ablation procedure potentially related to the
therapeutic outcome as assessed by VRR.

Frontiers in Endocrinology

Patients and methods

This cohort study enrolled the first 179 consecutive patients with
non-functioning BTN receiving RFA treatment at the Endocrinology
and Metabolism Unit of the ICS Maugeri, Pavia. The reasons for
performing RFA included: 1) subjective compressive symptoms such as
difficulty in swallowing or the feeling of local pressure and/or cosmetic
concerns; 2) increase in the volume of the nodules over an ultrasound
follow-up in the last years; 3) patient’s preference for RFA rather than
surgery. Inclusion criteria were: 1) serum TSH, FT4, and FI3 levels
within the normal range; (3) at least one benign cytological result at
fine-needle aspiration (FNA). All patients signed an informed consent
concerning the future use of their clinic data for research purposes and
data collected remained strictly confidential and anonymous, according
to the ethical rules of our Hospital institutions and to the Declaration
of Helsinki.

Procedure

All patients referred for RFA treatment underwent a complete
thyroid work-up, including a measurement of serum FT4, FI3, and
TSH. A baseline US of the neck was performed by the same
endocrinologist (S.C) who performed the RFA procedures. The
thyroid nodule’s location, volume, and characteristics were collected,
and all nodules were classified based on EU-TIRADS criteria (12).
Thyroid nodule volume was calculated using the ellipsoid volume
formula as follows: volume = 0.525 x length x width x depth. US-
guided FNA was performed at least once in all patients, and cytological
results were provided according to the Italian Thyroid Cytology
Classification System 2014 (13). The procedures were performed in a
sterile setting. Local anesthesia with Lidocaine 2% was administered at
the skin puncture site and the perithyroidal space. No hydro dissection
or anesthetic infusion was made in the peri- or under-capsular layer.
The operator (S.C.), an endocrinologist with more than two decades of
expertise in thyroid imaging, fine-needle aspirations, core-needle
biopsies, and percutaneous ethanol therapy, initiated RFA treatment
with the first patient enrolled. All RFA procedures were performed
using a 18-gauge internally cooled electrode, 7 or 10 cm length with a
10 mm active tip (RF AMICA PROBE, Hs Hospital Service S.p.A,
Italy). The US-guided moving-shot technique with a trans-isthmic
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approach was applied (14). During the procedure, patients remained in
a supine position with mild neck extension. They were advised to
report pain, and voice testing was performed at regular intervals. The
starting level of energy delivered per second was 30 W. The energy
output was progressively increased if no response was visible on the US
within 60 seconds. At the end of the procedure, the patient applied mild
compression of the treated thyroid lobe for 20 min. If necessary, an
icepack was applied to relieve pain. After 2 h of post-procedural
observation, a neck US was performed. Standard follow-up included
outpatient visits with FT4, FT3, and TSH after 6 and 12 months.
Nodule volumes were measured by the US after 1, 6, and 12 months.
Nodal volume reduction was expressed as volume reduction ratio,
calculated as follows: VRR = ((initial volume — final volume)/(initial
volume)) x 100. Technique efficacy was defined as a volumetric
reduction 250% of the initial nodule volume.

Data analysis

The statistical analyses were performed using the SPSS software
(SPSS, Inc., Evanston, IL) and JMP (version 17, SAS Institute Inc.,
Cary, NC).

The LCs of the technical efficacy were analyzed using the
calculated cumulative sum (CUSUM), a graphics-based analysis
approach typically used for monitoring change detection. The
CUSUM of the deviations of each sample value from the target
value is plotted in the y-axis and the case number is plotted on the
x-axis. The target value is set to VRR 50%. The cumulative sum of
the deviations upper and below the target value is indicated by the
black dots. The upper and lower control limits are determined
as+ 20 standard deviations (SD) from the target value and are
drawn as red horizontal lines. Results are reported as mean values
with S.D., medians with ranges, or as proportions. A multiple linear
regression model was constructed by entering VRR as a dependent
variable while chronological order, age, nodule composition, nodule
location, nodule baseline volume, and applied energy served as
covariates. A p-value <0.05 was considered statistically significant.

Results
Basic characteristics of all patients

Throughout the study-span, 179 benign thyroid nodules (178
patients) were treated by RFA. In one patient, two separate nodules
were treated. The mean age of the patients was 58,10 + 13,17 years
(range, 23 to 92). The mean baseline nodule volume was 17,73 +
13.29 ml (range, 2.39 to 80.58). In all, 80 were solid-predominantly
solid; 92 were mixed; and 5 were cystic-predominantly cystic. At 6
-month post-RFA the mean VRR of 179 nodules was 58,38 +
17.28% and volumetric reduction >50% of the initial nodule volume
was achieved in 78.13% of patients. The treatments were performed
by using a mean total estimated energy of 19337,80 + 11517,67 ] and
a mean energy per volume of 1361,86 + 883,28 J/ml. Table 1 shows
the patient’s demographic and clinical characteristics.
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Learning curve analyses

Based on the CUSUM analysis of the 179 consecutive procedures,
changes in the slope could be observed after 39 and 145 procedures,
allowing to divide the LC into 3 distinct phases. Indeed, the vertical line
on the CUSUM Chart indicates that a positive shift in the VRR values
started around sample 39 (end of the initial LC), “plateaus” between
cases 40-145 with higher variability in the CUSUM trend
(consolidation phase), subsequently a new shift is recorded from case
146 (proficiency phase). Figure 1 shows the CUSUM analysis of the LC
of the 179 RFA procedures.

To identify baseline and procedural parameters that correlate
with VRR values, a multiple linear regression analysis was
performed including chronological order, age, nodule
composition, nodule location, nodule baseline volume, and
applied energy (Table 2). The only independent predictor of 6-
month VRR was nodule baseline volume (3 =-0,31, 95% confidence
interval = -0,501, -0,123, p = 0,001).

Based on the above results, to explore the possibility that
differences in nodule baseline volume might influence proficiency,
patients were stratified into three groups according to nodule
volume. In detail, Group I encompassed 57 patients with small
nodules (<10 ml); Group 2 encompassed 87 patients with
intermediate nodules (volume 10 - 25 ml); Group 3 encompassed
35 patients with large size (volume > 25 ml). As a further step, a
single CUSUM chart for each group was drawn.

TABLE 1 Patient’s demographic and clinical characteristics.

Age (years) 58,10 + 13,17
Male/Female (n°) 28/151
TSH (mUI/mL) 1,96 + 4.18
Nodule location
Right 86
Isthmus 3
Left 90
Nodule composition
Solid- predominantly solid 82
Mixed 92
Cystic-Predominantly cystic 5
Nodule baseline volume (ml) 17,73 + 13,29
Depth (mm) 23,84 + 6,27
Width (mm) 30,37 + 8,50
Length (mm) 40,77 + 10,23
VRR at 6 mo (%) 58,38 +17.28
VRR > 50% at 6-month (yes/no) 131/48

RFA time (sec) 643,12 + 308,3

Applied energy (]) 19337,80 + 11517,67
Applied energy (J/ml) 1361,86 + 883,28

Results are expressed as mean * standard deviation or numbers. TSH, thyroid-stimulating
hormone; VRR, volume reduction rate; RFA, radiofrequency ablation.
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FIGURE 1

CUSUM analysis of the LC of the 179 RFA procedures. The CUSUM of
the deviations of each sample value from the target value of VRR 50%
is plotted in the y-axis. The case number plotted on the x-axis shows
consecutively all 179 procedures. VRR, volume reduction rate.

TABLE 2 Multivariate analysis of factors predicting VRR.
Lower
limit
95% CI

Upper
limit
95% ClI

Coefficient

B

Independent
variables

p_

10.3389/fendo.2024.1399912

Figures 2A, B show the CUSUM analysis of the LC of G1. The
vertical line on the CUSUM Chart indicates that a positive shift in
the VRR values started around sample 10 when taking into account
only the patients with small nodules; and “moves” to sample 37
when we consider consecutively all patients treated.

Figures 3A, B show the CUSUM analysis of the LC of G2. The
vertical line on the CUSUM Chart indicates that a positive shift in
the VRR values started around sample 59 when taking into account
only the patients with intermediate nodules; and moves to sample
116 when we consider consecutively all patients treated.

Figures 4A, B show the CUSUM analysis of the LC of G3. There
is no positive or negative shift in the VRR values.

Discussion

The present study follows some previous ones, clearly indicating
that a 6-month VRR of 50% represents a realistic and rapidly
achieved goal in most patients treated by RFA for benign thyroid
nodules. According to a large body of evidence, demonstrating that
RFA-associated complications are rather rare, the main outcome
measure to determine RFA proficiency has become the rate of
volume reduction (15). Thus, three previous studies have
conventionally focused on a minimum threshold for procedural
volume in order to achieve a higher 6-month VRR (7-9). Bom et al.

} demonstrated that about 40 procedures are required to achieve a
Chronological order 0,01 -0,14 0,16 0,899 ) ) . .
VRR >50% and of 79% in the following 63 patients (9). Russ et al, in
Age (years) -0,088 -0.241 0,066 0.262 their experience with the first 90 patients treated, showed that a LC
Nodule location 0,064 -0,078 0,207 0,372 existed regarding technical efficacy, VRR, and ablation ratio, a
. relatively new objective parameter to assess the percentage of the
Nodule composition 0,035 -0,109 0,179 0,632
successfully ablated nodule. However, after 60 procedures,
Nodule bascline improvement only persisted in the latter and for small to medium
volume (ml) -0,31 -0,501 -0,123 0,001 . . .
nodules. Recently, Kuo et al, using the CUSUM chart, identified two
Applied energy (]) -0,002 -0,18 0,176 0,981 inflection points of the LC at the 20th and 65th cases,
VRR, volume reduction rate, CI, confidence interval. T espectively (8)
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FIGURE 2

CUSUM analysis of the LC of G1. (A) The CUSUM of the deviations of each sample value from the target value of VRR 50% is plotted in the y-axis.
The case number plotted on the x-axis shows the 57 procedures performed on patients with small nodules. (B) The CUSUM of the deviations of
each sample value from the target value of VRR 50% is plotted in the y-axis. The case number plotted on the x-axis shows consecutively all 179

procedures. VRR, volume reduction rate.
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Standardized CUSUM value of VRR

Number of procedures

CUSUM analysis of the LC of G2. (A) The CUSUM of the deviations of each sample value from the target value of VRR 50% is plotted in the y-axis
The case number plotted on the x-axis shows the 87 procedures performed on patients with intermediate nodules. (B) The CUSUM of the deviations
of each sample value from the target value of VRR 50% is plotted in the y-axis. The case number plotted on the x-axis shows consecutively all 179

procedures. VRR, volume reduction rate.

Thus, a certain degree of amelioration in the skilled operator was
reported after a minimum of ablation procedures ranging from 40 to 60.
However, it is rather disappointing to find that, although a rather limited
number of procedures is sufficient to achieve a VRR >50% in most
patients, further increasing the numbers of procedures performed, leads
to limited additional increase in VRR. This appears in agreement with
the findings by De Andrea et al. who, in an international prospective
randomized controlled trial, compared the volume reduction obtained in
patients treated in two centers (Italy and Korea) with different experience
of the moving-shot technique (respectively 50 vs 3000 procedures). The
results in terms of volume reduction were impressive in the treated
group, both in Italy and Korea, with a slightly greater efficacy in the latter
group where experience in the moving-shot technique is consolidated,
but without a significant difference between the two countries. To note,
the baseline volume was larger in the Italian series (16.4 + 2.5 mL vs. 13.9
+ 3.3 mL, p=0.009) (16).

The results of our study demonstrate that single-operator LC
patterns in achieving higher 6-month VRR are profoundly
different according to the baseline volume of the nodule treated.
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FIGURE 4

Indeed, as assessed by CUSUM charts, it is evident that while for
small volume nodules (< 10 ml) a relevant increase in VRR is
observed starting from the 10th procedure, for intermediate
volume nodules (10-25 ml), ~60 RFA procedures were required
to obtain a comparable amelioration in the VRR. Consistently,
when treating large volume nodules (> 25 ml), even when
performed by an operator who has simultaneously demonstrated
optimal volume reduction rate in the treatment of lower volume
nodules, ~ 35 previous procedures do not warrant a mean 6-
month VRR > 50%. Furthermore, according to our result, it could
be stated that an experienced proceduralist (~180 procedures
performed) may fail to achieve a 6-month VRR > 50% when
large nodules are taken into account.

The above evidence would support the concept that specific LCs
exist concerning the size of the nodule treated and, more importantly
and surprisingly, that previously achieved experience (as assessed by
the number of total procedures performed) on small-intermediate
nodules does not provide advantages (at least in terms of higher VRR)
when the same operator faces large nodules.
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CUSUM analysis of the LC of G3. (A) The CUSUM of the deviations of each sample value from the target value of VRR 50% is plotted in the y-axis.
The case number plotted on the x-axis shows the 35 procedures performed on patients with large nodules. (B) The CUSUM of the deviations of
each sample value from the target value of VRR 50% is plotted in the y-axis. The case number plotted on the x-axis shows consecutively all 179

procedures. VRR, volume reduction rate.

Frontiers in Endocrinology

35

frontiersin.org


https://doi.org/10.3389/fendo.2024.1399912
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Chuytiris et al.

Although the here reported LCs outcome in relation to baseline
thyroid volume may result from a lower efficacy and efficiency of the
moving-shot technique on large nodules, other potentially relevant
variables should be taken into account and discussed.

Beyond the operator’s mastery, the patient’s characteristics (i.e. age
and ability to maintain neck hyperextension for increasing amount of
time) and nodule’s characteristics (large thyroid nodules and particular
anatomical site and/or surrounding critical structures) may all contribute
to the final outcome when assessed by the degree of VRR (17).

The above considerations suggest a further aspect that might be
important to highlight which is related to the desired therapeutic goal.
Indeed, in treating nodules with small and medium sizes, it is desirable
to achieve the highest possible volume reduction. In patients with large
nodule sizes, we should look at RFA as a technique providing
personalized treatment, in that, we may actually fix a given end-
point for each patient. Thus, it is reasonable to assume that the final
aim of the procedure is to provide relief of symptoms which is not
always observed in parallel with greater VRR. In line with this
statement, Papini et al. reported that a 50% volume reduction is
most often sufficient to improve patients” symptoms (18).

The current problem is that we should distinguish between the
technical efficacy of RFA (i.e. VRR) and the clinical efficacy of RFA
(i.e. therapeutic success).

Our data suggest that in nodules with baseline volume > 25 ml
suboptimal VRR has to be expected and the concept of LC may not be
applicable. Potential and non-modifiable factors such as nodule
vascularization, composition, anatomical site and biological
characteristics as well as patients’ compliance likely play a key role in
the final volume reduction independently from the increased skill of
the operator. Consistent with this, Bernardi et al, investigated the
outcomes of re-treatment on symptomatic BTN with a VRR <50%
after the initial thermal ablation treatment (19). The RFA re-treatment
led to greater VRR as compared to the first treatment only in small and
medium nodules (<30 mL) but not in large nodules (>30 mL).

The current study has several strengths. The cohort size is
roughly double compared to other studies on LC, increasing our
results’ representativeness and accuracy. Secondly, the cases
included were consecutive and inclusive of all RFA procedures
performed by the operator, unraveling a realistic picture of daily
clinical practice. Thirdly we used a specific statistical approach for
LC evaluation (CUSUM analysis).

Potential limitations of the present study include the single-
center and the retrospective design, which inherently restricts
external generalizability, even though the here reported results are
in overall agreement with those provided by previous studies.
Furthermore, this study lacks an evaluation of the initial ablation
ratio (IAR), calculated as the ratio between the ablated volume and
the total nodule volume before RFA (20). Its potential value as a
parameter to document operator skills was recently demonstrated
by Russ et al., showing that a single-operator LC for achieving an
IAR >90% was substantially longer than required for a VRR >50%
and exceeded 90 procedures when large nodes are involved (7).
However, the accuracy of IAR for long-term volume reduction and
regrowth prediction remains to be established (21, 22).

In conclusion, the results of the present study demonstrate that:
i) RFA is a safe and rapidly acquired procedure at least for small to
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medium size nodules; ii) the therapeutic efficacy of RFA should not
be exclusively assessed by VRR as relevant clinical benefits may be
obtained also for sub-optimal VRR; iii) RFA treatment should be
regarded as an additional therapeutic tool for personalized
treatment of patients bearing thyroid nodule.

Future prospective longitudinal studies, specifically aimed to
evaluate the long-term outcome as well as the role of 6 month VRR
to predict final size of the nodules will be required to further
characterize the relationship between technical efficacy and clinical
efficacy of the RFA procedure.
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A 6-year single-center
prospective follow-up study of
the efficacy of radiofrequency
ablation for thyroid nodules

Shi Chuanke, Luo Ming, Yan Zhideng and Liu Huan*

Department of General Surgery, Zhongshan Hospital of Traditional Chinese Medicine, Zhongshan,
Guangdong, China

Background: Radiofrequency ablation (RFA) is an alternative modality for thyroid
nodules (TNs) and many studies have also confirmed its favorable efficacy and
safety. The scope of RFA increases in clinical practice and the aim of our study
was to evaluate the efficacy of RFA.

Methods: We conducted a prospective study to evaluate the efficacy of RFA for
thyroid nodules between January 2017 and December 2022 at our institution.
We assessed the change in nodal volume, volume reduction ratio (VRR),
technique effective (TE) rate, complete ablation (CA) rate, and nodal regrowth
rate and time after RFA.

Results: We performed RFA for 1703 patients with TNs between January 2017
and December 2022, of which a total of 970 eligible patients were enrolled in the
study. The preoperative volume of TNs was 6.23 + 8.11ml, with 821 benign and
149 malignant nodules. The post-RFA TE and adjusted TE rate were 80% and
88.8%, respectively. CA was achieved in 145 (14.9%) patients with a mean time of
18.324 12.98 months; nodal regrowth occurred in 15 (1.5%) patients with a mean
time of 29.80 + 12.47 months. TNs volume and VRR changed significantly at
years 1 and 2 after RFA and stabilized after 5 years. A serious postoperative
adverse event occurred in one patient with cervical sympathetic chain injury
resulting in Horner's syndrome. A transient or permanent damage of the
recurrent laryngeal nerve could not be evaluated due to the lack of
postoperative laryngoscopy, and this is a significant limitation of the study.

Conclusion: The expanded RFA indications were also effective for TNs, with no
significant change in long-term efficacy.

KEYWORDS

radiofrequency ablation (RFA), volume reduction ratio (VRR), technique effective,
regrowth, efficacy
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1 Introduction

Thyroid nodules (TNs) are very common in the general
population up to 68% (1) and their incidence is also gradually
increasing attributed to incidental nodule findings. It includes both
benign and malignant nodules, however, benign nodules are more
than 90%. Most of these benign nodules are clinically asymptomatic
requiring only follow-up observation (2), and treatment is indicated
for those with symptoms of compression (including important
structures such as the trachea, recurrent laryngeal nerve, esophagus,
etc.) or aesthetic concerns. More than 90% of malignant nodules are
papillary thyroid carcinomas, which are indolent tumors. Surgery is
the standard treatment for thyroid nodules; however, it leads to scar
formation and, there are adverse events such as recurrent laryngeal
nerve, hypothyroidism, and hypoparathyroidism after surgery (3, 4).
Long-term hormone replacement therapy may be required for
postoperative hypothyroidism, which may have adverse effects on
the bone and cardiac system (5). Moreover, thyroid nodules are
becoming more common among young people; therefore, more and
more patients prefer minimally invasive treatments without surgical
scars. Thermal ablation has emerged as an alternative minimally
invasive treatment for thyroid nodules, including radiofrequency
ablation (RFA), laser ablation (LA), microwave ablation (MA), and
high-frequency focused ultrasound (HIFU).

RFA is the most commonly used thermal ablation technique, and
many previous studies have confirmed that RFA has no significant
difference in efficacy compared with surgery (6, 7). However, the risk of
adverse events such as postoperative voice changes, hypothyroidism,
and hypoparathyroid function was significantly lower (6-9). Currently,
the indications for RFA in multiple guidelines are benign thyroid
nodules, thyroid micropapillary carcinoma, recurrent lymph nodes in
the neck, those who refuse thyroid surgery, or those who are ineligible
for surgery due to systemic disease (5, 10, 11). However, due to the
indolent characteristics of malignant nodules and aesthetic concerns,
many studies have attempted to perform RFA for low-risk papillary
thyroid carcinoma (12, 13). Moreover, the RFA threshold for benign
nodules has not been clearly defined, and many studies have also
applied RFA to larger nodules, like Deandrea M et al. for volumes >20
ml (14). Many previous studies have evaluated RFA separately for
benign and malignant nodules (4, 11-14) and our study evaluated its
efficacy for both. At the same time, these studies had small sample
sizes, and we conducted a 6-year continuous prospective study with a
larger sample size.

The aim of our study was to conduct a large sample size,
consecutive prospective study to evaluate the efficacy of RFA for
thyroid nodules, both benign and malignant.

2 Materials and methods

2.1 Patients

Our study was a single-center prospective study, which was
approved by our Institutional Ethics Committee (No. 2022ZSY-
LLK-456), and all subjects obtained informed consent prior to
surgery. Patients with TNs who underwent RFA at Zhongshan
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Hospital of Traditional Chinese Medicine between January 2017
and December 2022 were enrolled. All thyroid nodules were
evaluated for malignant risk by experienced sonographers based
on the ACR TI-RADS grading system (15) prior to RFA. All
patients also underwent fine-needle aspiration biopsy (FNA) of
the TN to clarify their nature prior to RFA.

The inclusion criteria for eligible patients were as follows: 1) RFA
performed at our institution between January 2017 and December
2022; 2) TNs with TI-RADS grading; and 3) TNs with definitive FNA
pathology results, including benign nodules and malignant nodules
(papillary thyroid carcinoma). The exclusion criteria were as follows:
1) those who refused to participate in this study; 2) patients who were
lost to follow-up; 3) incomplete data; and 4) those who received other
RF treatments before RFA (LA, MA, HIFU).

2.2 RFA preoperative preparation and
postoperative follow-up

All patients completed routine blood, biochemical tests,
coagulation, thyroid function, electrocardiogram (ECG), and chest
X-ray to exclude contraindications before RFA. The demographic
characteristics of the patients included age, gender, and history of
previous surgeries and diseases, especially thyroid surgery and
treatment. All thyroid nodules were scored and risk stratified
according to the ACR TI-RADS grading system.

After RFA, ultrasound(US) was performed at months 1, 3, 6, 12,
and every 6 or 12 months thereafter. Thyroid function was assessed
again 1 month after RFA. We followed up to assess whether
there were events requiring emergency surgery or prolonged
hospitalization after RFA.

2.3 RFA procedure

All RFAs were performed by experienced surgeons and
sonographers in an outpatient setting applying a bipolar RFA
generator and an 18-gauge bipolar radiofrequency electrode with
a 0.9 cm active tip (CelonProSurge, Olympus Surgical Technologies,
Germany). The patient was placed in the supine position with full
neck extension, and local anesthesia with lidocaine was applied for
pain control. The RFA was performed under real-time ultrasound
guidance with hydro dissection, trans-isthmic approach, and the
moving shot technique (16). Appropriate length electrodes were
selected for the RFA procedure based on the size and location of
the TNs, and contrast-enhanced ultrasonography (CEUS) was
performed before and after RFA. During the RFA procedure, we
assessed the patients for changes in voice, dyspnea, and other
discomforts, and discharged them after 12 hours of postoperative
observation without significant discomfort.

2.4 Variables

The variables in this study were general demographic
characteristics and post-RFA efficacy indicators. Demographic
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characteristics included age, gender, underlying disease, thyroid-
related disease and their treatment history. Post-RFA indicators
included TNs volume, volume reduction ratio (VRR), technical
effectiveness (TE), TNs regrowth, new onset, period of stabilization
of TN after RFA and re-intervention rate.

The three-dimensional size of the TNs was measured in
ultrasound and its volume was calculated: Volume equation=
[length(sagittal,cm)xdepth(anteroposterior, cm)xwidth(transverse,
c¢m)]x0.524. Volume Reduction Rate (VRR) is an important
indicator for assessing the effectiveness of RFA and is calculated
as follows:VRR = [(Initial Volume - Final Volume)x100%]/Initial
Volume. Technical effectiveness (TE) was a >50% reduction in
TNs volume at 12 months after RFA; TNs regeneration was defined
as a 50% increase in total volume over the previous minimum
volume (17).

2.5 statistical analysis

In our study, continuous variables were described by mean *
standard deviation (SD) and statistically analyzed by Students t test
or Mann Whitney U test according to their distribution. Categorical
variables are expressed in frequency (percentage), and statistical
analysis is performed using Chi-square tests or Fisher exact tests
when appropriate. We used multivariate logistic regression analysis
to find the factors that affected the RFA effect, expressed by the
adjusted Odds ratio (OR) and 95% confidence interval (CI). P < 0.05
was considered statistically significant. All data were analyzed using
SPSS 25.0 version.

1703 patients with RFA between January
2017 and December 2022

1) TI-RADS grading of TNs,

including scores for composition , echogenicity, shape,
margin, and echogenic foci;

2) FNA;

3) Thyroid function

1) RFA applied hydrodissection, trans-
isthmic approach, and the moving shot technique;
2) CEUS before and after RFA

10.3389/fendo.2024.1402380

3 Results

The flow of our study was shown in Figure 1. A total of 1703
patients with TNs underwent RFA between January 2017 and
December 2022. After excluding 733 ineligible patients, a total of
970 eligible patients were included in our study. The demographic
characteristics of all eligible patients are shown in Table 1. There
were 803 females and 167 males, with minimum and maximum
ages of 5 and 78 years, and a mean age of 43.63 + 12.36 years. Of
these patients, 654 (67.4%) had multiple TNs, and, 201 (20.7%) of
those with multiple nodes underwent multiple node ablation
treatments during a single RFA. 18 (1.9%) patients had previous
RFA and 15 (1.5%) patients were postoperative nodules of residual
glands for RFA. Preoperative FNA in RFA for TNs has confirmed
821 (84.6%) as benign and 149 (15.4%) as malignant.

The post-RFA follow-up and efficacy assessments were shown
in Table 2. Of the 970 patients who were eligible for consecutive
follow-up, the mean follow-up time was 17.60 + 13.66 months, with
the shortest and longest follow-up times being 1 month and 66
months, respectively. Technically effective (TE) was achieved in 776
patients after RFA, and their overall TE rate was 80%. However,
because some patients were followed up for less than 12 months,
their adjusted TE rate was 88.8% (776/874) after excluding the 96
unsuccessful TEs in these patients. Of these 970 patients, 145
patients achieved complete ablation (CA) with a CA rate of
14.9%, and the mean time to achieve CA was 18.32 + 12.98
months. Regrowth of TNs occurred in 15 patients with a rate of
1.5% and its mean regrowth time was 29.80 + 12.47 months.

TNs:Thyroid nodules

RFA:radiofrequency ablation

LA:laser ablation

MA:Microwave ablation
HIFU:high-frequency focused ultrasound
CEUS:Contrast-enhanced ultrasonography
VRR:Volume reduction ratio

TE:Technical effectiveness

The following 733 ineligible patients were excluded;
1) those who refused to participate in this study;
o 2) patients who were lost to follow-up;

7 3) incomplete data;
4) those who received other RF treatments before RFA (
LA, MA, HIFU)

Follow-up intervals:

within the first year after RFA, at months 1, 3, 6 and 12; in years 2-

3: every 6 months; after three years, annually.
Indicators:

TI-RADS grading (including scores for composition, echogenicity,
shape, margins, and echogenic foci), VRR, TE, regrowth rate, new-

onset rate, period of stabilization, reintervention rate

FIGURE 1
Flow chart of the study.
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TABLE 1 Clinical characteristics of the study.

Characteristic n (%)

Genders
Female/male n (%) 803/167(82.8%/17.2%)
Age, years,
(min,max;mean + SD) (5,78; 43.63 + 12.36)
Number of TNs
1/>1 n (%) (316/654) (32.6%/67.4%)
The number of TNs for RFA
1/>1 n (%) (769/201) (79.3%/20.7%)
History of prior RFA
Yes/no n (%) (952/18) (98.1%/1.9%)
Postoperative residual thyroid
Yes/no n (%) (15/955) (1.5%/98.5%)
Pathologic results of TNs

Benign/Malignant n (%) (821/149) (84.6%/15.4%)

SD, Standard deviation; TNs, Thyroid nodules; RFA, radiofrequency ablation.

The changes in the volume of TNs after RFA were shown in
Table 3; Figures 2A, B. The mean volume of TNs before RFA was
6.23 £ 8.11 ml. There was a gradual decrease in the volume of TNs
after RFA, which was most significant at months 3 (2.60 + 3.06 ml,
p < 0.001 < 0.05) and months 12 (1.60 + 2.30 ml, p = 0.004 < 0.05).
The volume reduction rate (VRR) of TNs did not decrease at month
3 after RFA; on the contrary, an increase occurred (-70.36 *
402.64%). The VRR gradually increased after months 3 and was
most significant at postoperative 1 year (58.18 + 76.86%, p < 0.001 <
0.05) and 2 years (68.98 + 59.91%, p = 0.019 < 0.05). The complete

TABLE 2 Follow up and efficacy of RFA.

Characteristic n (%)

Patients (n) 970

Follow-up time, months

(min,max) (1,66)

(mean + SD) 17.60 + 13.66
TE rate n (%) 776/970, 80
TE* rate n (%) 776/874,88.8

CA rate, n (%) 145/970, 14.9

CA time, months

(mean + SD) 18.32 + 12.98
Regrowth rate 15/970, 1.5
Regrowth time, months

(mean + SD) 29.80 + 12.47

SD, Standard deviation; TE, Technical effectiveness; TE*, The adjusted technical effectiveness;
CA, Complete ablation.
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ablation and re-growth rates of TNs after RFA were shown in Table
4; Figure 2C. The CR rates were 7.11%, 11.13%, 13.51%, 14.54%,
14.85%, and 14.95% at 1, 2, 3, 4, 5, and 6 years after RFA,
respectively. Re-growth rates at 1, 2, 3, 4, 5, and 6 years after RFA
were 0.21%, 0.52%, 1.03%, 1.44%, 1.55%, and 1.55%, respectively.

4 Discussion

Thyroid nodules (TNs) are extremely common in the general
population, and their incidence is increasing due to the popularity of
high-resolution ultrasound and the emphasis on health issues. Many
previous studies have confirmed that RFA is an optional safe and
effective treatment for TNs. The majority of TNs are benign nodules
and more than 90% of malignant nodules are papillary thyroid
carcinomas with a biological predisposition to indolence; similarly,
patients have aesthetic concerns, all of which contribute to a higher
incidence of RFA. As a result, the scope of RFA has gradually expanded
from benign nodules to micropapillary thyroid cancer and even to
recurrent thyroid cancer and low-risk papillary thyroid cancer.

Surgery is still the mainstay of treatment for TNs, and its
postoperative risk of adverse events such as hypothyroidism,
hypoparathyroidism, and recurrent laryngeal nerve injury is
significantly higher than that of RFA (4, 18, 19). Surgery involves
removal of the thyroid gland with nodules, whereas RFA involves
coagulative necrosis of the nodules into biologically inactive scar tissue
by thermal ablation; therefore, TNs do not immediately decrease or
disappear in apparent physical size after RFA, and may even show
enlargement in the short-term. TNs volume and volume reduction
rate (VRR) are important indicators for assessing the efficacy of RFA.
In our study, the volume of TNs decreased from 6.23 ml
preoperatively to 1.6 ml, 1.34 ml, 1.27 ml, 1.57 ml, 0.97 ml, and
0.90 ml at postoperative 1, 2, 3, 4, 5, and 6 years, respectively and its
VRR was 58.18%, 68.98%, 73.76%, 75.92%, 84.56% and 85.44% at
postoperative 1, 2, 3, 4, 5 and 6 years, respectively. Volume reductions
in TNs were most significant at years 1 and 2 after RFA, and it
stabilized after 2 years. A meta-analysis showed that benign TNs had a
VRR of 75% and 87% at years 1 and 2 after RFA, respectively (4). In
another meta-analysis including 24 studies of ablation of benign TNs
showed a VRR of 66% and 62% at years 1 and 2 after RFA,
respectively; these are consistent with our study (20). Kim MK et al.
found that the VRR of malignant nodules was lower than that of
benign ones at 12 months after RFA (51.4% versus 83.8%, P = 0.01 <
0.05) (21). A study of 74 patients with thyroid micropapillary
carcinoma (PTMC) followed for more than 5 years found that RFA
resulted in complete disappearance of the tumor lesions without local
tumor progression, lymph node or distant metastasis (22). In our
study, we saw complete ablation of TNs lesions in 145 (4.9%) patients,
which occurred with a mean follow-up time of 18.32 + 12.98 months.

RFA treatment is not the removal of glands with clinically
significant nodules; therefore, patients are more anxious and
concerned about the recurrence of nodules after RFA. Many
studies have demonstrated that incomplete ablation resulting in
residual nodules at the margins is an important factor in
regeneration (23, 24). It has been also noted that incomplete
ablation of benign nodules may promote nodule growth to some
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TABLE 3 Volume and VRR of TNs.

VRR
(mean+ SD,%)

Volume

P-value P-value

(mean + SD,ml)

preoperative 6.23 £8.11 - -

Post-operative - -
1-3 months 2.60 + 3.06 <0.001 -70.36 + 402.64 -
3-6 months 2.10 + 3.01 0.297 32.42 + 137.36 <0.001
6-12 months 1.60 + 2.30 0.004 58.18 + 76.86 <0.001
12-24months 1.34 +£2.08 0.077 68.98 + 59.91 0.019
24-36months 1.27 + 2.00 0.670 73.76 £ 33.58 0.321
36-48months 1.57 £2.39 0.259 75.92 £ 33.60 0.607
48-60months 0.97 + 1.52 0.089 84.56 £ 19.34 0.151
>60months 0.90 + 0.97 0.930 85.44 + 15.59 0.601

TNs, Thyroid nodules; VRR, Volume reduction rate; SD, Standard deviation.

extent (25). However, many studies indicated that the initial
ablation ratio (IAR) did not correlate with nodal regrowth, but
rather with VRR and the likelihood of retreatment (25-28).
Performing CEUS before and after RFA for more complete
ablation reduces the possibility of residual nodules; however,
factors such as large nodules, restricted anatomical locations V
(29), and large calcified foci (30) affect ablation efficacy, and
identification of accurate borders leads to residual nodules after
initial ablation. Although previous studies have indicated that the
primary purpose of RFA for benign nodules is to alleviate
compression symptoms rather than complete ablation (31), many
studies have confirmed its favorable safety and efficacy, allowing it
to treat PTMC, recurrent thyroid cancer, and even low-risk
papillary thyroid cancer. Therefore, the current aims of RFA are
not only to improve symptoms, but also to eliminate tumor lesions
(12, 13, 22). Those puncture-proven benign nodules that do not
achieve satisfactory regression or regeneration after RFA may
actually be malignant. Many studies have also confirmed its and
found that regenerating nodules after RFA were confirmed to be
malignant during subsequent surgeries (32, 33). Therefore, for these
nodules that do not significantly regress or regenerate after RFA, a
puncture biopsy is recommended to exclude the possibility of
malignancy and guide subsequent treatment.

In our study, we saw a significant reduction in the volume of
TN after RFA at 1 and 2 years, and its stabilization at 2 years. A
meta-analysis also showed that the volume of benign nodules
decreased rapidly within 12 months after ablation, with a plateau
at months 12 - 36 (34). The change in VRR was consistent with the
change in nodal volume, which also stabilized at 2 years. The VRR
showed a negative increase in 3 months after RFA, which is
consistent with previous studies; it is due to the ablation area
exceeding the boundaries of the nodule (especially small nodules),
and changes such as peripheral edema and inflammation affecting
the definition of the boundaries in the early post-RFA period.
Regrowth of the nodules predominantly started in the 2nd year
after RFA and stabilized in the 4th year. Previous studies have also
confirmed that regrowth occurs after 2 and 3 years (35-37).
However, Sim JS et al. found that its regrowth shows a peak
during the 2nd-3rd year after RFA and another peak after the 5th
year (23). Valcavi R et al. found that regrowth is rare after the 4th
year (38), which is consistent with our findings. These differences
may be due to inconsistencies in follow-up times, leading to
different definitions of minimum volume; therefore, Mauri, G
et al. suggested that regrowth be defined as a 50% increase in the
minimum recorded volume compared to that measured at a given
follow-up time point (17).
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Changes in VRR after RFA

complete ablation rate and re-growth rate after RFA

(A) Changes in TNs Volume after RFA. (B) Changes in TNs VRR after RFA. (C) Complete ablation rate and re-growth rate after RFA.
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TABLE 4 Complete ablation rate and re-growth rate after RFA.

Complete ablation

P-value P-value

rate n(%)

Post-operative

0-6 months 6(2.68) - 0(0) -

6-12 months 69(7.11) <0.001 2(0.21) 0.949
12-24months 108(11.13) <0.001 5(0.52) 0.452
24-36months 131(13.51) 0.128 10(1.03) 0.300
36-48months 141(14.54) 0.556 14(1.44) 0.539
48-60months 144(14.85) 0.898 15(1.55) 0.999
>60months 145(14.95) 0.949 15(1.55) 0.999

RFA, radiofrequency ablation.

Parameters regarding the prediction of regrowth after RFA have
not been clarified (37). Yan et al. found that residual active nodule
rate, initial volume, location, and vascular distribution were all
independent risk factors associated with regrowth (28). Negro R
et al. found that VRR at 12 months after RFA was associated with
regrowth (35). An increase in the volume of the residual active
nodule may be an early sign of nodule regrowth (27, 39). Many
studies also indicated that margin re-expansion is an important
cause of recurrence after RFA (23, 29, 40). There is currently no
consensus on the timing and indications for reintervention in these
regrowing nodules. Some studies have indicated that a single
treatment for benign nodules treated to relieve compression
symptoms or improve cosmetic problems is sufficient, even if
nodule regrowth occurs (31). Kim HJ et al. demonstrated that
single RFA is effective for small nodules without initial regrowth or
symptomatic recurrence. However, additional treatments improved
the VRR for nodules with regrowth, increased Vv, or symptomatic
recurrence (41). One study found that a VRR of <66% at 1 year after
RFA was a better predictor of nodal retreatment, whereas young age
and large initial volume may also be associated with its retreatment
(37). Another study found that an TAR >73% was a good predictor
of no retreatment within 5 years after RFA (26). The study showed
that the energy delivered during RFA is also a reliable predictor of
retreatment (37). Therefore, avoiding residual active nodules after
RFA reduces the likelihood of nodule regrowth or retreatment.
Preoperative CEUS identified the targeting area and postoperative
CEUS confirmed complete ablation of the targeting area. Additional
RFA is indicated for patients with larger nodules, unresolved
clinical problems, or regrowth or increased Vv after initial
ablation. Some studies have also confirmed that subsequent RFA
for large benign nodules improves VRR and efficacy. However, the
optimal timing and indications for reintervention, including RFA
and invasive procedures, need to be further explored.

Our study has its own limitations as follows: 1. We followed up
only for major complications of E and F classifications as defined by
the Society of Interventional Radiology (SIR) (42). A serious
postoperative adverse event occurred in one patient with cervical
sympathetic chain injury resulting in Horner’s syndrome. A
transient or permanent damage of the recurrent laryngeal
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nerve could not be evaluated due to the lack of postoperative
laryngoscopy, and this is a significant limitation of the study. 2.
Most thyroids are multiple nodules, and many patients had multiple
nodules ablated during a single RFA; however, we only evaluated
large nodules. Therefore, whether there is a difference between
ablation of multiple nodules versus single nodules during the same
RFA, and whether ablation has an effect on untreated nodules (both
ipsilateral and contralateral); none of the above were involved in
this study and will be explored in our subsequent studies.
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Introduction: Thyroid nodules are extremely common being detected by
ultrasonography in up to 67% of the population, with current surgical tenet
maintaining that lobectomy is required for large symptomatic benign nodules or
autonomously functionally nodules resulting in a risk of hypothyroidism or
recurrent laryngeal nerve injury even in high volume centres. The introduction
of radiofrequency ablation (RFA) has allowed thermal ablation of both benign and
autonomously functioning thyroid nodules with minimal morbidity. The moving
shot technique is the most well-established technique in performing RFA of
thyroid nodules, and has proven to be safe, efficacious, accurate and successful
amongst experienced clinicians. The purpose of this article to propose the use of
a novel guide when performing RFA of thyroid nodules in clinical practice
utilizing the moving shot technique.

Methods: The technique proposed of RFA involves the use of a 10MHz linear
ultrasound probe attached to an 18G guide which provides robust in line
visualisation of a 7cm or 10cm radiofrequency probe tip (STARmed, Seoul,
Korea) utilizing the trans isthmic moving shot technique. A geometric analysis
of the guide has been illustrated diagrammatically.

Results: The use of an 18G radiofrequency probe guide (CIVCO Infiniti Plus™
Needle Guide) maintains in line visualisation of the radiofrequency probe over a
cross-sectional area up to 28cm?, facilitating efficient and complete ablation of
conceptual subunits during RFA of thyroid nodules.

Discussion: Radiofrequency ablation of thyroid nodules can be performed safely
and effectively using the novel radiofrequency probe guide proposed which we
believe potentially improves both accuracy and overall efficiency, along with
operator confidence in maintaining visualisation of the probe tip, and hence we
believe provides a valuable addition to the armamentarium of clinicians wishing
to embark on performing RFA of thyroid nodules.
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thyroid, nodule, radiofrequency ablation, guide, benign, autonomous
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Introduction

Thyroid nodules are common and detectable by
ultrasonography in up to 13-67% of individuals (1), with higher
frequencies in women and the elderly even when the gland is
normal on palpation. The initial work up of thyroid nodules has
been well established and includes a thorough clinical history to
determine risk factors for malignancy, clinical examination and an
assessment of thyroid function followed by ultrasonography of both
the thyroid bed and lateral neck. The vast majority do not require
treatment, and current treatment paradigm maintains that surgery
is required for nodules to confirm either suspicious lesions on fine
needle aspiration biopsy (FNA) or on nodules that are confirmed to
be malignant. However following FNA confirmation of benign
nodules, or in isolated autonomously functioning thyroid nodules
(AFTN), the risk of malignancy is low in the order of 2-6%. The
majority of solitary toxic nodules represent follicular adenomas
with a high prevalence of activating mutations in the TSH receptor
and their risk of malignancy is less than 3% (2, 3).

Non-malignant (large benign or autonomously functioning)
nodules sometimes, however, do require surgical intervention in
the form of partial thyroidectomy (4). This leaves the patient with a
small cervical scar and renders up to 22% of patients with
hypothyroidism for life (5). Despite advances in surgical training,
thyroidectomy still carries with it a 2-5% complication rate, even
when performed by high volume surgeons (6), resulting in many
patients delaying or avoiding surgery entirely.

With the increasing use of clinician-initiated point of care
ultrasonography, ultrasound-guided thermal ablative techniques
have been introduced by interventional thyroidologists (surgeons,
endocrinologists, and interventional radiologists) to effectively treat
and manage benign or AFTN. Radiofrequency ablation (RFA) of
the thyroid gland was first introduced in human studies in 2006 (7)
and multiple international guidelines (8-13) have since been
developed including those most recently released by the American
Thyroid Association (ATA) (14). The basic principle of RFA
involves using a high-frequency alternating electric current that
oscillates resulting in formation of a closed electrical circuit (15).
The subsequent activation of radiofrequency power via a probe
activates positively charged sodium and potassium ions and
negatively charged chloride ions within the adjacent tissue and as
they attempt to align with the polarity established by the high
frequency electrical current, generate either frictional or resistive
heat which is then transmitted and conducted to adjacent tissue
(16). This generates heat between 60-100 degrees Celsius around
the electrode tip that induces near instantaneous induction of
protein coagulation with additional thermal injury via conduction
that irreversibly damages cellular enzymes resulting in cell death by
coagulative necrosis (15, 16). Perhaps the most established
technique in implementing RFA in the thyroid is the moving-shot
technique, proposed by Baek et al (17) as a means of maximising the
efficiency of frictional heat generated at the electrode tip resulting in
a more predictable ablation zone and minimizing risk of damages to
adjacent visceral organs and nerves induced by thermal conduction.
With this technique, the deepest portion of the nodule is targeted
first using a trans-isthmic long-axis technique with a slow
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withdrawal before the next portion of the nodule is targeted,
again from a deep to superficial approach. This technique has a
well-established safety profile.

The purpose of this paper is to provide our approach to safely
performing RFA for both benign and AFTN using a moving shot
trans-isthmic long-axis technique. More specifically, we provide a
pictorial and geometric analysis of the benefits and limitations of a
novel ultrasound probe needle guide (CIVCO Infiniti PlusTM).

Methods
Indications

RFA at Sunnybrook Health Sciences Centre is performed under
ultrasound guidance by a clinician with experience in performing
ultrasonography, FNA biopsies of the thyroid gland as well as core
biopsies of neck masses. Indications for RFA are in keeping with the
most recent ATA consensus statement, namely two thyroid FNA
confirmed benign biopsies or AFTN (14).

Procedure preparation

The patient is placed in a supine position with the head elevated
at approximately 30 degrees. Grounding pads are then applied to
the patient’s upper thigh to establish a complete grounded electrical
circuit by also connecting them to the radiofrequency device. The
generator is subsequently connected to a straight monopolar RF
electrode with an active tip length between 5, 7 or 10mm, depending
on the size of the nodule (STARmed Seoul, Korea), and a 7cm RF
probe is most commonly employed. A cooling pump is used to
circulate saline through the electrode and lower the temperature
around the active tip to maximize ablative margin whilst
minimizing tissue charring. Local anaesthetic being lidocaine with
1:100,000 adrenaline is injected around the skin at the site of entry
of the probe for the trans-isthmic approach followed by a superficial
cervical plexus block. Additional anaesthetic and 5% dextrose is
then injected under ultrasound guidance using a spinal needle in a
pericapsular plane producing a visualised anechoic band that
hydrodissects and separates the nodule from the infrahyoid
musculature and laterally away from the carotid sheath and a
potentially medialized vagus nerve.

Guide technique

A high resolution 10Mhz linear ultrasound probe is then
attached to a GE Edwards ultrasound probe guide which on its
lateral aspect is directly connected to an 18G fitting guide (CIVCO
Infiniti Plus' " Needle Guide) for the RF probe (STARMed Seoul,
Korea). (Figures 1, 2) The purpose of the guide is to maintain
constant inline visualisation during the procedure, removing the
margin of error associated with freely holding the probe. In the
results, we will demonstrate the use of this guided technique using a
pictorial and geometric analysis of the probe within this guide. This
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FIGURE 1

10.3389/fendo.2024.1402605

Radiofrequency probe with guide attached demonstrating in line stabilization and visualization during procedure.

will allow a greater understanding of the pros and cons of using
such a guide. Research ethics board approval was not required as
patients were not required for this analysis.

Ablative technique

The moving shot technique is then implemented by the
clinician whereby the nodule is divided into a series of conceptual
subunits with smaller subunits at the periphery, paying close
attention to the danger triangle as has been previously described
(7). The radiofrequency active tip probe (STARMed Seoul, Korea) is
percutaneously inserted under direct vision using the guide
(Figure 1) via a transisthmic approach beginning at the most
posterior and deepest aspect of the nodule. The primary
treatment endpoint is a combination of hyperechogenic change
including echogenic microbubbles on the ultrasound screen and
objective monitoring of tissue impedance level. The clinician then
retracts the probe along the guide, consistently visualising the probe
tip, and proceeds to ablation of the next conceptual subunit until all
units have developed a visualised hyperechogenic focus with high
tissue impedance proceeding from deep to superficial, and sparing
the subunits contained within the danger triangle.

Frontiers in Endocrinology

The patient is then monitored for at least one hour following the
procedure to ensure there are no complications encountered and
subsequently followed up by phone call within 24 hours of the
procedure to monitor for any symptom change.

Results

Using the guided technique, a 7cm probe allows a maximum
usable length of 3cm and cross-sectional area of 7.1cm”. Trimming
of the guide, facilitates a further 1cm of length, resulting in a cross-
sectional area of 13cm® A 10cm probe provides a usable length of
6cm using the guide with a cross-sectional area attainable of
28.3cm?, that can be increased to 38.5cm> once the guide is
trimmed. Accounting for the thickness of the overlying
subcutaneous tissue and skin, the guided technique can be safely
used to ablate a 3cm nodule with a 7cm probe and up to a 6cm
nodule with the 10cm probe once the guide is trimmed. A summary
of the geometric analysis of both guides has been provided in
Table 1. Figures 3, 4 provide a schematic geometric analysis using
the 10cm RF probe (STARMed Seoul, Korea) length of a potential
arc of treatment using a 4cm right thyroid nodule as an example
with the ability to ablate a total area of 28cm” using the guide with
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FIGURE 2

Equipment set-up The linear transducer probe guide is attached directly to an 18G radiofrequency probe guide to produce fixed translatory bodily
movements with the electrode tip consistently centred in the long axis, minimizing angulation error during ablation.

constant probe tip visualisation. The advantages and disadvantages
of such an approach have been summarized in Table 2 below.

Discussion

Radiofrequency ablation of the thyroid gland provides the
thyroid interventionalist with a minimally invasive technique to

TABLE 1 Geometric analysis comparing the 7cm RF probe to the 10cm
RF probe.

7cm 10cm
RF Probe RF Probe
Cost $ $$
Maximum usable length 3cm 6cm

(without trim)

Maximal usable length (with trim) 4cm 7cm
Cross sectional area 7.1cm” 28.3cm>
Cross sectional area with 13cm? 38.5cm?
trimmed guide

Nodule diameter (maximum) 3cm 6¢cm
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ablate benign thyroid and AFTN in an outpatient setting, without a
general anaesthetic, leaving them without a scar and most
importantly, avoiding the risk of hypothyroidism. The efficacy of
RFA in benign thyroid disease has been previously well established.
Most recently, Russell et al. in a multi-institutional prospective
collection of 620 patients from a North American population with
benign thyroid nodules and a baseline nodule volume of 5.6mL,
followed with serial ultrasound and TSH levels for 12 months,
demonstrated a median volume reduction rate of 71% at 12 months,
with 78% of patients achieving treatment success defined as a
volume reduction greater than 50% at 1 year. On multivariate
analysis, small nodules (with a treatment volume <10mls) and
medium nodules (10-20mls) achieved a success rate of 81% and
87% at 12 months respectively (18). A similar muti-institutional
prospective Korean study consisting of 276 patients demonstrated a
mean volume reduction of 80% at 12 months with a mean
preoperative volume of 14mls and largest diameter of 3.8cm,
however, one quarter of these patients also had another ablative
procedure (19). When followed by serial ultrasound for 6 years, the
mean volume reductions at 24, 36, 48 and 60 months were 84%,
89%, 92% and 95% respectively. Deandrea et al. in their randomized
control international collaborative trial across two centres in Italy
and Korea demonstrated a mean volume rate reduction of 71% at 6
months (20), and a recent systematic review demonstrated a mean
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FIGURE 3

The combination of an 18G guide to maintain in line visualisation combined with a 10cm length RF probe (A) provides a working field of
approximately 28cm? whilst applying the moving shot technique. Using a 7cm RF probe, the cross-sectional area achieved is approximately 7cm?
but can be increased to 13cm? by trimming the guide using sterile scissors as shown in (B).

FIGURE 4
Schematic representation of the use of the RF probe guide in ablation of a 4cm thyroid nodule. A total cross sectional of 28cm? can be ablated
through a single puncture site whilst maintaining in line visualisation of the tip at all times.
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TABLE 2 Summary of the advantages and disadvantages of guided
RF ablation.

Advantages Disadvantages

Guided *  Easier long axis visualisation = ¢  Obscures the site of
of the electrode tip at
all times

*  Low cost and user friendly

puncture and therefore
potentially increases the
chance and need of

*  Attaches to almost any multiple puncture sites
Limits the depth of the
electrode tip for large or
deep nodules >5cm
Additional cost to treatment
May need modification
for use with 7 cm probe

10MHz ultrasound probe ¢
+  Simplifies

control in the long axis

for the .

novel interventionalist .

electrode tip

Non-guided | »  Has been used for several *  Susceptible to movement

years with a proven artefact associated with

safety profile deglutition, talking and

*  Doesn’t  require  the reactions to discomfort
additional purchase of *  Can be difficult to maintain
a guide in-line visualisation of the

*  Allows direct visualisation probe tip at all times
More

the use of a guide for

of the puncture site . challenging than

novel interventionalists

volume reduction of 67-75% at 12 months in patients treated with a
single procedure, which increased to 94% in patients with repeated
ablations consistent with previous findings (21). Thus, the clinical
outcome of volume reduction in benign thyroid nodules has
previously well documented.

RFA has also recently expanded its use in achieving not only
volume reduction of thyroid nodules, but biochemical euthyroidism
of patients with AFTN, where the risk of malignancy is exceedingly
low. In a systematic review and meta-analysis conducted by Cesareo
et al, the pooled rate of patients with TSH normalization was 57%
with a pooled volume reduction rate of 79% at one year (22). The
rate of success of RFA in AFTN has been significantly correlated
not only with volume rate reduction but also with size of nodule,
with nodules more likely to respond to treatment when baseline
volume is <12mls (23). This has been postulated to relate to the
ability to achieve complete ablation of conceptual subunits in
smaller volume nodules, minimizing the risk of untreated
autonomously hyperfunctioning residual tissue. Therefore, RFA
has now been recommended as a treatment option in the
majority of internationally established guidelines.8-14 Our
practice is currently limited to patients with biopsy confirmed
benign nodules or toxic adenomas that are less than 20mls in
volume and located away from the danger triangle given the
potential for undertreating hyperfunctioning ablation subunits to
avoid risk of thermal injury.

Current consensus guidelines have established there is a
significant learning curve for thyroid ablation required prior to
providing optimal treatment for patients (8). Complete ablation of
all conceptual subunits optimizes patient outcomes by increasing
the success of the procedure and decreasing the need for additional
treatment. The most recent ATA consensus statement indicates that
clinical efficacy requires approximately 30 cases based on the results
of three previously published series (24-26). We agree with the
aforementioned studies and all our procedures are currently
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performed by two Otolaryngology Head and Neck Surgeons with
significant previous expertise in both US and FNA. In addition to
this, Improvements in volume rate reduction in benign thyroid
nodules has also been attributed to expertise in electrode
manoeuvrability, the amount of energy applied to each
conceptual subunit and the use of colour doppler during the
procedure to identify viable thyroid tissue (22). We feel that our
novel guided technique proposed has several advantages. Firstly, the
use of a radiofrequency probe guide attached to a high frequency
linear ultrasound transducer ensures visualisation of the needle
under direct vision for the entirety of the procedure. The probe can
then be angled to target separate subunits of varying depth through
the same puncture site. We have found the stability gained by the
guide improves operator confidence in ablation of smaller
conceptual subunits in close proximity to the recurrent laryngeal
nerve and the carotid artery, areas often left unattended due to risk
of injury. Secondly, the placement of a fixed guide negates the
human error in movement often unavoidable during both talking
and swallowing which we have found to be a significant advantage.
It also facilitates ablation of multiple subunits through a single-
entry site by rotating the probe in a counterclockwise fashion,
commencing inferiorly and moving superiorly, yet maintaining
direct vision. Further to this, the restraint of a guide facilitates the
need for a systematic approach to ablation requiring the clinician to
subdivide the outlined nodule into horizontal tracts spaced
approximately lcm apart, ensuring a more complete ablation.
One of the challenges we recognise in the implementation of a
novel interventional technique, pertains to not only familiarity with
instrumentation but also the ability to consistently replicate the
same result under varied conditions in patients with variable
anatomy and we feel the use of a guide aids in achieving this.
Further to this, we feel that in the infancy of clinicians adopting
radiofrequency into their practice, such an approach facilitates
consistency, adaptability and accounts for potential movement
artefact otherwise experienced during deglutition, speech or as a
reaction to discomfort experienced by the patient during the
procedure. This is further enhanced by the use of a 10cm
radiofrequency probe allowing an arc of rotation of 6cm, not
otherwise achieved with shorter probes, highlighting its use in
large benign nodules. However, the 7cm radiofrequency probe
can also be used with modifications made to the needle guide. Of
course, an individualized approach is required based on the
patient’s body habitus, the size and depth of the nodule and the
clinician needs to remain cognizant of potential complications
including nodule rupture, hematoma, nerve and tracheal injury
which remain of paramount importance.

There is a currently a large amount of literature supporting
radiofrequency ablation of thyroid nodules, however this is only
amongst high volume thyroid interventionalists. As the use of RFA
becomes more widespread amongst surgeons, a guided approach
with the electrode tip fixed within the centre of the long axis
field consistently, produces translatory bodily movement of both
transducer and RF probe endorsing confidence in achieving
accurate subunit ablation. This will allow the thyroid
interventionalists to consistently ablate more conceptual subunits
and potentially improve the efficiency of RFA in the management of
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both benign and AFTN. Further prospective studies will aid in
elucidating this as the technology increases in adoption rates across
North America.

Conclusion

We present a novel radiofrequency probe guide which is simple
and easy to attach to an ultrasound probe that provides a valuable
addition to the head and neck surgeons armamentarium in RFA of
thyroid nodule.
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Objective: To conduct a comparative analysis of the efficacy, safety, and impact
on quality of life outcomes between thermal ablation and surgical interventions
in patients diagnosed with papillary thyroid carcinoma (PTC).

Methods: A prospective study was undertaken, enrolling patients with PTC <5mm
who underwent radiofrequency ablation (RFA), laser ablation (LA), or surgery, for
analysis of efficacy and safety outcomes. The Thyroid Cancer-Specific Quality of
Life questionnaire was administered to all patients before treatmentand at 3, 6, and
12 months post-treatment.

Results: A total of 162 eligible patients were included in the study. Major
complications were not observed in the RFA and LA groups, while five cases
were reported in the surgery group, although no statistically significant
differences were observed. Minor complications were documented in two,
three, and 14 patients in the RFA, LA, and surgery groups, respectively, with no
significant variances noted. Surgical duration and hospitalization time were
notably shorter in the thermal ablation groups. At the final follow-up, complete
disappearance of nodules was seen in 71.4% of cases treated with RFA and 71.0%
of cases managed with LA, with no significant disparities between the groups.
Both RFA and LA exhibited similar effects on quality of life, with thermal ablation
techniques showing better functional outcomes in comparison to surgery.
Across all groups, adverse effects were most pronounced at the 3-month
post-treatment mark but gradually reverted to baseline levels in the thermal
ablation group, contrasting with the surgery group.

Conclusions: For PTC <5mm, both RFA and LA exhibited similar cancer control
outcomes and superior quality of life on par with surgery, while minimizing
complications. These findings underscore the promise of RFA and LA as potential
standard treatments for small PTCs, subject to further confirmation in
future studies.
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radiofrequency ablation, laser ablation, quality of life, papillary thyroid carcinoma,
thermal ablation
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Introduction

Papillary thyroid carcinoma (PTC) stands as the most
predominant form of endocrine malignancy (1). Advances in
health consciousness and the utilization of high-resolution
ultrasound have led to the identification of an increasing number
of PTC cases with a primary tumor diameter <1.0 cm and no
discernible cervical lymph node enlargement (2). While surgery has
historically been the favored treatment modality, the swift
progression of thermal techniques, in which radiofrequency
ablation (RFA) and laser ablation (LA) is the most frequently
used, offers an alternative approach, especially for patients at risk
of anesthesia complications or adverse to visible scarring (3).

Various investigations have explored the efficacy and safety of
thermal ablation in PTC, highlighting its high feasibility, favorable
rate of tumor resolution, effective local disease management, and
minimal complications (4-6). Additionally, multiple meta-analyses
have revealed that, in comparison to surgery, thermal ablation
yields comparable quality of life (QoL) outcomes and non-
inferior prognoses at a reduced cost (7-11). Despite these
encouraging results, many of these studies are constrained by
their retrospective nature, and the comparison of QoL between
thermal ablation and endoscopic surgery remains equivocal.
Furthermore, occult metastasis plays a crucial role in determining
treatment strategies, as delayed detection of occult metastasis can
lead to increased surgical complications. Unfortunately, this aspect
has often been overlooked in previous studies. It is worth noting
that occult metastasis can develop in over 50% of cases of cT1NO
PTC (12), with tumor size playing a significant role. Current
evidence indicates that compared to PTC <5mm, the risk of
lymph node metastasis is nearly five times higher in cases of PTC
>5mm (13).

Henceforth, our aim is to undertake a prospective assessment of
the effectiveness, safety, and QoL outcomes of thermal ablation and
endoscopic surgery in individuals diagnosed with cNO PTC <5mm.

Patients and methods
Ethical considerations

This study was approved by the Institutional Research
Committee of Henan Cancer Hospital (No0.2020-LC156), and all
patients provided written informed consent for participation in
medical research prior to undergoing treatment. All methods and
procedures adhered to relevant guidelines and regulations.

Study design

A prospective investigation was carried out from January 2021 to
January 2022 to explore the favored therapeutic approach among
individuals with ¢NO solitary PTC <5mm. Prior to treatment, all
patients underwent preoperative fine needle aspiration biopsy and
genetic mutation profiling encompassing BRAF, RAS, RET, CTNNBI,
TERT, PAX8-PPARY, and PTEN. The findings were evaluated in
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accordance with the Bethesda classification system (14), with only
patients exhibiting thyroid nodules categorized as Bethesda category V
or VI being included in the study. In instances where two or more gene
mutations were identifled, surgery was recommended over thermal
ablation. The selection of treatment modality predominantly hinged
upon patient preference and the proficiency of the surgical team.
Patients who opted for thermal ablation or surgery were included,
while those with a history of prior cancer or other specific
characteristics were excluded (Figure 1). Participants completed the
Thyroid Cancer-Specific Quality of Life (THYCA-QoL)
questionnaire both before and at 3, 6, and 12 months postoperatively.

Variable definitions

The absence of clinically positive lymph nodes was defined as
cNO (4). Tumor size was determined by the largest diameter
measured via ultrasound (5). Major complications were
characterized as those with the potential to be life-threatening,
cause significant morbidity or disability, and included
complications such as prolonged vocal paralysis (lasting>6
months), neck hematoma necessitating surgical intervention,
surgical site infection, lymphatic fistula, and permanent
hypoparathyroidism (lasting >6 months) (15). Minor
complications encompassed transient voice or vocal dysfunction,
transient hypoparathyroidism (lasting<6 months), bleeding
managed with local compression, and moderate pain requiring
medication (15). Mild side effects such as transient post-
procedural pain, heat sensation, and neck discomfort that did not
necessitate intervention or prescription medications were not
included in the analysis (15). Operation time was defined as the
duration between the onset of local anesthesia and completion of
ablation in the RFA/LA group, and the duration between skin
incision and wound closure in the surgery group (6).
Hospitalization period was considered as the time from
completion of thermal ablation or surgery to discharge (10).
Recurrence was identified as lymph node or distant metastasis (16).

Sonographic characteristics of the nodules were meticulously
evaluated, with three orthogonal dimensions of the nodule
measured, including the largest diameter and the other two
perpendicular dimensions. The volume was calculated using the
formula: ©* L * W * H/6, where L represents the largest diameter,
and W and H are the perpendicular dimensions. The volume
reduction ratio (VRR) was calculated as follows: [(initial volume -
final volume) * 100]/initial volume. The initial volume was defined
as the tumor volume measured on conventional ultrasound before
treatment, while the final volume was defined as the volume of the
ablated area measured on conventional ultrasound during each
follow-up (6).

Quality of life
The THYCA-QoL questionnaire, primarily designed to assess

quality of life post-thyroidectomy, was employed in this study
(11, 17). Comprising 24 items evaluating seven scales
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Refusal of participate: n=191;
size >5mm: n=113;
A history of prior cancer: n=20;
A history of prior surgery: n=12;

Gong et al.
498 cT1aNOMO PTC
162 patients included
RFA LA Surgery
n=42 n=31 n=89
FIGURE 1

Flow chart of patients enrolled for this research.

(neuromuscular, voice, concentration, sympathetic, throat/mouth,
psychological, and sensory problems) and six single items
(scar, chilly, tingling, weight gain, headache, and anxiety) over the
past week. Each item was rated on a four-point response scale from
1 =“notat all” to 4 = “very much”. Scores were linearly transformed
to a 0-100 scale, with higher scores indicating greater complaints.

Treatment

Thermal ablation encompassed RFA and LA procedures, both
conducted by the same two physicians (YZ and WG) with 5 years’
experience under local anesthesia. RFA utilized a generator and an
18-gauge internally cooled electrode with 5mm or 7mm active tips
(Minimax Medical, China), according to tumor size and surgeon
preference. The LA system (Esaote, Italy) included an optical beam-
splitting device and a plane-cut optic fiber measuring 1.5 m in
length and 300 pm in diameter. During LA, the fiber was connected
to a continuous-wave neodymium yttrium-aluminum-garnet (Nd:
YAG) laser source operating at a wavelength of 1064 nm with an
output power of 3-4 W.

Endoscopic surgery was performed via axilla approaches, while
open surgery was conducted through an anterior cervical median
incision, involving unilateral thyroidectomy with central lymph
node dissection. All surgeries were performed by a professor (SZ)
with 20 years’” experience.

Statistical analysis

During the baseline data comparison, the Chi-square test was
employed for categorical variables, while the Student’s t-test was
utilized for continuous variables. The primary outcome variables
assessed across various groups encompassed efficacy, safety, and
QoL. For the evaluation of efficacy and safety, continuous and
categorical outcomes were compared using independent-samples t-
tests and Chi-square tests, respectively. In the examination of QoL,
the outcomes were scrutinized through Two-way repeated-
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measures ANOVA with the Bonferroni correction method. The
threshold for statistical significance was established at p < 0.05.

Results
Baseline data

A total of 162 participants were included in the analysis, with a
mean age of 50.9 = 12.5 years, comprising 68 (42.0%) men and 94
(58.0%) women. The average volume of malignant nodules measured
323 + 13.4 mm’. Hashimoto’s thyroiditis was present in 17 (10.5%)
patients, whereas hypothyroidism was observed in two (1.2%) patients.
Central lymph node metastasis was identified in three (3.3%) patients
undergoing surgery. These clinicopathologic variables were evenly
distributed across all three groups (all p>0.05) (Table 1).

Efficacy

The mean operation time for the RFA and LA groups was 5.5 +
4.3 minutes and 6.1 + 3.9 minutes, respectively, which were
significantly shorter than the average operation time of 58.6 +
23.5 minutes in the surgery group (p<0.001). Patients treated with
RFA or LA had an average hospital stay of approximately one day,
while those in the surgery group stayed for an average of 4.2 + 1.3
days, indicating a significant difference (p<0.001). At the last follow-
up, complete disappearance was noted in 71.4% of nodules treated
with RFA and 71.0% of those subjected to LA. The difference was
not statistically significant (p=0.966). There were no instances of
cervical lymph node or distant metastasis, nor occurrences of
hypothyroidism in the RFA and LA groups (Table 2).

Over the follow-up period, variations in VRR were observed. In
the RFA group, the mean VRR was 26.6% * 9.4%, 76.4% + 14.3%,
and 93.1% + 14.2% at 3, 6, and 12 months postoperatively. In the
LA group, the mean VRR was 25.8% + 7.6%, 81.0% + 10.5%, and
94.0% + 11.3% at 3, 6, and 12 months postoperatively. Both
techniques exhibited comparable changes in VRR.
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TABLE 1 Baseline data of TLaNOMO patients treated by radiofrequency TABLE 3 Safety of radiofrequency ablation (RFA), laser ablation (LA), and
ablation (RFA), laser ablation (LA) and surgery. surgery in T1aNOMO papillary thyroid carcinoma patients.
Variable RFA LA Surgery Complication RFA LA Surgery
(n=42) (n=31) (n=89) (n=42) (n=31) (n=89)
Age 51.4 +10.5 526 +9.3 50.0 + 14.6 0.286 Major
Sex Vocal paralysis 0 0 1(1.1%)
Male 16 (38.1%) 13 (41.9%) 39 (43.8%) Voice change 0 0 1(1.1%)
Female 26 (61.9%) 18 (58.1%) 50 (56.2%) 0.825 Hematoma 0 0 1(1.1%)
Volume (mm?) 305+102  31.8+ 120 333+ 154 0.400 Infection 0 0 1(1.1%)
Hashimoto's Fistula 0 0 0
thyroiditis
Total 0 0 4 (4.4%) 0.179
Yes 5 (11.9%) 3 (9.7%) 9 (10.1%) 0.940
Minor
Hypothyroidism
Vocal paralysis 1 (2.4%) 0 1(1.1%)
Yes 0 0 2 (2.2%) 0.502
Voice change 0 1(3.2%) 2 (2.2%)
Lymph - - 3
node metastasis Bleeding 1(2.4%) 1(3.2%) 3 (3.3%)
The symbol "-" represents "no data". Pain 0 1(3.2%) 2 (2.2%)
Safety Total 2 (4.8%) 3 (9.7%) 8 (9.0%) 0.733

No major complications occurred in the RFA or LA groups;  the surgery group, with no significant differences observed. At 3
however, four complications were reported in the surgery group  months postoperatively, the mean quality of life score increased to

(vocal paralysis: n=1; voice change: n=1; hematoma: n=1; surgical 1731 10.2 in the surgery group, significantly higher (both p<0.001)

site infection: n=1). The difference was not significant among the  han those of the other two groups. By 6 months postoperatively,

three groups (p=0.179). Minor complications were more prevalent,  gyera]l quality of life began to improve, with patients treated with

with a total of 13 cases. In the RFA group, one patient experienced surgery achieving a mean score of 12.2 + 8.6, still higher (both

vocal paralysis and bleeding. Similarly, in the LA group, one patient p<0.001) than the scores of 6.2 + 4.2 in the RFA group and 5.5 + 4.3

each reported voice change, bleeding, and pain. Among the surgery i the LA group. After 12 months, quality of life tended to return to

group, bleeding (n=3) was the most common issue, while vocal  }ageline levels, but patients managed with surgery had higher mean

paralysis (n=1) was the least frequent. Nonetheless, the differences  ¢.ores compared to those treated with RFA (p=0.005) or LA

were not statistically significant (p=0.733) (Table 3). (p=0.004) (Figure 2).
Quality of life Post-ablation evaluation
All participants completed the questionnaire, resulting in a At the 12-month follow-up, residual lesions were identified in

response rate of 100%. Baseline quality of life scores were 3.0 +  ultrasound scans for 12 patients treated with RFA and nine patients
2.1 for the RFA group, 2.2 + 2.0 for the LA group, and 3.2 £ 3.0 for ~ managed with LA. Fine needle aspiration biopsies were performed

TABLE 2 Efficacy of radiofrequency ablation (RFA), laser ablation (LA),
and surgery in TLaNOMO papillary thyroid carcinoma patients at last

follow-up.
30
) - RFA
Variable ( RF:\Z) ( LA31) S(urgsegrg/ - LA
n= n= n=
20 -+ Surgery
Operation 55+43 6.1 +39 58.6 £ 23.5 <0.001 T,'
time (minute) 4
10
Hospitalization 1.0+£03 1.0+£03 42+13 <0.001
(day)
0 T
Complete 30 (714%) 22 (71.0%) - 0.966 Pre 3m 6m 12m
disappearance Time
Recurrence 0 0 2 (2.2%) 0.502 FIGURE 2
Quality of life (Qol) in radiofrequency ablation (RFA), laser ablation
Hypothyroidism 0 0 - 1.000 (LA), or surgery groups at different time points.
The symbol "-" represents "no data".
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on all these cases, confirming the absence of cancer cells, with
findings indicating fibrous connective tissue or necrotic cells.

Discussion

The paramount discovery of our study lies in the establishment of
the safety and efficacy of both RFA and LA as treatments for patients
with PTC <5mm, yielding comparable outcomes with minimal
complications. In comparison to surgery, RFA and LA demonstrated
equivalent cancer control while posing fewer risks. While the QoL
experienced a decline in all three groups following treatment, this
decline was less pronounced in thermal ablation procedures than in
surgery. Moreover, QoL showed a tendency towards restoration to
baseline levels within a year. These results underscore the effectiveness,
safety, and advantages of RFA and LA in the management of PTC,
providing valuable insights for individualized treatment
decision-making.

The issue of safety has been a paramount concern and has
undergone meticulous examination. In an extensive review
conducted by Ming et al. (18), it was highlighted that a small
fraction of patients exhibited symptoms linked to thermal damage.
Common complications post thermal ablation in previous studies
included transient hoarseness and a burning sensation, with the
majority of these symptoms spontaneously resolving within a brief
timeframe. Tong et al. (19) also compiled the cumulative incidence of
complications observed in RFA and LA, reporting rates of 4.0% for the
former and 2.0% for the latter, with no occurrences of life-threatening
events. To some extent, our study corroborated these findings,
unveiling a complication rate of 4.7% for RFA and 9.7% for LA,
slightly surpassing previous documentation. Various factors may
contribute to these disparities. Primarily, unlike the studies
mentioned, we classified complications as major and minor, with no
major complications identified in our analysis. Secondly, the safety of
the thermal ablation procedure is intricately linked to the tumor’s
location. Tumors situated in close proximity to the trachea or within
the posterior thyroid region adjacent to the capsule, where the
recurrent laryngeal nerve travels, present a relatively higher risk of
recurrent laryngeal nerve injury during ablation. Thirdly, variations in
operator expertise and procedural techniques may lead to incidental
complications like bleeding and neck swelling. Lastly, inconsistent
definitions of complications and our relatively modest sample size
may have influenced the outcomes. In the comparison with surgical
interventions, while a greater number of adverse events were noted in
patients undergoing surgery, the difference lacked statistical
significance. This discovery aligns with findings from other reviews
(15, 20). Both RFA and LA are minimally invasive methods that induce
tissue necrosis through thermal energy, eliminating the necessity for
anatomical dissection.

The evaluation of VRR stands as a crucial parameter for assessing
the effectiveness of thermal ablation. In a comprehensive analysis by
Choi et al. (15), it was reported that the rates of complete disappearance
were 48.7% for the LA group and 65.2% for the RFA group.
Remarkably, these rates surged to 93% for LA and 81% for RFA in
subsequent investigations by Gao et al. (21). These outcomes, including
our own, can be attributed to various factors. Initially, the timing of
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assessing complete disappearance status is pivotal, highlighting the
prolonged immune-mediated absorption process of residual tumors
within the body. Discrepancies in follow-up durations across available
literature may not allow ample time for the complete absorption of
certain tumors. Teng et al. (22) showcased a substantial reduction in
volume from a median of 55.78 mm? to 0 mm’ (p < 0.001) at 60
months post-treatment. Our study aligns with this observation,
indicating persistent reduction in tumor size, particularly notable at
three to six months post-surgery. Additionally, residual calcification
and fibrous scarring within the tumor may impede the complete
disappearance of tumor volume. These remnants manifest as non-
enhancing zones on contrast-enhanced ultrasound and are confirmed
as necrotic material through fine-needle aspiration biopsies (6).

The consideration of QoL emerges as a pivotal aspect that has
been relatively understudied in comparative analyses between
thermal ablation and surgery. In a prospective study conducted by
Zheng et al. (10), wherein 92 patients with PTC underwent thermal
ablation and 106 patients opted for surgical excision, both cohorts
were monitored for approximately 12 months. Significantly, the
surgical group exhibited elevated scores indicative of scar-related
issues and heightened anxiety. In the investigation by Li et al. (23), a
comparison between the thermal ablation and surgical groups
revealed that the former showcased superior ratings in global
health, physical well-being, and emotional stability. Notably, except
for headaches, the thermal ablation group attained lower scores
across other domains in the THYCA-QoL questionnaire when
juxtaposed with the surgery cohort. These studies collectively
brought to light that thermal ablation was associated with an
enhanced QoL relative to surgery, notwithstanding the use of
microwave technology in the thermal ablation approach as opposed
to RFA and LA. Studies by Lan et al. (24, 25) further reinforced that
RFA engendered better QoL outcomes compared to surgery,
although their investigations were delimited by a retrospective
design. Significantly, the exploration of the correlation between LA
and QoL in PTC has been limited in the extant literature. Thus, our
study potentially forges ahead by delving into this domain, revealing
that both RFA and LA evoke similar effects on QoL, showcasing
superior functional outcomes in contrast to surgery. Furthermore,
across all groups, the nadir of adverse effects was most pronounced at
the 3-month post-treatment juncture, gradually improving towards
baseline levels in the thermal ablation cohort as opposed to the
surgery cohort. This intriguing finding could potentially be ascribed
to the inherently minimally invasive nature of RFA and LA, whereas
endoscopic thyroid surgery, while more aesthetically pleasing,
triggers the formation of scar tissue within the cavity, a process
that initiates healing from the third month onwards.

Previous evidence has validated the favorable outcomes delivered
by thermal ablation (1, 3-6). However, all these studies encompassed
a large cohort of patients with PTC >5mm in size and overlooked the
presence of occult metastasis, a factor significantly influenced by
tumor size. In comparison to PTC <5mm, PTC >5mm conferred an
additional 4-fold risk of lymph node metastasis (13). Although these
researchers noted similar cancer control outcomes between thermal
ablation and surgery, the detection of metastasized lymph nodes
clinically required considerable time, thus limiting the scope of many
studies due to relatively short follow-up durations. In our oncology
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center, the utilization of RFA and LA for PTC was meticulously
regulated based on tumor size and other pertinent characteristics.
PTC <5mm presented an exceedingly low risk of occult metastasis.

There is a divergence in the management of small, low-risk PTC
globally. While active surveillance is deemed appropriate for
patients with small, intrathyroidal PTC lacking aggressive
cytopathology, local invasion, or clinically detectable metastases,
and has shown favorable outcomes such as a low growth rate,
rare regional or distal lymph node metastases, and low mortality
(26, 27), Chinese patients often experience anxiety and nervousness
due to the potential diagnosis of even a small PTC. As a result,
immediate treatment is typically sought based on the psychological
state of the patient, and preoperative fine needle biopsy is mandated
before definitive therapy according to official guidelines in China
(28, 29). On the other hand, long-term QoL considerations are
paramount in the management of indolent, slow-growing PTC,
particularly in the current era of conservative management. Options
have expanded to include minimally invasive approaches; however,
unlike active surveillance, any invasive therapy could potentially
diminish QoL to varying degrees. Therefore, the burden of
surveillance and the level of concern should be carefully weighed
when determining the most suitable approach (30).

Acknowledgment of the limitations of the current study is
crucial. Firstly, the relatively modest sample size may have
reduced the statistical power of our findings, highlighting the
need for a larger size trial. Secondly, our inclusion was limited to
patients with PTC < 5mm in size, necessitating future studies to
incorporate a wider range of PTC sizes. Lastly, as this study was
conducted at a single institution, external validation is essential
before widespread clinical implementation.

In conclusion, for PTC <5mm, both RFA and LA exhibited
similar cancer control outcomes and superior quality of life on par
with surgery, while minimizing complications. These findings
underscore the promise of RFA and LA as potential standard
treatments for small PTCs, subject to further confirmation in
future studies.
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T-cell exhaustion-related
genes in Graves' disease: a
comprehensive genome
mapping analysis

Zhengrong Jiang*, Huiyao Cai', Yizhao Lin? Ruhai Lin®,
Lijun Chen' and Huibin Huang ®*
‘Department of Endocrinology, Second Affiliated Hospital of Fujian Medical University, Quanzhou,

Fujian, China, 2Department of Internal Medicine, Gutian County Hospital of Ningde City, Ningde,
Fujian, China

Background: T-cell exhaustion (Tex) can be beneficial in autoimmune diseases,
but its role in Graves’ disease (GD), an autoimmune disorder of the thyroid,
remains unknown. This study investigated Tex-related gene expression in GD
patients to discern the potential contributions of these genes to GD pathogenesis
and immune regulation.

Methods: Through gene landscape analysis, a protein—protein interaction
network of 40 Tex-related genes was constructed. mMRNA expression levels
were compared between GD patients and healthy control (HCs). Unsupervised
clustering categorized GD cases into subtypes, revealing distinctions in gene
expression, immune cell infiltration, and immune responses. Weighted gene co-
expression network analysis and differential gene expression profiling identified
potential therapeutic targets. RT-gPCR validation of candidate gene expression
was performed using blood samples from 112 GD patients. Correlations between
Tex-related gene expression and clinical indicators were analyzed.

Results: Extensive Tex-related gene interactions were observed, with six genes
displaying aberrant expression in GD patients. This was associated with atypical
immune cell infiltration and regulation. Cluster analysis delineated two GD
subtypes, revealing notable variations in gene expression and immune
responses. Screening efforts identified diverse drug candidates for GD
treatment. The Tex-related gene CBL was identified for further validation and
showed reduced mRNA expression in GD patients, especially in cases of relapse.
CBL mRNA expression was significantly lower in patients with moderate-to-
severe thyroid enlargement than in those without such enlargement.
Additionally, CBL mRNA expression was negatively correlated with the disease-
specific indicator thyrotropin receptor antibodies.
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Conclusion: Tex-related genes modulate GD pathogenesis, and their grouping
aids subtype differentiation and exploration of therapeutic targets. CBL
represents a potential marker for GD recurrence.

KEYWORDS

Graves' disease, T-cell exhaustion, weighted gene co-expression network analysis, CBL,
enlargement of thyroid gland

Introduction

Graves’ disease (GD) is a prevalent autoimmune thyroid
disorder that affects an estimated 0.5-2% of the global population
(1). GD commonly manifests as symptomatic thyrotoxicosis,
dysregulated hormone levels, and the presence of thyrotropin
receptor antibodies (TRAbD), conditions that can lead to life-
threatening hyperthyroid crisis in some cases, leading to
A thorough
understanding of the etiology and pathogenesis of GD is

considerable morbidity and mortality (2).

necessary for the development of precise diagnostic methods and
effective therapeutic interventions. Central to GD pathology is
discernible derangement of T-cell functionality, which prompts a
cascade of events that lead to the breakdown of immune tolerance,
aberrant immunoregulation, heightened B-cell reactivity, and
ultimately injury to the thyroid and associated tissues (3).
However, the nuanced mechanisms responsible for the alterations
in T-cell function observed in GD remain incompletely understood.

T lymphocytes, commonly referred to as T cells, assume a central
role as effectors in the immune system and are mobilized in response to
antigenic stimuli. This orchestrated response entails rapid T-cell
proliferation and differentiation, culminating in the development of
both effector T cells and memory T cells—a process indispensable for
the preservation of immune homeostasis. Dysregulation of T-cell
function is intricately associated with the onset of autoimmune
pathologies (4). Specifically, T-cell exhaustion (Tex) represents a
consequential deviation in T-cell differentiation, evoked by prolonged
exposure to antigenic stimulation and/or inflammation (5). Hallmarks
of Tex include progressive functional decline, sustained elevation of
inhibitory receptors, alterations in transcription factor expression and
utilization, and metabolic perturbations. Importantly, exhausted T cells
lack the antigen-independent homeostatic proliferative capacity
exhibited by memory T cells (6). The well-established connection of
Tex with viral infections and compromised anti-tumor responses
highlights its pivotal role. Within the tumor microenvironment, Tex
may contribute to a waning anti-tumor immune response, fostering
immune tolerance. Conversely, in autoimmune diseases, Tex may be
beneficial, as depleted T cells modulate autoimmune responses through
immunoregulatory mechanisms, thereby contributing to the
restoration of immune homeostasis (7). Existing research
underscores the correlation between the transcriptional profile of Tex
and the therapeutic efficacy and prognosis across diverse autoimmune
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diseases, including systemic lupus erythematosus (SLE), type 1 diabetes
mellitus, antineutrophil cytoplasmic antibody-associated vasculitis
disease, rheumatoid arthritis (RA), and idiopathic pulmonary fibrosis
(8). Although Tex has been studied in many autoimmune diseases,
little evidence for its role in GD can be found in the current literature.
An in-depth exploration of Tex within the context of GD would
provide important insight into the precise mechanisms that underlie
abnormal T-cell function in this specific autoimmune thyroid disorder.

In the present study, we first delineated molecular subtypes of
GD by scrutinizing the expression profiles of Tex-related genes in
the peripheral blood mononuclear cells (PBMCs) of GD patients.
Through a meticulous analysis of Tex-related gene expression, we
elucidated distinctive immune characteristics across these identified
subtypes. For these subtypes, we performed co-expression analyses
to identify key molecules that could serve as targets for potential
molecularly-targeted drugs. This pioneering approach not only
sheds light on the intricate immune landscape in GD but also
introduces a novel research avenue for the prospective diagnosis
and treatment of this autoimmune thyroid disorder.

Materials and methods
Data collection and pre-processing

For use in this study, the GSE71956 dataset was retrieved from
the NCBI’s GEO database (https://www.ncbi.nlm.nih.gov/geo/).
This microarray dataset, focusing on Homo sapiens, includes gene
expression data collected from the PBMCs of 31 GD patients and 18
healthy controls (HCs), for a total of 49 samples (9, 10).

Data processing involved translating probes into symbols based
on platform-specific correspondences. Probes corresponding to
multiple genes were carefully removed, and those converging on
the same symbol were consolidated into a median value.
Subsequently, 40 Tex-related genes were identified (11). Gene sets
from the GOBP and KEGG pathways, obtained from the MSigDb
database (https://www.gsea-msigdb.org/gsea/msigdb/, version
msigdb_v2023.1.Hs_GMTs), were included in further analysis
using the ssGSEA algorithm to quantify pathway activity scores.
Concurrently, we retrieved a set of 17 immune response genes from
the Immport database (https://www.immport.org/shared/genelists).
Utilizing the ssGSEA algorithm, immune response scores were
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computed for each sample in the GSE71956 dataset. The study also
included 17 human leukocyte antigen (HLA) genes (12), and
correlation analyses were conducted for 13 relevant genes. The
four genes not included in the latter analyses were HLA-J and HLA-
DRB6, which were absent from the GSE71956 dataset, and HLA-A
and HLA-B, which were previously identified as key drivers in Tex.

Protein-protein interaction
network construction

Interactions among Tex-related genes were systematically
explored using the STRING protein interactions database (https://
www.string-db.org/). These interactions formed the basis for
constructing PPI networks.

Identification of differentially expressed
Tex-related genes in GD patients

The Wilcoxon rank-sum test, with a stringent significance
threshold set at P<0.05, was applied to identify differential
expression of Tex-related genes between two delineated groups.

Classification of GD subtypes using
expression profiles of Tex-related genes

Unsupervised cluster analysis, utilizing the ConsensusClusterPlus
package, identified different disease subtypes based on the expression
profiles of Tex-related genes. The clustering method employed
Euclidean distance, with km clustering and 1000 replications to
ensure stability. Differences in pathway activity, immune response
score, HLA gene expression, immune cell infiltration score, and T-cell
depletion-related gene expression were examined between subtypes.

Identification of key module genes in
GD subtypes

To construct scale-free co-expression gene networks by weighted
gene co-expression network analysis (WGCNA), stringent criteria
included setting scale-free R* to 0.8 and a minimum threshold of 30
genes within a module. Subsequently, correlation analyses evaluated
the relationship between modules and sample phenotypic features,
using Pearson’s correlation coefficients for Module Eigenvectors
(MEs), signifying the most emblematic genes within each module.
Core genes, integral to different subtypes, were identified through
rigorous screening based on gene significance (GS) 20.6 and module
membership (MM) >0.8.

Differential gene expression analysis across
GD subtypes

The R-package limma identified differentially expressed genes

(DEGs) within diverse subtype samples, employing stringent
criteria of [log2FC| =1 and adj. P<0.05.

Frontiers in Endocrinology

10.3389/fendo.2024.1364782

Functional enrichment analysis across
GD subtypes

Functional annotation of DEGs between subtypes was
completed using the R package clusterProfiler, with parameters
including pvalueCutoff = 0.05 and pAdjustMethod = “BH.” This
facilitated the annotation of potential functions of genes that
diverged between subtypes, predicting their molecular functions.

Identification of subtype hub genes and
exploration of therapeutics via PPls

WGCNA was performed to identify core genes for each
subtype. Then PPI networks were constructed based on core
DEGs. Subtype hub genes were selected based on those with the
top 5 connectivity, and interactions between these genes and
drugs were investigated using the DGIdb database (https://
www.dgidb.org/, v4.2.0). Sankey diagrams were prepared to
provide concise and informative visualization of the interactions
between drugs and genes.

Participant inclusion and blood
sample collection

Peripheral blood samples were systematically collected from 112
GD patients and 47 HCs at the Second Hospital of Fujian Medical
University between June 2023 and November 2023. The diagnostic
criteria for GD encompassed clinical manifestations of thyrotoxicity,
elevated serum thyrotropin receptor antibodies (TRAb), reduced
serum thyrotropin (TSH), and other pertinent indicators (13).
Individuals in the HC group had normal thyroid function and
thyroid autoantibody levels, and individuals were excluded if they
had a chronic inflammatory or autoimmune disorder, a prior thyroid
condition or surgery, an infectious disease, or a malignant tumor, or if
they were pregnant or breastfeeding.

Within the GD patient cohort, 70 cases were primary, signifying
the patients had not received previous treatment for thyroid or
ocular conditions. Based on the degree of thyroid enlargement
(confirmed by palpation and ultrasound), these 70 patients were
categorized into two groups: those without thyroid enlargement or
with Grade I enlargement were included in the non-severe thyroid
enlargement GD group (NSTEGD), while those with Grade II-III
enlargement were included in the severe thyroid enlargement GD
group (STEGD). In contrast, 42 cases were recurrent, marked by the
recurrence of symptoms and serological changes meeting the
diagnostic criteria for GD within 2 years of discontinuing
prescribed medication, as directed by the treating physician (14).

Ethical approval was obtained from the Ethics Committee of the
Second Hospital of Fujian Medical University (Ethics No. 2023-
488). The general information of the study participants is presented
in Supplementary Table S1. PBMCs were isolated through
concentration gradient centrifugation and cryopreserved in
serum-free cryopreservative for backup.
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RNA extraction and reverse transcription
quantitative polymerase chain reaction

Total RNA was isolated from PBMCs using TRIzol (Thermo
Fisher Scientific, Waltham, MA, USA) for reverse transcription. The
resulting RNA was transcribed into cDNA using the PrimeScript RT
Master Mix kit (Takara, Dalian, China), and then cDNA
amplification was achieved using the TB Green Premix Ex Taq II
kit (Takara). Primers targeting the CBL gene and GAPDH were
synthesized by Shanghai Sangon (Shanghai, China). The experiment
was repeated three times. The specific primer sequences were:

CBL-forward:5-ACTGCTTCTAAGGCTGCTTCTGG-3’,R:5’-
GGCGGTGGTGGTGGAAGATC-3".GAPDH-forward:5’-TGC
CACTCCTCCACCTTTG-3’,R:5-CGAACCACCCTGTTGCTGT-3".

Statistical analysis

Bioinformatics analyses were conducted using R version 4.1.2.
Test for significance included the Wilcoxon rank-sum test for two-
group comparisons and the Kruskal-Wallis tests for multiple-group
comparisons. The chromosomal distribution of Tex-related genes
across 23 chromosome pairs was visualized using the R
package RCircos.

Target gene validation was performed using IBM SPSS Statistics
274" method for

relative gene expression in clinical samples. Normal data

23.0 and GraphPad Prism 8.0, employing the

distribution was confirmed with the Shapiro-Wilk test, and data
variance was assessed with the F-test. Normally distributed data
were expressed as mean + standard deviation, with between-group

10.3389/fendo.2024.1364782

comparisons performed using the Student’s test or corrected t-test
(Welch’s method). Non-normally distributed data were presented
as median and quartiles, and between-group comparisons were
performed used the Mann-Whitney test.

Correlations between the candidate gene CBL and FT3, FT4,
and TSH levels were examined by Pearson’s correlation analysis,
while the correlation between the candidate gene CBL and TRAb
level was investigated by Spearman’s rank correlation analysis.

Results
Tex-related gene landscape in GD patients

This study began with a comprehensive analysis of 40 Tex-
related genes, and the results revealed an even distribution across
chromosomes, indicating genome-wide dispersion (Figure 1A).
Subsequent PPI network analysis highlighted extensive
interactions, emphasizing notable connectivity among genes such
as IL7R, CCR7, JAKI, and CBL (Figure 1B), suggesting their
potential importance in Tex-related gene interactions. Spearman’s
correlation analysis demonstrated significant correlations in gene
expression. The most pronounced was a positive correlation
between IL7R and B2M expression, and a negative correlation
between IL7R and MET exhibited the largest absolute value
(Figure 1C), implying shared functional roles for these genes.

Comparison of the mRNA expression levels of Tex-related
genes between healthy and GD samples revealed upregulation of
two genes (MET and SFMBT2) and downregulation of four genes
(JAK1, CBL, B2M, and HLA-B) in GD (Figures 1D-F).
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FIGURE 1

Expression of T-cell exhaustion (Tex)-related genes in the Graves' disease (GD) genetic landscape. A: Chromosomal distribution of Tex-related
genes. B: Protein—protein interaction (PPI) network of Tex-related genes. C: Heat map depicting expression correlation of Tex-related genes in
disease samples. D: Volcano map illustrating differences in Tex-related gene expression between the healthy control (HC) and GD groups. E: Heat
map displaying the expression levels of Tex-related genes in the HC and GD groups. F: Expression distribution map of differentially expressed Tex-

related genes. ns (p>0.05), *P<0.05, **P<0.01
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Involvement of Tex-related genes in
immune regulation of GD

The potential roles of Tex-related genes in the pathogenesis of
GD were investigated through a systematic analysis. Initial
comparisons focused on HLA gene expression, immune cell
infiltration scores, and immune response scores in different normal
and GD patient samples. Spearman correlation analyses were
performed to assess the relationships of HLA gene expression,
immune cell infiltration scores, and immune response scores with
Tex-related gene expression in GD patient samples. The results
revealed down-regulation of three HLA genes (HLA-C, HLA-E, and
HLA-F) in GD patient samples (Figure 2A). Further analyses
demonstrated significant correlations between the expression of
most aberrantly expressed HLA genes in GD and Tex-related genes
(Figure 2B). Compared with HC samples, GD patient samples
exhibited significantly higher infiltration scores for five immune cell
types, specifically activated B cells, activated dendritic cells, central
memory CD8 T cells, macrophages, and neutrophils (Figure 3A).
Substantial correlations were observed between the immune cell
infiltration scores in GD patient samples and the expression levels
of Tex-associated genes. Notably, CBL, a Tex-related gene found to be
differentially expressed in GD, showed a significant negative
correlation with immune cell enrichment in GD (Figure 3B).

Six immune response scores, including those for Chemokine
Receptors, Cytokine Receptors, Interleukin Receptors, TGFP
Family Members, and TNF Family Members Receptors, were
significantly different between GD patient samples and HC
samples (Figure 4A). Significant correlations were found between
immune response scores and the expression of Tex-related genes.
Of particular interest was a close correlation between CBL
expression and the significantly enriched immune responses in
samples from GD patients (Figure 4B). These results suggest that
the expression of Tex-related genes may impact GD progression
through immunomodulatory effects.

Classification of GD subtypes based on
Tex-related gene expression

To elucidate the expression patterns of Tex-related genes
associated with GD, we performed unsupervised cluster analysis,
which classified 31 GD patient samples into two subtypes: Subtypel
(n=25) and Subtype2 (n=6), based on the expression profiles of 40
Tex-related genes (Figures 5A-C). The two disease subtypes
were effectively determined by expression of T cell depletion-
related genes (Figure 5D), with 21 Tex-related genes showing
significantly differential expression, including notably CBL, which
exhibited abnormally high expression in Subtypel (Figure 5E).

Comparisons between subtypes revealed differences in pathway
activity, HLA gene expression, immune cell infiltration score, and
immune response score. Specifically, the results revealed significant
distinctions in the pathway activities of the ECM RECEPTOR
INTERACTION, ERBB SIGNALING PATHWAY, and MTOR
SIGNALING PATHWAY between the subtypes (Figures 6A, B).
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Additionally, 17 immune cell infiltration scores, including those for
activated B cells, activated dendritic cells, and activated CD8+ T
cells, differed significantly between the subtypes (Figure 6C). The
expression of 8 HLA genes and immune response scores related to
cytokine receptors, natural killer cells, cytotoxicity, and the T-cell
receptor (TCR) signaling pathway also showed significant
differences between the two subtypes (Figures 6D, E). These
findings suggest the presence of two distinct disease subtypes
within GD that have divergent immunological characteristics
based on the distinct expression patterns of Tex-related genes.

Identification of potential therapeutic
drugs through WGCNA and subtype hub
DEG analysis

To explore key molecules associated with the GD subtypes,
WGCNA was performed on the top 50% of genes and identified 21
modules (Figures 7A, B). Based on the calculated correlation
coefficient, the turquoise module was most positively correlated
with Subtypel, and the magenta module was most positively
correlated with Subtype2 (Figure 7C). These modules were
considered key modules for Subtypel and Subtype2, respectively,
and 1441 and 59 module core genes were screened based on GS and
MM, respectively (Figures 7D, E).

Upon application of the limma package, 3041 DEGs with
upregulated expression in Subtypel and 577 DEGs with
upregulated expression in Subtype2 were identified (Figure 7F).
Enrichment analysis was conducted on these DEGs (Figures 7G, H),
and the intersection of core genes with upregulated genes in each
subtype yielded 1235 core DEGs in Subtypel (Figure 7T) and 44 core
DEGs in Subtype2 (Figure 7J).

To identify potential therapeutic targets and drugs, subtype hub
genes and drug molecules were screened using the PPI network and
DGIdb database. From the constructed PPI networks for Subtypel
and Subtype2, the top 5 hub genes were selected based on node
connectivity (Figures 8A, C). The hub genes for Subtypel were
HSPAS5, MYC, EEF2, EP300, and POLR2B, while those for Subtype2
were RAX2, P2R2B, and P2R2B. Queries of interactions between
hub genes and drugs in the DGIdb database revealed interactions of
MYC and EIF2AK4 with various drugs (Figures 8B, D). Examples
include novobiocin, glutamine, and thioguanine for MYC and
haloperidol, Hesperadin, and quetiapine for EIF2AK4.

CBL mRNA expression in PBMCs of
GD patients

Based on the general association of Tex with a favorable
prognosis in autoimmune diseases (7), we examined whether
Tex-related driver genes are abnormally downregulated in GD
patient samples. Considering the results of a literature review, the
CBL gene was chosen for validation of its expression in GD patient-
derived PBMCs. CBL mRNA demonstrated abnormally
downregulated expression in GD patients (Figure 9A, P=0.043).
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Furthermore, compared with that in samples from the primary
group, CBL mRNA expression was lower in samples from the
recurrent group (Figure 9B, P=0.020). CBL mRNA expression was
significantly lower in GD patients with moderate-to-severe thyroid
enlargement than in those without such enlargement (Figure 9C,
P=0.002). Correlation analysis revealed a negative correlation
between CBL mRNA expression and TRAD levels in GD patients.
However, no significant associations were observed between CBL
expression and the levels of FT3, FT4, and TSH (Table 1).

BS Diseased BH Healthy

10.3389/fendo.2024.1364782

These findings suggest that the Tex-related gene CBL may play a
crucial immunoregulatory role in the pathogenesis of GD.

Discussion

GD is an autoimmune thyroid disorder characterized by
elevated TRAb levels, lymphocytic infiltration, and tissue
hyperactivation, with effects on multiple systems (2). T-cell
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HLA gene analysis. A: Box plot showing gene expression differences between the HC and GD groups. B: Spearman correlation of Tex-related gene

expression in GD samples. ns (p>0.05), *P<0.05, **P<0.01.
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dysfunction is pivotal in GD pathogenesis and progression, and
Tex, a distinct T-cell functional state, has been implicated in various
autoimmune disorders (15). This study explored alterations of Tex-
related gene expression in GD, and the results provide insight on
the Tex phenotype and potential regulatory mechanisms. By
identifying hub genes associated with different subtypes of GD,
potential therapeutic avenues are revealed, offering theoretical
support and guiding future investigations into the roles of Tex-
related genes in GD pathogenesis.

In autoimmune diseases, a complex interplay of factors,
including prolonged antigenic stimulation, restricted CD4+ T-cell
responses, limited co-stimulation during initial T-cell activation,
diminished gamma-chain cytokine signaling, and characteristics of
the tissue microenvironment (e.g., hypoxia, nutrient deficiencies,
pH abnormalities), contributes to T-cell differentiation along
exhaustion pathways (16). Tex results in substantial alterations in
effector function, cytokine responses, and metabolic profiles,

10.3389/fendo.2024.1364782

accompanied by specific transcriptional changes (17). Recent
investigations have identified Tex in several autoimmune diseases,
which exhibit abnormal expression of inhibitory receptors and
altered gene profiles. For instance, Tex phenotype manifestation
has been observed in pancreatic islet-specific CD8 T cells in type 1
diabetes (18). Frenz et al. demonstrated increased expression of
inhibitory receptors programmed cell death protein 1 (PD-1) and
cytotoxic T-lymphocyte associated protein 4 (CTLA-4) in CD4+ T
cells from RA patients (19), while another study in ANCA-
associated vasculitis patients revealed dysregulated expression of
Tex-related genes in CD8+ T cells (20). Additionally, A et al.
reported a depleted T regulatory cell 2 (Treg2) cell phenotype and
elevated expression of Tex-related genes in SLE patients (21). The
present investigation aimed to elucidate the intricate interactions of
Tex-related genes in GD, and the results reveal aberrant expression
of Tex-related genes in PBMCs of GD patients, suggesting a
potential role for Tex in GD pathogenesis.
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FIGURE 3

Immune cell infiltration scores. A: Box plot depicting expression of top 20 genes in the HC vs. GD groups. B: Spearman correlation of gene

expression related to Tex in GD samples. ns (p>0.05), *P<0.05, **P<0.01.
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Marked by the expression of inhibitory receptors like
programmed death ligand 1 (PD-L1), lymphocyte activation gene 3
(LAG-3), T-cell immunoglobulin and mucin domain 3 (TIM-3),
cluster of differentiation 244 (CD244), CD160, and T cell
immunoglobulin and ITIM domain (TIGIT), crucially modulate
autoimmune responses, negatively regulating immunopathological
pathways through adjustments in their transcriptional expression
profiles (8). Tex is integral to maintaining immune homeostasis,
although it does not alter the initial disease progression direction. For
example, the elevated PD-L1 expression in synovial tissue and fluid of
RA patients suggests the key role of the PD-1/PD-L1 co-inhibitory

10.3389/fendo.2024.1364782

pathway in immune homeostasis regulation in RA (22). In Crohn’s
disease, functional enrichment of Tex-related genes indicates their
significance in various lymphocyte and immune activation pathways.
Conversely, in SLE patients, aberrant expression of Tex-related genes
in Tregs is associated with the nuclear factor kappa B (NF-xB)
signaling pathway (21). These insights underscore the pivotal
regulatory role of Tex in diverse autoimmune diseases. Previous
studies implicated activated dendritic cells, macrophages, and
neutrophils in the autoimmune and inflammatory responses of
GD. These cells contribute through antigen presentation, cytokine
secretion, and inflammatory mediator release. Furthermore, B cells
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activated by helper CD4+ T cells produce autoantibodies, intensifying
the autoimmune response (23). Our study reveals that Tex-related
gene expression in GD patients may regulate the recruitment of
immune cells, such as activated dendritic cells, macrophages,
neutrophils, and activated B cells, thereby participating in
chemokine and cytokine receptor-mediated immune responses.
Accordingly, we hypothesize that aberrantly expressed Tex-related
genes in GD may influence disease development and progression by
modulating the GD immune response. However, further functional
experimental studies are required to confirm this hypothesis.

In our comprehensive exploration of the relationship between
clinical phenotypes and Tex-related genes in GD patients,
unsupervised cluster analysis revealed 40 Tex-related genes capable
of classifying sequenced GD cases into two subtypes. These subtypes
exhibited significant disparities in gene expression, immune cell
infiltration, and immune response enrichment, consistent with
previous findings (21). These findings suggest the involvement of
Tex-related genes in the phenotypic variation of GD patients through
immunomodulatory functions. Furthermore, through the
identification of core genes expressed in different GD subtypes, we
pinpointed potential therapeutic agents such as novobiocin,
glutamine, thioguanine, haloperidol, Hesperadin, and quetiapine.
Specifically, glutamine, which is known for its immune-modulating
properties, has demonstrated modulatory effects in RA (24).
Thioguanin, a nucleoside analog widely used in immunomodulatory
therapies, has applications in treating Crohn’s disease, autoimmune
hepatitis, lupus nephritis, and transplant rejection prevention (25).
Haloperidol, an antipsychotic, exhibits a potential modulating effect
on pro-inflammatory T-cell function and has shown therapeutic

TABLE 1 Correlation analysis between CBL expression and
laboratory indicators.

Variable r p
FT3 (pmol/L) -0.05 0.563
FT4 (pmol/L) 0.01 0.924
TSH (mIU/L) 0.02 0.833
TRADb (IU/ml) -0.29 0.002**

P <0.01.
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efficacy in a rat model of RA, despite being primarily indicated for
psychiatric disorders (26). Hesperadin, an antioxidant, has
demonstrated efficacy in treating RA and experimental allergic
encephalomyelitis (27). Quetiapine has been reported to reduce
autoimmune-mediated demyelination by inhibiting T-cell responses
(28). While the use of these drugs in GD remains unreported, drawing
from previous studies, we posit that these drugs targeting Tex-
associated genes may present novel avenues for GD treatment.

For further analysis in GD patients, CBL was selected as a
candidate gene due to its abnormally low expression in GD samples
and its role in negatively regulating the immune infiltration of various
cell types and immune responses. RT-qPCR analysis confirmed the
abnormally low expression of CBL in PBMCs of GD patients,
consistent with microarray sequencing results, and revealed a
negative correlation with the level of TRAb—a crucial diagnostic
indicator for GD involving the aberrant activation of pro-
inflammatory lymphocytes, including T cells. These findings support
the results of our comprehensive bioinformatics analysis, suggesting a
potential role for the Tex-related gene CBL in the abnormal immune
regulation of GD. When GD cases were categorized into primary and
relapse groups, significantly lower CBL mRNA expression was
observed in the relapse group. In patients with newly diagnosed GD,
clinical phenotypes can be separated according to the presence of
moderate-to-severe thyroid enlargement and the absence of such
enlargement. We found that CBL mRNA expression was
significantly downregulated in the former group. CBL encodes an E3
ubiquitin-protein ligase, acting as a negative regulator in various
signaling pathways (29). Previous studies have reported a pro-Tex
role for CBL in diseases such as esophageal cancer, in which CBL
interacts with SPRY1 to promote Tex, contributing a pro-cancer effect.
Additionally, studies on CBLB, a closely related homolog of CBL, have
demonstrated its promotion of Tex (30). Therefore, we hypothesize
that the low expression of CBL in GD patients may promote GD
relapse and thyroid enlargement by inhibiting Tex. However,
mechanistic studies are required to further validate this hypothesis.

Our study has some limitations. Our findings were primarily
derived from comprehensive bioinformatics analyses, and initial
validation through RT-qPCR was conducted for only one Tex-
related gene. Additionally, the small sample size necessitates
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additional functional experimental validation and expansion of the
clinical sample size. These steps are crucial for a comprehensive
assessment of the exact role of Tex-related genes in the pathogenesis
and prognosis of GD. Recent advancements in technologies such as
single-cell sequencing, multiparameter flow cytometry, and high-
dimensional mass cytometry offer opportunities to explore T-cell
heterogeneity, various phenotypes, functions, and transcriptional
programs. Our group plans to conduct in-depth studies in these
areas for a more nuanced understanding of the role of Tex in GD.

Conclusions

In summary, Tex may be integral to the pathogenesis and
prognostic mechanisms of GD. Our study provides initial
insights, indicating that the Tex-related gene CBL is associated
with immunomodulatory functions and holds promise as a
prognostic biomarker for disease relapse. However, this finding
requires further validation in more comprehensive studies.
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Recurrent laryngeal nerve
monitoring by flexible
laryngoscopy during thyroid
radiofrequency ablation in the
awake patient
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Objective: Although radiofrequency ablation (RFA) is a safe and effective non-
surgical treatment for benign thyroid nodules, injury to the recurrent laryngeal
nerve (RLN), is a potential and feared complication. Intermittent voice checks
have been proposed to monitor vocal cord (VC) function during RFA, but such
assessment is highly subjective and effort-dependent.

Methods: We are here reporting the methodological use of flexible
laryngoscopy (FL) for VC monitoring during bilateral thyroid RFA treatment.
The patient, a 35-year-old woman, was referred to the Endocrinology Unit for
subclinical hyperthyroidism due to bilateral autonomously functioning
thyroid nodules.

Results: At the end of the treatment of the first nodule, the FL performed by an
otorhinolaryngologist specialist allowed evaluating VC function and ruling out
possible paralysis before proceeding with the contralateral RFA treatment. The
patient was awake during the entire procedure and well tolerated the
laryngoscopic examination. The TSH serum evaluations performed one month
and 9 months after the procedure assessed an euthyroid state (TSH 3.2 mIU/L
and 2.8 mlU/L, respectively).

Conclusion: During bilateral thyroid RFA the use of FL for VC monitoring
treatment resulted in a safe, easy-to-perform, and effective strategy to
minimize and anticipate RLN injury risk in the awake patient. The prevention of
RLN damage is advisable in the case of single RFA treatment, while it should be
strongly recommended when RFA is performed on bilateral nodules.

KEYWORDS

flexible laryngoscope, radiofrequency ablation, recurrent laryngeal nerve, bilateral,
thyroid nodule
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Introduction

Radiofrequency ablation (RFA) is an attractive and safe non-
surgical approach for the treatment of benign non-functioning
nodules as well as autonomously functioning thyroid nodules
(AFTN) (1, 2). In experienced hands, the procedure has a low
rate of complications. Indeed, according to the most recent and
comprehensive meta-analysis, in patients undergoing RFA for
benign thyroid nodules the incidence of overall complications has
been reported to be ~ 2.0%, being the rate of major complications
~1.3% (3, 4). Advertent injury of the recurrent laryngeal nerve
(RLN), during the RFA procedure is one of the feared complications
(5). However, the overall rate of transient or permanent voice
change following RFA has been reported to be ~ 1.40% based on
subjective voice examination (2). To minimize RLNs damage, it has
been proposed to leave a cuff of unablated posterior thyroid tissue
immediately adjacent to the tracheoesophageal groove, or so-called
“danger triangle,” where the RLN is not visible but is expected to be
present (1, 6). In addition, the slow injection of cold dextrose 5% for
hydrodissection has proven to be an effective method for separating
the target lesion from surrounding critical structures (4, 7). Lastly,
the use of the ‘moving shot technique’ with a trans-isthmic
approach further reduces the risk of this feared complication (1).
However, despite these precautions, injury to the laryngeal nerves
by their anatomical site remains a potential risk. Typically, patients
present with hoarseness of voice during or immediately following
the procedure. Indeed, intermittent voice checks have been
proposed to monitor vocal cord (VC) function during RFA, but
such assessment is highly subjective and effort-dependent (1). The
observation of passive or active symmetrical VC movements during
breathing or phonation by laryngeal ultrasonography is a further
noninvasive and convenient method for assessing VC function (8).
However, at present flexible laryngoscopy (FL) remains the gold
standard exam for evaluating VC mobility and to anticipate
potential RLN damage. At least theoretically, the prevention of
RLN damage is advisable in the case of single RFA treatment, while
it should be strongly recommended when RFA is to be performed
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on bilateral nodules. In this view, we here describe the
methodological procedures of performing FL for vocal cord
monitoring during RFA treatment of bilateral thyroid nodules.

Case discussion

We report the case of a 35-year-old woman who was referred to the
Endocrinology Unit for subclinical hyperthyroidism diagnosed by a
thyroid work-up performed for an assisted reproduction program.
Throughout the last years, the patients experienced a progressive
decrease in serum TSH (from 0.74 mIU/ml to 0.19 mIU/ml at the
last evaluation performed on March 2023). The thyroid ultrasound,
performed by the same endocrinologist (S.C) who performed the RFA
procedures, showed a normal sized gland in the presence of two
nodules. The first nodule was located in the basal area of the right
thyroid lobe, being hypoechoic, partially cystic, and internally
vascularized, with diameters of 14.2x16.9x27.3 mm and an estimated
volume of 3.44 ml (Figure 1); the second one, with the same ultrasound
features, was located in the middle third of the left thyroid lobe, with
diameters of 12.6x12.8x18.9 mm and an estimated volume of 1.59 ml
(Figure 2). Both nodules corresponded to areas of increased
radioisotope uptakes at thyroid scintiscan (without inhibition of the
surrounding parenchyma). The patient was offered the following
therapeutic options: 1) thyroid surgery (ie. total thyroidectomy);
2) radioiodine ablation therapy; 3) ablation of the thyroid nodules by
radiofrequency. The advantages and disadvantages of each therapeutic
option were discussed with the patient. Owing to the fact that the
patient was planning pregnancy and was starting a medically assisted
reproduction program, radiofrequency ablation of both nodules
appeared as the most suitable option.

Methods

RFA procedure was carried out on April 2023 in a sterile setting.
Local anesthesia with Lidocaine 2% was administered at the skin

M 1.0
Tis 0.1

21-03-2023
17:56:16

D1
D2
D3 2.73cm
Vol. 3.44 ml

1.42 cm
1.69 cm

Ultrasound appearance of the thyroid right lobe nodule before RFA procedure.
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Ultrasound appearance of the thyroid left lobe nodule before RFA procedure

puncture site and the perithyroidal space. No hydrodissection or
anesthetic infusion was made in the peri- or under-capsular layer.
The operator (S.C) was an endocrinologist with over 20 years of
experience in thyroid imaging, fine-needle aspirations, core-needle
biopsies, and percutaneous ethanol therapy who performs RFA
treatment since 2018. During the procedure, the patient remained
in a supine position with mild neck extension. The procedure was
performed using an 18-gauge internally cooled electrode, 7 cm length
with a 10 mm active tip. The US-guided moving-shot technique with
a trans-isthmic approach was applied. At first, the right lobe
nodule was treated (8.4 k] were delivered in 9 min and 56 sec for a
total of 8 ablations). The patient was advised to report pain, and voice
testing was performed at regular intervals. When complete right
nodule ablation was achieved, FL was performed by an
otorhinolaryngologist. Briefly, FL was performed using a 30 cm
long flexible Rhino-Laryngo-Fiberscope with a diameter of 3.5 mm.
The patient was seated during the procedure. Before beginning, the
patient was instructed to close her mouth and breathe gently through
her nose. The tip of the endoscope was then advanced along the floor
of the nose. The fiberscope was then maneuvered over the soft palate,
allowing visualization of the vocal cords. This enabled the assessment
of vocal cord mobility, to assess the normal motility of the VC.
VC function was evaluated between the two procedures. Afterwards,
treatment of the nodule at the left lobe proceeded (9.3 kJ were
delivered in 10 min and 50 sec for a total of 5 ablations). A few hours
after an US of the neck was performed: the right lobe nodule
measures were 16.3x20x25.7 mm vs 14.2x16.9x27.3 mm (estimated
volume 4.39 ml vs 3.44 ml); the left lobe nodule measures were
15.6x14.9x16.4 mm vs 12.6x12.8x18.9 mm (estimated volume 1.99 ml
vs 1.59 ml). Minimal perithyroid inflammatory tissue was present
with no visible hematomas. The absence of dysphonia after the end of
the RFA procedure did not prompt us to repeat FL.

Results

FL performed at the end of the right thyroid nodule’s RFA
treatment recorded normal right VC function. The patient was
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awake in the surgery room. Symmetric spontaneous and volitional
VC movements, including swallowing, were documented before
proceeding with the treatment of the contralateral nodule. The
patient well tolerated the procedure.

Ultrasound and biochemical follow-up

Approximately one month after the procedure, the right basal
nodule measures 14.1x16.7x19.3 mm (estimated vol 2.39 ml vs 3.44
ml, Figure 3); the medium left nodule measures 13.2x11.4x14.3 mm
(estimated vol 1.12 ml vs 1.59 ml, Figure 4). Both nodules appear
completely treated, occupied by a hypoechoic area, a result of the
treatment. One month after the procedure, the thyroid function was
restored (TSH 3.2 mIU/L). At the last serum TSH assessment on
January 2024, euthyroidism was confirmed (TSH 2.8 mIU/L).

Conclusion

We report the use of FL for VC monitoring during RFA
treatment of bilateral functioning thyroid nodules in the awake
patient. At the end of the treatment of the first nodule, the
laryngoscopic examination allowed evaluating VC function and
ruling out possible paralysis before proceeding with the
contralateral procedure.

Recently, the use of FL for VC monitoring during RFA has been
documented by Valcavi et al. for a patient under general sedation
with a large thyroid nodule (9). FL was performed throughout the
thyroid RFA to support the operator during the procedure. In the
absence of documented thermal injury, the operator was
comfortable in proceeding with extensive ablation of the nodule.
The Authors propose that this approach should be recommended
for large thyroid nodules to reduce the risk of undetected injury
during the procedure. Of note, Fung et al. (8), first reported the use
of intra-operative laryngeal ultrasonography (iLUSG) during
thyroid RFA. Compared to FL, transcutaneous laryngeal
ultrasound can offer some advantages including the fact that it is
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Ultrasound appearance of the thyroid right lobe nodule one month after RFA procedure

a non-invasive and easy-to-learn method. More importantly,
iLUSG would not require the involvement of an otolaryngologist,
being easily performed by physicians skilled in neck ultrasound.
However, some limitations to the use of iLUSG should be
acknowledged. Indeed, previous evidence showed that the
presence of calcified laryngeal cartilage, which is mostly found in
older male patients, could prevent accurate VC function assessment
(10, 11). Nevertheless, the role of ultrasound in this context is highly
promising and certainly warrants further investigation (12). The
issue of potential VC damage following RFA is particularly relevant
when bilateral nodules are treated, as VC function can be normal
during treatment, but it may occur post treatment due to the
procedure-induced edema.

Some peculiarities of the here reported case deserve to be
highlighted: i) the patient was awake; ii) early detection of RFA-
induced VC paralysis would have prevented potential bilateral

SAMSUNG

L3-12A/ TIROIDE / FR41Hz

injury, as undetected injury during RFA may result in unilateral
or, even worse, bilateral RLN damage. Taken together it could be
suggested that independently of nodule size, FL should be
performed when treating bilateral nodules. Indeed, the use of a
trans-isthmic approach even by an experienced operator may not be
sufficient to prevent RLN injury. Thus, an additional measure of
safety could be represented by a direct evaluation of VC functional
integrity before proceeding with the treatment of the contralateral
nodule. If RLN injury is detected, the procedure can be stopped
immediately to limit further neural damage, and timely remedies
such as intra-operative injection of cold 5% dextrose can be
performed (13).

In conclusion, we are reporting the first case of the use of FL for
VC monitoring during bilateral thyroid RFA treatment as a safe,
easy to perform, and effective strategy to minimize RLN injury risk
in the awake patient.
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FIGURE 4
Ultrasound appearance of the thyroid left lobe nodule one month after RFA procedure
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Efficacy of echolaser smart
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in volume reduction of
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Background: The management of benign symptomatic thyroid nodules until
recent years has been limited to surgery, radioactive iodine treatment, or
surveillance which is associated with the burden of morbidity of complications
or symptom non-relief as well as cost. Laser ablation has emerged as a minimally
invasive alternative, this uses laser energy to thermally ablate nodule tissue,
leading to volume reduction and symptom relief. Long-term treatment response
data is growing but remains limited in the United States. Our study aims to
quantify the effectiveness of laser ablation in reducing the volume of thyroid
nodules over a 12 to 18-month period.

Materials and methods: Retrospective review of data was conducted for 63
adults with cytologically benign, solid symptomatic thyroid nodules ranging from
1.333 cm® to 103.794 cm?® in volume. Ultrasound-guided laser thermal ablation
was performed on all nodules using Echolaser X4 Smart Interface device with
1064 nm diode laser to deliver total ablation energy (joules), calculated per
device guidelines. Serial sonographic volume measurements were conducted 1
month, 3 -6 months, 6 - 12 months, and 12 to 18 months post-ablation intervals.

Results: Study cohort was comprised of 63 thyroid nodules. reduction in nodule
volume increased progressively over time, with median reductions of 46.05%
[STD 21.8] at 1 month, 60.33% [STD 20.1] at 3-6 months, 68.69% [STD 18.8] at 6-
12 months, and 64.04% [STD 19.27] at 12-18 months. A total of 62, 56, 42, and 17
nodules had available data for analysis at these respective intervals.

Conclusion: This study demonstrated a marked progressive reduction of thyroid
nodule volume following ablation. The treatment appears to be consistently
effective in reducing symptoms across a wide range of nodule sizes, although the
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degree of volume reduction varies. The results of our study underscore the
potential of laser ablation as a viable treatment option for thyroid nodules, with a
sustained reduction in nodule volume observed over an extended post-

procedure period.

laser ablation, thyroid nodule, echolaser, benign nodule, ablation

Introduction

Laser thyroid nodule ablation is a minimally invasive
percutaneous technique utilized in the treatment of symptomatic,
functional, and non-functional benign thyroid nodules (1). The
incidence of thyroid nodules among the general population is on
the rise, with up to 1 in 10 benign nodules observed to be
symptomatic over an individual’s lifetime, the number of patients
potentially needing therapeutic intervention is also rising (2, 3).
Historically, surgery has been the sole treatment option for solid
nodules causing local discomfort or aerodigestive compression, but
over the past two decades, percutaneous image-guided thermal
ablation modalities including radiofrequency ablation, cryoablation,
and microwave ablation, high-intensity focused ultrasound have
emerged in as a potential treatment alternatives.

Laser thyroid ablation involves the application of thermal
energy via a thin optical fiber inserted percutaneously into a
target thyroid nodule creating a predictable zone of coagulative
necrosis. Laser ablation has been shown to significantly reduce the
volume of thyroid nodules leading to reduction of compressive
symptoms and improved cosmetic outcomes for patients (4-7).

Clinical data continues to grow, illuminating procedural
challenges and areas of research. One limitation to treatment
efficacy in thermal ablation is possible regrowth of nodule tissue
at ablated margins and need for retreatment for insufficient volume
reduction and symptom control (8-10). Contributing factors are
unclear, however commercial laser devices have developed image
guidance packages to aid in volumetric ablation planning.

The primary objective of this study was to assess the
effectiveness of percutaneous laser ablation under an ultrasound
guidance platform with spatial overlay for treatment planning,
[Echolaser Smart Interface] in volume reduction of symptomatic,
benign thyroid nodules.

Materials and methods
Study design and data collection

This is a single center retrospective study. A retrospective
electronic medical chart review was conducted at an outpatient
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endocrinology clinic, Fox Valley Surgical Specialists (FVSS) to
identify all patients who were treated with laser ablation for
thyroid nodules from January 2020 to December 2022.

Inclusion criteria included all adult patients undergoing laser
ablation at FVSS. Patients lost to follow up after laser ablation
without at least one follow up were excluded from the study.

Data collected from the charts included patient demographics
(age and sex), results of fine needle aspiration biopsies, laboratory
values including TSH, Free T4, and Free T3, and measurements
from thyroid and neck ultrasound images. Baseline assessments, as
documented in the chart were also collected and entered into a
spreadsheet. This included patient history, physical exam, and
thyroid nodule symptom assessment. Measurements of the
nodule from the same day pre-ablation and post-ablation using
ultrasound, TSH, Free T4, Free T3 values, as well as clinical notes on
pre- and post-ablation symptoms and procedural complications
were also collected. Thyroid nodule symptoms were assessed using
questions with binary answers.

The study was approved by the Pear]l IRB (2023-0298-DFT).

Changes in thyroid nodule volume in cm3 were measured using
ultrasound at 1 month, 3 to 6 months, 6 to 12 months and 12 to
18 months after laser ablation. All descriptive and discrete data
points were collected and entered into a password-projected
computerized spreadsheet.

Laser ablation

Laser ablation procedures were completed in an outpatient
endocrinology clinic under sterile conditions. The ablation site
was thoroughly cleansed with antiseptic solution and sterile
drapes were applied to create a barrier around the surgical field.
Ultrasound probes were covered with sterile probe covers. The
healthcare providers donned sterile gowns and gloves before
entering the sterile field. Only sterile instruments and materials,
including needles, were introduced into the field. Standard laser
precautions were followed.

The Elesta ECHOLASER X4 laser system, developed by
ElestaSpA based in Calenzano, Italy, was employed, augmented
by its accompanying guidance software[Echolaser Smart Interface]
(1). This system was approved for clinical use from the United
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States Food and Drug Administration (FDA) under the 510(k)
Premarket Notification pathway on September 4, 2018.The
ECHOLASER X4 was utilized with a single diode laser source
operating at a wavelength of 1064 nm and can deliver a
maximum power output of 7 watts.

Total Laser energy for the nodule was calculated using device
guidelines. Average energy delivered per nodule was 3461 Joules.

During thyroid nodule ablation, ultrasound guidance was
utilized continuously during the ablation planning phase, needle
insertion, and continuous monitoring of the ablation process. The
introduction of the fiber into the thyroid nodule was facilitated
using a 21-gauge needle introducer. The Echolaser Smart Interface
(ESI) was employed to aid in the accurate placement and
positioning of the needles into the target lesion. Laser energy
transmission to the target site was achieved through the use of
bare flat-tipped quartz optical fibers with a diameter of 300 pm,
sourced from Oberon GmbH, Wildau, Germany

In all patients, local anesthesia using 1% Lidocaine without
epinephrine was used. Hydrodissection technique was used not
only for anesthesia but also to establish a protective buffer zone
between the thyroid and vital structures, including the carotid arteries,
jugular veins, and trachea. Our ablation approach primarily involved
a trans-isthmic technique. As the targeted area underwent ablation,
the fibers were repositioned to a fresh area. Nodule ablation was
initiated from the inferior aspect and systematically progressed in an
upward direction by the pullback technique (1).

Upon the conclusion of laser ablation, the removal of the fibers
was carried out, accompanied by the extraction of the needle(s), and
hemostasis was accomplished through the application of pressure at
the respective site. Subsequent to the needle extraction, an
evaluation of external bleeding was conducted through visual
inspection. Furthermore, an assessment of internal bleeding and
the potential for nodule rupture was performed by the investigator
using neck ultrasound with Doppler flow.

Pain and complication evaluations were conducted immediately
following Laser ablation and documented in the medical record.
Subsequent follow-up assessments were scheduled at 1, 3, 6, and 12-
month intervals following the conclusion of the study procedure.
These follow-up visits encompassed comprehensive evaluations,
including medical history reviews, physical examinations, and
complete ultrasound of the neck with Doppler assessment. The
continuous monitoring of adverse events was an integral part of the
study protocol. Two investigators (IM or JM) conducted all physical
examinations, data collection, ultrasound examinations with
Doppler imaging, and administered the laser ablation procedure
for all enrolled subjects.

Data collection and analysis

Neck ultrasound examinations, incorporating Doppler imaging,
were conducted utilizing the GE Logiq P9 ultrasound system and
ML6-16 probe. The volume of thyroid nodules, measured in
milliliters, was determined using the formula: Nodule Volume =
Length (cm) x Width (cm) x Depth (cm) % 0.525 (11). To assess
the change in nodule size, the percentage reduction in nodule
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volume was calculated via the equation: (1 - Final Volume/Initial
Volume) x100 (12). Additionally, thyroid function tests and
symptomatology, both pre- and post-procedure were recorded
and analyzed.

Data analysis and generation of descriptive statistics was
completed using Python statistical libraries (13). Mean, median
volume changes during each interval, standard deviation,
interquartile range, change in volume for each interquartile range
over each time interval specified in the study were calculated.
Efficacy of laser ablation was assessed by the change in volume
over time after laser ablation.

Results

In this study, we evaluated the efficacy of laser ablation in
reducing the volume of cytologically-benign solid thyroid nodules.
The analysis encompassed data from various time intervals post-
procedure: 1 month, 3-6 months, 6-12 months, and 12-18 months.
A total of 62, 56, 42, and 17 nodules had available data for analysis
of these respective intervals. Sixty-three patients were included in
the study, consisting of 58 women and 5 men. Benign functioning
and non functioning nodules were included in the study. One
patient was lost to follow-up.

There were 58 females and 5 males in the study cohort with ages
ranging from 26 to 85 years. Median age was 61. Pre-procedure
nodule volume ranged from 1.333 cm’ to 103.794 cm’. Median
volume was 9.595 cm’.

The median reduction in thyroid nodule volume was 46% [STD
21.8] at 1 month and observed to increase progressively over time.
Figure 1 illustrates the mean percentage reduction in thyroid nodule
volume over sequential post-ablation intervals following
laser therapy.

Four distinct time frames are reported in Figure 1: 1 month
(blue box), 3-6 months (orange box), 6-12 months (green box), and
12-18 months (red box) post-treatment. The bar corresponding to
the 1-month interval exhibits a 45.5.% reduction in nodule volume,
indicating initial response to the ablation procedure. Subsequent
time intervals show progressive volume reduction, with the 3-6
months interval displaying a 60.1% decrease, the 6-12 months
interval a 68.1% decrease, and the 12-18 months interval
demonstrating a 68.1% decrease.

The distribution of percentage reduction in thyroid nodule
volume across the four post-ablation time intervals: 1 month, 3-6
months, 6-12 months, and 12-18 months is presented as a violin
plot in Figure 2. Each ‘violin’ encompasses a kernel density
estimation illustrating the spread and probability density of the
data at different percentage reductions. The central boxplot within
each violin indicates the interquartile range (IQR) with a line
marking the median percentage reduction.

The first violin(blue violin) for the 1-month interval shows a
median reduction close to the 50% mark, with the majority of the
data points spread around the median, indicating a consistent
response among patients. The second violin (orange violin) for
the 3-6 months interval displays a slightly higher median reduction,
suggesting a variation in the response among patients as time
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FIGURE 1

Post-ablation mean volume reduction in thyroid nodule volume at different time intervals.

progresses. The third violin (green violin) for the 6-12 months
interval demonstrates a median that is higher still, with a broader
distribution. The fourth violin (red violin) for the 12-18 months
interval shows similar median reduction as the 6-12 month plot.

Volume reduction: subgroup analysis
based on initial nodule volume

Figure 3, bar clusters revealed a few notable trends. At the 1-
month interval, all quartiles demonstrate significant volume
reduction. There was progressive volume reduction with
increasing quartile at this stage. The 3-6 and 6-12 months interval

shows a continued increase in volume reduction. But there was no
statistically significant difference between the quartiles.

No immediate post procedure complications bleeding, difficulty
swallowing were noted. No hospitalization after LA was reported.
There was no clinically relevant change in thyroid function after
laser ablation in patients with normal thyroid function. No patient
had recurrent laryngeal, tracheal or esophageal damage. No
subcutaneous burns or vascular damage occurred during or after
the procedure. For patients not lost to follow-up (62 patients) and
who had final symptom assessment, the majority of patients
reported symptoms either resolved (n = 46, 85%) or improved
(n=9, 16.6%) after LA. Of the 63 patients, 5 patients (7.9%)
underwent second LA due to inadequate resolution of

Violin Plots of Thyroid Nodule Volume Change Over Different Intervals
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FIGURE 2
Distribution of thyroid volume reduction over different time intervals.
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FIGURE 3

Mean percent volume change by pre-procedure volume quartile over time.

compressive symptoms. Of these 5 patients, the average volume
reduction was 67.56% at 12 months.

Discussion

In this study, the Elesta Echolaser was employed to ablate
benign symptomatic nodules, producing progressive reduction of
nodule volume from initial ablation up to 12 months, and sustained
mean reduction at 18 months. Initial volume reduction, within the
first month, was most pronounced for the largest nodule. We
observed an average volume reduction of approximately 12 cubic
centimeters at 12 months following laser ablation of thyroid
nodules. This aligns with findings from Rahal Janior et al., where
a reduction of about 60% in thyroid nodule volume was noted after
a year (14). Average pre-procedure volume was 1.67cm3. Our
subgroup analysis, which categorized nodules based on their
initial volume, revealed differential responses to treatment. In the
first month after treatment, volume reduction was proportional to
the preprocedural volume. But later on in the study this trend
disappeared. It is important to note that the correlation between
pre-procedure nodule volume and percent reduction was generally
weak, indicating that while size may influence the response initially,
it is not the sole determinant of treatment success. Other potential
factors that could affect the volume reduction includes, amount of
energy applied and composition of the nodule (15).

Not all thyroid nodules are amenable to currently available
minimally invasive procedures. Cystic or predominantly cystic
nodules are best treated with aspiration or ethanol ablation (16).
Nodules extending into the mediastinum may not be fully accessible
percutaneously, and risks pneumothorax. Some researchers have
reported regression of volume reduction long-term, thought to
possibly represent inadequate margin ablation, leading to the
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possibility of recurrence. Since laser ablation relies on heat to
destroy tissue, it can be difficult to definitively assess the success
of the procedure during the treatment itself. Some centers in Europe
and Asia use contrast enhanced ultrasound after ablation to identify
the area of ablation (17). But this is not approved for use in the
United States. We employed echolaser smart interface to aid in
uniform spatial ablation using pullback technique along paths
within a grid overlaying the thyroid nodule. The average percent
reductions observed at 1 month (45.54%), 3-6 months (60.1%), 6-12
months (68%), and 12-18 months (68.1%) in our study are
comparable to those reported in previous research (9, 18-21).
Our study had only 63 participants and not all patients had 18
month follow up. It is unknown if the treatment effect will continue
long-term, but results underscore the potential of laser ablation as
an effective treatment for reducing the size of thyroid nodules. In
recent years, a growing body of literature has supported LAs efficacy
and safety. Studies have consistently reported significant reductions
in nodule volume, improvement in local symptoms, and a low rate
of complications (22). Our findings align with this emerging
consensus, demonstrating a progressive decrease in nodule
volume over 18 month period following laser ablation without
significant complications (23).

In 2020 European Thyroid Association reviewed available data on
thyroid thermal ablation techniques and published clinical guidelines
(24). According to this guideline, image guided thermal ablation can
be offered to adult patients who have pressure or cosmetic symptoms.
This guideline also recommended dedicated training for the operator
and discussion of potential side effects with the patients. A recent
American Thyroid Association multidisciplinary consensus statement
acknowledges the increasing adoption of thermal ablation techniques
and calls for safe adoption and implementation in the United States
(25). A pilot study in the United States demonstrated safe and effective
Laser ablation in an outpatient setting (26).
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As the prevalence of thyroid nodules increases, particularly in
aging populations, treatments that offer reduced recovery times,
lower complication rates, and preservation of thyroid function
become increasingly valuable. Laser ablation fulfills these criteria,
providing a viable option for patients who may not be ideal
candidates for surgery or who prefer a less invasive approach to
avoid surgical risks including laryngeal nerve injury (27). Minimally
invasive procedures also have the potential to reduce healthcare
spending. Studies comparing cost effectiveness of minimally
invasive procedures to open thyroidectomy has shown potential
significant cost savings (28, 29).

Our study contributes to the growing body of evidence
supporting the use of laser ablation for the treatment of thyroid
nodules. The observed reductions in nodule volume over time,
coupled with the treatment’s minimal invasiveness, position laser
ablation as a promising alternative to surgery for suitable
candidates. Future research should focus on multi-year long-term
outcomes, the identification of factors predicting treatment
response, and the refinement of patient selection criteria to
further enhance the therapeutic potential of this technique.

Conclusion

The study conclusively demonstrates that laser ablation is a
highly effective treatment for reducing the volume of thyroid
nodules. With significant volume reductions observed at various
post-procedure intervals, this minimally invasive technique shows
promise for patients seeking alternatives to surgical intervention.
The varying degrees of effectiveness based on initial nodule size,
highlight the potential for tailored treatment approaches. Laser
ablation thus offers a valuable addition to the therapeutic arsenal for
thyroid nodules, combining efficacy with a favorable safety profile.
This technique stands as a transformative approach in the
management of thyroid nodules, aligning with the evolving
landscape of patient-centered, minimally invasive medical care.
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