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Background: Active surveillance (AS) is an alternative to thyroidectomy for the management of low-risk papillary
thyroid microcarcinoma (PTMC). However, prospective AS data collected from diverse populations are needed.
Methods: This multicenter prospective cohort study enrolled patients from three referral hospitals in Korea. The
participants were self-assigned into two groups, AS or immediate surgery. All patients underwent neck ultrasound
every 6–12 months to monitor for disease progression. Progression under AS was evaluated by a criterion of tumor
size increment by 3 mm in one dimension (3 mm), 2 mm in two dimensions (2 · 2 mm), new extrathyroidal ex-
tension (ETE), or new lymph node metastasis (LNM), and a composite outcome was defined using all four criteria.
Results: A total of 1177 eligible patients with PTMC (919 female, 78.1%) with a median age of 48 years (range 19–
87) were enrolled; 755 (64.1%) patients chose AS and 422 (35.9%) underwent surgery. Among 755 patients under
AS, 706 (female 537, 76.1%) underwent at least two ultrasound examinations and were analyzed. Over a follow-up
period of 41.4 months (standard deviation, 16.0), 163 AS patients (23.1%) underwent surgery. Progression defined
by the composite outcome was observed in 9.6% (68/706) of patients, and the 2- and 5-year progression estimates
were 5.3% and 14.2%, respectively. The observed progression rates were 5.8% (41/706) and 5.4% (38/706) as
defined by tumor size enlargement by 3 mm and 2 · 2 mm, respectively, and 1.3% (9/706) and 0.4% (3/706) for new
LNM and ETE, respectively. No distant metastases developed during AS. In multivariate logistic regression analysis
examining variables associated with progression under AS, age at diagnosis <30 years (odds ratio [OR], 2.86; 95%
confidence interval [CI], 1.10 - 7.45), male sex (OR, 2.48; 95% CI, 1.47 - 4.20), and tumor size ‡6 mm (OR, 1.89;
95% CI, 1.09 - 3.27) were independently significant.
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Conclusions: The progression of low-risk PTMC during AS in the Korean population was low, but slightly higher
than previously reported in other populations. Risk factors for disease progression under AS include younger age,
male sex, and larger tumor size.
Clinical trial registration: Clinicaltrials.gov NCT02938702.
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Introduction

The prevalence of thyroid cancer has increased
rapidly over the past few decades and papillary thyroid

microcarcinomas (PTMCs) measuring £1 cm account for a
significant proportion of thyroid cancer incidence.1 This high
detection rate of thyroid cancer has resulted in a significant
socioeconomic burden in Korea.2 Key reasons for the high
observed thyroid cancer incidence rate in Korea are the easy
access to medical care and the widespread use of ultrasound
devices in hospitals.3 Although the increase in the detection
rate of small-sized thyroid cancer has slowed recently,4 it
remains the most common cancer diagnosed among Kore-
ans.1,5 Active surveillance (AS) is an alternative to immedi-
ate surgery for the management of low-risk PTMC according
to the guidelines published in Japan,6 the United States,7 and
Korea.8,9 Although previous results for AS are available for a
Korean cohort, these are retrospective,10,11 and prospectively
collected data are needed.

Disease progression during AS is defined as tumor size
enlargement or development of metastasis,6 ranging from 5%
to 25% per 5 years.12–18 Variables associated with disease
progression have been studied, and the only risk factor
identified to date is age <40 years.12,19 This contradicts the
classical concept that old age is a poor prognostic factor for
thyroid cancer,7 although the underlying pathophysiology
remains unclear. It is controversial whether tumor size,13,15

presence of tumor calcification,20 the coexistence of Graves’
disease or benign nodules,6 multiplicity,21,22 and family
history12 are associated with disease progression under AS.
Prospective data collected from diverse populations are
needed to inform understanding of AS outcomes for PTMC.

We designed the Multicenter Prospective Cohort Study of
Active Surveillance on Papillary Thyroid Microcarcinoma
(MAeSTro) in 2016 to compare the oncological outcomes of
AS for low-risk PTMC with immediate surgery (iOP) in
Korea.23 We planned to examine the five-year progression
rate in patients with PTMC under AS using various defini-
tions. We also planned to explore factors associated with
disease progression. In this study, we reported interim results
of natural courses of low-risk PTMCs after 3.5 years of
follow-up of AS and clinical factors associated with disease
progression.

Materials and Methods

Study design and participants

The MAeSTro was a multicenter prospective cohort study
performed in three referral hospitals in Korea (clinical-
trials.gov identifier: NCT02938702). Patients who were
diagnosed with low-risk PTMC were screened and self-
assigned into two groups; iOP and AS. The detailed protocol

including eligibility criteria and outcome measures was de-
scribed previously.23 In brief, patients with PTMC aged
‡18 years, diagnosed by fine-needle aspiration (FNA) or
core needle biopsy, between 2016 and 2020, were in-
cluded. Participants were excluded if they had apparent
extrathyroidal extension (ETE), regional lymph node
metastasis (LNM), or distant metastasis. To evaluate
cervical LNM, FNA was performed from suspicious LNs
with a short diameter >3–5 mm.24 If deemed necessary,
contrast-enhanced computed tomography (CT) scans were
obtained following the thyroid-specific protocol that early
(arterial)-phase scans (25–40 second delay) depicted early
strong enhancement of metastatic LNs.24 Pregnancy was
not an exclusion criterion.

The study protocol was reviewed and approved by the
Ethics Committee of Seoul National University Hospital
(IRB number 1603-044-747), the Seoul National University
Bundang Hospital (IRB number B-1605-348-402), and the
National Cancer Center (IRB number NCC2016-0183). All
patients provided informed consent and were informed that
they could withdraw from the study or change their decision
about AS or surgery at any time.

Procedures

At enrollment, demographic and clinical data such as
age and sex, results of ultrasound and/or CT scans, and
cytological information were collected. Patients in both
groups were scheduled for follow-up visits every 6
months during the first 2 years and yearly thereafter.
During the visits, a physical examination and neck ul-
trasound were performed. If progression was suspected in
the AS group, surgery was recommended. If a patient
declined surgery despite progression, AS was continued
without any changes. If patients or physicians wanted to
perform the evaluation more often or change their deci-
sion on the surgery, the interval of evaluation and the
strategy were changed.

Definitions of disease progression

We evaluated the incidence of disease progression and the
rate of treatment during the follow-up period until December
31, 2021. Disease progression under AS was defined by a
composite outcome as follows: a size increase of ‡3 mm in at
least one dimension (3 mm) or ‡2 mm in at least two di-
mensions (2 · 2 mm); new ETE; suspicion on neck ultra-
sound of adjacent organ involvement (e.g., trachea,
esophagus, nerve, vessel, or muscle); cytologically confirmed
LNM; or radiologically or pathologically confirmed distant
metastases. Any suspicious LN with a short diameter >3–
5 mm was aspirated to confirm LNM according to the current
guidelines.24 These criteria of disease progression were
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established by referring to the previous studies6,12,13,21,25 and
agreed upon by the MAeSTro steering committee while de-
signing the study.23

Statistical methods

Demographic data and participants’ descriptive variables
are presented as means and standard deviations or medians
and ranges, as appropriate. Continuous variables were com-
pared using the Student’s t-test or the Mann–Whitney U test.
Categorical data are presented as rates and percentages in
each category and were compared using chi-square tests or
Fisher’s exact test. A multivariate logistic regression analysis
was performed to explore variables associated with pro-
gression under AS. Time-to-progression curves and survival
estimates were based on the Kaplan–Meier method, and the
log-rank test was used for comparing the time-to-event
endpoints (progression, metastasis, and mortality rate). The
Cox proportional hazard model was used for modeling risk
factors that influenced the events adjusting with clinical risk
factors. All tests of statistical significance were carried out at
the 0.05 level. All statistical analyses were performed using
SPSS (version 28.0; Chicago, Illinois, USA).

Results

Baseline characteristics of the study population

We screened 1182 patients with low-risk PTMC after
obtaining informed consent. After excluding five patients
(three with suspicious LN enlargement, one with suspicious

ETE, and one with no visible tumor after biopsy), 1177 were
enrolled. Among the included patients, 755 (64.1%) patients
and 422 (35.9%) patients chose to undergo AS (AS group)
and immediate surgery (iOP group), respectively (Fig. 1).
Patients who chose AS were older ( p < 0.001) and with
smaller tumor sizes ( p < 0.001) compared with those in the
iOP group (Table 1).

Natural course of PTMC during AS

Of the 755 patients in the AS group, 49 (6.5%) were lost to
follow-up and were excluded from the final outcome analysis.
Among these 49 patients, 40 patients were lost to follow-up
after the first examination, and 9 visited again after changing
their decision to surgery but were lost to follow-up without
further sonographic evaluation. A total of 706 AS patients
were finally analyzed, all of whom underwent two or more
ultrasound examinations till December 2021 (Fig. 1).

During a mean AS duration of 41.4 – 16.0 months (median
of 44.9 months), progression was confirmed through an in-
crease in tumor size of 3 mm (41, 5.8%) or 2 · 2 mm (38,
5.4%), new LNM (9, 1.3%), and ETE (3, 0.4%) with overlap
allowed (Table 2 and Fig. 2A). There was no difference in
progression according to the participating institution or pe-
riod of enrollment (Supplementary Table S1).

Of the 57 patients who showed a tumor size increment, 22
patients met both the criteria of 3 mm and 2 · 2 mm simul-
taneously, while 19 met only the criterion of 3 mm and 16 met
only the criterion of 2 · 2 mm. The time to progression in
those meeting the 3 mm criterion was earlier than those with

FIG. 1. Study population and flowchart. A total of 1177 patients of newly diagnosed low-risk PTMC were enrolled and
assigned to two groups of AS and iOP. After excluding those who were not followed up after the decision or evaluated less
than twice with ultrasound until December 2021, 706 patients in the AS group were analyzed. AS, active surveillance; iOP,
immediate surgery; PTMC, papillary thyroid microcarcinoma.
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2 · 2 mm increment even when analyzed in the subjects who
exclusively met only one criterion ( p = 0.007) or both criteria
simultaneously ( p = 0.064) (Supplementary Table S2 and
Fig. 2B). The simultaneous occurrence of tumor growth and
new LNM was observed in only one patient. All three patients
who presented with new ETE did not show tumor size in-
crement or new LNM, and one patient had tumor extension
posteriorly; however, she did not present with voice change
or vocal cord palsy.

Progression meeting any of the composite outcome criteria
was observed in 68 of 706 (9.6%) patients, and the 2- and

5-year progression estimates were 5.3% and 14.2%, respec-
tively (Table 2). Using the criterion of 3 mm or LNM, which is
commonly used in other studies,10,13,15,21 the observed pro-
gression rate was 6.9% (49/706), and the 2- and 5-year pro-
gression estimates were 4.3% and 9.6%, respectively. New
LNM was found in 1.3%, and its estimated rates were 1.2% at 2
years and 1.5% at 5 years. Although lead-time bias was not
adjusted, progression was observed throughout the follow-up
period (Fig. 2C). Distant metastases did not develop during AS.

Of the 68 patients with disease progression during AS, 20
(29.4%) patients declined surgery and maintained AS despite
the physicians’ recommendations. During a median of 19.4
(range 12.1–57.4) months of follow-up after progression,
most (8 out of 10 followed) patients remained stable; how-
ever, one showed decreased tumor size from 7.3 · 8.5 ·
9.2 mm to 5.9 · 6.8 · 5.7 mm after 26 months, while the other
one showed further increment of its size from 6.0 · 4.0 ·
5.0 mm to 7.6 · 7.3 · 6.0 mm after 12 months.

A new thyroid cancer was diagnosed by FNA cytology in
11 patients after a median AS of 14.1 months (3.3–35.8).
Among them, 10 were preexisting benign-looking nodules
that had transformed into sonographically suspicious ones.
Only one case was a new PTC, diagnosed 6 months later.

In contrast, 39 patients (5.5%) had a reduction in tumor size
compared with baseline; 29 (4.1%) by 3 mm and 10 (1.4%) by
2 · 2 mm, without overlap of these groups. However, despite
the tumor size reduction, one patient presented with progres-
sion with new LNM after a total of 43.2 months in follow-up.

Clinical factors associated with disease
progression under AS

Baseline clinical characteristics of patients who progressed
according to the respective criteria for tumor progression are
summarized in Supplementary Table S3. There was no sig-
nificant difference among the patients according to the type of
disease progression, except for a larger tumor size observed in
those with new ETE ( p < 0.001). New LNMs were observed
in patients whose tumor growth during AS was minimal,
compared with those who progressed by other criteria.

Then we compared the clinical characteristics of the pa-
tients who progressed with those who did not. From the
finding of the Kaplan–Meier curve analysis for the composite
outcome of progression (Supplementary Fig. S1), we used the

Table 1. Baseline Characteristics

of the MAeSTro Cohort

Initial
iOP

Initial
AS p-Value

Number, n (%) 422 (35.9) 755 (64.1)
Age at diagnosis

Age (years) 46.3 – 10.5 49.3 – 11.8 <0.001
<30 years, n (%) 22 (40.7) 32 (59.3) 0.443
‡30 years, n (%) 400 (35.6) 723 (64.4)

Sex
Female, n (%) 341 (37.1) 578 (62.9) 0.106
Male, n (%) 81 (31.4) 177 (68.6)

Hospital
A, n (%) 122 (31.6) 264 (68.4) <0.001
B, n (%) 45 (11.7) 338 (88.3)
C, n (%) 255 (62.5) 153 (37.5)

Initial tumor size (largest diameter)
Size (mm) 6.8 – 1.7 6.2 – 1.6 <0.001
<6 mm, n (%) 157 (29.6) 373 (70.4) 0.344
6£, £10 mm, n (%) 182 (32.3) 382 (67.7)

Duration of follow-up
(months)

40.5 – 18.4 38.8 – 18.4 0.129

Year of enrollment
2016 Jan–2017 Dec,

n (%)
317 (39.6) 484 (60.4) 0.0001

2018 Jan–2020 Jan,
n (%)

105 (27.9) 271 (72.1)

Data are presented with mean – standard deviation or number (%).
AS, active surveillance; iOP, immediate surgery; MAeSTro,

Multicenter Prospective Cohort Study of Active Surveillance on
Papillary Thyroid Microcarcinoma.

Table 2. Observed and Estimated Progression Rates of Tumors During Active Surveillance

Progression rate Progression observed during the study periods Progression estimated rate, % (95% CI)

Criteria of progression
Observed rate,

n (%)
Mean time to progression

(months) 2 years 5 years

‡3 mm 41 (5.8) 23.7 – 12.9 3.2 (1.9–4.6) 8.3 (5.5 - 11.2)
‡2 · 2 mm 38 (5.4) 29.5 – 14.0 2.0 (0.9–3.1) 9.4 (6.0 - 12.8)
‡3 mm or ‡2 · 2 mm 57 (8.1) 26.9 – 14.1 3.8 (2.4–5.3) 12.7 (9.0 - 16.3)
New LNM 9 (1.3) 15.9 – 12.3 1.2 (0.4–2.1) 1.5 (0.5 - 2.5)
New ETE 3 (0.4) 8.1 – 1.1 0.4 (-0.1 to 0.9) 0.4 (-0.1 to 0.9)
‡3 mm or new LNM 49 (6.9) 22.3 – 13.2 4.3 (2.7–5.8) 9.6 (6.6 - 12.5)
Composite outcomea 68 (9.6) 24.7 – 14.6 5.3 (3.6 - 7.0) 14.2 (10.5 - 17.9)

Data are presented with the number (%), mean – standard deviation, or % with a 95% CI.
aComposite outcome was defined as any progression by tumor growth of 3 mm in one dimension, 2 mm in two dimensions, new ETE, or

new LNM.
3 mm, an increment of tumor size by 3 mm at least in one dimension; 2 · 2 mm, an increment of tumor size by 2 mm at least in two

dimensions; CI, confidence interval; ETE, extrathyroidal extension; LNM, lymph node metastasis.
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cutoff level of age <30 years and size ‡6 mm in further
analysis. It was observed that disease progression for a
composite outcome was associated with age <30 years, male
sex, tumor size ‡6 mm, and the duration of follow-up
(Table 3). The average age at the time of diagnosis, the
subcapsular location of the index tumor, the registered hos-
pital, and the year of enrollment were not associated with
disease progression (Table 3 and Supplementary Fig. S2).
Tumor size ‡6 mm was significantly associated with the tu-
mor growth defined by 3 mm and by 2 · 2 mm in multivariate
regression analysis (Supplementary Table S4).

Multivariate logistic regression analysis for predicting a
composite outcome showed that age at diagnosis <30 years
(odds ratio [OR], 2.86; 95% confidence interval [CI], 1.10 -
7.45), male sex (OR, 2.48; 95% CI, 1.47 - 4.20), and tumor
size ‡6 mm (OR, 1.89; 95% CI, 1.09 - 3.27) were signifi-
cantly independently associated with disease progression
under AS (Table 4). Survival and multivariate Cox pro-
portional hazard model analyses according to age (hazard
ratio [HR] of age <30 years, 3.2670; 95% CI, 1.280–8.306),
sex (HR of male, 2.928; 95% CI, 1.657–5.174), and tumor
size groups (HR of tumor size ‡6 mm, 2.068; 95% CI,
1.095–3.907) demonstrated similar results even after ad-
justing other prognostic factors (Fig. 3 and Supplementary
Fig. S3).

Reasons for patients under AS undergoing
conversion surgery

Of the 706 patients in the AS group, 163 (23.1%) patients
underwent conversion surgery after a mean of 20.8 – 15.3

months of AS follow-up (Fig. 1). Excluding patients who did
not disclose their reasons for conversion surgery, the most
common reason was significant tumor progression (48 pa-
tients, 29.4%) after a median AS duration of 19.1 (range
3.2–56.8) months. The second-most common reason was a
patient’s fear of progression (90 patients, 55.2%), and the
change was made after a median of 10 (range 0–55.7) months
of AS. Of them, 18 patients (11.0%) changed their decision
followed by subclinical progression (tumor size increment
<3 mm in one dimension or <2 mm in two dimensions) after a
median of 13.5 (range 4.8–37.7) months.

Other reasons included other comorbidities, such as inci-
dentally finding tumors in other organs, follicular neoplasm
in the contralateral lobe of the thyroid, moving abroad, and
hyperthyroidism (7 patients, 4.3%), and these patients
changed their decision after a median of 6.7 (range 1.4–24.1)
months.

Discussion

This study reported the outcomes of 706 patients under-
going AS for low-risk PTMC in Korea. We observed that
older patients with smaller tumors preferred AS to surgery as
a treatment strategy for low-risk PTMC. During an average
follow-up duration of 41.4 – 16.0 months, the progression
rates were 9.6% for our composite disease progression out-
come and 6.8% with the criteria (size increment of 3 mm by
one dimension or new LNM) of previous studies (Supple-
mentary Table S5). Baseline variables associated with the
risk for disease progression under AS were age <30 years,
male sex, and tumor size of ‡6 mm.

FIG. 2. Progression in AS group. (A) Progression rates and a mean time to progress by each criterion. The composite
outcome was defined by any progression of tumor growth of 3 mm in one dimension, 2 mm in two dimensions, new ETE, or
new LNM. (B) The time to progress that each patient showed a disease progression (*one case who developed tumor growth
more than 3 mm and new LNM simultaneously). (C) Follow-up duration of each AS patient until progression, surgery, or
last follow-up. ETE, extrathyroidal extension; LNM, lymph node metastasis.
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In research on AS of PTMC from Japan, Ito et al reported
that the progression rate was 7.1% with a mean follow-up
duration of 60 months where progression was defined by a
3 mm increment or new LNM.12 They reported that younger
age and pregnancy were associated with disease progression,
whereas older age was not. Tuttle et al reported that in a U.S.
study of AS of tumors £1.5 cm, the progression rate was 3.8%
within 25 months of observation where surgery was re-
commended if the primary tumor increased 3 mm or more in
greatest dimension over baseline or if there was evidence for
ETE or nodal or distant metastases.13

In our study, the incidence rate of new LNM was 1.3%
with a mean follow-up duration of 41 months, whereas it was
1.2% at 5 years in the report of Ito et al12 and not reported
during 25 months by Tuttle et al.13 The estimated 2-year
(4.3%) or 5-year (9.6%) progression rates defined by 3 mm or

new LNM in this study were relatively higher than that re-
ported by of Tuttle et al (3.8%), even though our patients had
smaller tumor sizes at enrollment, or Ito et al (7.1%), re-
spectively. Longer term follow-up is needed to clarify these
findings.

In this study, we used both 3 mm and 2 · 2 mm tumor size
increment as definitions of tumor progression under AS.
Since most thyroid nodule clinical practice guidelines use the
criterion of 2 · 2 mm increase in nodule follow-up,7,9 we
believe that the two-dimensional measurement may be ap-
plied in the follow-up of PTMC. A more sensitive detection
of progression conflicts with the goal of AS, which aims at
minimal intervention in patients with indolent cancers.21

An observational study adopting the ‘‘less sensitive’’ cri-
terion of 3 mm reported that there was no difference in the
pathological prognostic parameters between the immediate

Table 4. Logistic Regression Analysis of the Risk of Tumor Progression

Progression

Univariate analysis Multivariate analysis

Composite outcomea 3 mm or new LNM Composite outcomea 3 mm or new LNM

n = 68 n = 49 n = 68 n = 49

B OR (95% CI) B OR (95% CI) B OR (95% CI) B OR (95% CI)

Age <30 years 0.95 2.59 (1.02 - 6.60) 1.11 3.04 (1.10 - 8.38) 1.05 2.86 (1.10 - 7.45) 1.25 3.48 (1.22 - 9.87)
Male 0.90 2.47 (1.47 - 4.14) 1.01 2.87 (1.59 - 5.20) 0.91 2.48 (1.47 - 4.20) 1.07 2.91 (1.59 - 5.33)
Size ‡6 mm 0.70 2.01 (1.17 - 3.47) 0.84 2.32 (1.21 - 4.46) 0.63 1.89 (1.09 - 3.27) 0.77 2.16 (1.12 - 4.18)

aComposite outcome was defined as any progression by tumor growth of 3 mm in one dimension, 2 mm in two dimensions, new ETE, or
new LNM.

n, number; OR, odds ratio.

Table 3. Comparison of Clinical Variables in Patients Without or With Progression

During Active Surveillance

No progression

Progression
(composite
outcomea) p-Value

Progression
(3 mm or new LNM) p-Valueb

Number of patients, n (%) 638 (90.4) 68 (9.6) 49 (6.9)
Age at diagnosis

Age (years) 49.6 – 11.7 48.7 – 12.1 0.539 49.9 – 13.3 0.876
<30 years old, n (%) 23 (80.0) 6 (20.0) 0.051 5 (17.9) 0.024
‡30 years old, n (%) 615 (90.8) 62 (9.2) 44 (6.7)

Sex
Female, n (%) 497 (92.6) 40 (7.4) <0.001 27 (5.2) <0.001
Male, n (%) 141 (83.5) 28 (16.5) 22 (13.5)

Hospital
A, n (%) 209 (88.2) 28 (11.8) 0.375 22 (9.5) 0.215
B, n (%) 297 (91.4) 28 (8.6) 18 (5.7)
C, n (%) 132 (91.7) 12 (8.3) 9 (6.4)

Initial tumor size (largest diameter)
Size (mm) 6.2 – 1.6 6.5 – 1.4 0.051 6.7 – 1.4 0.045
<6 mm, n (%) 289 (92.9) 22 (7.1) 0.010 13 (4.3) 0.011
6£, £10 mm, n (%) 349 (88.4) 46 (11.6) 36 (9.4)

Subcapsular location of index tumor, n (%) 285 (45.2) 35 (51.5) 0.425 24 (49.0) 0.648
Last tumor size (mm) 6.1 – 1.7 8.6 – 2.0 <0.001 8.7 – 2.0 <0.001
Duration of follow-up (months) 40.9 – 16.1 45.9 – 14.4 0.015 48.2 – 13.8 <0.001

Data are presented with mean – standard deviation or number (%).
aComposite outcome was defined as any progression by tumor growth of 3 mm in one dimension, 2 mm in two dimensions, new ETE, or

new LNM.
bCompared the subjects with progression defined by 3 mm in one dimension or new LNM and those with no progression.
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and the delayed surgery groups.21 We observed that the
progression defined by 3 mm appeared earlier and more fre-
quently than that by 2 · 2 mm, suggesting the latter could be
the less sensitive criterion for size increment. Although the
intra- and interobserver variation can be larger in the mea-
surement of 2 mm than 3 mm, the high resolution of the ul-
trasound currently used made the measurement errors smaller
than before, and the measurement in this study was per-
formed by the same radiologists based on prospective criteria
to minimize the concerns. More studies are needed to de-
termine optimal tumor size enlargement criteria for pro-
gression under AS.

With the establishment of AS as an applicable option for
low-risk PTMC, shared decision-making based on the indi-
vidual risks with disease progression is one of the most im-
portant issues. In our cohort, a significant association with
progression in age <30 years at diagnosis, men, and tumor
size of 6 mm or more was observed. Age is considered a
selection variable for AS in patients with low-risk PTMC,26

and younger age was suggested as a predictive marker for
early progression,12 which was also consistent with our study
showing 2.76 times higher progression in patients with age
<30 years. Male sex was also reported to be associated with
adverse outcomes of papillary thyroid cancer,27 and this was
confirmed in our results with a 2.45 times higher progression
rate than females.

Regarding tumor size, our results demonstrated that size
‡6 mm was a predictive factor for progression, but the growth
activity was maximal in tumors sized 6–9 mm. Also, most
(8 of 10) patients who continued AS after progression were
stable. An observational study of 824 patients with PTMC on
AS, with a median duration of 6.04 years, suggested that most
PTMCs demonstrate a significant decrease in growth activity
after a 3 mm enlargement in maximal tumor size or 50% in
tumor volume.28 Therefore, our findings might provide sup-
portive evidence for the hypothesis that performing surgery
immediately after the point of enlargement may be prema-
ture.12 A recent recommendation also defined tumor diameter

FIG. 3. Survival analysis for progression defined by the composite outcome according to age (A), sex (B), and tumor size
(C) groups of PTMC during AS. Cox proportional HRs were adjusted with age at diagnosis, sex, tumor size, or enrolled
hospital. A composite outcome was defined by any progression of tumor growth of 3 mm in one dimension, 2 mm in two
dimensions, new ETE, or new LNM. CI, confidence interval; HR, hazard ratio.
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reaching up to 13 mm as one of the key indications for sur-
gery after AS.6 The underlying mechanism remains un-
known, and further studies to understand the tumor biology
and kinetics are crucial.

The tumor location, especially on the dorsal side, was as-
sociated with the risk of invading vital organs including re-
current laryngeal nerve or trachea.29 However, a recent study
showed that invasion of the recurrent laryngeal nerve was not
observed for tumors <9 mm in diameter, regardless of tumor
location,6 and this is consistent with our observations. In this
study, in two of three patients who developed ETE during
AS, the tumor location was not on the dorsal side, and in the
case with a tumor on the dorsal side, voice change or vocal
cord palsy was not observed. The progression was not
influenced by the subcapsular location of the index tumor in
this study. Therefore, the risk assessment of new ETE based
on the tumor location should be investigated further.

This study is the first multicenter AS study performed
prospectively based on the consensus of the multidisciplinary
steering committee to elucidate the progression rate of PTMC.
However, there are some limitations to this study. First, this
was not a randomized study that baseline features between the
AS and iOP groups showed some differences. Second, the
criteria for performing FNA for suspicious LNs or defining
ETE were at the discretion of the investigator. Nonetheless, to
obtain objective validity to exclude LN metastases, we eval-
uated the status of cervical LNs at the time of diagnosis with a
CT scan, which provides a higher diagnostic value and more
objective evidence than ultrasound for detecting new LNs in
low-risk PTMC.30 Third, unavoidable discrepancies could
exist between observers in ultrasound examination. To reduce
the variations, two (hospital A) or one (hospitals B and C)
experienced radiologists performed the ultrasounds.

Before the initiation, this study protocol was discussed by
the four radiologists. If there were adverse events, the radi-
ologists discussed the case, and discrepancies in observations
during follow-up were resolved in several consensus meet-
ings. It is important to acknowledge that progression under
AS is not the final outcome of low-risk PTMC, but a surrogate
indicator for surgery. Also, the paucity of new LNM in our
study precluded meaningful analysis of risk factors for that
outcome. A longer study follow-up period is needed.

In conclusion, the progression of PTMC during AS in our
cohort was low, but slightly higher than that of other popula-
tions, confirming the reliability of AS as an alternative treat-
ment strategy in the Korean population. Caution is required
when making future medical decisions as the risk of pro-
gression under AS may be higher in younger or male patients.
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