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The Citation Distribution shows the frequency with which items published in the year or two years prior were cited in the JCR data

year (i.e., the component of the calculation of the JIF). The graph has similar functionality as the JIF Trend graph, including hover-over

data descriptions for each data point, and an interactive legend where each data element's legend can be used as a toggle. You can

view Articles, Reviews, or Non-Citable (other) items to the JIF numerator. Learn more
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The data included in this tile summarizes the items published in the journal in the JCR data year and in the previous two years. This

three-year set of published items is used to provide descriptive analysis of the content and community of the journal. Learn more
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A separate rank is shown for each category in which the journal is listed in JCR. Data for the most recent year is presented at the top of
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the Eigenfactor score normalized, by
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average journal has a score of 1.
Journals can then be compared and
influence measured by their score
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e Clinical studies describing whole, regional or local treatment in humans or other animals
covering the application of therapeutic thermal energy treatment alone or in combination
with other clinical modalities

e Clinical outcomes on the physiological effects of heat or cold stress

e (linical testing of methods related to thermal technologies
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e Research covering thermal tolerance, stress or shock, response and injury, immunological
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nanomedicine

e The development of technologies and strategies for energy delivery and control, with an
end goal to effect specific biologic responses leading to therapeutic outcomes

e Modalities and technology of therapy delivery, imaging, temperature management, and
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ABSTRACT ARTICLE HISTORY
Objective: Medullary thyroid carcinoma (MTC) is a rare, aggressive thyroid malignancy Received 21 April 2025
with frequent locoregional recurrence rate at 30-50%. Reoperative neck surgery is Revised 7 July 2025
standard but challenging and risky. Ultrasound (US)-guided microwave ablation (MWA) ~ Accepted 8 July 2025

offers minimally invasive alternatives, though evidence in recurrent MTC remains limited. KEYWORDS

This study evaluated the efficacy and safety of percutaneous US-guided MWA for Medullary thyroid
treating recurrent MTC. carcinoma; microwave
Methods: A retrospective review included 22 patients with biopsy-proven locoregional ablation; thermal

recurrent MTC treated by US-guided percutaneous MWA after prior total thyroidectomy. ablation;

All were either poor surgical candidates or declined reoperation. Thirty-four lesions ultrasound-guided )
underwent single-session outpatient ablation. Tumor size, serum calcitonin and volume ablation; recurrent thyroid
reduction ratio (VRR) were assessed at baseline, 1, 3, 6 and 12months post-ablation. cancer

Imaging and biochemical responses determined treatment outcomes. Recurrence-free

survival between recurrent and non-recurrent groups was compared.

Results: A total of 22 patients (median age 52years; 14% hereditary) were included and

MWA was successfully performed in all. Mean tumor diameter significantly reduced from

14.3+11.6mm to 2.6+3.4mm at 12months (p<.001). Median serum calcitonin decreased

significantly from 1165pg/mL to 108pg/mL at 12months (p<.001). Treated lesions

showed no regrowth; however, 50% developed new metastases elsewhere, correlating

with higher initial metastatic burden (p=.001) and higher baseline calcitonin (p=.037).

Conclusion: US-guided MWA effectively reduces tumor volume and calcitonin levels in

recurrent MTC with minimal morbidity, though close surveillance for new metastases

remains essential.

Introduction

Medullary thyroid carcinoma (MTC) is a malignant neuroendocrine tumor arising from calcitonin-secreting
parafollicular C-cells, accounting for ~1-2% of all thyroid cancers [1]. MTC often behaves more aggres-
sively than differentiated thyroid carcinoma, with early lymph node metastases and frequent biochemical
persistence or recurrence, even after apparently adequate surgery [2]. The primary treatment for MTC is
total thyroidectomy with cervical lymph node dissection, which can result in a cure for many patients
with localized disease [3]. However, locoregional recurrence occurs in up to 30-50% of patients over
long-term follow-up [3-5]. In the absence of distant metastasis, reoperative neck surgery is recommended
for recurrent or persistent MTC as the only potential cure [3] but repeated neck surgeries carry higher
risks of complications [5,6].

Ultrasound (US)-guided percutaneous ablation is well-established for recurrent papillary thyroid carci-
noma (PTC), achieving disease control rates, with low morbidity [7-10], significantly better than that of

CONTACT Isa Cam @ dr.isa.cam@gmail.com @ Department of Radiology, Division of Interventional Radiology, Kocaeli University, lzmit,
Kocaeli 41100, Turkey.
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repeat neck surgery [11-15]. Notably, there is scant literature on ablation therapy for MTC. MTC has
traditionally been managed with surgery and, in advanced cases, systemic tyrosine kinase inhibitors [3],
and only a few case reports have documented image-guided ablation in recurrent MTC [16]. To the best
of our knowledge, no large clinical series of MWA for recurrent MTC has been published. In this study,
we present a clinical evaluation of US-guided percutaneous MWA for recurrent MTC. The aim of this
study is to evaluate the efficacy and safety of percutaneous ultrasound-guided MWA in achieving effec-
tive locoregional tumor control in patients with recurrent MTC.

Materials and methods
Study design and patient population

This retrospective study was approved by the Institutional Ethics Committee. All patients provided writ-
ten informed consent before the ablation procedure. The requirement for informed consent for study
inclusion was waived due to the retrospective anonymized nature of the study.

This study was a single-center, retrospective analysis of patients with recurrent MTC who underwent
US-guided percutaneous MWA at our institution between 2018 and 2023. Patients included met the
following criteria: (1) pathologically confirmed MTC relapse after prior total thyroidectomy, achieved
through ultrasound-guided fine-needle aspiration cytology supported by calcitonin measurement in nee-
dle washout fluid; (2) imaging evidence of locoregional tumor recurrence in the neck confirmed by
68Ga-DOTATATE PET-CT and ultrasound imaging (3); biochemical recurrence defined as serum calcitonin
levels exceeding our institutional normal reference range (>18pg/mL), indicative of active disease (4);
patients who were either not candidates for further surgery (due to medical comorbidities or multiple
prior operations) or who refused additional surgical intervention; and (5) a minimum follow-up duration
of oneyear after ablation. Patients with unresected primary tumor or with widespread distant metastases
requiring immediate systemic therapy were excluded.

Ablation procedure

All ablations were performed percutaneously under real-time US guidance by the same experienced
interventional radiologist (i.C.). Patients were positioned supine with neck extension under local anes-
thesia (1% lidocaine). Hydrodissection was performed by injecting sterile saline through a 21-gauge
needle to achieve a minimum safety margin of 3mm between the lesion and adjacent critical ana-
tomical structures, including the trachea, recurrent laryngeal nerve and vascular structures. MWA was
performed with a cooled MWA 17 gauge antenna (Intelligent basic type microwave ablation system,
Nanjing ECO microwave system, Nanjing, China), The power was 30W. A microwave ablation antenna
was inserted into each targeted lesion under US visualization. Microwave energy was applied until
the entire lesion was ablated, using multiple overlapping applications for larger lesions. The ablation
was terminated when the target tumor had changed completely to a transient hyperechoic appear-
ance and power Doppler ultrasound was performed immediately to confirm the absence of vascular-
ity of the ablation area. All patients were managed in an outpatient setting, observed for 3-5h
post-procedure to monitor vital signs, vocal cord function and other complications, then discharged
the same day.

Follow-up and assessments

Patients underwent follow-up evaluations at approximately 1, 3, 6 and 12months and then annually
thereafter. At each visit, neck US was performed to assess the ablation site and measure any residual or
recurrent tumor size (largest diameter and volume). Serum calcitonin levels were obtained at the same
intervals. Patients were scheduled for %8Ga-DOTATATE PET-CT after one year except for cases in which
calcitonin levels had increased during initial follow-up. Tumor volume reduction ratio (VRR) was calcu-
lated as: VRR = [(initial tumor volume - post-ablation volume)/initial volume]x 100%. Biochemical
response was defined as a decrease in serum calcitonin level from the pre-ablation baseline level. Any
procedure-related complication was recorded at each follow-up and classified as minor or major accord-
ing to standard Society of Interventional Radiology criteria [17].
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Recurrence is defined as the appearance of a new MTC lesion elsewhere following the post-ablation
period without evidence of active disease in the ablation area. For the purposes of survival analysis, any
new disease after MWA, either locoregional or distant, was considered a recurrence event. Recurrence-free
survival (RFS) was calculated from the date of MWA to the date of first documented recurrence, or to
the last follow-up if no recurrence occurred.

Statistical analysis

Continuous variables are presented as mean+standard deviation (SD) or median and range. Categorical
variables are given as counts and percentages. Pre- and post-ablation tumor metrics (size and volume)
and serum calcitonin levels were compared using paired two-tailed Student’s t-tests (or Wilcoxon
signed-rank tests for non-normal distributions). Patients were divided into two groups based on outcome
(recurrence vs. no recurrence during follow-up), and their baseline characteristics including age, sex,
hereditary vs sporadic etiology, number and size of treated tumors, pre-ablation calcitonin level and
interval since initial surgery, were compared using unpaired t-tests (or Mann-Whitney U tests) for con-
tinuous variables and chi-square or Fisher’s exact tests for categorical variables. RFS after MWA was esti-
mated with the Kaplan-Meier method, and the one-year RFS rate and median RFS (95% confidence
interval) were determined.

Results
Patient characteristics and treatment details

In total, 22 patients, ten of whom were male with a median (range) age of 52 (30-74) years were
included. Three patients (14%) had hereditary MTC (Multiple Endocrine Neoplasia type 2 A syndrome). All
had undergone total thyroidectomy with lymph node dissection. The majority of patients had also under-
gone one or more repeat neck surgeries for recurrence before being considered for ablation: 18 patients
(82%) had at least one prior reoperative cervical surgery (15 patients had one reoperation and 3 patients
had two reoperations, in addition to the initial surgery). All patients had persistent or new locoregional
disease amenable to targeted ablation. At the time of MWA, the median number of detectable tumor
lesions per patient was 2 (1-4) with a total of 34 discrete lesions treated. Of the 34 treated lesions, 30
(88%) were in the cervical region (44% central compartment, 44% lateral neck) and 4 (12%) were in the
superior mediastinum (Figure 1). Tumor size varied widely. The largest dimension of the recurrent lesions
ranged from 4mm to 60mm, with a mean largest diameter of 143 mm. Seven patients had only small
solitary metastatic lesions (<10 mm) at ablation, six patients had at least one dominant large lesion mea-
suring =20mm, and the remaining nine patients had intermediate-sized lesions between 10 and 20mm.
The mean pre-ablation tumor volume was approximately 2121 mm?. Pretreatment serum calcitonin was
markedly elevated (median 1165 pg/mL; mean 1126 pg/mL), >200pg/mL in 85% of patients and exceed-
ing 1000 pg/mL in 9 (41%), underscoring the substantial disease burden.

All but one patient (21/22) underwent MWA successfully with no immediate technical failures. Each
tumor was successfully ablated as planned in a single treatment session for every patient. In one patient,
despite performing hydrodissection, complete ablation was intentionally not performed because of the
substantial size of the lesion (61 mm), proximity to the esophagus and dense surgical adhesions. This
combination of factors prevented adequate separation from the esophagus. Approximately 90% of the
lesion volume was ablated in a single treatment session (Figure 2). The mean procedure time was
21£8min.

Tumor response

All ablated tumors demonstrated significant shrinkage on follow-up US imaging. The mean largest tumor
diameter had decreased from 14.3mm pretreatment to 11.4mm at 1 month, 9.3 mm at 3months, 5.1 mm
at 6months and 2.6 mm at 12months (all p<.001 compared to baseline). Tumor volume showed an even
more dramatic response than diameter. The mean volume of the treated lesions shrank from approxi-
mately 2121 mm? before ablation to 889 mm?® at 1 month, 442mm? at 3 months, 42mm?® at 6 months and
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Figure 1. (A) ®Ga-DOTATATE PET/CT fused axial view demonstrating intense uptake in the recurrent medullary thyroid
carcinoma (MTC) located in the upper mediastinum, measuring 25x15x20mm (arrows). (B-E) Ultrasound-guided
hydrodissection of recurrent MTC (arrows) performed with saline (stars), effectively separating the lesion from the tra-
chea, subclavian artery (SC) and common carotid artery (CCA). A microwave antenna was inserted into the lesion
(curved arrow), and complete ablation was achieved (arrowheads). (F) Axial ®Ga-DOTATATE PET/CT image at 12-month
follow-up showing no uptake in the previously ablated area.

28 mm? at 12 months—a mean volume reduction of 98.4% (all p <.001 compared to baseline). Furthermore,
11 of 34 lesions (32.4%) had also completely disappeared on US and PET-CT imaging (Figure 3). On
follow-up, there was no uptake of ®Ga-DOTATATE on PET-CT imaging in 21 of 22 patients in the ablated
area (Figure 4). In the one patient who did not undergo a total ablation %8Ga-DOTATATE PET-CT images
were positive in the region next to the esophagus, but no change was detected in this residual tumor
during serial follow up (Figure 1).

Biochemical response

The median serum calcitonin level decreased from 1165pg/mL pretreatment to 398 pg/mL at 1month,
250pg/mL at 3months, 200pg/mL at 6 months and 108 pg/mL at 12months (all p<.001 compared to
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Figure 2. %Ga-DOTATATE PET/CT fused axial (A), coronal (C) and sagittal (E) views demonstrating intense uptake in
recurrent MTC located in the right cervical region, measuring 61x34x20mm (arrows). Microwave (MW) ablation was
performed sparing only the tumor segments adjacent to the esophagus due to the risk of complications. Axial (B),
coronal (D) and sagittal (F) %8Ga-DOTATATE PET/CT images obtained at 12-month follow-up showing no uptake in the
ablated areas (arrowheads), except for regions adjacent to the esophagus.

baseline). Moreover, 12 patients (55%) had achieved either normalization of calcitonin levels or a>80%
decrease from their respective pre-ablation level by 12months; all of these patients remained
recurrence-free during follow-up. An additional 6 (27%) experienced a partial biochemical response, with
calcitonin decreasing by 30-80% from baseline but not reaching normal levels. The remaining 4 (18%)
had little or no sustained calcitonin decline after ablation. Of note, all four of these patients developed
early recurrence. Figure 5 depicts the trend of calcitonin levels before and after ablation for the cohort.

Recurrence outcomes

During a median follow-up of 24months (range 12-48 months), 11 of the 22 patients (50%) developed
tumor recurrence after MWA. Figure 6 shows the Kaplan—-Meier curve for recurrence-free survival. The
one-year RFS rate for the entire cohort was 50%, and the two-year RFS rate was approximately 34%. The
median recurrence-free survival time was 12months (95% confidence interval, 9-15months). Among
the 11 patients who experienced recurrence after ablation, 5 (45%) developed distant metastases indic-
ative of hematogenous dissemination, specifically involving the liver (n=2) or bone (n=3). In the remain-
ing six patients, recurrences were limited to regional cervical lymph nodes; four lesions appeared in
lymph nodes within the same drainage territory as the initially treated lesions, while recurrence in two
patients were identified in a lymph node from a different drainage territory. Importantly, no patient
experienced regrowth of a previously ablated tumor, confirming durable local control of all ablated
lesions. All recurrences were due to new disease in previously untreated locations. Consequently, none
of the patients required repeat ablation of the same lesion, with subsequent interventions directed at
the new disease sites. Among the patients with new neck lesions, four underwent additional ablation
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Figure 3. Ultrasound-guided hydrodissection performed using a 21-gauge needle (curved arrow) with saline (stars) to
separate recurrent MTC (arrows) from the trachea and common carotid artery (CCA). A microwave antenna was posi-
tioned within the lesion, and complete ablation was achieved (arrowheads). (D) Ultrasound image at 12-month follow-up
demonstrating complete disappearance of the lesion.

sessions to address the recurrent lesions. Among those with distant progression, seven patients started
systemic therapy using tyrosine kinase inhibitor treatment due to progressive distant metastases.

Patients who experienced recurrence tended to have had a more extensive initial disease burden.
Specifically, the patients with recurrence had a higher mean number of lesions treated at initial ablation
(3.0£1.2 nodes) compared to the non-recurrence group (1.2+0.4 nodes, p=.001). The largest mean
treated tumor size tended to be larger in the recurrence group (mean 17.3mm vs. 11.2mm in
non-recurrence group, p=.07). Pre-ablation calcitonin was significantly higher in those who had recur-
rence (mean 1369 pg/mL vs. 884 pg/mL in those without recurrence, p=.037), reflecting a greater occult
tumor burden. In contrast, patient-specific factors such as age, sex and hereditary status were not sig-
nificantly different between the two groups with or without recurrence.

Safety and complications

No major complications occurred during or after the MWA procedures. All patients were managed in an
outpatient setting and none required emergency surgery or prolonged hospitalization following ablation.
Five patients (22%) developed transient voice hoarseness immediately after the procedure, despite hydro-
dissection. These patients had tumors located in the central compartment (Level VI), close to the recur-
rent laryngeal nerve (RLN). Although all cases resolved spontaneously within one to three months without
further intervention, a comprehensive management strategy was in place to address potential RLN injury.
This included intra-procedural injection of approximately 10-20cc cold sterile saline (0-4°C) around the
nerve for immediate thermal protection, intravenous corticosteroids (prednisolone, 1mg/kg) in case
nerve injury was suspected post-procedure and prompt referral to the otolaryngology department for
persistent vocal dysfunction. Management would further involve laryngoscopic assessment, oral
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Figure 4. Axial %Ga-DOTATATE PET/CT fused images demonstrating uptake in the right cervical region at level IV (A)
and in the upper mediastinum (B). (C-D) Axial %8Ga-DOTATATE PET/CT images obtained at 12-month follow-up demon-
strating no uptake in the previously ablated areas.

Figure 5. Trend of median calcitonin levels before and after ablation for the cohort.

corticosteroids (prednisolone) for two to threeweeks and speech therapy rehabilitation, if clinically indi-
cated. No patient experienced permanent vocal cord paralysis. Three patients (14%) developed minor
hematoma that resolved within one week after the procedure. There were no infections of the ablation
site or neck.
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Figure 6. Kaplan-Meier curve for recurrence-free survival.

Discussion

Recurrent or persistent MTC in the neck poses a therapeutic challenge [18]. Complete surgical resection
offers the best chance for cure [3], but reoperative neck surgery is technically difficult and carries high
risk. Many patients have persistently elevated calcitonin due to microscopic residual disease and up to
~25% develop structural nodal recurrence over time, despite aggressive initial surgery [5]. Systemic ther-
apy is a treatment option in advanced cases [19]. A few case reports have described US-guided ablation
for recurrent MTC, resulting in significant tumor shrinkage and a dramatic calcitonin decline with no
procedure-related complications [20-22]. A few small cohorts demonstrated successful ablation results
using ethanol [21] or radiofrequency ablation (RFA) [23]. There is a clear need for less invasive, local
therapies that can eradicate localized MTC foci while minimizing morbidity. Our results suggest that
US-guided MWA may fill this therapeutic gap by achieving substantial tumor debulking and durable local
disease control with minimal complications.

Our results demonstrated a mean volume reduction of approximately 98% in MTC tumor deposits one
year after MWA. This magnitude of tumor shrinkage is comparable to outcomes reported for thermal
ablation in recurrent PTC. Yue et al. achieved a 91% mean VRR at 18 months for recurrent PTC using MWA
[14], and Kim et al. noted approximately 93% volume reduction at one year after RFA for recurrent thy-
roid cancers <2cm [7]. Similarly, studies of RFA for metastatic lymph nodes have shown VRRs of the
order of 88-98% after 6-12months [10,24].

Importantly, no treated tumor in our series showed regrowth on imaging, indicating 100% sustained
local control of ablated lesions in the intermediate term. This is noteworthy, given the aggressive nature
of MTC. It suggests that when an MTC focus is completely ablated with adequate margins, the likelihood
of that lesion recurring is very low, similar to the published experience with ablation of PTC.

MWA also led to marked biochemical improvement. Serum calcitonin levels fell significantly in all
patients, reflecting reduced tumor burden. Our findings are in contrast with other published articles and
we attribute the difference in the results to the small sample size in these previously published studies
[21,25]. Over half of the patients achieved either calcitonin normalization or >80% reduction from baseline
and, notably, these patients remained disease-free during follow-up. In contrast, the few patients who had
little or no calcitonin decline after ablation developed early recurrence. This association suggests that a
marked post-ablation calcitonin response may be a favorable prognostic indicator, whereas an inadequate
biochemical response may signal residual disease, although this hypothesis requires more data to confirm.

Despite the excellent local control of treated sites, half of the patients developed disease recurrence
during follow-up, corresponding to a one-year recurrence-free survival of 50% and a median RFS of
about 12months. These recurrences were due entirely to new metastases arising outside the treated
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area. Again, it is notable that none of the recurrences involved regrowth of a previously ablated tumor,
confirming persistent local control of all treated lesions. Patients with distant progression received sys-
temic therapies, as previously described [19].

Patients who eventually experienced recurrent disease had a significantly higher number of metastatic
lesions treated at ablation and they also had higher pre-ablation calcitonin levels, reflecting a greater
overall disease burden.

The safety profile of MWA in this study was excellent. Percutaneous MWA proved to be a safe proce-
dure with no major or permanent complications observed. Transient vocal changes were observed in a
few cases. All transient recurrent laryngeal nerve palsies in our series resolved completely, indicating only
temporary thermal irritation. This aligns with the literature in which thermal ablation in the thyroid/neck
region has a low incidence of permanent nerve damage (~1% or less) [10,24]. Three patients developed
a small, asymptomatic hematoma at the ablation site that resolved without intervention. Overall, this
complication profile is comparable to that reported for RFA in recurrent thyroid carcinoma [10,26].

Although our sample size is limited compared to larger surgical series, we noted a complication pro-
file with MWA that appears notably lower than rates reported for reoperative surgery, which most com-
monly involved recurrent laryngeal nerve palsy (8-15.5%), massive hemorrhage (5.8%) or
hypoparathyroidism (16-25%) [1,27]. These findings indicate MWA appears to be an attractive therapeutic
alternative, particularly suited for patients who are unsuitable for or prefer to avoid the higher risks
associated with repeat surgical interventions.

When comparing MWA to RFA, both modalities appear highly effective for small thyroid cancer lesions
[25]. There is no study that compared MWA to RFA in respect to treating recurrent thyroid cancer. However,
there are some theoretical and practical considerations. MWA may create a larger ablation zone more
quickly due to its thermal mechanism. In our experience, an average 1-1.5cm MTC node was ablated.
RFA typically takes longer for a similar sized nodule, but can achieve the same end result. The ability of
MWA to rapidly heat tumor tissue, which is highly vascular in MTC, may theoretically be advantageous in
overcoming cooling by blood flow [11]. Our zero incidence of permanent complications attests to the
safety of a careful approach. A recent review noted that the overall complication profiles for RFA, laser
ablation and MWA in thyroid nodules are similarly low when performed by experienced operators [24].

In the management of MTC, patients with widespread disease will require systemic therapy. In our
series, five patients eventually had progression to distant metastases and went on to receive systemic
treatment. For advanced metastatic MTC, targeted therapies, such as tyrosine kinase inhibitors, have
shown improved progression-free survival in clinical trials [3,19,28].

The strengths of our study include uniform treatment, detailed volumetric and biochemical follow-up
and the demonstration of therapeutic efficacy and safety in a challenging patient group with reoperative
history and recurrent MTC. Our study has several limitations. The relatively small sample size, reflecting
the rarity of MTC and the strict selection criteria for ablation candidates, limits the generalizability of our
findings. The lack of routine histological confirmation after ablation might be considered a limitation.
Future prospective studies should consider integrating scheduled repeat fine-needle aspiration or core
needle biopsies of treated lesions to verify the absence of viable tumor cells, providing definitive evi-
dence of complete ablation alongside imaging and biochemical follow-up. In addition, the absence of a
direct comparator group prevents head-to-head comparisons of efficacy and safety outcomes with alter-
native therapies. Our relatively short follow-up might be insufficient to fully capture longer-term recur-
rence or complications. However, this series is relatively large in terms of the current literature. Moreover,
it is one of only a few reports of the use of MWA for recurrent MTC.

Conclusion

This study indicated that US-guided percutaneous MWA was a highly effective and safe, minimally inva-
sive option for treating locoregional recurrent MTC in appropriately selected patients. The procedure
achieved marked tumor volume reduction, significant decline in serum calcitonin and sustained local
tumor control of treated lesions in the medium term, with minimal morbidity. Close surveillance remains
essential, as new metastatic disease may arise outside the treated areas. Larger studies with longer
follow-up are warranted to confirm the long-term outcomes of MWA, to assess the recurrence risk factors
suggested by this series and to further refine patient selection criteria for this therapy.
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