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ABSTRACT

Context: No defined pretreatment factors are able to predict the response to radiofrequency
ablation(RFA) of an autonomously functioning thyroid nodule(AFTN).

Objective: primary endpoint was to evaluate the success rate of RFA to restore euthyroidism in a
cohort of adult patients with small solitary AFTN compared with medium-sized nodules. Secondary
endpoints included nodule volume reduction and rate of conversion from hot nodules te-Cold using
scintiscan.

Methods: This was a 24-month prospective monocentric open parallel-group trial. Twenty-nine
patients with AFTN were divided into 2 groups based on thyreid velume: 15 patients with small
nodules (<12 mL) in group A and 14 patients with medium, nodules (>12 mL) in group B. All
patients underwent a single session of RFA and were clinically, biochemically and morphologically
evaluated at baseline and at 1, 6, 12 and 24 months after treatment.

Results: After RFA, there was greater nodulewvolume reduction in group A compared with group B
(p<0.001 for each follow-up point). In,group A, there was a greater increase in TSH levels than in
group B at 6 (p=0.01), 12 (p=0:005).and 24 months (p<0.001). At 24 months, the rate of responders
was greater in group A than in‘group B (86vs45%; p<0.001). In group A, 86% of nodules converted
from hot to cold compared with 18% in group B (p<0.001).

Conclusions: Assingle session of RFA was effective in restoring euthyroidism in patients with
small AFTNs. Nodule volume seems to be a significant predictive factor of the efficacy of RFA in

treating AFTN.

Keywords: radiofrequency ablation, thyroid nodules, hyperthyroidism, nodule volume, thyroid

function.



INTRODUCTION

Approximately 10% of solitary thyroid nodules are scintigraphically ‘hot’; half of these are
autonomously functioning. Radioiodine and surgery are both effective in the treatment of pretoxic
and toxic thyroid nodules [1-3]. Radioiodine using **!I is considered first-line therapy in the
majority of patients because normalisation of thyroid function is attained in most cases, and the
reduction in nodule volume is about 30% to 45% within 1 to 2 years [4, 5]. The use of RFA has
been tested in hot nodules, as determined by thyroid scintiscan, using both the fixed-electrode
procedure [6-9] and the ‘moving-shot’ technique [10]. Control of thyroid hyperfunction and
reduction in nodule volume has been reported in both noncontrolled and controlled patientseries [7-
11].

Indications for treatment of the Korean Society of Thyroid Radiology (KSThR) include
patients with benign thyroid nodules with nodule-related compressive symptoms and/or
cosmetic concerns, or with autonomously functioning thyroid nodules (AFTN). Nodule size is
not considered a specific criterion for RFA, although the authors declare that “patients with
nodules with a maximum diameter >2 cm¢that continue to grow over time, may be considered
for RFA”[12]. Even the experts’ panel in the first Italian opinion statement indicate RFA for
AFTNs hot/warm at scintiscan, €ither toxic or pretoxic[13].

A major limitation of RFA iS partial ablation of the external-boerder margin of the hyperfunctioning
lesion, that may be followed by regrowth of the nodule [10, 14]. Wider or more complete ablation
of the nodule margins‘is'required to prevent regrowth of the toxic nodule, thus preventing recurrent
hyperthyroidism' during long-term follow-up [10, 15]. Furthermore, some studies with RFA are
sometimes hampered by a low level of clinical evidence because they are based on small trials with
multiple treatment sessions and short-term follow-up[8, 15].

No studies thus far have focused on finding the predictive factors for treatment response. Recently,

some authors [16] have speculated that the percentage of nodule volume reduction at 12 months



could be related to treatment response, with a greater volume reduction indicating a higher
probability of hyperthyroidism remission. In fact, the available data indicate that whatever the
energy used, smaller nodules, both hot and cold, have a higher rate of volume reduction compared
with larger nodules [17-20]. It follows that the initial volume of a functioning nodule might play a
decisive role in restoring euthyroidism. In light of these data, we enlisted a group of patients
affected by small hot nodules and compared them with patients with medium nodules in a
prospective, observational cohort study.

Our primary endpoint was to evaluate the success rate of RFA in restoring euthyraidism in the 2
groups at the first and second year after the procedure. The secondary endpoints inelude volume

reduction and conversion rate from hot to cold using thyroid scintiscan.

MATERIALS AND METHODS

Study population and design

This 24-month, prospective, monocentric, open parallel-group trial compared the efficacy of a
single session of RFA to restore euthyroidism in,a cohort of adult patients with solitary AFTN. All
patients refused or had contraindications to'radioiodine therapy or surgery.

All patients had to meet the following inclusion criteria: presence of a solitary AFTN, as assessed
by serum thyroid stimulatingsharmene (TSH) and 99m technetium (Tc) pertechnetate thyroid
scintigraphy; age greaterithan 18 years; Thy2/Tir2 (or Bethesda Il) cytology on ultrasound-guided
fine-needle aspiration biopsy; no history of methimazole treatment; calcitonin levels within normal
limits; refusal of or contraindications to surgery or radioiodine therapy. The exclusion criteria were:
presence of a multinodular goiter; willingness to undergo radioiodine therapy; Thy3/Tir3 (Bethesda
I11) cytology; presence of a malignant thyroid nodule; history of radioiodine therapy or thermal

ablation; previous neck or trunk external beam radiotherapy; pregnancy.



Between January 2014 and July 2015, a total of 29 patients at S. M.Goretti Hospital in Latina, Italy,
were enrolled and were treated with a single session of RFA. Using criteria employed in previous
studies [18, 20-22], patients were divided into 2 groups based on thyroid volume at baseline:
patients with small nodules made up group A (nodule volume < 12 mL), and those with medium
nodules made up group B (nodule volume > 12 mL).

All patients were evaluated clinically, biochemically and morphologically before RFA (at baseline)
and at 1, 6, 12 and 24 months after treatment. After treatment with RFA, if patients had
hyperthyroidism (low serum TSH levels and normal or elevated serum-free triiodothyronine [FT3]
and serum-free thyroxine [FT4]), they were treated with antithyroid medication (methimazole) to
achieve normal thyroid function. In this study, ‘responders’ were defined asypatients with clinical
and biochemical evidence of a euthyroid state after RFA, without.methimazole therapy, at the end
of the study. The local ethical committee approved the study protocel and all the patients signed an
informed consent statement allowing their anonymized information to be used for data analysis.
Patient records were anonymized and de-identified"prior to analysis.

Of the 29 patients who provided written informed consent, 26 subjects had reached the 2-year
time-point. 1 subject who belonged to/group A (male, 44 yrs, toxic nodule, 6,2 ml) and 2
subjects who belonged to group B (1.'male, 28 yrs, toxic nodule, 21 ml; 2. Male, 45 yrs, pre-
toxic,22ml) voluntary withdreéw: from the clinical trial but they were included in this analysis

at 1, 6, 12 months after treatment.

Clinical Evaluation

At each visit, the patient’s medication history; current complaints, including symptoms of
hyperthyroidism or hypothyroidism; nodule-related symptom score; and cosmetic score were
recorded. The nodule-related symptom score was obtained by asking all patients to rate pressure

symptoms on a 10-cm visual analogue scale. The cosmetic score was obtained using the following



scale: 1, no palpable mass; 2, no cosmetic problem but a palpable mass; 3, cosmetic problem with
swallowing only; 4, an easily visible mass. Complications and side effects were recorded at each
visit and were consistent with the standardized terminology and reporting criteria proposed by the
International Working Group on Image-Guided Tumor Ablation and by the Technology Assessment
Committee of the Society of Interventional Radiology [23, 24]. Major complications were events
leading to significant morbidity and disability; all other complications were classified as minor.
Side effects were defined as undesired consequences of the procedure that rarely, if ever; resulted in

significant morbidity.

Biochemical Evaluation

Thyroid function was monitored using TSH, FT3 and FT4 measurement. Chemiluminescent
enzyme immunoassay (Architect 4000 SR Immunoassay; Abbott Care Laboratory, Abbot Park, IL,
USA) was used to determine serum thyrotropin (normahrange, 0.5- 4.9 mIU/L), serum FT3 (normal
range, 1.7-3.7 pg/mL), serum FT4 (normal rangey 0.7-1.7 pg/mL), and serum antithyroid
peroxidase antibody levels (normal range, 0435 1U/mL). Immunoradiometric assay (Architect i4000
SR Immunoassay; Abbott Core Laboratory, Abbot Park, IL, USA) was used to determine serum
calcitonin levels (normal range,(0-20 pg/mL). Coagulation testing (prothrombin time, activated

partial thromboplastin time) was alsoperformed.

Procedure

A radiofrequency generator (Medtronic Cool-tip RF Ablation System, E-Series; Covidien,
Minneapolis, MN, USA) with a 17-gauge, 15-cm electrode with a 1-cm active tip was employed.
The same operator carried out all procedures under ultrasonographic guidance, using the same
scanner as for the initial diagnostic evaluation. The intra-observer coefficient of variation for

sonographic volume assessment were previously defined as 4% [20]. For local anaesthesia at the



puncture site, we used 2 to 5 mL of 2% mepivacaine (Carbosen), and 3 mL of ropivacaine
(Naropine; Fresenius Kabi USA, LLC, Lake Zurich, IL, USA). All patients were prescribed 4 mg
intravenous prednisone to reduce post-treatment oedema. Anxiolytic drugs were never used prior to
the procedure; per the suggestions of other authors, we never induced deep sedation [12]. On the
basis of our previous experience, we used the transisthmic approach along the short axis of the
nodule, and the nodules were managed using the moving-shot technique as reported by Baek et al
[11, 25]. We applied a variant of this technique, using 60 W of radiofrequency outpower and
adequate exposure time, to induce some transient multiple hyperechoic zones as'a sign of the
effectiveness of the ablation. We calculated the treatment time for every RFA session: from the
initial insertion of the radiofrequency needle into the thyroid nodule to_the final assessment of the

treatment session.

Ultrasound evaluation

Ultrasonography was performed using a 7.5 to 12-MHz linear probe equipped with colour Doppler
and power Doppler modules (Technos MPX;Esaote My Lab 50, Novarium SRL, Rapallo, Italy).
We enrolled only solid thyroid nodules.er predominantly solid (with a fluid component <30%
of its volume)[20]. We classified nedules as spongiform, hysoechoic and hyperechoic [12, 26,
27].

Nodule volume and.the, percentage of volume reduction were calculated using the following
equations: volume,pereentage (ellipsoid equation): volume percentage = length x width x depth x
0.525; volume reduction percentage: percentage of volume reduction = [(initial volume - final

volume) x 100]/initial volume[12].

Statistical analysis

Statistical analyses were performed using IBM-SPSS Statistics software, version 21. Descriptive

statistics (e.g., median, mean, standard deviation, range) were computed on thyroid volume and



other clinical variables. As transformed data did not conform to a log-normal distribution,
nonparametric tests were used to compare the means between groups: the Mann-Whitney U-test for
2 independent samples and the Kruskal-Wallis test for multiple comparisons. The Wilcoxon test
was used to compare related samples. Logistic regression was used to explain the relationship
between binary variable “responders” and the independent variables age, sex, basal volume

and TSH. The significance level was defined as p < 0.05.

Results

Baseline characteristics

The 29 patients included in this study had a mean age of 51.41 + 15.5 years. There were:11 women
and 18 men. Group A (small nodules) contained 15 patients, and group,B (medium nodules)
contained 14 patients. In group A, 5 and 10 subjects had respectively toxic and pretoxic
nodules. In group B, 4 and 10 subjects had respectively toxic and pretoxic nodules. The patient

characteristics, the clinical data and the ultrasound features at baseline are summarized in Table 1.

Thyroid function

The mean TSH value for the entire study population increased between study baseline and 24
months after RFA (0.15 + 0.17 miU/mk vs 0.63 £ 0.48 mlU/mL; p < 0.001). In group A, the
increase over group B started to become statistically significant after the first month (p = 0.01 at 6
months; p = 0.005 at 12 months; p < 0.001 at 24 months) (Fig. 1A). In the entire study population,
FT3 levels decreasedubetween baseline and 24 months after RFA (4.0 £ 1.31 pg/mL vs 3.0 + 1.0
pag/mL; p < 0.001). No significant difference was detected in FT3 values between group A and
group B except at 6 months (Fig. 1B). In the entire study population, FT4 levels decreased between
baseline and 24 months (2.4 £ 1.2 pg/mL vs 1.8 + 1.0 pg/mL; p = 0.006) (Fig. 1C).

At the end of the study period, the rate of responders was greater in group A than in group B (86%
vs 45%; p < 0.01). At 24 months, 86% of nodules in group A converted to cold compared with 18%

in group B (p < 0.001).



A logistic regression analysis has been applied to evaluate the relationship between the
dependent binary variable “responder” and the independent variables such as sex, age,
volume at baselineand TSH at baseline. The analysis shows that the baseline volume
represents the only significant variable (p=0,001). The Hosmer-Lemeshow statistic indicates
that the model adequately fits the data (p=0,32) and the model correctly classifies 73.4% of
the subjects.

We did not find any significant association between the response to treatment, and the

ultrasonographic characteristics of the nodules.

Nodule volume

The change in nodule volume over time is shown in Table 2. In the entire"study population, there
was a significant decrease in nodule volume between baselinetand 24 months after RFA (p < 0.001
for each time point vs baseline). After RFA, there wasa larger volume reduction in group A (68%,
75%, 82% and 84% after 1, 6, 12 and 24 months compared with baseline) than in group B (54%,
61%, 67% and 68% after 1, 6, 12 and 24 menths; p < 0.001 for each time point). The mean rate of
volume reduction was higher in responders compared with the other subjects (81% + 8% vs 70% +

14%; p = 0.04).

Symptom and cosmetie,score (table 3)

In the entire study.population, the symptom score decreased during the follow-up period (p < 0.004
for trend). The symptom score was significantly higher in group B than in group A (p < 0.001 at all
observation points). The cosmetic score also improved between baseline and 24 months in the entire
study population (p = 0.001 for trend) and difference between the two groups are significant only

at baseline (p=0.001).



Complications and Safety
During RFA, most patients reported mild pain and a sensation of heat in the neck that radiated to
the chest, teeth, shoulder and head. No major complications were encountered, such as voice

change, hematoma formation, infection, fever or skin burning.

Logistic regression

Logistic regression analysis shows that basal volume is a predictor to explain the relationship whit
dependent binary variable responder. A negative correlation between responder.andibasal volume
(p=0,005) was revealed as shown in table 4. Hosmer-Lemeshow statistic.indicates a good fit to data

(p=0,322); the model correctly classifies 75.9% of the observations.

DISCUSSION

In our prospective study, we evaluated the ability of.RFA to restore euthyroidism in a cohort
of adult patients with small solitary AFTN compared with medium-sized nodules and,
secondly, we investigated the nodule volume reduction and rate of conversion from hot to cold
nodules. At the end of the study period;"we demonstrate that a single RFA session is effective in
restoring euthyroidism in patients.with AFTN, mainly in those patients with small nodules. Nodule
volume appears to be.a significant predictive factor of the efficacy of RFA in treating AFTN.

In an Italian censensus steatment, regarding RFA of thyroid nodules, the authors give
indication to thermoablation treatment of hot/warm nodules either toxic or pretoxic, when
surgery and radioiodine are contraindicated or declined or in case of large (volume >20 ml)
AFTN, for whom combined RF treatment plus radioiodine could induce faster and greater
improvement in local symptoms, reducing radioiodine-administered activity, if compared

with radioiodine alone.



Many previous studies have described the effects of radiofrequency technique on hot thyroid
nodules in nonhomogeneous populations previously treated with radioiodine therapy, with or
without surgery [7, 9], with multiple RFA sessions [15, 28-30] or with different devices and
techniques [7-9]. The heterogeneity of these studies explains, at least in part, the extreme variability
of the rate of normalization of thyroid function after percutaneous RFA, ranging from 24% to 82%
[7-10, 15, 28-30]. In the most recent study, the authors resorted to up to 6 treatment sessions to
obtain a rate of normalization of 82% [30]. It is evident that, compared with radioiodine therapy,
these procedures seem less cost-effective for treating AFTN. Other authors, in‘a comparison
between RFA and surgery, pointed out that only a single treatment is cost-effective for treating hot
nodules. But, in the same study, the authors pointed out that the euthyroidism, rate 12 months after
ablation was only 50% with a volume reduction of 75% [28].

If we consider true the hypotheses of those authors whotthink, that remission of functional
symptoms is linked to the extent of volume reduction, at 42 ‘months (remission with an average
reduction of 81%; improvement with an average reduction of 68%) [16], it is highly likely that it is
necessary to induce a coagulation zone as wide as possible in order to achieve a high percentage of
volume reduction. This substantially limits the vital marginal tissue at the periphery of the nodule,
thereby preventing regrowth of .the nodule over time with recurrence of hyperthyroidism. This is
clearly more easily achieved with nedules of smaller volume. Our data are consistent with this
hypothesis. At the 24th “month after treatment, the percentage of euthyroid patients in the small-
nodule group ‘was,86%; much higher than the 45% of patients with nodules larger than 12 mL.
Conversion to cold nodule status was seen in 86% of patients with nodules smaller than 12 mL at
baseline, compared with 18% of patients with nodules larger than 12 mL.

The results of our study, therefore, suggest that percutaneous treatment with RFA may be effective
in restoring euthyroidism in patients with small AFTNs (defined as ranging in size from 10-13 mL).

These results, unlike those of other studies [16], were obtained using a single treatment session,



assessing thyroid function before and after RFA treatment with scintigraphy in patients not
previously treated with antithyroid medication and followed for a period of 24 months after RFA.
Our results suggest that the volume of the nodule affects the treatment result, and it is this criterion
that should be adopted in the future to successfully treat both pretoxic and toxic small nodules. For
medium and large nodules, the technique of choice must be radioiodine therapy or surgery.

With regard to laser technology, taking into account differences related to different energy,
we noticed the same variability of outcomes we observe with RFA. In detail, the rate of
normalization of TSH in patients with multinodular goiter treated with LA were between 47-
87% within 6-12 months. The energy was delivered in multiple sessions (1-9) [31-33] or with
multiple cycles of treatment [34]. The rate of patients with euthyroidismranged from 50%o to
889%][33, 34]. All these studies have been conducted predominantly on a’small series of cases.
To date, there are no direct comparisons head-to-head between‘the two techniques. We think
that the volume of the nodule at baseline should be the only predictive factor while the role of
technique used should be quite secondary and ikrelevant. Future studies on a large series of
patients will be able to enlighten us on thig'particular application.

The main limitation of our study is. its.small sample size. Large patient series with long-term

follow-up are needed to confirm_the prominent role of the baseline nodule volume in RFA efficacy.

Conclusions

Minimally invasive hyperthermic techniques are increasingly used in daily clinical practice for
percutaneous debulking of benign thyroid nodules. These techniques offer several advantages when
compared with surgery: they are low-cost outpatient procedures, do not result in cervical scarring or
loss of thyroid function and are nearly completely devoid of the risk of permanent complications.
Our study shows that nodule size may be a significant predictive factor of the efficacy of RFA for

treating AFTNSs. In particular, we demonstrate that a single RFA session is effective in



restoring euthyroidism in patients with AFTN, mainly in those patients with small nodules.
Nodule volume appears to be a significant predictive factor of the efficacy of RFA in treating
AFTN. The possibility of having another therapeutic option for the treatment of this disease, even if
limited to functioning small nodules, could be part of the present trend in managing nodular thyroid

goiter which suggest a customized therapeutic approach.
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FIGURE AND TABLE LEGENDS

Table legend

Table 1. Main baseline characteristics of-the study population
Table 2. Thyroid nodule volume oveérthe time
Table 3. Symptom and cosmetic Score over the time

Table 4. Multivariate logistic _regression analysis to explain the relationship between binary variable
“responders” and the independent variables “basal volume” . The significance level was defined as p <
0.05.

Figure legend

Figure 1. Thyroid function. 1a. TSH over the time; 1b. FT3 over the time; 1c. FT4 over the time
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Figure 1. Thyroid function. 1a. TSH over the time; 1b. FT3 over the time; 1¢. FT4 over the time
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Table 1a. Main baseline characteristics of the study population

TABLE 1. Main characteristics of the study population

Parameter

Group A Group B ¥/
N 15 14
Sex (males/females) 6/9 5/9 ns
Age in years 53+£15@34-75) 50+£17 (28 - 80) ns
Thyroid nodule volume (mL) 52+1.8(2.8-84) 18.3+4.7 (12-29.3) <0.001
TSH(mIU/mL) 0.2+0.2(0.01 -0.6) 0.1£0.2(0.01 -0.5) ns
FT3 (pg/mL) 3.71£09(2.2-5.2) 44+1.62.2-72) ns
FT4 (pg/mL) 2.1+£1.0(1.4-4.9) 2.6+ 1.4(1.4-52) ns
Cosmetic score 0.6£1(0-3) 1.9+0.7 (1-3) <0.001
Symptom score 0.07£0.3 (0-1) 2.6%£1.7(0-5) 0.001

p value is related to the difference between group a and group b. Values arexwreported as mean = SD (range)

Table 1b. US characteristics of the study population

Hysoechoic Spongiform Hyperechoic
Group A (n) 8 3 4
Group B (n) 7 2 5

p = ns between the groups




Table 2. Thyroid nodule volume over the time

TABLE 2. Thyroid nodule volume (ml).

Baseline | 1 month 6 months 12 months | 24 months| p vs baseline

Whole group (n) 29 29 29 29 26

TN vol. 11.5+75 | 5+4.4* 3.9+3.7* 3.4 £3.2*% 2.9+3.3* | <0.001

TN vol. reduction (%) 61 +10 68 +15 75+ 10 77 +11 <0:001
Group A (n) 15 15 15 15 15

TN vol. 52+1.8 1.7+0.6* | 1.3+0.6* 0.9+ 0.4* 0.8 + 0.4 | <0.001

TN vol. reduction (%) 68+ 6 75+8 82+6 84+6 <0.001
Group B (n) 14 14 14 14 11

TN vol. 183+4.7 | 86+3.8* | 6.6+3.6* 6+ 2.6* 5.7 + 3.3* | <0.004

TN vol. reduction (%) 54+8 61+18 67+8 68+ 11 =0.001
Values are reported as mean £SD; *Differences statistically significant
Table 3. Symptom and cosmetic score over the time
TABLE 3. symptom and cosmetic score

Baseline | 6 months 12 months

Whole group (n) 29 29 29

symptom score 1.3+1.7 [ 0.7+£0.9 0.6 £0.8

Cosmetic score 1.2+1.1 | 0505 0.3+0.5
Group A (n) 15 15 15

symptom score 0.1+03 | 0.0+£0.0 0.0 £0.0

Cosmetic score 0.6+£1.0 | 0.3£0.5 0.1+04
Group B (n) 14 14 14

symptom score 26+1.7 |14+£0.9 1.1+£0.9

Cosmetic score 1.9+£0.7 | 0.6x0.5 0.4 £0.5

Values are reported as mean £SD




Table 4. Multivariate logistic regression analysis to explain the relationship between binary variable

“responders” and the independent variables “basal volume” . The significance level was defined as p < 0.05.

B S.E. p OR [95% CI]

Basal volume -,215 077 ,005 ,806 [0,693-0,939]

Constant 2,911 1,049 ,006 18,369




