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Abstract

Background At present, there are still many controversies regarding the treatment of papillary thyroid microcarcinoma
(PTMC). It is worth noting that thermal ablation has become a viable alternative for patients at high risk of surgery or those
who wish to receive more active treatment than active surveillance.

Objective To investigate the economic benefits, efficacy, and safety of thermal ablation for patients with PTMC.
Methods We searched PubMed, Cochrane Library, Web of Science, and Embase for articles published from the database
establishment to August 2021. All of the studies included were retrospective cohort analyses. In addition, meta-analysis was
performed using the Statal5.1 versions and Review Manager5.3. Data were extracted according to the PRISMA guidelines
by two professional doctors.

Results A total of 7 articles (1582 patients) were included in our systematic review and meta-analysis. We discovered that
thermal ablation could shorten the hospitalization time (SMD, —3.82[95%CI, —5.25 to —2.40]), operation time (SMD,
—5.67[95%CI, —6.65 to —4.68]), cost (SMD, —3.40 [95%CI, —5.06 to —1.75]) and reduce postoperative complications
(OR, 0.07 [95%CT, 0.01 to 0.44]) than surgical treatment. In addition, our study also found that compared with surgery, there
was no significant difference in the recurrence rate (OR, 1.53 [95% CI, 0.63 to 3.73]) and metastasis rate (OR, 0.47 [95% CI,
0.12 to 1.86]).

Conclusion On the premise of being safe and effective, thermal ablation has better economic benefits than surgical treatment
for patients with PTMC.

Keywords PTMC - Thermal ablation * Economic effect - Safety - Efficacy

Introduction

Thyroid micropapillary carcinoma is the maximum size of
thyroid papillary carcinoma (PTC) at no more than 1cm
[1, 2]. Since the popularization of physical examination
consciousness and the continuous updating of ultrasound
equipment, the incidence of PTMC has been gradually
increased [3, 4].
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Nowadays, the social economy has been paid more
attention in the medical field. One of the problems is to
reduce medical costs while ensuring the safety and effec-
tiveness of treatment. The epidemic of COVID-19 has
seriously impacted the world’s economy. Therefore, it is
urgent to enhance medical support and optimize medical
costs in this situation.

Thyroid surgery is currently the standard treatment for
PTMC, but it has scars and complications side effects, while
higher medical costs are inevitable. Active surveillance is
mentioned in the 2015 ATA guidelines for very low-risk
PTMC. However, the indications and contraindications are
not very clear. Some people may develop anxiety during the
active surveillance process [5, 6]. According to joint
guidelines published in the European Thyroid Journal,
mainly if the patient is at surgical risk, or is unwilling to
undergo surgery or active surveillance, the patient can
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consider the use of thermal ablation for patients with low-
risk PTMC [7]. Multicenter studies in many countries have
shown that thermal ablation (radiofrequency ablation, RFA;
microwave ablation, MWA; and laser ablation, LA) is an
effective and safe alternative for patients with high surgical
risk or refusing surgery [5, 6, 8, 9].

The purpose of this meta-analysis is to compare variables
between surgery and thermal ablation, such as hospital stay,
operation time, cost, recurrence rate, metastasis rate, and
complication rate, to prove the economic effects, safety, and
effectiveness of thermal ablation.

Materials and methods
Literature retrieval strategy

To compare the safety, effectiveness, and economic effects
of surgery and thermal ablation, we searched the relevant
articles published in PubMed, Web of Science, Embase, and
Cochrane Library from the establishment of the database to
August 2021. In addition, we reviewed the reference list of
the retrieved articles to identify potentially relevant studies
further. The search strategy included MeSH terms and
corresponding synonyms for thyroid papillary micro-
carcinoma, surgery, and thermal ablation.

Inclusion and exclusion criteria for related studies

Inclusion criteria:(1) no larger than 10 mm in diameter, and
no lymph node metastasis or distant metastasis; (2) all
subjects in the experimental group were treated with ther-
mal ablation, while those in the control group were treated
with surgery (lobectomy or total thyroidectomy); (3) the
experimental methods used in the study were randomized
controlled trials or retrospective analysis; (4) the experi-
mental results included hospital stay, operation time, cost,
recurrence rate, metastasis rate, and complication rate.

Exclusion criteria: if one of the following is excluded: (1)
when overlapping populations are described in different
studies, only studies with desired outcome indicators are
included, while other studies are excluded; (2) if the out-
come indicators needed are not described in the study, or
the full text cannot be found, even contacting the author of
the literature through various means of communication,
such as e-mail, etc., and requesting to borrow detailed
original data.

Data extraction
The following characteristics were extracted from the

selected studies: author, sample size, region, study period,
average tumor volume, hospital stay, operation time, cost,
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and clinical indicators of patients at the end of intervention
(recurrence rate, metastasis rate, and incidence of compli-
cations). It is to evaluate the difference between thermal
ablation intervention and surgical treatment. The data were
extracted by two co-authors (Shugian Chen and Yaqgian
Mao), and any differences of opinion were resolved through
discussion. Other co-authors reviewed the extracted infor-
mation to verify its accuracy.

Literature quality assessment

The included studies were assessed with the Newcastle-
Ottawa scale (NOS).

Statistical analysis

Statistical analysis was conducted with Review Manager
5.3, while binary variables were analyzed by calculating
the odds ratio (OR) with a 95% confidence interval (95%
CI). For continuous results, SMD is used as the amount of
effect, and the corresponding 95%ClI is calculated. For all
analyses, P<0.05 is considered to be statistically sig-
nificant. The I? test evaluates heterogeneity, and I? > 50%
indicates significant heterogeneity. When there is sig-
nificant heterogeneity, the random effect model (DerSi-
monian-Laird method) is used to calculate the combined
effect; otherwise, the fixed model (Mantel-Haenszel
method) is used instead. When there is significant hetero-
geneity, sensitivity analysis is used to evaluate the stability
of the results. The Egger test of STATA1S5.1 version was
used to assess possible publication bias. The funnel chart is
not performed since the number of studies included in each
result is less than 10.

Results

The whole process of literature collection and screening is
shown in Fig. 1. A total of 725 related articles was collected
by searching the database. After 27 review articles and 57 case
reports were excluded, we deleted 583 records by looking at
the title and abstract. As a result, only 58 articles need to be
reviewed. Because the result of Lan et al’s study is quality of
life, there are few studies on quality of life, so this study is not
included. Finally, seven articles met the selection criteria. The
main features of the study are summarized in Table 1. The
results of the meta-analysis are shown in Figs. 2-7. And
egger’s funnel plots are shown in the Fig. 8. Seven articles
were searched, and a total of 1582 patients was included in the
systematic review and meta-analysis. All articles are obser-
vational studies, and the number of studies about RFA, MWA
and LA was four, two and one, respectively. All the subjects
were from China, mostly from economically developed areas.
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The included study used the NOS to evaluate the quality. The
results showed that the overall quality of NOS was high. Five
studies [10-14] mentioned the metastasis rate and cost, six
studies [10-15] reflected the recurrence rate, seven studies
[10-16] related to the incidence of complications, hospital
stay, and operation time.

In terms of hospital stay (P <0.0001, I> = 96%, SMD =
—3.82,95%CI —5.25 to —2.40) and operation time (P <
0.00001, *=94%, SMD = —5.67,95%CI —6.65 to
—4.68), thermoablation group was shorter than surgery
group. It is confirmed by Egger test that the result of hos-
pital stay may have publication offset (P =0.04) and the
result of operation time don not have publication offset (P
=0.774). In terms of cost, 1414 samples were involved, and
the results were statistically significant (P <0.0001, I* =
99%, SMD = —3.40,95%ClI —5.06 to —1.75), which
showed the cost of thermal ablation was less than that of the
surgical group. The sensitivity analysis showed that the
results were reliable, and the Egger test confirmed that there
may be a publication offset (P =0.044). In terms of
recurrence rate, 1495 samples were involved, and the results
were not statistically significant (P = 0.34, I* = 0%, OR =
1.53, 95%CI 0.63 to 3.73). In terms of transfer rate,
1414 samples were involved, and the results were not sta-
tistically significant (P =0.28, I*=0%). The combined
results were OR = 0.47, 95%CI 0.12 to 1.86. Regarding the
incidence of complications, there was significant difference

between patients who underwent surgery and those who
underwent thermal ablation (P = 0.005, I>=83%, OR =
0.07, 95%CI 0.01 to 0.44). We conducted sensitivity ana-
lysis to analyze the causes of heterogeneity, and the results
suggested that the study of Song et al had a greater impact
on heterogeneity. Excluding the study of Song et al (2021),
I? decreased from 83% to 31%.

Discussion

Although active surveillance has been advocated for low-
risk PTMC patients [17], many patients reluctant to accept
active surveillance and choose surgery or ablation treatment
caused by anxiety and psychological stress of diagnosed
PTMC [18]. Because PTMC is an inert tumor, on the pre-
mise of being safe and effective, the medical treatment cost
performance should be considered. High cost and long
hospital stay of surgical treatment are unavoidable. Besides,
it is also possible to cause complications associated with
surgery, such as hoarseness and permanent hypothyroidism.
The quality of life after surgery might be even lower than
that before operation [19]. According to the existing
research, the quality of patients’ life in the ablation group
was better than the surgery group [20]. And the morbidity
associated with surgical intervention was inversely asso-
ciated with physician experience.
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Table 1 Basic characterristics of each included article

First author
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Assessment criteria:1. length of hospital stay 2. complication 3. operation time 4. cost 5. recurrence rate 6. transfer rate

Newcastle-Ottawa Scale: sum of score

N/A: not available

TL thyroid lobectomy, 77 total thyroidectomy

Papillary carcinomas in the isthmus tend to show mul-
tiple foci and capsular invasion, total thyroidectomy seems
to be more appropriate than less-than-total thyroidectomy
[21]. The site of PTMC studied by Song et al (2021) is
located in the isthmus, without metastasis lymph nodes and
no gland outside invasion, total thyroidectomy and thermal
ablation can be chosen for PTMC. This study showed
hypothyroidism complication rates of total thyroidectomy
are higher than thermal ablation, and thermal ablation has a
better quality of life and economic effect. There is no
obvious difference in recurrence rate and transfer rate
between them.

Current treatment aims to cure the disease at the lowest
cost. With the increase of spending on health care and the
limited medical resources, we are forced to optimize med-
ical resources. We should consider the economic impact of
interventions, and choose the most suitable treatment for
patients [22, 23]. A cost-benefit analysis assesses the rela-
tive value of health care intervention [24]. The inclusion of
cost in clinical decision-making does not mean that cost is
the only consideration, which contributes to patients’ par-
ticipation in self-regulation [25], and achieves the lowest
mortality and morbidity with the lowest treatment burden
[26]. For individuals, the cost is an essential consideration
in seeking medical care. For society, cost types can be
broken down into three main components: direct costs
associated with using health resources, indirect costs related
to lost productivity, and sometimes intangible costs (cost
associated with pain) [27]; reducing costs leads to better
allocation of resources. Especially during the COVID-19
pandemic, the pandemic has taken a significant toll on the
economy. In the current social situation, it is necessary to
consider the cost problem and optimize the maximum return
[28, 29].

Compared with surgery, the cost of thermal ablation,
length of hospital stay, and operating time are shorter. For
patients, lower health care costs are directly related to per-
sonal health choices. Furthermore, for society, shorter
hospitalization time and operation time are better for the
redistribution of medical resources, and it can maximize
health benefits to patients within available resources [30].

In PTMC with no evidence of extra thyroid expansion
and lymph node metastasis, thermal ablation has become
the main treatment for primary low-risk PTMC [31-33].
Compared with conventional surgery, thermal ablation
significantly reduced the volume of primary tumor, had
fewer postoperative complications, had a lower incidence of
other serious complications, avoided complications related
to general anesthesia, and achieved rapid recovery
[5, 32, 34]. Although PTMC is an indolent tumor with a
good prognosis, recurrence rate and metastasis rate over a
longer follow-up period are more significant. Prospective
studies from China suggested that no residual or recurrent
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Fig. 2 Forest plot transfer rate
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Fig. 3 Forest plot the recurrence rate
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Fig. 4 Forest plot the complication rate

Favours [experimental] Favours [control]

tumor tissue was found during the long-term follow-up of
PTMC patients with RFA [35]. And studies from the United
States with follow-up of more than 4 years also showed that
PTMC patients who underwent ablation had no recurrence
or metastasis of PTMC during follow-up [36, 37].
Ultrasound-guided thermal ablation is a novel and mini-
mally invasive candidate technique for the management of
thyroid lesions. Several ablation guidelines and consensus
statements indicate that thermal ablation can be used for
benign and selective malignant thyroid nodules [38]. RFA
may be an alternative strategy for the treatment of PTMC

[39]. The thyroid tissue injury caused by PLA is transient
and self-limited [40]. Several trials have demonstrated that
PLA is technically feasible for complete destruction of
PTMC [41]. All patients can well tolerate this procedure
and tolerate ablation under local anesthesia without the need
for analgesics [36]. MWA has been proved to be safe and
effective [42].

In 2017 RFA guideline of Korean society of thyroid
radiology, it was accepted that RFA can be used for patients
with primary thyroid cancer who refuse surgery or who
cannot undergo an operation [43, 44]. The results of this
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Fig. 5 Forest plot hospital stay
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Fig. 6 Forest plot the operation time
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Fig. 7 Forest plot the cost. The unit of cost is thousand yuan. Experimental means TA, and control means RS

meta-analysis suggest that surgery has no obvious advan-
tage over thermal ablation in reducing metastasis rate and
recurrence rate. And in terms of hospital stay, operation
time and the cost, thermal ablation technique is significantly
shorter than surgery. And thermal ablation reduces post-
operative complications. Several studies have shown that
ablation is an effective and safe treatment for PTMC
[3,4, 6,19, 34, 45-48]. Reducing the length of hospital stay
also contributes to the redistribution of health resources. It
means that thermal ablation is more in line with socio-
economic impacts. At present, most of the thermal ablation
technologies are carried out in some areas, and due to
limited equipment and ultrasound technology in some areas,
such technologies have not yet been implemented.

The content about thermal ablation has not been included
in the current guidelines. However, studies have proved that

@ Springer

thermal ablation is economical, safe, and effective, and the
part about thermal ablation may be added into the update of
the guidelines in the future [49].

Limitations

First, PTMC is a disease with slow progress. Thermoabla-
tion is a new technology developed in recent years. At
present, the follow-up time after treatment is not long
enough, and the long-term safety and effectiveness of its
efficacy are not evaluated. Second, the included studies are
all from China, so it should be better to have studies from
other countries and different ethnic groups to explore
whether the results are consistent. Third, all the included
studies are retrospective studies, and more randomized
controlled trials are needed to examine this issue in the
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future. Finally, we never get final pathology on the tumor
by ablation; Fine Needle Aspiration (FNA) is limited in that
results are inconclusive and the sample is not always
representative of the whole tumor.

The results of our systematic review and meta-analysis
show that the thermal ablation is more economical.
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