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Abstract
Objective To investigate and compare the clinical outcomes of radiofrequency ablation (RFA) for multifocal papillary thyroid
microcarcinoma (PTMC) versus unifocal PTMC in a large cohort.
Methods Patients with low-risk PTMC (n = 487) who underwent RFA were included in this retrospective study and divided into the
unifocal group (U group) (n = 432) and the multifocal group (M group) (n = 55) according to the number of lesions. After 1:1
propensity score matching (PSM), volume, volume reduction ratio (VRR), the development of local tumor progression including
lymph node metastasis (LNM), recurrent PTMC and persistent lesions, and recurrence-free survival (RFS) rate were evaluated and
compared between the two groups. The different impacts ofmultifocality on recurrence after RFA for PTMCwere investigated byCox
analysis.
Results During a mean follow-up time of 49.25 ± 12.98 months, the overall VRRwas 99.40 ± 4.43% and the overall incidence of
local tumor progression was 3.70% (18/487). No complications occurred after RFA. After PSM, no significant differences were
found in volume (0.11 ± 0.69mm3 vs 0 mm3, p = 0.441), VRR (99.87 ± 0.78% vs 100%, p = 0.441), complete disappearance rate
(95.61% vs 89.09%, p = 0.201), incidence of local tumor progression (5.45% vs 5.45%, p = 1.000), LNM (1.82% vs 0%, p =
0.317), recurrent PTMC (1.82% vs 5.45%, p = 0.611), persistent lesions (1.82% vs 0%, p = 0.317), and RFS rate (96.36% vs
94.55%, p = 0.632) between the M group and U group. The association between multifocality and local tumor recurrence also
remained nonsignificant (p = 0.619). No distant metastasis or delayed surgery occurred.
Conclusions The impact of multifocality on the prognosis after RFA for low-risk PTMC was little. RFA might be a promising
treatment for both unifocal and multifocal PTMC in properly selected patients after sufficient preoperative evaluation.
Key Points
• No significant differences are found in the local tumor progression between the unifocal PTMC and multifocal PTMC.
• Multifocality is not associated with higher recurrence after RFA for low-risk PTMC.
• RFA is a promising alternative for both unifocal and multifocal PTMC.
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score

Abbreviations
AS Active surveillance
CEUS Contrast-enhanced ultrasound
CLT Chronic lymphocytic thyroiditis

CNB Core-needle biopsy
ETE Extrathyroidal extension
FNA Fine-needle aspiration
LNM Lymph node metastasis
M group Multifocal group
PSM Propensity score matching
PTMC Papillary thyroid microcarcinoma
RFA Radiofrequency ablation
RFS Recurrence-free survival
U group Unifocal group
VRR Volume reduction rate
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Introduction

The incidence of thyroid cancer has increased worldwide at a
rate higher than that of any other cancer, ranking in ninth place
for incidence of cancer [1]. Roughly 50% of the increase is
attributable to papillary thyroid microcarcinoma (PTMC),
most of which are low risk with favorable prognosis [2, 3].
Tumor multifocality is observed in 20–40%PTMC [4] and the
first-line treatment is surgery [2]. However, it has several
drawbacks, including invasive procedure, cosmetic problems,
and lifelong thyroid hormone replacement [5], which may not
be accepted by all the patients. Active surveillance (AS) is a
new option for low-risk PTMC [2], and multifocal PTMC is
not listed as an exclusion because it is not a risk factor for
tumor enlargement by ≥ 3 mm or the appearance of lymph
nodemetastasis (LNM) [6]. However, acceptance of this man-
agement seems to be varied and low [6].

Radiofrequency ablation (RFA) and other thermal ablation
have been applied effectively and safely for low-risk PTMC
patients who rejected surgery or AS [7–23]. The pooled pro-
portion of volume reduction rate (VRR) and complete disap-
pearance rate after ablation were 98.1% [24] and 57.6–76.2%
[24, 25]. However, these results were mainly based on the
efficacy of unifocal PTMC, not multifocal PTMC. To date,
the study with the largest population of multifocal PTMC
underwent ablation was reported by Teng et al [11], which
evaluated 167 patients with unifocal PTMC and 18 patients
with 33 multifocal PTMC for a follow-up time of 20.7 ± 8.8
months, even though the sample size was relatively small and
clinical outcomes of multifocal PTMC were not evaluated
separately. Intrathyroidal multifocal PTMC is low risk [2],
and the clinical outcomes of ablation for multifocal PTMC
should be evaluated to better understand the clinical value of
this treatment for PTMC.However, little research has reported
the efficacy and safety of RFA for multifocal PTMC.

Therefore, the purpose of this study was to evaluate the
clinical outcomes of RFA for multifocal PTMC and compare
the results with unifocal PTMC.

Materials and methods

The Institutional Review Board of our institution approved
this retrospective study. All the patients were provided written
informed consent before RFA. The RFA informed consent
emphasized that surgery was the routine treatment recom-
mended by guidelines.

Patients

The inclusion criteria were as follows: (1) PTMC lesion was
confirmed by core-needle biopsy (CNB) or fine-needle aspi-
ration (FNA); (2) multiple PTMC lesions present in the

ipsilateral lobe [26]; (3) no imaging evidence of extrathyroidal
extension (ETE), LNM, and distant metastasis on ultrasound
and chest CT; (4) patients who were unsuitable for surgery or
rejected surgery clearly; (5) follow-up time was > 24 months.
The exclusion criteria were (1) no convincing evidence of
aggressive disease by biopsy [2]; (2) bilateral PTMC (at least
one lesion within the contralateral lobe [26]); (3) imaging
evidence of ETE or LN/distant metastasis; (4) consciousness
disorder or neck extension disorder; (5) coagulation disorder
or serious organ failure; (6) follow-up time ≤ 24 months.

From June 2014 to March 2018, 681 patients with low-risk
PTMC underwent RFA in this institution, and 487 patients
with 546 low-risk PTMCs met the inclusion criteria were in-
cluded in this study. Among them, 432 patients with 432
unifocal PTMC were in the unifocal group (U group) and 55
patients with 114 multifocal PTMC in the multifocal group
(M group) (Figure 1).

Per-treatment ultrasound evaluation

The patients all underwent thorough examinations, including
complete blood count, thyroid function tests, coagulation
tests, and imaging evaluation, including ultrasound and chest
CT [7, 10, 16]. The volume of tumor was calculated with the
equations: V = πabc/6 (V is the volume, while a is the largest
diameter on ultrasound, b and c are the other two perpendic-
ular diameters). The largest tumor of multifocal PTMC was
taken as the primary tumor, and its diameter and volume were
used for further analysis.

RFA procedure

All RFA procedures were performed by an experienced ultra-
sound radiologist with more than 20 years’ experience in thy-
roid US and interventional US. A bipolar RFA generator
(CelonLabPOWER, Olympus Surgical Technologies
Europe) and an 18-gauge bipolar RF applicator with 0.9-cm
active tip were used (CelonProSurge micro 100-T09,
Olympus Surgical Technologies Europe) in this study. The
targeted tumor was evaluated by multi-angle scanning to de-
termine a practical and proper approach. Doppler ultrasound
was used to access the detailed vascular anatomy along the
approach route to prevent bleeding. Local anesthetic (1% li-
docaine) was injected at the subcutaneous puncture site and
the thyroid anterior capsule. RFA was performed using the
trans-isthmic approach and moving-shot technique. The
hydrodissection technique was used if the distance between
the tumor and critical cervical structures (trachea, carotid ar-
tery, jugular vein, esophagus, and recurrent laryngeal nerve)
was less than 5 mm. Normal saline was injected using another
needle (23 gauge) to form at least a 1-cm distance between the
tumor and the critical structure in order to prevent thermal
injury [7, 16]. If the fluid was absorbed, it was replenished.
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If the multifocal lesions were located in the same plane, the
smaller one was ablated first. Otherwise, the deeper-located
lesion was ablated first. We enlarged the ablation area which
exceeded the tumor edge (at least 3–5 mm) to prevent margin-
al residue and recurrence [7]. The RFA power was 3W. If a
transient hyperechoic zone did not form at the electrode tip
within 5–10 s, the power was increased to 5–9 W. Contrast-
enhanced ultrasound (CEUS) was performed immediately af-
ter the RFA procedure to evaluate the ablation area. If any
enhancement existed, a complementary ablation could be
performed.

Follow-up

Clinical follow-ups were performed at 1, 3, 6, and 12 months
and every 6–12months thereafter and consisted of ultrasound,
CEUS, chest CT (once a year), and clinical evaluation. VRR
was calculated as follows: VRR = ([initial volume-final vol-
ume] × 100)/initial volume. The development of suspicious
LN or new lesion was submitted to biopsy.

Primary and secondary outcomes

Primary outcomes were local tumor progression and
recurrence-free survival (RFS). Local tumor progression
was defined to include three situations [8]: (1) persistent
lesion was found at the previously treated site confirmed
to be PTMC by biopsy; (2) new recurrent lesion which
separated from the ablated tumor confirmed to be PTMC
by biopsy; (3) cervical LNM confirmed by biopsy.
Distant metastasis was detected by CT, positron emis-
sion tomography, or bone scan if there were suspicious

symptoms. RFS was calculated from the beginning of
RFA to the time of tumor recurrence or the last date of
follow-up.

Secondary outcomes were complications and efficacy.
Complications during follow-up were assessed using the
reporting standards of the Society of Interventional
Radiology [27]. The efficacy of ablation included the VRR
and complete disappearance rate. We considered RFA to be
successful if one of the following criteria was met: (1) the
ablated area of PTMC completely disappeared on ultrasound;
(2) the ablated area remained as scar-like on ultrasound but
absence of enhancement on both arterial and venous phase on
CEUS; (3) if the ablation area did not disappear, negative
result was confirmed by CNB, which was performed to the
central zone, the peripheral zone, and the surrounding thyroid
parenchyma at 3 or 6 months after RFA.

Statistical analysis

Statistical analysis was performed using the SPSS statis-
tical software (Version 25.0) and R software version
3.6.2 (www.r-project.org). To control the inherent
potential biases of any retrospective study, a 1:1
propensity score matching (PSM) was applied in the
two groups based on age, sex, primary tumor diameter,
primary tumor volume, chronic lymphocytic thyroiditis
(CLT), and the follow-up time. Patient characteristics
and outcomes after RFA were compared between the
groups before and after PSM. Categorical variables are
presented as numbers with percentages and compared
using Chi-square or Fisher’s exact test. Continuous data
were expressed as mean ± SD and analyzed using Mann-

Fig. 1 The flowchart of patient
enrollment
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Whitney U test. Kruskal-Wallis H test was used for com-
parison of the variables between the groups. Wilcoxon
signed rank tests were used to compare the volume be-
fore RFA and at each follow-up period. RFS curves were
generated using the Kaplan-Meier method and compared
by the log-rank test. Univariable and multivariable anal-
yses were performed by using a Cox proportional hazard
model to identify the variables associated with recur-
rence. A difference with p < 0.05 was considered as
statistically significant.

Results

A total of 487 patients with unifocal PTMC (N = 432) or
multifocal PTMC (N = 55) who underwent RFAwere enrolled
in this study. Before PSM, the mean and median follow-up
times were 49.25 ± 12.98 months and 48.03 months, respec-
tively. In the M group, 51 patients had two tumors and 4
patients had three tumors. No significant differences in the
primary tumor size were found in the U and M groups
(94.73 ± 83.28 mm3 vs 108.05 ± 85.99 mm3, p = 0.151).
However, the RFA times in the U group were significantly
longer than those in the M group (218.23 ± 127.86 s vs
187.74 ± 164.06 s, p = 0.010). After 1:1 PSM, a good balance

was achieved (Table 1). Themean andmedian follow-up times
were 47.27 ± 11.87 months and 47.05 months, respectively.

Primary outcomes

The overall incidence of local tumor progression was 3.70%
(18/487). The incidences of LNM, recurrent PTMC, and per-
sistent lesions were 1.03% (5/487) and 2.26% (11/487) and
0.41%(2/487), respectively. Because 38 tumors disappeared
in the first 3 months and another 26 tumors disappeared at 6
months, 482 tumors underwent post-ablation CNB and two
were diagnosed as persistent lesions. These two ablated tumors
underwent additional RFA and CNB after additional RFAwere
negative. Among 16 patients with recurrent lesions, one patient
with recurrent PTMC in the U group chose AS and the volume
of tumor was stable. The other 15 recurrent lesions underwent
additional RFA, and 12 of them completely disappeared. No
distant metastasis was detected. No patient underwent delayed
surgery because of local tumor progression or anxiety.

Before PSM, there were no significant differences in the
incidence of local tumor progression (5.45% vs 3.47%, p =
0.723), LNM (1.82% vs 0.93%, p = 0.452), recurrent PTMC
(1.82% vs 2.31%, p = 1.000), and persistent lesions (1.82% vs
0.23%, p = 0.213) between the M group and U group. A total
of 80.00% LNM was found in the lateral compartment and

Table 1 Baseline clinical of patients before and after propensity score matching

Characteristics Total (N = 487) Before propensity score matching After propensity score matching

U group (N = 432) M group (N = 55) p value U group (N = 55) M group (N = 55) p value

No. of tumor 546 432 114 - 55 114 -

Age (years) 43.64 ± 9.69 43.59 ± 9.68 44.09 ± 9.89 0.778 42.67 ± 11.11 44.09 ± 9.89 0.594

Age ≥ 55 (years) 56 (11.50) 47 (10.88) 9 (16.36) 0.230 8 (14.55) 9 (16.36) 0.792

Age < 55 (years) 431 (88.50) 385 (89.12) 46 (83.64) 47 (85.45) 46 (83.64)

Sex 0.736 0.449

Female (%) 381 (78.23) 337 (78.01) 44 (80.00) 47 (85.45) 44 (80.00)

Male (%) 106 (21.77) 95 (21.99) 11 (20.00) 8 (14.55) 11 (20.00)

Primary tumor diameter (mm) 6.06 ± 1.87 6.03 ± 1.87 6.29 ± 1.85 0.306 6.18 ± 2.08 6.29 ± 1.85 0.619

Primary tumor volume (mm3) 96.24 ± 83.61 94.73 ± 83.28 108.05 ± 85.99 0.151 111.80 ± 106.52 108.05 ± 85.99 0.638

Primary tumor size ≥ 5 mm 380 (78.03) 333 (77.08) 47 (85.45) 0.158 43 (78.18) 47 (85.45) 0.323

Primary tumor size < 5 mm 107 (21.97) 99 (22.92) 8 (14.55) 12 (21.82) 8 (14.55)

Thyroid function 0.589 0.241

CLT 110 (22.59) 96 (22.22) 14 (25.45) 9 (16.36) 14 (25.45)

Normal 377 (77.41) 336 (77.78) 41 (74.55) 46 (83.64) 41 (74.55)

Follow-up time (months) 49.25 ± 12.98 49.42 ± 13.17 47.93 ± 11.45 0.396 46.61 ± 12.34 47.93 ± 11.45 0.740

Treatment variables (per lesion)

Power (W) 3.79 ± 0.99 3.79 ± 1.00 3.82 ± 0.84 0.370 3.75 ± 0.93 3.82 ± 0.84 0.440

RFA time (s) 214.79 ± 132.60 218.23 ± 127.86 187.74 ± 164.06 0.010 218.49 ± 124.42 187.74 ± 164.06 0.063

Energy (J) 787.35 ± 486.23 796.57 ± 487.82 714.91 ± 471.60 0.212 792.00 ± 440.58 714.91 ± 471.60 0.249

Data are expressed as mean ± SD or number of nodules (percentages)
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72.73% recurrent PTMC were detected in the contralateral
lobe. After PSM, no significant differences were found in
the incidence of local tumor progression (5.45% vs 5.45%, p
= 1.000), LNM (1.82% vs 0%, p = 0.317), recurrent PTMC
(1.82% vs 5.45%, p = 0.611), and persistent lesions (1.82% vs
0%, p = 0.317) between the M group and U group (Table 2).

The RFS rates at 1 and 3 years were 99.31% and
96.99% in the U group, and 98.18% and 96.36% in the
M group. After PSM, the RFS rates at 1 and 3 years were
100.00% and 94.55% in the U group. There were no sig-
nificant differences in the RFS rates between the groups
before or after PSM (p = 0.858; p = 0.632) (Figure 2). Cox
regression analysis revealed that multifocality was not sig-
nificantly associated with recurrence after adjusting for
age, sex, size of tumor, and CLT (HR = 0.630, 95% CI:
0.102–3.890, p = 0.619) (Table 3).

Secondary outcomes

The overall VRR was 99.40 ± 4.43%. Before PSM, the vol-
ume and VRR in the M group were significantly larger than
those in the U group in the first 6 months after RFA (all p <
0.05). However, no significant differences were found after 6
months (all p > 0.05) (Tables 4 and 5). A total of 499 tumors
completely disappeared (91.39%). Among them, 109 disap-
peared tumors were in the M group (95.61%) and 390 were in
the U group (90.28%) (p = 0.071). After PSM, only the vol-
umes at 1 month in the M group were significantly smaller
than those in the U group (p < 0.05). There were no significant
differences in the VRR between the groups during the follow-
up (all p > 0.05) (Figure 3). Forty-nine tumors completely
disappeared in the U group. The complete disappearance rate
in M group and U group remained nonsignificant (95.61% vs
89.09%, p = 0.201) (Figure 4).

All patients were tolerable to the RFA procedure. No
patients experienced complications related to RFA during
the follow-up. Moreover, 20 patients in the U group
(4.67%) and 3 patients in the M group (5.45%) underwent
local pain or discomfort, which resolved spontaneously
within 7 days.

Discussion

This study evaluated the long-term clinical outcomes of RFA
for multifocal PTMC and compared the results with unifocal
PTMC by PSM. No significant differences of volume, VRR,
incidence of local tumor progression, and RFS rate were
found between the multifocal PTMC with unifocal PTMC
after a mean follow-up period of 49.25 ± 12.98 months. The
association between multifocality and local tumor recurrence
also remained nonsignificant. Moreover, no patients
underwent delayed surgery because of anxiety or local tumor
progression. No complications occurred after RFA. It indicat-
ed that RFA could achieve the same long-term therapeutic
outcomes for multifocal PTMC as those for unifocal PTMC.

The current standard treatment for low-risk PTMC is sur-
gery [2]. However, it has several drawbacks, including general
anesthesia, risk of complications, cosmetic problems, and life-
long thyroid hormone replacement [5]. AS is recommended as
a new conservative option for low-risk PTMC [2], which
shows favorable results [6, 28–30]. The recent meta-analysis
found that during the 5-year AS, the pooled proportion of
tumor size enlargement was 5.3% and the pooled proportion
of LMN was 1.6% [28]. However, patient preference and
compliance were important elements for this strategy [31].
Because of anxiety, most patients would choose immediate
surgery instead of AS [32]. Anxiety was also the most

Table 2 The comparison of local tumor progression between the two groups after RFA

Total
(N = 487)

Before propensity score matching After propensity score matching

U group
(N = 432)

M group
(N = 55)

p value U group
(N = 55)

M group
(N = 55)

p value

Total incidence 18 (3.70) 15 (3.47) 3 (5.45) 0.723 3 (5.45) 3 (5.45) 1.000

LN metastasis 5 (1.03) 4 (0.93) 1 (1.82) 0.452 0 (0.00) 1 (1.82) 0.317

Developed time (months) 16.80 ± 7.82 19.50 ± 5.74 6 - - 6 -

Volume (mm3) 149.01 ± 54.37 131.81 ± 44.37 217.81 - - 217.81 -

Location (lateral compartment) 4 (80.00) 3 (75.00) 1 (100) - - 1 (100) -

Recurrent PTMC 11 (2.26) 10 (2.31) 1 (1.82) 1.000 3 (5.45) 1 (1.82) 0.611

Developed time (months) 27.27 ± 12.11 27.60 ± 12.71 24 - 28.00 ± 9.17 24 -

Volume (mm3) 61.27 ± 75.53 54.57 ± 76.09 128.28 - 115.89 ± 128.60 128.28 -

Location (contralateral lobe) 8 (72.73) 7 (70.00) 1 (100) - 1 (33.33) 1 (100) -

Persistent lesions 2 (0.41) 1 (0.23) 1 (1.82) 0.213 0 (0.00) 1 (1.82) 0.317

Data are presented as mean ± SD or number of tumors (percentages)
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Fig. 2 Graphs show recurrence-
free survival curves for patients
with unifocal, unilateral multifo-
cal, and bilateral multifocal
PTMC treated by RFA. a Before
propensity score matching; b after
propensity score matching

Table 3 Univariate and multivariate analyses evaluating the risk factors affecting recurrence-free survival

Variable Before propensity score matching After propensity score matching

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis

HR (95% CI) p
value

HR (95% CI) p
value

HR (95% CI) p
value

HR (95% CI) p
value

Age ≥ 55 (years) 1.114 (0.253–4.901) 0.887 1.102 (0.248–4.905) 0.898 1.333 (0.149–11.937) 0.797 1.396 (0.151–12.928) 0.769
Female 1.170 (0.333–4.107) 0.806 1.123 (0.315–4.005) 0.858 0.811 (0.091–7.258) 0.850 0.730 (0.077–6.906) 0.784
Primary tumor

volume
18.178 (0.127–2606.754) 0.252 18.037 (0.123–2642.486) 0.256 1.511 (0.000–15,985.371) 0.930 1.527 (0.000–13,964.917) 0.928

CLT 1.517 (0.527–4.365) 0.440 1.491 (0.512–4.345) 0.464 0.926 (0.104–8.288) 0.945 1.001 (0.109–9.194) 0.999
Multifocality 1.145 (0.260–5.039) 0.858 1.057 (0.237–4.706) 0.942 0.648 (0.108–3.881) 0.635 0.630 (0.102–3.890) 0.619

Data in parentheses are 95% CI
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common reason for the decision to perform delayed surgery
during AS [29]. For low-risk patients who were unsuitable for
surgery or rejected surgery/AS, RFA and other thermal abla-
tion techniques could be considered [33]. The incidences of
LNM, recurrent PTMC, and persistent lesions after thermal
ablation were 0.6–3.1% [15, 20, 22, 23, 25, 34], 0.5–4.05%
[10, 11, 20, 22, 25, 34], and 1.42% [14], respectively. A recent
meta-analysis included three studies reporting outcomes in
patients with PTMC treated with thermal ablation and follow-
ed up for at least 5 years [35]. It found that of 207 patients with
219 PTMCs, only 5 recurrent PTMCs were observed in 4
patients, and no patients experienced local tumor recurrence,
LNM, or distant metastasis or underwent delayed surgery due
to anxiety during a mean pooled follow-up of 67.8 months.
Comparative studies showed that no significant differences in
the incidence of LNM (0–3.1% vs 1.3–4.44%) and recurrent
PTMC (1.1–2.78% vs 0.7–2.22%) between thermal ablation
and surgery were found [20, 22, 34]. This study included 487

patients who underwent RFA for the treatment of low-risk
PTMC, and the results showed that during a mean follow-up
time of 49.25 ± 12.98 months, the overall incidences of LNM,
recurrent PTMC, and persistent lesions were 1.03%, 2.26%,
and 0.41%, respectively. These results were not only in accor-
dance with those from previous studies [10, 11, 14, 15, 23,
25], but also consistent with those from surgery or AS [20, 22,
28, 34]. Moreover, no patient underwent delayed surgery be-
cause of anxiety or local tumor progression. It suggested that
RFA could be an effective local tumor control alternative for
low-risk PTMC.

There are several reasons why the clinical outcomes of
thermal ablation for multifocal PTMC are needed. First,
multifocality is a common feature in PTMC patients with
an incidence of 20–40% [4] and intrathyroidal multifocal
PTMC is low risk according to risk stratification [2].
Although surgery and AS are recommended for low-risk
PTMC [2], for patients who refuse surgery or AS, thermal

Table 4 The changes of volume at each follow-up point after RFA

Time
(months)

Total
(N = 487)

p value
(vs initial)

Before propensity score matching After propensity score matching

U group
(N = 432)

M group
(N = 55)

p value U group
(N = 55)

M group
(N = 55)

p value

After RFA 816.98 ± 563.76 < 0.001 887.44 ± 561.30 548.84 ± 489.52 < 0.001 879.71 ± 529.45 548.84 ± 489.52 < 0.001

1 352.05 ± 338.83 < 0.001 387.18 ± 360.17 224.31 ± 200.77 < 0.001 402.79 ± 297.67 224.31 ± 200.77 < 0.001

3 124.87 ± 150.80 < 0.001 138.57 ± 162.15 74.80 ± 81.73 < 0.001 100.37 ± 100.23 74.80 ± 81.73 0.077

6 42.50 ± 93.16 < 0.001 48.82 ± 103.44 21.80 ± 39.14 < 0.001 31.31 ± 49.94 21.80 ± 39.14 0.139

12 9.59 ± 26.60 < 0.001 10.68 ± 28.69 5.58 ± 16.22 0.060 7.04 ± 14.45 5.58 ± 16.22 0.212

18 3.32 ± 12.31 < 0.001 3.63 ± 12.87 2.33 ± 10.33 0.094 2.63 ± 8.36 2.33 ± 10.33 0.265

24 2.27 ± 9.51 < 0.001 2.53 ± 10.09 1.29 ± 6.90 0.114 4.06 ± 14.51 1.29 ± 6.90 0.128

36 0.89 ± 6.93 < 0.001 0.91 ± 7.24 0.73 ± 3.42 0.524 2.56 ± 16.77 0.73 ± 3.42 0.578

48 0.61 ± 4.42 < 0.001 0.70 ± 4.79 0.11 ± 0.69 0.943 0 0.11 ± 0.69 0.441

Data are expressed as mean ± SD (mm3 )

Table 5 The changes of VRR at each follow-up point after RFA

Time
(months)

Total
(N = 486)

Before propensity score matching After propensity score matching

U group
(N = 432)

M group
(N = 55)

p value U group
(N = 55)

M group
(N = 55)

p value

1 −538.00 ± 973.71 −562.54 ± 1037.41 −448.76 ± 691.31 0.008 −451.30 ± 452.17 −448.76 ± 691.31 0.250

3 −120.17 ± 452.48 −126.10 ± 472.68 −98.55 ± 371.01 0.017 −41.78 ± 152.09 −98.55 ± 371.01 0.831

6 22.08 ± 199.91 18.79 ± 203.97 33.13 ± 186.31 0.003 29.24 ± 210.59 33.13 ± 186.31 0.252

12 86.46 ± 47.30 85.75 ± 49.72 89.09 ± 37.14 0.108 87.81 ± 34.90 89.09 ± 37.14 0.276

18 96.55 ± 12.48 96.21 ± 12.88 97.64 ± 11.13 0.088 96.30 ± 13.23 97.64 ± 11.13 0.245

24 98.28 ± 7.63 97.97 ± 8.44 99.43 ± 2.89 0.117 97.12 ± 11.46 99.43 ± 2.89 0.122

36 99.32 ± 5.51 99.30 ± 5.72 99.42 ± 3.30 0.437 98.06 ± 12.71 99.42 ± 3.30 0.578

48 99.40 ± 4.43 99.31 ± 4.80 99.87 ± 0.78 0.943 100 99.87 ± 0.78 0.441

Data are presented as mean ± SD(%)
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Fig. 3 The changes of volume andVRR in the two groups at each follow-up point after RFA. a, cBefore propensity score matching; b, d after propensity
score matching

Fig. 4 The US and CEUS images of a 25-year-old female with multifocal
PTMC before and after RFA. a Two PTMC tumors located in the right
thyroid lobe before RFA. One tumorwas in the superior pole (arrow) with
an initial volume of 52.36 mm3. The other one was in the inferior pole
(arrowhead) with an initial volume of 31.42 mm3. b At 1 month after
RFA, the volumes of ablation areas in the superior (arrow) and inferior

pole (arrowhead) were 368.60 mm3 and 175.92 mm3, respectively. cAt 3
months after RFA, the ablation area located in the inferior pole disap-
peared. The volume of ablation area located in the superior pole (arrow)
was 4.71mm3with a VRR of 91%. dAt 6months after RFA, the ablation
area in the superior pole also disappeared
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ablation can be considered as alternatives [33]. Second,
the indications of ablation for primary thyroid cancer have
not yet been clearly established [33]. The long-term re-
sults of ablation for multifocal PTMC should be evaluated
to better understand the clinical value of this treatment for
primary thyroid cancer. Third, thermal ablation techniques
have been performed to multifocal PTMC [7, 8, 10–14,
36]. However, the efficacy and safety have not been re-
ported separately. It is the first study to evaluate the clin-
ical outcomes between multifocal and unifocal PTMC fol-
lowing RFA in a large cohort. The results showed that
VRR in the two groups were both over 99% with no
significant differences. Complete disappearance rates in
the two groups were also nonsignificant. The fact that
long-term efficacy of RFA for multifocal PTMC was as
satisfactory and sustainable as that for unifocal PTMC
suggests RFA might be a potential treatment strategy for
multifocal PTMC.

With the advance of modern molecular techniques, multi-
focal PTMC has been considered as multiple synchronous
primary tumors arising from independent clones instead of
intraglandular metastasis from a single primary tumor [37,
38], but its prognostic value still remains controversial.
Several studies found multifocal PTMC at diagnosis had an
increased risk of LN/distant metastasis and persistent local
disease after initial treatment, and total thyroidectomy should
be performed [37–41]. However, other studies reported that
multifocality might have prognostic impact in PTC but less or
none in PTMC and suggested its indiscriminative use as an
independent risk factor prompting overtreatments should be
avoided [42–46]. Jeon et al [26] reported that the incidence of
loco-regional recurrence in patients with multifocal PTMC
after unilateral lobectomy and total thyroidectomy was non-
significant (3.15% vs 0.78%, p = 0.244). Kim et al [42] found
that among PTMC patients who receive hemithyroidectomy,
no significant differences of recurrence rate were found be-
tween multifocal PTMC and unifocal PTMC (1.5% vs 1.8%,
p = 1.000). Zhou et al [44] also reported that although multi-
focal PTMC were significantly related to central LNM in the
univariate analysis, it was the independent factor after multi-
variate analysis. Furthermore, no significant differences in
tumor enlargement rates [47] or 10-year progression rates
[6] were found between multifocal and unifocal PTMC pa-
tients undergoing AS. In this study, the incidences of LNM
and recurrent PTMC for multifocal PTMC were both 1.82%,
showing no significant differences from those for unifocal
PTMC. In addition, no significant differences in the incidence
of local tumor progression and the RFS rates were found be-
tween the two groups. The association between multifocality
and recurrence also remained nonsignificant. The little impact
of multifocality on the recurrence after RFA for PTMC might
be explained by the indolent nature and the early treatment of
multifocal lesions whichmight not yet demonstrate aggressive

behavior. It suggested that multifocality might not increase the
risk of local tumor progression after RFA for PTMC, and
patients with multifocal PTMC might be treated following
different strategies according to their different situations or
preference.

This study showed that RFA for multifocal PTMC was
equally safe. No patients experienced complications related
to RFA. In contrast, the incidence of transient hypocalcemia
and transient vocal fold paralysis after surgery for multifocal
PTMC was 4.3% and 5.5%, respectively [26]. Several strate-
gies were used in this study to minimize the complications.
First, sufficient pre-ablation evaluation was very important,
particularly for multifocal PTMC patients, which could not
only identify the numbers and locations of lesions, but also
determine an appropriate ablation route. Second, during RFA,
the deeper-located lesion was ablated first because the high-
echoic area caused by RFA procedure could shield the struc-
ture beneath, which made it impossible to ablate lesion in the
deeper area [12]. Third, to prevent thermal injury, the moving-
shot technique, trans-isthmic approach, and hydrodissection
technique were used [33]. In addition, the RFA procedure
was performed by an experienced physician because knowl-
edge of ultrasound-based neck anatomy was necessary to pre-
vent nerve injury [33].

Although considerable long-term clinical outcomes of
RFA for both unifocal and multifocal PTMC were observed
in this study, some concerns could not be ignored. First, the
sensitivity of ultrasound to detect the multifocal tumors and
microscopic central metastatic LN was low [2]. Studies
showed that preoperative multifocal PTMC was a significant
risk factor associated with bilateral thyroid lobe involvement
at presentation, most of which were incidentally diagnosed by
surgical pathology [37, 40, 41]. Accordingly, the existence of
hidden metastasis and occult lesions could not be completely
excluded. However, for low-risk PTMC, their effects on over-
all survival were small [2]. Second, the diagnostic accuracy of
ultrasound to detection ETE was limited. Although micro-
scopic ETE identified only on histological examination had
no impact on AJCC/TNM risk of mortality system, gross ETE
was still an unfavorable prognostic factor [48]. Moreover,
multifocal PTMC with ETE were intermediate risk with a
loco-regional recurrent rate varying from 4 to 32% depending
on different situations [2]. Therefore, the indication of RFA
should be strict with thorough preoperative evaluation.
Multiple modalities including ultrasound, CEUS, and CT
could be used to evaluate the PTMC lesions, which were
reported to improve the diagnostic performance of ETE and
LNM [2, 49–51]. Only patients with intrathyroidal PTMC
without clinically evident metastases or local invasion who
refuse surgery or AS could be considered as a candidate for
RFA.

There were some limitations in this study. First, this
was a single-center retrospective study. Second, the
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sample size of multifocal PTMC was relatively small.
Third, given the good prognosis of PTMC, a longer
follow-up period is still needed to confirm the results.
Fourth, this study did not compare RFA with surgery or
RFA with AS for the treatment of multifocal PTMC.
Further studies about the comparison between RFA, sur-
gery, and AS for the treatment of low-risk PTMC are
needed. Despite these limitations, no previous study has
addressed the clinical outcomes of RFA for multifocal
PTMC. Our finding may help in understanding the indi-
cation of RFA for primary PTMC.

In conclusion, the impact of multifocality on the prognosis
after RFA for low-risk PTMC was little. RFA might be a
promising treatment for both unifocal and multifocal PTMC
in properly selected patients after sufficient preoperative
evaluation.
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