
www.e-enm.org  185

Endocrinol Metab 2025;40:185-194
https://doi.org/10.3803/EnM.2024.2319
pISSN 2093-596X  ·  eISSN 2093-5978

Review
Article

Ultrasound Imaging Criteria and Protocols for Active 
Surveillance of Low-Risk Thyroid Cancer: A Review of 
International Consensus Guidelines
Ji Ye Lee1,2, Dong Gyu Na3

1Department of Radiology, Seoul National University Hospital, Seoul National University College of Medicine, Seoul, Korea; 
2Department of Radiological Sciences, University of California, Irvine, CA, USA; 3Department of Radiology, Gangneung Asan 
Hospital, University of Ulsan College of Medicine, Gangneung, Korea

Given the indolent nature and favorable outcomes of papillary thyroid microcarcinoma (PTMC), active surveillance (AS) has been 
adopted as an alternative management option to immediate surgery. However, the meticulous selection of patients based on individu-
al and tumor-specific characteristics, as well as ultrasound (US) findings, is crucial in AS. Regular US monitoring is performed dur-
ing AS to detect indicators of tumor progression, such as growth, the emergence of new US features suggestive of gross extrathyroi-
dal extension, and lymph node metastasis. Thus, imaging-based evaluations play a pivotal role in guiding the decision to continue 
AS or proceed with surgical intervention. This review introduces the Korean Society of Thyroid Radiology (KSThR) guideline for 
the standardized US imaging of patients with low-risk PTMC under AS, which provide practical recommendations for tumor assess-
ment during the initiation and follow-up phases of AS. This review compared the key features of the KSThR guideline with those of 
major international guidelines and identified the similarities and differences in imaging methodologies and follow-up strategies. The 
primary objective of this review is to support the broader implementation of AS and improve outcomes for patients with low-risk 
PTMC by emphasizing imaging protocols.
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INTRODUCTION

The rapid increase in the prevalence of thyroid cancer can be at-
tributed to the increased usage of medical imaging resulting in 
the detection of small thyroid cancers [1,2]. Papillary thyroid 
microcarcinoma (PTMC) is characterized by an indolent nature 
and excellent prognosis [3,4]; thus, active surveillance (AS) has 
emerged as an alternative to immediate surgery for the manage-
ment of PTMC [5,6]. As a result, various international practice 

guidelines currently recommend AS as a management option 
for patients with low-risk thyroid cancer [7-19].

AS involves careful imaging assessment of tumors at the time 
of disease presentation to facilitate the selection of appropriate 
candidates, and watchful waiting. While most of them are antic-
ipated to be indolent, a small number of them could behave ag-
gressively and progress during AS. Thus, careful imaging as-
sessment of appropriate candidates, assessment of tumor pro-
gression, and the requirement for timely decisions regarding 
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surgery are core issues in AS [20,21]. 
This review introduces the practice guideline set forth by the 

Korean Society of Thyroid Radiology (KSThR) for the stan-
dardized ultrasound (US) imaging of patients with low-risk 
PTMC under AS [22]. This guideline provides comprehensive 
recommendations for the US-based assessments performed dur-
ing the initiation and follow-up phases of AS, including meth-
ods for evaluating tumor size, extrathyroidal extension (ETE), 
and lymph node (LN) metastasis. Furthermore, the KSThR 
guidelines were compared with key international guidelines to 
identify the similarities and differences in imaging methodolo-
gies, candidate selection criteria, and follow-up protocols. The 
primary objective of this article was to provide comprehensive 
insights into the KSThR and international consensus guidelines 
for the US evaluation under AS and optimize AS practices for 
the management of low-risk thyroid cancer.

INDICATIONS FOR ACTIVE SURVEILLANCE 
AND IMMEDIATE SURGERY 

According to the KSThR consensus, AS may be a suitable man-
agement strategy for adult patients with low-risk PTMC (≤10 
mm, Bethesda V or VI), whereas immediate surgery is recom-
mended for the management of high-risk PTMCs exhibiting 
suspicious imaging features such as potential gross ETE, LN 
metastasis, and distant metastasis. Current guidelines generally 
recommend AS for the management of PTMC ≤1 cm without 
aggressive cytological subtypes, potential gross ETE, LN me-
tastasis, or distant metastasis [10,14,15,19]. Nevertheless, the 
indications for AS remain controversial. 

Only the safest candidates were selected for AS in previous 
Japanese studies [6,23] however, increasing experience with AS 
has led to the requirement for the expansion of the AS criteria 
[24-27]. The recommendations of the KSThR align closely with 
those of the Japan Association of Endocrine Surgery (JAES) 
consensus statement [10], which also recommends commencing 
AS for the management of papillary thyroid carcinoma (PTC) 
nodules confirmed as Bethesda V or VI with a size threshold of 
≤10 mm. Notably, the French Society of Endocrinology-French 
Association of Endocrine Surgery-French Society of Nuclear 
Medicine (SFE-AFCE-SFMN) 2022 also recommends com-
mencing AS for the management of microcarcinomas (≤10 
mm) confirmed as Bethesda VI [14]. The Brazilian Society of 
Endocrinology and Metabolism (SBEM) 2022 consensus [18] 
and the Endocrine Task Force of the European Organization for 
Research and Treatment of Cancer (EORTC) [16] also recom-

mend commencing AS for the management of PTMC ≤10 mm, 
albeit without specifying the biopsy results. In contrast, the Ca-
nadian Thyroid Cancer AS Study Group has put forth a more 
inclusive size criterion, recommending the commencement of 
AS for the management of confirmed PTC nodules or suspected 
PTC nodules of up to 20 mm in size [20]. 

The necessity of performing biopsies for subcentimeter thy-
roid nodules without ETE or LN metastasis exhibiting suspi-
cious US findings is a topic of debate as AS is being implement-
ed more widely. AS was commenced following cytopathological 
confirmation historically [10]. However, the recommendations 
set forth by other guidelines vary [15-17,28]. A restrictive crite-
rion would diminish the relevance of AS in certain settings, with 
similar AS outcomes being observed for biopsy-proven PTMC 
and nodules without biopsy confirmation [29]. The KSThR and 
Korean Thyroid Association recommends performing a biopsy 
of the most suspicious nodules regardless of the size in cases 
with suspected cervical LN metastases, obvious ETE to adjacent 
structures, confirmed distant metastases, or suspected medullary 
thyroid cancer. Additionally, biopsy is selectively advised for 
highly suspicious nodules classified as Korean Thyroid Imaging 
Reporting and Data System (K-TIRADS) 5 of >5 mm in size 
[19,30]. The JAES recommends performing a biopsy for nod-
ules with US features strongly suggestive of malignancy; how-
ever, a size threshold has not been specified [10]. Notably, the 
SFE-AFCE-SFMN 2022 guidelines have adopted a more con-
servative stance and do not recommend performing fine-needle 
aspiration (FNA) for European Thyroid Imaging and Reporting 
Data System 5 nodules of ≤10 mm in size without US evidence 
of LN metastasis, gross ETE, or proximity to critical structures 
such as the recurrent laryngeal nerve (RLN) or trachea [14]. The 
EORTC does not specify US biopsy criteria, as the protocols set 
forth by European guidelines vary [16]. Similarly, the Canadian 
Thyroid Cancer AS Study Group (2021) [20] and SBEM 2022 
guidelines [18] have not set forth explicit recommendations for 
the biopsy of subcentimeter nodules.

The KSThR consensus recommends AS for the management 
of Bethesda type V or VI nodules detected through FNA or core 
needle biopsy. However, AS may also be considered for the 
management of nodules with highly suspicious US findings, 
particularly when patient preferences are considered [22]. Table 
1 lists the indications for AS set forth in the guidelines and pro-
spective studies. 



US Protocols for Active Surveillance of PTMC

Copyright © 2025 Korean Endocrine Society www.e-enm.org  187

Ta
bl

e 1
. C

on
se

ns
us

 G
ui

de
lin

es
 o

n 
U

S 
Im

ag
in

g 
Cr

ite
ria

 an
d 

Pr
ot

oc
ol

s f
or

 A
ct

iv
e S

ur
ve

ill
an

ce
 in

 L
ow

-R
isk

 T
hy

ro
id

 C
an

ce
r 

Co
ns

en
su

s 
gu

id
el

in
e

Bi
op

sy
 re

su
lt,

 
tu

m
or

 si
ze

U
S 

cr
ite

ria
 fo

r b
io

ps
y 

of
 n

od
ul

es
 ≤

10
 m

m
U

S 
as

se
ss

m
en

t f
or

 ac
tiv

e s
ur

ve
ill

an
ce

 ap
pr

op
ria

te
ne

ss
U

S 
fo

llo
w

-u
p 

pr
ot

oc
ol

U
S 

cr
ite

ria
 fo

r 
co

nv
er

sio
n 

su
rg

er
y

Lo
w

-ri
sk

 (a
ct

iv
e s

ur
ve

ill
an

ce
)

H
ig

h-
ris

k 
(im

m
ed

ia
te

 su
rg

er
y)

K
ST

hR
 2

02
4 

(K
or

ea
) [

22
]

PT
C 

(B
et

he
sd

a V
 o

r 
V

I),
 K

- T
IR

A
D

S 
5 

no
du

le
s w

ith
ou

t  
bi

op
sy

, ≤
10

 m
m

M
os

t s
us

pi
ci

ou
s n

od
ul

es
 

re
ga

rd
le

ss
 o

f t
he

 n
od

ul
e 

siz
e i

n 
ca

se
s w

ith
  

su
sp

ec
te

d 
ce

rv
ic

al
 L

N
 

m
et

as
ta

se
s, 

ob
vi

ou
s 

ET
E 

to
 ad

ja
ce

nt
  

str
uc

tu
re

s, 
co

nf
irm

ed
 

di
sta

nt
 m

et
as

ta
se

s, 
or

 
su

sp
ec

te
d 

m
ed

ul
la

ry
 

th
yr

oi
d 

ca
nc

er
. 

Se
le

ct
iv

e f
or

 K
- T

IR
A

D
S 

5 
no

du
le

s >
5 

m
m

Id
ea

l
- C

on
fin

ed
 to

 th
e t

hy
ro

id
- N

o 
co

nt
ac

t w
ith

 th
e t

hy
-

ro
id

 ca
ps

ul
e a

nd
 ad

ja
ce

nt
 

or
ga

ns
- N

o 
su

sp
ic

io
us

 fe
at

ur
e o

f 
LN

 m
et

as
ta

sis
 o

r d
ist

an
t 

m
et

as
ta

sis

A
pp

ro
pr

ia
te

- A
nt

er
io

r s
ub

ca
ps

ul
ar

 tu
m

or
s w

ith
  

a c
ap

su
la

r a
bu

tm
en

t, 
ca

ps
ul

ar
  

di
sr

up
tio

n 
or

 p
ro

tru
sio

n 
(n

o 
 

re
pl

ac
em

en
t)

- P
ar

at
ra

ch
ea

l t
um

or
s w

ith
 ac

ut
e  

an
gl

e a
bu

tm
en

t t
o 

th
e t

ra
ch

ea
- P

os
te

ro
m

ed
ia

l t
um

or
s s

ho
w

in
g 

 
pr

es
er

ve
d 

th
yr

oi
d 

pa
re

nc
hy

m
a  

be
tw

ee
n 

tu
m

or
 an

d 
TE

G
- P

os
te

ro
la

te
ra

l s
ub

ca
ps

ul
ar

 tu
m

or
s 

w
ith

 ca
ps

ul
ar

 ab
ut

m
en

t
- T

um
or

s w
ith

 il
l- 

de
fin

ed
 m

ar
gi

n

In
ap

pr
op

ria
te

- A
nt

er
io

r s
ub

ca
ps

ul
ar

 tu
m

or
s w

ith
  

re
pl

ac
em

en
t o

f s
tra

p 
m

us
cl

e
- P

os
te

ro
m

ed
ia

l s
ub

ca
ps

ul
ar

 tu
m

or
s  

w
ith

 ri
gh

t- 
or

 w
id

e-
 an

gl
e a

bu
tm

en
t t

o 
tra

ch
ea

- P
os

te
ro

m
ed

ia
l t

um
or

s w
ith

 lo
ss

 o
f  

no
rm

al
 p

ar
en

ch
ym

a b
et

w
ee

n 
TE

G
 an

d 
tu

m
or

, o
r o

bv
io

us
 p

ro
tru

sio
n

- P
os

te
ro

la
te

ra
l s

ub
ca

ps
ul

ar
 tu

m
or

s w
ith

 
ob

vi
ou

s p
ro

tru
sio

n
- P

re
se

nc
e o

f b
io

ps
y-

 p
ro

ve
n 

or
 cl

in
ic

al
 

LN
 m

et
as

ta
sis

 o
r d

ist
an

t m
et

as
ta

sis

Ev
er

y 
6 

m
on

th
s f

or
 

th
e f

irs
t 1

–2
 y

ea
rs

 
an

d 
on

ce
 a 

ye
ar

 
th

er
ea

fte
r i

f n
o 

 
tu

m
or

 p
ro

gr
es

sio
n 

is 
de

te
ct

ed

G
ro

w
th

 to
 1

3 
m

m
 (o

r  
12

 m
m

 in
 tw

o 
 

di
m

en
sio

ns
)

A
pp

ea
ra

nc
e o

f n
ew

  
fe

at
ur

es
 in

ap
pr

op
ria

te
  

fo
r A

S 
ap

pe
ar

JA
ES

 2
02

1 
(J

ap
an

) [
17

] 
PT

C 
(B

et
he

sd
a V

 o
r 

V
I),

 ≤
10

 m
m

St
ro

ng
ly

 su
sp

ic
io

us
 fo

r 
m

al
ig

na
nc

y
A

S 
ca

n 
be

 co
ns

id
er

ed
 fo

r t
um

or
s l

oc
at

ed
 o

n 
th

e v
en

tra
l t

hy
ro

id
 

th
at

 ex
hi

bi
t U

S 
fe

at
ur

es
 su

gg
es

tiv
e o

f s
us

pi
ci

ou
s i

nv
as

io
n 

in
to

 
th

e s
tra

p 
m

us
cl

es
, a

s w
el

l a
s f

or
 p

os
te

ro
la

te
ra

l s
ub

ca
ps

ul
ar

  
tu

m
or

s w
ith

 ca
ps

ul
e a

bu
tm

en
t o

r p
os

te
rio

r p
ro

tru
sio

n.

Pr
es

en
ce

 o
f c

lin
ic

al
 L

N
 m

et
as

ta
sis

 o
r  

di
sta

nt
 m

et
as

ta
sis

 
Cl

in
ic

al
ly

 ap
pa

re
nt

 in
va

sio
n 

in
to

 th
e R

LN
 

or
 tr

ac
he

a
D

ia
gn

os
is 

of
 ag

gr
es

siv
e s

ub
ty

pe
 o

f  
pa

pi
lla

ry
 th

yr
oi

d 
ca

rc
in

om
a o

n 
cy

to
lo

gy
Tu

m
or

s a
dh

er
en

t t
o 

th
e t

ra
ch

ea
, p

os
sib

ly
 

in
va

di
ng

 (o
bt

us
e a

ng
le

)
Tu

m
or

s l
oc

at
ed

 al
on

g 
th

e c
ou

rs
e o

f t
he

 
RL

N
 (n

o 
no

rm
al

 ri
m

 o
f t

hy
ro

id
  

be
tw

ee
n 

tu
m

or
 an

d 
co

ur
se

 o
f R

LN
)

Ev
er

y 
6 

m
on

th
s f

or
 

1–
2 

ye
ar

s a
fte

r  
in

iti
at

io
n 

of
 A

S 
an

d 
on

ce
 a 

ye
ar

 
th

er
ea

fte
r i

f n
o 

 
di

se
as

e p
ro

gr
es

sio
n 

is 
de

te
ct

ed

Tu
m

or
 d

ia
m

et
er

 re
ac

he
s  

13
 m

m
A

pp
ea

ra
nc

e o
f n

ew
 L

N
  

m
et

as
ta

sis
 

Ca
na

di
an

  
Th

yr
oi

d 
 

Ca
nc

er
 A

S 
St

ud
y 

G
ro

up
,  

Pr
os

pe
ct

iv
e 

stu
dy

 2
02

1 
(C

an
ad

a)
 

[2
1,

26
]

PT
C 

or
 su

sp
ic

io
us

 fo
r 

PT
C,

 ≤
20

 m
m

U
ns

pe
ci

fie
d

Co
nf

in
ed

 to
 th

e t
hy

ro
id

 p
ar

en
ch

ym
a

Th
yr

oi
d 

m
ar

gi
n 

bu
lg

e w
ith

ou
t d

isr
up

tio
n 

of
 p

er
ith

yr
oi

d 
ec

ho
ge

ni
c 

lin
e 

<
7 

m
m

 n
od

ul
e i

rre
sp

ec
tiv

e o
f r

el
at

io
ns

hi
p 

to
 tr

ac
he

a
≥

7 
m

m
 n

od
ul

e i
f a

cu
te

 an
gl

e t
o 

th
e t

ra
ch

ea
<

7 
m

m
 n

od
ul

e i
rre

sp
ec

tiv
e o

f r
el

at
io

ns
hi

p 
to

 T
EG

≥
7 

m
m

 n
od

ul
e i

f t
hy

ro
id

 ri
m

 p
re

se
nt

 b
et

w
ee

n 
th

e P
TC

 an
d 

TE
G

N
o 

su
sp

ic
io

us
 ce

rv
ic

al
 ly

m
ph

 n
od

es

K
no

w
n 

re
gi

on
al

 o
r d

ist
an

t m
et

as
ta

tic
  

th
yr

oi
d 

ca
nc

er
 at

 th
e t

im
e o

f b
as

el
in

e 
ev

al
ua

tio
n

LN
(s

) s
us

pi
ci

ou
s f

or
 m

et
as

ta
tic

 d
ise

as
e 

(re
qu

ire
 b

io
ps

y 
co

nf
irm

at
io

n)
A

dj
ac

en
t t

o 
th

e R
LN

 (l
ac

ki
ng

 n
or

m
al

  
th

yr
oi

d 
rim

 b
et

w
ee

n 
TE

G
 an

d 
PT

C 
or

 
pr

ot
ru

sio
n 

of
 n

od
ul

e t
o 

TE
G

 o
r  

po
ste

rio
rly

) o
r t

ra
ch

ea
 ( ≥

7 
m

m
 if

  
ob

tu
se

 an
gl

e t
o 

th
e t

ra
ch

ea
)

Lo
ss

 o
f p

er
ith

yr
oi

d 
ec

ho
ge

ni
c l

in
e a

t s
ite

 
of

 co
nt

ac
t o

f P
TC

A
no

th
er

 t
yp

e 
of

 t
hy

ro
id

 c
an

ce
r 

(e
.g

., 
po

or
ly

 d
iff

er
en

tia
te

d 
or

 o
th

er
 n

on
-P

TC
 

th
yr

oi
d 

m
al

ig
na

nc
y)

A
t l

ea
st 

ev
er

y 
6 

m
on

th
s f

or
 2

 ye
ar

s, 
fo

llo
w

ed
 b

y 
ye

ar
ly

 
(if

 n
o 

ev
id

en
ce

  
of

 d
ise

as
e  

pr
og

re
ss

io
n)

G
ro

w
th

 ≥
3 

m
m

 in
 an

y 
on

e 
pl

an
e o

r m
ax

im
al 

di
am

ete
r

Tu
m

or
 g

ro
w

th
 in

 a 
lo

ca
tio

n 
th

at
 is

 co
nc

er
ni

ng
 (e

.g
., 

im
m

ed
ia

te
ly

 ad
ja

ce
nt

 to
 

th
e t

ra
ch

ea
 o

r i
n 

th
e  

co
ur

se
 o

f t
he

 R
LN

) 
In

ci
de

nt
 d

ev
el

op
m

en
t o

f 
m

et
as

ta
tic

 P
TC

 to
 L

N
s 

(c
on

fir
m

ed
 o

n 
cy

to
lo

gy
  

or
 u

ne
qu

iv
oc

al
 im

ag
in

g)
In

ci
de

nt
 d

ev
el

op
m

en
t o

f  
di

sta
nt

 m
et

as
ta

tic
 P

TC
 

(c
on

fir
m

ed
 o

n 
im

ag
in

g 
 

or
 b

io
ps

y 
or

 su
rg

ic
al

  
hi

sto
lo

gy
)

SB
EM

 2
02

2 
(B

ra
zi

l) 
[1

9]
 

PT
C 

(u
ns

pe
ci

fie
d 

 
bi

op
sy

 re
su

lts
), 

 
≤

10
 m

m

U
ns

pe
ci

fie
d

Id
ea

l
- S

ol
ita

ry
 n

od
ul

e
- W

el
l- 

de
fin

ed
 m

ar
gi

ns
- c

N
0,

 cM
0

- N
o 

ET
E

A
pp

ro
pr

ia
te

- M
ul

tif
oc

al
- S

ub
ca

ps
ul

ar
 lo

ca
tio

n 
 

(n
ot

 ad
ja

ce
nt

 to
 R

LN
)

- B
ac

kg
ro

un
d 

U
S 

fin
di

ng
s

In
ap

pr
op

ria
te

- A
gg

re
ss

iv
e c

yt
ol

og
y

- S
ub

ca
ps

ul
ar

 lo
ca

tio
n 

ad
ja

ce
nt

 to
 R

LN
- O

bt
us

e a
ng

le
s b

et
w

ee
n 

tu
m

or
 an

d 
 

tra
ch

ea
- c

N
1,

 cM
1

- E
vi

de
nc

e o
f E

TE

Ev
er

y 
6 

m
on

th
s i

n 
th

e f
irs

t 2
 y

ea
rs

 
an

d 
an

nu
al

ly
 

th
er

ea
fte

r i
f n

o 
cl

in
ic

al
 o

r U
S 

ch
an

ge
s

>
3 

m
m

 in
 tu

m
or

 si
ze

G
ro

w
th

 o
f t

um
or

 to
  

≥
13

 m
m

Si
gn

s o
f (

LN
 o

r d
ist

an
t) 

 
m

et
as

ta
sis

 o
r E

TE

(C
on

tin
ue

d 
to

 th
e n

ex
t p

ag
e)



Lee JY, et al.

188  www.e-enm.org Copyright © 2025 Korean Endocrine Society

ASSESSMENT OF APPROPRIATENESS 
BEFORE ACTIVE SURVEILLANCE

The KSThR guideline outlines detailed US-based criteria for as-
sessing the appropriateness of selecting AS for the management 
of PTMC. Furthermore, this guideline introduces a US-based 
checklist for selecting eligible candidates for AS [22]. Patients 
can be classified into ideal, appropriate, and inappropriate cate-
gories based on the imaging findings, reflecting the suitability 
of implementing AS (Fig. 1) [31]. Patients categorized as ideal 
candidates for AS typically present with a probable or con-
firmed solitary PTMC confined to the thyroid parenchyma that 
is not located adjacent to the thyroid capsule (Fig. 1A). Appro-
priate candidates possess characteristics that make follow-up 
observations technically challenging (Fig. 1B). Treatment re-
mains highly effective in these patients even in the event of tu-
mor progression. Thus, surveillance is recommended for this 
group. AS is not suitable for inappropriate candidates owing to 
the potential for significant morbidity and higher recurrence risk 
after delayed surgery (Fig. 1C). Thus, immediate surgery is in-
dicated for cases with locoregional or distant metastases, poten-
tial gross ETE identified at the time of initial presentation, or the 
emergence of new US features inappropriate for AS. 

Other international guidelines have also proposed the imple-
mentation of similar three-tiered classification systems. For in-
stance, the SBEM 2022 [18] and SFE-AFCE-SFMN 2022 [14] 
guidelines have proposed comparable approaches, categorizing 
cases as ideal, appropriate (or intermediate), or inappropriate  
(or contraindicated). In contrast, the JAES 2021 [10], Canadian 
Thyroid Cancer AS Study Group (2021) [20], and EORTC 2023 
[16] have proposed a simpler binary classification, which classi-
fies cases as suitable for AS or indicated for immediate surgery.

IMAGING EVALUATION BEFORE THE 
INITIATION OF ACTIVE SURVEILLANCE 

A high-quality US examination of the thyroid and neck must be 
performed by an expert on thyroid imaging before commencing 
AS. US is the primary imaging modality used to evaluate thy-
roid nodules and determine the most suitable management strat-
egy [32,33]. A thorough and high-quality US examination plays 
a critical role in patient selection and follow-up during AS [20-
22]. US examinations must ensure comprehensive coverage of 
the thyroid gland and provide transverse and longitudinal gray-
scale and Doppler images of the thyroid and target nodules. US 
images of the neck compartments, including the central and lat-Ta
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eral compartments, must be acquired in a consistent and meticu-
lous manner [34].

Contrast-enhanced computed tomography (CT) of the neck 
also plays a supplementary role in detecting additional LN me-
tastases in patients with low-risk PTMC [30,33]. The addition 
of CT to US improves the detection rate of LN metastasis in the 
central and lateral compartments [35-38] and may affect patient 
management decisions [39]. However, evidence regarding the 
additional value of CT in patients with PTMC under AS re-
mains limited [40]. 

The lungs are the most common sites of distant metastasis in 
patients with differentiated thyroid cancer [17]. However, dis-
tant metastases are extremely rare in patients with low-risk 
PTMC [5,41-43]. Rare cases of lung metastasis have been re-
ported; however, metastasis was absent at the time of initial di-
agnosis and detected only after recurrence in the neck in these 
cases [23]. These findings indicate that routine chest CT exami-
nations are not necessary for identifying candidates for AS. 

ULTRASOUND EVALUATION OF 
EXTRATHYROIDAL EXTENSION AND 
LYMPH NODE METASTASIS

Extrathyroidal extension
The accurate identification of gross ETE is a crucial step [20-
22]. The emergence of gross ETE under AS is considered tumor 
progression. The KSThR consensus categorizes tumors requir-
ing ETE assessment as anterior and posterior subcapsular tu-
mors (tumors abutting the thyroid capsule) and paratracheal tu-
mors (tumors in contact with the trachea) [22]. The medial half 
of the posterior subcapsular tumors can be further categorized 
as posteromedial subcapsular tumors, whereas the lateral half 
can be categorized as posterolateral subcapsular tumors. Fig. 1 
demonstrates the ideal, appropriate, and inappropriate US fea-
tures for AS. Patients with anterior subcapsular tumors accom-
panied by capsular abutments, capsular disruptions, or protru-
sions are appropriate candidates for AS. Patients with paratra-
cheal tumors exhibiting an acute angle abutment to the trachea 
and posteromedial tumors without capsular abutment, preserv-
ing thyroid parenchyma between the tumor and the tracheo-
esophageal groove (TEG) or the posteromedial capsule, are also 
appropriate candidates for AS (Fig. 1B).

Anterior subcapsular tumors with strap muscle replacement, 
paratracheal tumors with right- or wide-angle abutment to the 
trachea, and posteromedial subcapsular tumors with capsular 
abutment or protrusion—exhibiting loss of normal parenchyma 

Fig. 1. Imaging-based appropriateness criteria for active surveil-
lance in thyroid cancer (≤1 cm) proposed from the Korean Society 
of Thyroid Radiology. (A) Ideal tumors: tumors confined to the thy-
roid gland without contact with the thyroid capsule, no metastasis. 
(B) Appropriate tumors. Anterior subcapsular tumors (near the yel-
low line) showing capsular contact (a), disruption (b), and protrusion 
(c). Paratracheal tumors (near the orange line) abutting the trachea 
with acute angle (d). Posteromedial tumors (near the red line) with-
out capsular abutment, preserving thyroid parenchyma between the 
tumor and the tracheoesophageal groove or posteromedial capsule 
(e). Posterolateral subcapsular tumors with capsular abutment (f, g). 
(C) Inappropriate tumors. Anterior subcapsular tumors (near the yel-
low line) demonstrating strap muscle replacement (a), paratracheal 
tumors (near the orange line) showing right- or wide-angle abutment 
to trachea (b) or obvious tracheal cartilage invasion (c), posterome-
dial subcapsular tumors (near the red line) with loss of normal thy-
roid parenchyma (d, e) or protrusion (f), and posterolateral subcap-
sular tumors (near the blue line) with obvious protrusion (g, h), bi-
opsy-proven metastasis (arrows). Adapted from Lee et al. [22].

A

B

C
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between the tumor and the TEG or the posteromedial capsule—
may demonstrate aggressive behavior or involve critical struc-
tures during AS. Thus, AS is not recommended for the manage-
ment of patients with these tumors; immediate surgery should 
be considered in such cases (Fig. 1C). 

The JAES 2021 [10] statement recommends commencing AS 
for the management of tumors located on the ventral thyroid or 
in the lateral capsule of the thyroid with US features suggestive 
of strap muscle involvement. However, AS is contraindicated 
for the management of tumors that adhere to the trachea or are 
located along the course of the RLN, especially in the absence 
of a normal thyroid rim between the tumor and RLN. In con-
trast, the Canadian Thyroid Cancer AS Study Group 2021 [20] 
also focuses on the size criteria. AS is recommended for the 
management of tumors confined to the thyroid parenchyma, tu-
mors with a thyroid margin bulge without disruption, and tu-
mors of <7 mm in size, irrespective of their relationship to the 
trachea. Larger tumors may be considered for AS if the angle 
with the trachea is acute and a normal thyroid rim is present. 
Immediate surgery is recommended for the management of tu-
mors of >7 mm in size with an obtuse angle to the trachea, tu-
mors adjacent to the RLN, and tumors exhibiting signs of extra-
thyroidal spread. The SBEM 2022 [18] states that AS is ideal 
for tumors with no ETE and appropriate for tumors with a sub-
capsular location, provided they are not adjacent to the RLN. In 
contrast, tumors with evidence of ETE, such as subcapsular tu-
mors adjacent to the RLN or those at an obtuse angle to the tra-
chea, are inappropriate for AS. The SFE-AFCE-SFMN 2022 
[14] recommends AS for the management of solitary microcar-
cinomas positioned away from critical structures, such as the 
thyroid capsule, inferior laryngeal nerve, and trachea. Tumors 
suspected of multifocality and those located near the thyroid 
capsule are considered intermediate candidates for AS. The 
EORTC 2023 [16] aligns with several other guidelines in that it 
recommends commencing AS for the management of tumors 
without capsule contact, tumors that are not adjacent to the 
RLN, and those at an acute angle abutment to the trachea. Im-
mediate surgery is recommended for the management of tumors 
exhibiting signs of ETE or those located in the subcapsular, pos-
terior, or paratracheal regions, especially if they are adjacent to 
the RLN or invade/ make contact with the trachea. These guide-
lines have similar frameworks; however, they emphasize slight-
ly different factors such as tumor size or proximity to key struc-
tures, reflecting the diversity in AS strategies for the manage-
ment of PTMC.

Lymph node metastasis
Clinically apparent LN metastasis, a significant risk factor for 
patients with PTMC [44], must be thoroughly assessed at the 
time of commencing AS, as well as during AS. The 2021 K-TI-
RADS categorizes LNs based on US findings and FNA is rec-
ommended for suspicious metastatic LNs exhibiting any one of 
cortical hyperechogenicity, cystic changes, echogenic foci, and 
abnormal vascularity [30]. Inadequate evaluation of LNs before 
commencing AS can result in the requirement for extensive 
neck surgeries, higher morbidity, and reduced quality of life 
[22]. Therefore, the KSThR guideline provides detailed US-
based criteria for the assessment of LN metastasis to determine 
the appropriateness of AS for the management of PTMC. This 
emphasizes that the presence of biopsy-confirmed or clinical 
LN metastasis, as well as distant metastasis, precludes AS and 
warrants immediate surgery (Fig. 1C). FNA with washout thy-
roglobulin measurement is recommended for any suspicious 
metastatic LNs, irrespective of their size.

The JAES, Canadian Thyroid Cancer AS Study Group, SBEM 
2022, SFE-AFCE-SFMN 2022, and EORTC 2023 recommend 
immediate surgery for the management of patients with clinical 
or macroscopic LN metastasis. However, specific imaging crite-
ria for identifying suspicious LNs and detailed recommendations 
for FNA are not provided. Table 1 lists the criteria for defining 
high-risk tumors requiring immediate surgery in various guide-
lines and studies. 

TUMOR SIZE MEASUREMENT METHODS 
USED DURING ACTIVE SURVEILLANCE 

Tumor growth is a marker of tumor progression in AS; thus, the 
acquisition of accurate, consistent, and reproducible measure-
ments of tumor size is crucial in AS [20-22]. The three-axis 
measurement method proposed by the American College of Ra-
diology is recommended for the acquisition of consistent tumor 
size measurements [45]. Notably, the same imaging planes and 
slices as those used for the previous measurements must be used 
while performing follow-up measurements. Thus, operators 
must consistently measure and report nodules to facilitate serial 
comparisons [22].

ULTRASOUND EVALUATION OF TUMOR 
PROGRESSION

Previous studies and guidelines typically characterize tumor pro-
gression by tumor growth, gross ETE, LN metastasis, and distant 
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metastasis [9,10,12,18,19]. However, variations have been ob-
served in the criteria for tumor growth and enlargement. The 
most commonly used standard for tumor growth, i.e., an increase 
of ≥3 mm in the maximal tumor diameter [9,10,24,46,47], along 
with the criteria of growth of ≥2 mm in two dimensions (used in 
a recent multicenter PTMC cohort study [47-49]), was adopted 
herein. 

IMAGING INTERVAL DURING ACTIVE 
SURVEILLANCE 

Regular scheduling of US examinations plays an essential role 
in monitoring tumor enlargement or LN metastasis during AS. 
Patient visits were scheduled every 6 months for the first 2 years 
in most prospective studies; these visits transitioned to annual 
visits thereafter [24,46,48]. Various guidelines have outlined 
specific intervals for US examinations based on these practices 
(Table 1). The KSThR guideline recommends performing US 
follow-up examinations every 6 months during the first 1–2 
years, followed by annual follow-up examinations for ongoing 
monitoring based on these protocols [22]. The JAES (2021), 
Canadian Thyroid Cancer AS Study Group (2021), and SBEM 
(2022) guidelines also recommend performing US examina-
tions every 6 months during the first 1–2 years. Transitioning to 
annual assessments is recommended if disease progression is 
not observed, reflecting a common strategy of increased vigi-
lance during the early stages of AS. The SFE-AFCE-SFMN 
(2022) guidelines also recommend scheduling follow-up exami-
nations at 6-month intervals during the first year and transition-
ing to annual US assessments for up to 5 years. The SFE-AF-
CE-SFMN (2022) guidelines recommend scheduling follow-up 
examinations less frequently (every 2–3 years) after 10 years, 
emphasizing long-term monitoring. Notably, the EORTC (2023) 
guidelines do not specify a follow-up protocol, leaving the de-
tails to clinical discretion. Thus, the KSThR protocol aligns 
with the international standards, while its explicit timelines pro-
vide clear guidance for clinicians managing AS.

ULTRASOUND CRITERIA FOR 
CONVERSION SURGERY 

Scheduling surgery for the management of PTMCs immediately 
after they exceed 10 mm may not be necessary, given that the 
progression rates of T1aN0M0 and T1bN0M0 PTCs do not dif-
fer significantly [25]. Thus, the decision to proceed with con-
version to surgery must be made after careful deliberation and 

considered separately with respect to ‘tumor growth.’ Specific 
criteria for conversion to surgery during AS for PTMC, includ-
ing tumor growth to 13 mm in diameter (or 12 mm in two di-
mensions) and the emergence of new features that render the tu-
mor inappropriate for AS, have been outlined by the KSThR 
2024 guidelines [22]. These criteria are consistent with the 
JAES 2021 consensus statement [10] which recommends sur-
gery in the event of the tumor diameter reaching 13 mm or the 
emergence of LN metastasis. The tumor growth threshold is 
also set as >3 mm or a size of 13 mm, with the addition of the 
emergence of LN metastasis as an indication for surgery in the 
SBEM 2022 consensus [18]. In contrast, the Canadian Thyroid 
Cancer AS Study Group (2021) [20] applies more sensitive cri-
teria for tumor growth, which recommends surgical conversion 
for tumors showing growth of ≥3 mm in any plane, with 
growth in critical locations (e.g., adjacent to the trachea or 
RLN) or metastasis of PTC to LNs or distant sites. The SFE-
AFCE-SFMN 2022 guidelines [14] define the criteria for surgi-
cal conversion as the emergence of LN metastasis, signs of 
ETE, or confirmed volumetric increase in the tumor on two 
consecutive evaluations, emphasizing the consecutive observa-
tion of tumor growth, given the inter-observer variability of US 
size measurements and variability in tumor volume kinetics. 
Notably, the EORTC 2023 [16] guidelines have not set forth 
criteria for surgical conversion, leaving it at clinical discretion.

CONCLUSIONS

The current KSThR consensus statement aimed to present a 
comprehensive guide for imaging assessment and clarify imag-
ing methodology, despite the challenges of operator variability 
and uncertainties in the prognostic implications of US in AS. 
This review aimed to contribute to improved patient outcomes 
and a wider acceptance of AS in clinical practice by aligning 
imaging strategies with evidence-based recommendations.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was re-
ported.

ACKNOWLEDGMENTS

This study was funded by the grant from the 2024 Clinical Prac-
tice Guideline Research Fund by the Korean Society of Radiol-
ogy & Korean Society of Thyroid Radiology, and by a grant of 



Lee JY, et al.

192  www.e-enm.org Copyright © 2025 Korean Endocrine Society

the Korea Health Technology R&D Project through the Patient-
Doctor Shared Decision Marking Research Center (PDSDM), 
funded by the Ministry of Health & Welfare, Republic of Korea 
(grant number: RS-2023-KH142322).

ORCID

Ji Ye Lee  https://orcid.org/0000-0002-3929-6254
Dong Gyu Na  https://orcid.org/0000-0001-6422-1652

REFERENCES

1.	 Ahn HS, Kim HJ, Welch HG. Korea’s thyroid-cancer “epi-
demic”: screening and overdiagnosis. N Engl J Med 2014; 
371:1765-7.

2.	 Vaccarella S, Franceschi S, Bray F, Wild CP, Plummer M, 
Dal Maso L. Worldwide thyroid-cancer epidemic?: the in-
creasing impact of overdiagnosis. N Engl J Med 2016;375: 
614-7.

3.	 Hay ID. Management of patients with low-risk papillary 
thyroid carcinoma. Endocr Pract 2007;13:521-33.

4.	 Mazzaferri EL. Management of low-risk differentiated thy-
roid cancer. Endocr Pract 2007;13:498-512.

5.	 Ito Y, Uruno T, Nakano K, Takamura Y, Miya A, Kobayashi 
K, et al. An observation trial without surgical treatment in 
patients with papillary microcarcinoma of the thyroid. Thy-
roid 2003;13:381-7.

6.	 Ito Y, Miyauchi A, Inoue H, Fukushima M, Kihara M, Hi-
gashiyama T, et al. An observational trial for papillary thy-
roid microcarcinoma in Japanese patients. World J Surg 
2010;34:28-35.

7.	 Takami H, Ito Y, Okamoto T, Yoshida A. Therapeutic strate-
gy for differentiated thyroid carcinoma in Japan based on a 
newly established guideline managed by Japanese Society 
of Thyroid Surgeons and Japanese Association of Endocrine 
Surgeons. World J Surg 2011;35:111-21.

8.	 Ito Y, Onoda N, Okamoto T. The revised clinical practice 
guidelines on the management of thyroid tumors by the Ja-
pan Associations of Endocrine Surgeons: core questions and 
recommendations for treatments of thyroid cancer. Endocr J 
2020;67:669-717.

9.	 Horiguchi K, Yoshida Y, Iwaku K, Emoto N, Kasahara T, 
Sato J, et al. Position paper from the Japan Thyroid Associa-
tion task force on the management of low-risk papillary thy-
roid microcarcinoma (T1aN0M0) in adults. Endocr J 2021; 
68:763-80.

10.	Sugitani I, Ito Y, Takeuchi D, Nakayama H, Masaki C, Shin-
do H, et al. Indications and strategy for active surveillance 
of adult low-risk papillary thyroid microcarcinoma: consen-
sus statements from the Japan Association of Endocrine 
Surgery Task Force on Management for Papillary Thyroid 
Microcarcinoma. Thyroid 2021;31:183-92.

11.	 Pacini F, Basolo F, Bellantone R, Boni G, Cannizzaro MA, 
De Palma M, et al. Italian consensus on diagnosis and treat-
ment of differentiated thyroid cancer: joint statements of six 
Italian societies. J Endocrinol Invest 2018;41:849-76.

12.	Jarząb B, Dedecjus M, Slowinska-Klencka D, Lewinski A, 
Adamczewski Z, Anielski R, et al. Guidelines of Polish na-
tional societies diagnostics and treatment of thyroid carcino-
ma: 2018 update. Endokrynol Pol 2018;69:34-74.

13.	Filetti S, Durante C, Hartl D, Leboulleux S, Locati LD, 
Newbold K, et al. Thyroid cancer: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and follow-up. Ann On-
col 2019;30:1856-83.

14.	Leboulleux S, Lamartina L, Lecornet Sokol E, Menegaux F, 
Leenhardt L, Russ G. SFE-AFCE-SFMN 2022 Consensus 
on the management of thyroid nodules: follow-up: how and 
how long? Ann Endocrinol (Paris) 2022;83:407-14.

15.	 Durante C, Hegedus L, Czarniecka A, Paschke R, Russ G, 
Schmitt F, et al. 2023 European Thyroid Association clinical 
practice guidelines for thyroid nodule management. Eur Thy-
roid J 2023;12:e230067.

16.	Koot A, Soares P, Robenshtok E, Locati LD, de la Fouchar-
diere C, Luster M, et al. Position paper from the Endocrine 
Task Force of the European Organisation for Research and 
Treatment of Cancer (EORTC) on the management and 
shared decision making in patients with low-risk micro pap-
illary thyroid carcinoma. Eur J Cancer 2023;179:98-112.

17.	Haugen BR, Alexander EK, Bible KC, Doherty GM, Man-
del SJ, Nikiforov YE, et al. 2015 American Thyroid Associ-
ation management guidelines for adult patients with thyroid 
nodules and differentiated thyroid cancer: the American 
Thyroid Association guidelines task force on thyroid nod-
ules and differentiated thyroid cancer. Thyroid 2016;26:1-
133.

18.	Ward LS, Scheffel RS, Hoff AO, Ferraz C, Vaisman F. Treat-
ment strategies for low-risk papillary thyroid carcinoma: a 
position statement from the Thyroid Department of the Bra-
zilian Society of Endocrinology and Metabolism (SBEM). 
Arch Endocrinol Metab 2022;66:522-32.

19.	 Park YJ, Lee EK, Song YS, Kang SH, Koo BS, Kim SW, et 
al. 2023 Korean Thyroid Association management guidelines 



US Protocols for Active Surveillance of PTMC

Copyright © 2025 Korean Endocrine Society www.e-enm.org  193

for patients with thyroid nodules. Int J Thyroidol 2023;16:1-
31.

20.	Ghai S, O’Brien C, Goldstein DP, Sawka AM; Canadian 
Thyroid Cancer Active Surveillance Study Group. Ultra-
sound in active surveillance for low-risk papillary thyroid 
cancer: imaging considerations in case selection and disease 
surveillance. Insights Imaging 2021;12:130.

21.	Ghai S, Goldstein DP, Sawka AM. Ultrasound imaging in 
active surveillance of small, low-risk papillary thyroid can-
cer. Korean J Radiol 2024;25:749-55.

22.	Lee JY, Lee MK, Lim HK, Lee CY, Sung JY, Yoon JH, et al. 
Standardized ultrasound evaluation for active surveillance 
of low-risk thyroid microcarcinoma in adults: 2024 Korean 
Society of Thyroid Radiology Consensus Statement. Korean 
J Radiol 2024;25:942-58.

23.	Miyauchi A, Ito Y, Fujishima M, Miya A, Onoda N, Kihara 
M, et al. Long-term outcomes of active surveillance and im-
mediate surgery for adult patients with low-risk papillary 
thyroid microcarcinoma: 30-year experience. Thyroid 2023; 
33:817-25.

24.	Sawka AM, Ghai S, Tomlinson G, Rotstein L, Gilbert R, 
Gullane P, et al. A protocol for a Canadian prospective ob-
servational study of decision-making on active surveillance 
or surgery for low-risk papillary thyroid cancer. BMJ Open 
2018;8:e020298.

25.	Sakai T, Sugitani I, Ebina A, Fukuoka O, Toda K, Mitani H, 
et al. Active surveillance for T1bN0M0 papillary thyroid 
carcinoma. Thyroid 2019;29:59-63.

26.	Ho AS, Kim S, Zalt C, Melany ML, Chen IE, Vasquez J, et 
al. Expanded parameters in active surveillance for low-risk 
papillary thyroid carcinoma: a nonrandomized controlled 
trial. JAMA Oncol 2022;8:1588-96.

27.	Tuttle RM, Fagin J, Minkowitz G, Wong R, Roman B, Patel 
S, et al. Active surveillance of papillary thyroid cancer: fre-
quency and time course of the six most common tumor vol-
ume kinetic patterns. Thyroid 2022;32:1337-45.

28.	Do Cao C, Haissaguerre M, Lussey-Lepoutre C, Donatini G, 
Raverot V, Russ G. SFE-AFCE-SFMN 2022 consensus on 
the management of thyroid nodules: initial work-up for thy-
roid nodules. Ann Endocrinol (Paris) 2022;83:380-8.

29.	Zhuge L, Huang Z, Cai H, Wang S, Niu L, Li Z. The opti-
mal age threshold for stratifying the risks of disease progres-
sion in patients with highly suspicious sub-centimeter thy-
roid nodules. Ann Surg Oncol 2023;30:5463-9.

30.	Ha EJ, Chung SR, Na DG, Ahn HS, Chung J, Lee JY, et al. 
2021 Korean Thyroid Imaging Reporting and Data System 

and imaging-based management of thyroid nodules: Korean 
Society of Thyroid Radiology consensus statement and rec-
ommendations. Korean J Radiol 2021;22:2094-123.

31.	Brito JP, Ito Y, Miyauchi A, Tuttle RM. A clinical frame-
work to facilitate risk stratification when considering an ac-
tive surveillance alternative to immediate biopsy and sur-
gery in papillary microcarcinoma. Thyroid 2016;26:144-9.

32.	Ha EJ, Lim HK, Yoon JH, Baek JH, Do KH, Choi M, et al. 
Primary imaging test and appropriate biopsy methods for 
thyroid nodules: guidelines by Korean Society of Radiology 
and National Evidence-Based Healthcare Collaborating 
Agency. Korean J Radiol 2018;19:623-31.

33.	Lee JY, Baek JH, Ha EJ, Sung JY, Shin JH, Kim JH, et al. 
2020 Imaging guidelines for thyroid nodules and differenti-
ated thyroid cancer: Korean Society of Thyroid Radiology. 
Korean J Radiol 2021;22:840-60.

34.	Lee MK, Na DG, Joo L, Lee JY, Ha EJ, Kim JH, et al. Stan-
dardized imaging and reporting for thyroid ultrasound: Ko-
rean Society of Thyroid Radiology consensus statement and 
recommendation. Korean J Radiol 2023;24:22-30.

35.	Ahn JE, Lee JH, Yi JS, Shong YK, Hong SJ, Lee DH, et al. 
Diagnostic accuracy of CT and ultrasonography for evaluat-
ing metastatic cervical lymph nodes in patients with thyroid 
cancer. World J Surg 2008;32:1552-8.

36.	Kim E, Park JS, Son KR, Kim JH, Jeon SJ, Na DG. Preop-
erative diagnosis of cervical metastatic lymph nodes in pap-
illary thyroid carcinoma: comparison of ultrasound, com-
puted tomography, and combined ultrasound with computed 
tomography. Thyroid 2008;18:411-8.

37.	Suh CH, Baek JH, Choi YJ, Lee JH. Performance of CT in 
the preoperative diagnosis of cervical lymph node metasta-
sis in patients with papillary thyroid cancer: a systematic re-
view and meta-analysis. AJNR Am J Neuroradiol 2017;38: 
154-61.

38.	Lee Y, Kim JH, Baek JH, Jung SL, Park SW, Kim J, et al. 
Value of CT added to ultrasonography for the diagnosis of 
lymph node metastasis in patients with thyroid cancer. Head 
Neck 2018;40:2137-48.

39.	 Jeong SY, Chung SR, Baek JH, Choi YJ, Kim S, Sung TY, 
et al. Impact of additional preoperative computed tomogra-
phy imaging on staging, surgery, and postsurgical survival 
in patients with papillary thyroid carcinoma. Korean J Radi-
ol 2023;24:1284-92.

40.	Lee DH, Kim YK, Yu HW, Choi JY, Park SY, Moon JH. 
Computed tomography for detecting cervical lymph node 
metastasis in patients who have papillary thyroid microcar-



Lee JY, et al.

194  www.e-enm.org Copyright © 2025 Korean Endocrine Society

cinoma with tumor characteristics appropriate for active 
surveillance. Thyroid 2019;29:1653-9.

41.	Sugitani I, Fujimoto Y. Symptomatic versus asymptomatic 
papillary thyroid microcarcinoma: a retrospective analysis 
of surgical outcome and prognostic factors. Endocr J 1999; 
46:209-16.

42.	 Choi JB, Lee WK, Lee SG, Ryu H, Lee CR, Kang SW, et al. 
Long-term oncologic outcomes of papillary thyroid micro-
carcinoma according to the presence of clinically apparent 
lymph node metastasis: a large retrospective analysis of 5,348 
patients. Cancer Manag Res 2018;10:2883-91.

43.	Kawano S, Miyauchi A, Ito Y. Routine chest computed to-
mography at presentation does not identify distant metasta-
sis in cT1aN0 papillary thyroid carcinoma. Thyroid 2020; 
30:1620-4.

44.	Randolph GW, Duh QY, Heller KS, LiVolsi VA, Mandel SJ, 
Steward DL, et al. The prognostic significance of nodal me-
tastases from papillary thyroid carcinoma can be stratified 
based on the size and number of metastatic lymph nodes, as 
well as the presence of extranodal extension. Thyroid 2012; 
22:1144-52.

45.	Tessler FN, Middleton WD, Grant EG, Hoang JK, Berland 
LL, Teefey SA, et al. ACR Thyroid Imaging, Reporting and 
Data System (TI-RADS): white paper of the ACR TI-RADS 
committee. J Am Coll Radiol 2017;14:587-95.

46.	Tuttle RM, Fagin JA, Minkowitz G, Wong RJ, Roman B, 
Patel S, et al. Natural history and tumor volume kinetics of 
papillary thyroid cancers during active surveillance. JAMA 
Otolaryngol Head Neck Surg 2017;143:1015-20.

47.	Lee EK, Moon JH, Hwangbo Y, Ryu CH, Cho SW, Choi JY, 
et al. Progression of low-risk papillary thyroid microcarci-
noma during active surveillance: interim analysis of a multi-
center prospective cohort study of active surveillance on 
papillary thyroid microcarcinoma in Korea. Thyroid 2022; 
32:1328-36.

48.	Moon JH, Kim JH, Lee EK, Lee KE, Kong SH, Kim YK, et 
al. Study protocol of Multicenter Prospective Cohort Study 
of Active Surveillance on Papillary Thyroid Microcarcino-
ma (MAeSTro). Endocrinol Metab (Seoul) 2018;33:278-86.

49.	Lee JY, Kim JH, Kim YK, Lee CY, Lee EK, Moon JH, et al. 
US predictors of papillary thyroid microcarcinoma progres-
sion at active surveillance. Radiology 2023;309:e230006.


