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IMPORTANCE Papillary microcarcinomas of the thyroid (mPTCs) account for an increasing
proportion of thyroid cancers in past decades. The use of radiofrequency ablation (RFA) has
been investigated as an alternative to surgery. The effectiveness and safety of RFA has yet
to be determined.

OBJECTIVE To evaluate the effectiveness and safety of RFA for low-risk mPTC.

DATA SOURCES Embase, MEDLINE via Ovid, Web of Science Core Collection, Cochrane Central
Register of Controlled Trials, and the top 100 references of Google Scholar were searched
from inception to May 28, 2021.

STUDY SELECTION Articles reporting on adult patients with mPTC treated with RFA were
included. Studies that involved patients with pre-ablation lymph node or distant metastases,
recurrence of disease, or extrathyroidal extension were excluded. Final article selection was
conducted by multiple reviewers based on consensus. The proportion of eligible articles
was 1%.

DATA EXTRACTION AND SYNTHESIS This meta-analysis was conducted in accordance with
the MOOSE guidelines. Random and fixed-effect models were applied to obtain pooled
proportions and 95% CIs.

MAIN OUTCOMES AND MEASURES The primary outcome was the complete disappearance
rate of mPTC. Secondary outcomes were tumor progression and complications.

RESULTS Fifteen studies were included in this meta-analysis. A total of 1770 patients (1379
women [77.9%]; mean [SD] age, 45.4 [11.4] years; age range, 42.5-66.0 years) with 1822
tumors were treated with RFA; 49 tumors underwent 1 additional RFA session and 1 tumor
underwent 2 additional RFA sessions. Mean (SD) follow-up time was 33.0 (11.4) months
(range, 6-131 months). The pooled complete disappearance rate at the end of follow-up was
79% (95% CI, 65%-94%). The overall tumor progression rate was 1.5% (n = 26 patients),
local residual mPTC in the ablation area was found in 7 tumors (0.4%), new mPTC in the
thyroid was found in 15 patients (0.9%), and 4 patients (0.2%) developed lymph node
metastases during follow-up. No distant metastases were detected. Three major
complications occurred (2 voice changes lasting >2 months and 1 cardiac arrhythmia).
Minor complications were described in 45 patients.

CONCLUSIONS AND RELEVANCE The findings of this systematic review and meta-analysis
suggest that RFA is a safe and efficient method to treat selected low-risk mPTCs.
Radiofrequency ablation could be envisioned as step-up treatment after local tumor growth
under active surveillance for an mPTC or initial treatment in patients with mPTCs with
anxiety about active surveillance.
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P apillary thyroid carcinoma (PTC) is the most common
subtype of thyroid malignant neoplasm, accounting for
approximately 85% of thyroid cancers.1 Papillary thy-

roid carcinomas measuring 10 mm or less were first defined
by the World Health Organization as papillary thyroid micro-
carcinomas (mPTCs).2 Papillary thyroid microcarcinomas ac-
count for an increasing proportion of thyroid cancers; in some
countries, almost half of all PTCs are classified as an mPTC.3-5

Patients with a diagnosis of mPTC have a disease-specific
survival of more than 99% after 10 years of follow-up.6,7

Most guidelines concerning thyroid cancer care recom-
mend a lobectomy as the first-line treatment strategy for low-
risk unifocal mPTC.8,9 However, thyroid surgery comes with
significant costs and morbidity rates caused by iatrogenic
hypothyroidism and recurrent laryngeal nerve damage, re-
sulting in poor quality of life.10-15 To de-escalate the treat-
ment of mPTC and reduce surgery-related morbidity, less-
aggressive treatment strategies such as active surveillance16

and thermal ablation17 for patients with low-risk mPTC have
been proposed.

Thermal ablation primarily includes 3 techniques: micro-
wave ablation, laser ablation, and radiofrequency ablation
(RFA). Radiofrequency ablation is a nonsurgical, minimally in-
vasive technique that relies on alternating electromagnetic cur-
rent to cause molecular frictional heating to control tissue
mass.18 Although RFA is currently used mostly in patients with
benign nodules, recurrent PTC, and inoperable disease,19-22 re-
cent evidence suggests that RFA could be an efficient treat-
ment for patients with low-risk mPTC and has been shown to
be more effective than microwave ablation or laser ablation.17

In this systematic review and meta-analysis of current litera-
ture, the primary goal is to analyze the effectiveness and safety
of RFA for low-risk mPTC in a large number of patients.

Methods
Literature Search and Patient Selection
A systematic literature search was performed using the data-
bases Embase, MEDLINE via Ovid, Web of Science Core Col-
lection, Cochrane Central Register of Controlled Trials, and the
top 100 references of Google Scholar. The search strategy is
illustrated in the eTable in the Supplement. The search strat-
egy was created by a qualified librarian of the University Medi-
cal Center Rotterdam (S.T.G.G.). Two reviewers (S.P.J.v.D. and
H.I.C.) independently screened titles and abstracts of articles
published until May 28, 2021. In cases of disagreement in the
selection of articles, a third reviewer (T.M.v.G.) was con-
sulted to make the final decision. Studies were included if they
involved patients who had a primary mPTC and were treated
with RFA for the first time. Exclusion criteria were: (1) case re-
ports, case series of less than 5 patients, letters, conference ab-
stracts, (systematic) reviews, meta-analyses, guidelines, study
protocols, statements, or non-English articles; (2) patients with
preablation lymph node or distant metastases, recurrence, or
extrathyroidal extension; and (3) patients treated with other
thermal ablation techniques such as laser, ethanol, or micro-
wave ablation. This meta-analysis of scientific literature was

conducted in accordance with the Meta-analysis of Observa-
tional Studies in Epidemiology (MOOSE) reporting guideline.23

Data Extraction and Outcomes
The following data were extracted: author names, year of pub-
lication, type of study, study period, total number of pa-
tients, total number of tumors, patient age, patient sex, total
and mean number of RFA sessions, largest tumor diameter, vol-
ume of tumor, volume reduction rate, complications, and tu-
mor progression. The primary outcome of this meta-analysis
was the complete disappearance rate of mPTCs. Secondary out-
comes were tumor progression and complications. Complete
disappearance rate was defined by the percentage of patients
with a completely absorbed tumor volume on results of ultra-
sonography after RFA. Incomplete ablation was defined as in-
completely absorbed tumor volume on results of ultrasonog-
raphy after RFA with benign fine-needle aspiration (FNA)
results. Tumor progression was defined as cytologically or his-
tologically confirmed residual mPTC in the ablation area, newly
found mPTC elsewhere in the thyroid, or lymph node or dis-
tant metastases.

Complications were assessed using the reporting stan-
dards of the Society of Interventional Radiology.24 Cardiac
events and/or arrhythmias, surgical intervention owing to
bleeding after RFA, and voice changes (lasting >1 month) were
considered major complications. Pain, hematoma, skin burn,
temporary voice changes (lasting ≤1 month), hypoparathy-
roidism, fever, and neck swelling were considered minor com-
plications. Volume reduction rate was calculated and defined
in the included studies as following: volume reduction rate
(%) = (initial volume – final volume)/initial volume ×100%.

Statistical Analysis
Descriptive statistics were presented as counts (numbers and
percentages) and means with SDs. Medians were used as
approximations of the mean in case of skewed variables. Meta-
analysis of proportions and means was performed with
95% CIs. Between-study heterogeneity was calculated by the
Higgins inconsistency index I2. If there was no statistical proof
for heterogeneity (P ≥ .05), the assumption of homogeneity was
deemed valid and a fixed-effect model was applied. Other-
wise, a random-effect model was used. The risk of publica-
tion bias of the included studies was analyzed by using visual
checking of symmetry in funnel plots and the Egger regres-
sion test. Meta-analysis was performed using metafor for R,

Key Points
Question What is the role of radiofrequency ablation in the
treatment of low-risk papillary microcarcinoma of the thyroid?

Findings In this systematic review and meta-analysis that
included 15 studies comprising 1770 patients with 1822 tumors
treated with radiofrequency ablation, the pooled proportion
of complete tumor disappearance was 79%.

Meaning This study suggests that radiofrequency ablation is
a safe and efficient method to treat selected low-risk papillary
microcarcinoma of the thyroid.
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version 4.0.3 (R Group for Statistical Computing) and Com-
prehensive Meta-Analysis, version 3.3.070 (Biostat Inc).

Results
Systematic Literature Search
The literature search was performed on May 28, 2021. A total
of 1045 articles were found in the updated search through May
28, 2021. After removal of duplicates, 667 articles were
screened and 63 full-text articles were assessed for eligibility.
After careful selection of the articles, 15 studies were eligible
for the final synthesis and were included in this review (eFig-
ure 1 in the Supplement). Eleven articles potentially used over-
lapping patient cohorts based on author names, time period
of patient inclusion, and affiliations.25-35

Study Characteristics and Quality Assessment
Twelve studies were case series (11 retrospective and 1
prospective),25-33,36-38 which are generally considered to have
a high risk of bias and low certainty.39,40 Three studies were
retrospective cohort studies.34,35,41 All included studies origi-
nated from China (n = 11) or Korea (n = 4) and were published
after 2016.

Clinical Characteristics
A total of 1770 patients (1379 women [77.9%] and 391 men
[22.1%]; mean [SD] age, 45.4 [11.4] years; age range, 42.5-
66.0 years) with 1822 tumors were treated with 1872 RFA
sessions. All patients had mPTC confirmed by ultrasonogra-
phy and FNA or core needle biopsy without signs of lymph
node metastases or extrathyroidal extension on ultrasonog-
raphy before RFA. Seven articles including 1069 patients
reported on the exclusion of aggressive histologic variants of
mPTC. In total, 49 tumors received 1 additional RFA session
and 1 tumor received 2 additional RFA sessions. The mean
(SD) follow-up (reported in all 15 studies) was 33.0 (11.4)
months (range, 6-131 months). Further baseline characteris-
tics of the included studies can be seen in Table 125-38,41 and
Table 2.25-38,41

Effectiveness
Complete Disappearance Rates
Twelve studies reported on complete disappearance rates of
tumor tissue on results of ultrasonography after RFA, with a
mean (SD) follow-up of 34.0 (20.8) months.25,27,29-34,36-38,41 The
frequency of complete disappearance after 12 months ranged
between 27.8% and 91.0%, whereas the complete disappear-
ance rate at the end of follow-up ranged between 29.3% and
100%. The pooled proportion of the complete disappearance
rate at 12 months was 66% (95% CI, 52%-81%) and at the end
of follow-up was 79% (95% CI, 65%-94%) (Table 3, Figure, A).
There was high heterogeneity between the studies (I2 = 96.8%
at 12 months; P < .001 and I2 = 99.7% at the end of follow-up;
P < .001). In 3 studies30,32,38 a small number of patients whose
mPTC was incompletely ablated without pathologically con-
firmed mPTC after initial ablation received a second ablation
instead of follow-up (n = 24).

Tumor Progression
All 15 studies reported on the possible occurrence of tumor
progression.25-38,41 The overall tumor progression rate was
1.5% (n = 26 patients), residual mPTC in the ablation area
was found in 7 patients (0.4%), new mPTC in the thyroid
was found in 15 patients (0.9%), and 4 patients (0.2%) devel-
oped lymph node metastases during follow-up. No distant
metastases were detected. Yan et al27 reported the highest
rate of tumor progression (3.6% [15 of 414]), whereas 7 stud-
ies reported no tumor progression in patients with mPTC
treated with RFA.26,30,33,36-38,41 The pooled proportion of
tumor progression was 1% (95% CI, 0%-1%) (Figure, B).
There was no evidence of between-study heterogeneity
(I2 = 4.9%; P = .38). Patients with tumor progression were
treated with additional RFA sessions (n = 25) or active sur-
veillance was initiated (n = 1).

Safety
Complications were evaluated in all 15 studies and 9
studies26-28,30-34,41 reported complications. Three major com-
plications occurred: 2 patients experienced voice changes,
which spontaneously resolved after 2 months, and 1 patient
experienced temporary cardiac arrhythmias during the RFA
procedure. In addition, 45 minor complications occurred
(2.5%), which included 20 patients with postoperative pain,
14 patients with transient voice changes that resolved within
1 month, 5 patients with skin burns, 4 patients with hemato-
mas, 1 patient with transient hypoparathyroidism, and 1 pa-
tient with fever. The pooled proportion of total complication
rate was 2% (95% CI, 1%-3%), with evidence of moderate
heterogeneity between studies (I2 = 60.9%; P < .001). The
pooled proportion of major complication rate was 0% (95% CI,
0%-1%), without evidence of heterogeneity between studies
(I2 = 0.00%; P = .99). Forest plots of the studies can be seen
in eFigure 2 in the Supplement.

Other Effect Measures
Volume Reduction Ratio
The volume reduction rate after 12 months was reported by
10 studies.25-28,30-32,34,37,41 The pooled proportion of the mean
tumor volume reduction ratio after 12 months was 92.1% (95%
CI, 85.0%-99.2%). There was high heterogeneity between the
studies (I2 = 99.8%; P < .001). Twelve studies reported on the
volume reduction rate at the end of follow-up.25-28,30-34,36,37,41

In 11 of those 12 studies, the volume reduction rate was higher
than 98.0%.25-28,30-34,37,41

Mean Volume Tumor Reduction
Nine studies reported on the absolute volume reduction of
the mPTC after RFA.25-28,30,31,33,36,41 In most studies, tumor
volume increased immediately after ablation and decreased
gradually between 1 and 6 months of follow-up. Tumor vol-
ume reduction over time can be seen in eFigure 3 in the
Supplement. The weighted pooled proportion of the mean
tumor volume reduction was 95.0 mm3 (95% CI, 83.2-106.8
mm3), with evidence of high heterogeneity between the
studies (I2 = 87.7%; P < .001). The mean (SD) follow-up was
29.8 (17.7) months.
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Publication Bias
Asymmetrical distribution in the funnel plots, suggestive of pub-
lication bias, was found for overall tumor progression, major

complications, and total complications. Evidence of publica-
tion bias was found by the Egger test (Table 3) for volume re-
duction ratio (z score, –5.17; P < .001), overall tumor progres-

Figure. Pooled Proportion of Complete Disappearance and Tumor Progression

-0.4 -0.2 0.4 1.20.2 0.6 0.8 1.0
Mean (95% CI)

0

Weight,
%
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complete

disappearance

Favors
complete
disappearanceSource
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Jeong et al,36 2018
Lim et al,30 2019
Ding et al,37 2019
Zhang et al,33 2019
Cho et al,32 2020
Yan et al,25 2020
Yan et al,27 2021
Seo,38 2021
Song et al,29 2021
Song et al,34 2021
He et al,31 2021
Zhang et al,41 2021

Q = 570.95; df = 11; P <.001; I2 = 99.7%
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Yan et al,25 2020
Yan et al,27 2021
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Song et al,29 2021

Q = 14.91; df = 14; P =.38; I2 = 4.9%
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Zhang et al,41 2021
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0.97 (0.92 to 1.02)
0.91 (0.87 to 0.96)
0.50 (0.10 to 0.90)

0.79 (0.65 to 0.94)

0.00 (–0.01 to 0.01)
0.01 (–0.01 to 0.03)
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4.57
6.58
6.26
0.04
5.88
6.80
17.75
0.98
4.48
3.78
1.50
16.42
0.05
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100

Table 3. Meta-analysis of RFA in Patients With mPTC

Characteristic
No. Follow-up,

mean (SD), mo
Pooled proportion
(95% CI)

Heterogeneity test Publication bias (Egger test)
Studies Patients I2, % P value z Score P value

Complete disappearance
After 12 mo 9 929 12 0.66 (0.52-0.81) 96.8 <.001 −0.39 .69
At end of follow-up 12 1386 34 (21) 0.79 (0.65-0.94) 99.7 <.001 −1.87 .06

Volume reduction rate
after 12 mo

7 1025 12 0.92 (0.85-0.99) 99.8 <.001 −5.17 <.001

Mean volume reduction, mm3 6 937 30 (18) 95 (83-107) 87.7 <.001 0.26 .79
Tumor progression rate 15 1770 33 (11) 0.01 (0.00-0.01) 4.9 .38 2.22 .03
Total complications 15 1770 33 (11) 0.02 (0.01-0.03) 60.9 <.001 4.21 <.001
Major complications 15 1770 33 (11) 0.00 (0.00-0.01) 0.00 .99 4.21 <.001

Abbreviations: mPTC, papillary microcarcinoma of the thyroid; RFA, radiofrequency ablation.
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sion rates (z score, 2.22; P = .03), total complications (z score,
42.1; P < .001), and major complications (z score, 42.1; P < .001).
Funnel plots can be found in eFigure 4 in the Supplement.

Discussion
In this study, the effectiveness and safety of RFA as a treat-
ment for mPTC in 1770 patients was analyzed. This study dem-
onstrates that 79% of all patients with mPTC who underwent
RFA had complete disappearance of tumor tissue on results of
ultrasonography after RFA. Although complete disappear-
ance of the tumor was not achieved in 21% of the patients un-
dergoing RFA, only 7 patients (0.4%) received a diagnosis of
FNA-confirmed residual mPTC cells. This finding empha-
sizes that the assessment of tumor response in patients with
mPTC after RFA is complicated. Most studies applied ultraso-
nography and FNA of the residual tumor volume and, if no can-
cer cells were seen on cytologic examination, patients gener-
ally received follow-up. The diagnostic accuracy of FNA after
RFA has shown to be reduced because of insufficient cellular-
ity in the ablation area.42,43 Core needle biopsy is thought to
have a higher diagnostic accuracy for detecting residual can-
cer cells and could be valuable in increasing the certainty of
“complete mPTC disappearance” in case of residual tumor vol-
ume on ultrasonography after RFA.25 To assess the oncologic
acceptability of RFA as a treatment option, complete tumor re-
sponse after RFA has to be clearly defined, as no criterion stan-
dard exists yet.

The overall complication rate due to RFA was low (48
[2.7%]) and 3 (0.2%) major complications occurred. All com-
plications, minor and major, resolved spontaneously within
3 months. Twenty-two patients (1.2%) experienced FNA-
confirmed residual mPTC or new mPTC, which all were per-
manently removed by additional ablations. Surgical compli-
cations such as permanent hypothyroidism and recurrent
laryngeal nerve damage occur in 30% and 1% to 2% of pa-
tients, respectively, after unilateral thyroid lobectomy.12,44,45

In the current study, less-severe complications in patients
treated with RFA, such as pain, hematoma, skin burn, and tem-
porary voice hoarseness, occurred in 2.5% of patients.

All included studies were conducted in China and Korea,
where thyroid cancer guidelines differ significantly from
guidelines in Europe. Although North American and European
guidelines focus mainly on reducing overdiagnosis of mPTC by
applying restrictive diagnostic workup strategies,8,46,47 Asian
guidelines often aim to reduce overtreatment using active sur-
veillance and thermal ablation techniques.48-50 Active surveil-
lance instead of immediate surgery has proven to be a safe and
viable treatment option for patients with low-risk mPTC.51-53

However, this treatment strategy has also been shown to have
low potential in countries in which restrictive diagnostic
workup strategies are applied.54 In these countries, the num-
ber of patients with mPTC are limited and, when encoun-
tered, the mPTC is often further progressed (ie, lymph node
metastases or extrathyroidal extension), resulting in a high
level of reluctance among thyroid specialists to use active
surveillance.54 The effectiveness and safety of RFA in a popu-
lation with a restrictive diagnostic workup strategy is un-
known. With a 79% complete disappearance rate of tumor
tissue, RFA could also be a valuable treatment option for pa-
tients with low-risk mPTC in these countries. The question
whether RFA can aid in preventing lymph node metastases
remains to be investigated.

Although this study suggests that RFA is a safe and effi-
cient method to treat low-risk mPTCs, there is no evidence
that treatment of low-risk mPTC is associated with any clini-
cal benefit. Especially in populations with less-restrictive
diagnostic workup protocols, patients with low-risk mPTC
should generally receive active surveillance. However, in
case of local tumor growth under active surveillance or in
case of patient anxiety about active surveillance, RFA could
be a valuable minimally invasive strategy in the management
of low-risk mPTC. Different studied treatment options for
mPTC and its advantages and disadvantages are described in
Table 4.52,55-58

Table 4. Different Studied mPTC Treatment Options With Advantages and Disadvantages

Characteristic Surgerya RFA Active surveillance
Complete disappearance
of mPTC, %

100 80 0

Progression of
disease, %b

355 Unknown 752

Overall complications
(eg, infection, bleeding,
transient voice
problems, or
hypoparathyroidism), %

3-856,57 2 0

Advantages Complete removal of mPTC
Relatively short follow-up
time after surgery
No cancer in situ

Minimally invasive procedure
80% Complete disappearance
after ablation
No thyroid hormone
replacement therapy needed

In most cases no surgery
needed
No thyroid hormone
replacement therapy
needed

Disadvantages Risk of complications;
permanent voice change
in 1%-3% of patients
Potential need for thyroid
hormone replacement
therapy after surgery
(20%-30% for lobectomy58)

Long-term oncologic results
are vastly unknown,
especially in populations
with restrictive diagnostic
protocols

Long-term results are vastly
unknown, especially in
populations with restrictive
diagnostic protocols
Lifelong (?) follow-up
Anxiety owing to cancer
in situ

Abbreviations: mPTC, papillary
thyroid microcarcinoma;
RFA, radiofrequency ablation.
a Lobectomy.
b Surgery: recurrence of disease more

than 5 years after initial treatment
(in other thyroid lobe or nodal
metastasis); RFA: recurrence of
disease more than 5 years after
initial treatment (in ablation area,
other thyroid lobe, or nodal
metastasis); active surveillance:
progression of disease more than
5 years after start of active
surveillance (tumor growth, new
mPTC in other lobe, or nodal
metastasis).
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Limitations
This study has some limitations, the most important of which is
theinclusionofmostlyretrospectivecaseserieswithsmallsample
sizes that use several RFA techniques (eg, ablation energy, time
of ablation, electrode tip diameter) and follow-up schedules.
These studies have a higher risk of bias and low certainty.39,40

In addition, the likelihood of patient selection bias is increased
in the included studies (eg, smaller tumors, healthier patients).
There were 11 studies with potential overlapping patient cohorts
basedonauthornames,inclusionperiods,andaffiliations.Finally,
owing to the only recent developments in the field of thermal
ablation techniques for patients with mPTC, follow-up periods
of the patients included in the analyzed studies were relatively
short (mean [SD], 33.0 [11.4] months). Despite these limitations,
this review managed to illustrate the available evidence on the
effectiveness and safety of RFA in patients with mPTC.

The results in the current study suggest that RFA could
function as a useful alternative treatment strategy in which pa-
tients are treated minimally invasively with curative inten-
tions. Future studies may focus on improving complete dis-
appearance rates of the tumor volume, possibly with more
advanced or longer RFA procedures. To properly assess and

compare oncologic outcomes with surgery and/or active sur-
veillance in populations with restrictive diagnostic workup
strategies, prospective trials or registration studies with long-
term follow-up should be conducted. Although 3 Chinese stud-
ies showed that RFA was less expensive than surgery in pa-
tients with mPTC,34,35,41 future research may also focus on
evaluating the long-term cost-effectiveness of RFA in other
national health care environments.

Conclusions
The findings of this systematic review and meta-analysis sug-
gest that RFA is a safe and efficient method to treat low-risk
mPTC, with 79% complete disappearance rates of tumor tis-
sue. Future research may focus on determining what role RFA
could play in the treatment of mPTC, especially in countries
with restrictive diagnostic workup protocols. Radiofre-
quency ablation could be envisioned as step-up treatment af-
ter local tumor growth under active surveillance or initial treat-
ment in patients with anxiety about active surveillance and
wishing to avoid surgery.
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