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Background: The study aimed to compare the prognostic value of the 4th edition of World Health Organization classification
(WHO-2017) with the previous WHO classification (WHO-2004) for follicular thyroid carcinoma (FTC).

Methods: This multicenter retrospective cohort study included 318 patients with FTC from five tertiary centers who underwent thy-
roid surgery between 1996 and 2009. We evaluated the prognosis of patients with minimally invasive (MI), encapsulated angioinva-
sive (EA), and widely invasive (WI) FTC according to WHO-2017. Further, we evaluated the proportion of variation explained
(PVE) and Harrell’s C-index to compare the predictability of disease-free survival (DFS) and disease-specific survival (DSS).
Results: In total, 227, 58, and 33 patients had MI-, EA-, and WI-FTC, respectively. During a median follow-up of 10.6 years, 46
(14.5%) patients had disease recurrence and 20 (6.3%) patients died from FTC. The 10-year DFS rates of patients with MI-, EA-,
and WI-FTC were 91.1%, 78.2%, and 54.9%, respectively (P<0.001, PVE=7.1%, C-index=0.649). The corresponding 10-year
DSS rates were 95.9%, 93.5%, and 73.5%, respectively (P<0.001, PVE=2.6%, C-index=0.624). The PVE and C-index values were
higher using WHO-2017 than using WHO-2004 for the prediction of DFS, but not for DSS. In multivariate analysis, older age
(P=0.02), gross extrathyroidal extension (ETE) (P=0.003), and distant metastasis (P<0.001) were independent risk factors for DSS.
Conclusion: WHO-2017 improves the predictability of DFS, but not DSS, in patients with FTC. Distant metastasis, gross ETE and
older age (=55 years) were independent risk factors for DSS.
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WHO Classification of FTC E n M

INTRODUCTION

Follicular thyroid carcinoma (FTC) is the second most common
subtype of thyroid carcinoma, accounting for approximately
10% to 15% cases of differentiated thyroid carcinoma (DTC) in
western countries [1]. The incidence is much lower in iodine-
sufficient area, reported as approximately 3% to 4% in a multi-
center cohort study in Korea [2,3]. The World Health Organiza-
tion (WHO) classification of tumors serves an international stan-
dard for histopathological diagnosis, and the new 4th edition of
the WHO classification (WHO-2017) was published in 2017 [4].
The previous WHO classification (WHO-2004) classified FTC
into minimally invasive (MI) and widely invasive (WI) FTC
based on the degree of capsular invasion [5]. MI-FTCs have lim-
ited capsular and/or vascular invasion, and the invasiveness can
only be identified a under microscope. WI-FTCs have wide-
spread infiltration into adjacent thyroid tissue and/or blood ves-
sels [5]. Although this pathological classification of FTC is well
accepted, definitions of the extent of capsular invasion varies,
and the prognostic significance of vascular invasion remains
controversial [6,7]. In WHO-2017, FTC was divided into three
prognostic categories, MI-FTC (capsular invasion only), encap-
sulated angioinvasive FTC (EA-FTC), and WI-FTC [4,8]. This
new classification highlighted the importance of vascular inva-
sion and the degree of capsular invasion in FTC as important
prognostic factors.

FTC shows different biological behaviors and has a poorer
prognosis than papillary thyroid carcinoma (PTC) [9]. FTC is
common in middle-aged and elderly people and has a higher in-
cidence in iodine-deficient areas [10]. In addition, compared to
PTC, FTC tends to have a larger primary tumor size and more
frequently metastasizes to distant organs, such as the lungs, bone,
and brain [11,12]. Vascular invasion and the number of invaded
vessels have prognostic importance in distant metastasis and re-
currence [6,13]. Older age, larger tumor size, extrathyroidal ex-
tension (ETE), cervical lymph node (LN), and distant metastasis
have also been identified as independent predictors of recurrence
or disease-specific survival (DSS) [14-16]. The new WHO clas-
sification is expected to improve the categorization of patients at
a high risk of recurrence or death from FTC into more advanced
categories.

In this study, we evaluated the prognostic implications of
WHO-2017 in patients with FTC using a multi-institutional ret-
rospective cohort. In addition, we elucidated the independent
prognostic factors associated with disease-free survival (DFS)
and DSS. Further, we compared the prognostic predictability of
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DFS and DSS between WHO-2017 and WHO-2004.

METHODS

Patients

In this multicenter, retrospective cohort study, 318 consecutive
patients with FTC who underwent initial thyroid surgery from
January 1996 to December 2009 at five tertiary hospitals in
South Korea were included. All patients were pathologically
confirmed to have FTC and were aged > 18 years. Hiirthle cell
carcinoma, poorly differentiated thyroid carcinoma (PDTC)
was excluded in this study. The study protocol was approved by
the relevant Institutional Review Boards (Asan Medical Center,
2016-1301; Ulsan University Hospital, 2016-12-031; Pusan Na-
tional University Hospital, 1701-014-051; Chonnam National
University Hwasun Hospital, CNUHH-2017-053, and Chun-
gnam National University Hospital, CNUH 2017-01-018). The
need for informed consent was waived owing to the retrospec-
tive design of the study.

Definitions

All patients were classified according to the WHO-2004 and
WHO-2017. In WHO-2004, MI-FTCs have limited capsular or
vascular invasion, whereas WI-FTCs have widespread infiltra-
tion into adjacent thyroid tissue and/or blood vessels [5]. The
WHO-2017 further classified patients who were categorized as
having MI-FTC according to WHO-2014 into two groups based
on the presence of angioinvasion—MI-FTC (capsular invasion
only) and EA-FTC [4]. Recurrence was defined as the appear-
ance of pathologically proven malignant tissue and/or the ap-
pearance of metastatic lesions. DFS was defined as the time
from the date of surgery until recurrence. DSS was defined as
the time from the date of surgery until last censoring or death
from FTC.

Pathological evaluation

FTC was diagnosed by the pathologists from each center. The
pathologists exam all tumor capsule and check the capsular in-
vasion closely through the deeper section, additionally. There-
fore, the possibility of borderline tumor category was not in-
clude in this study [17]. PDTC was exclude in this study ac-
cording to the Turin criteria [18]. We also reviewed the patholo-
gy slides of the patients with cervical LN metastasis of FTC to
exclude possibility of misdiagnosis such as follicular variant
PTC.
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Treatment and follow-up protocol

During the study period, there were no significant changes in
the treatment and follow-up strategy for patients with FTC in
South Korea [19-22]. After initial thyroid surgery, patients were
regularly followed up every 6 to 12 months and underwent
physical examination, thyroid function test, serum thyroglobu-
lin (Tg) measurement, anti-Tg antibody measurement, and neck
ultrasonography. Additional diagnostic imaging studies, such as
computed tomography, magnetic resonance imaging, or 18F-
fluorodeoxyglucose-positron emission tomography were per-
formed as needed.

Statistical analysis

Statistical analyses were performed using the R program ver-
sion 3.5.1 (R Foundation for Statistical Computing, Vienna,
Austria; http://www.R-project.org), and survival curves were
constructed using Graph Pad Prism version 5.0 (GraphPad Soft-
ware, SanDiego, CA, USA; http://www.graphpad.com). Con-
tinuous variables are presented as mean=+standard deviation,
and categorical variables are presented as numbers (percentag-
es). Survival curves were plotted using the Kaplan-Meier meth-
od, and the log-rank test was used to determine survival signifi-
cance. The relative risks for DFS and DSS were evaluated using
the Cox proportional hazards model and presented as hazard ra-
tios (HRs), 95% confidence intervals (Cls), and P values. The
Cox proportional hazard model was used to analyze the prog-
nostic factors associated with DFS and DSS. Backward elimi-
nation method was used for the multivariate analysis. The pro-
portion of variation explained (PVE) and Harrell’s C-index
were calculated to compare the relative validity for predicting
DEFS and DSS of each pathological classification [23]. The PVE
(%) ranges from 0 to 100, where a larger number indicates a
more accurate predictive model for discriminating the outcome.
A model with perfect predictive capacity (sensitivity and speci-
ficity of 100%) would have a Harrell’s C-index of 1.00. A mod-
el exhibiting a higher value of the PVE or Harrell’s C-index was
considered to exhibit a more accurate predictive capacity. All P
values were two-sided, and a P value of <0.05 was considered
statistically significant.

RESULTS

Baseline characteristics

The baseline clinical and pathological characteristics of the 318
patients with FTC are listed in Table 1. The mean age at initial
diagnosis of FTC was 46.4%13.7 years, of the total patients,
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Table 1. Baseline Characteristics of Patients with Follicular
Thyroid Carcinoma
Characteristic Value
Number 318
Age, yr 46.41+13.7
Male sex 67 (21.1)
Primary tumor size, cm 3542.0
Extra-thyroidal extension

Microscopic 51(16.0)

Gross 8(2.5)
Vascular invasion

Limited vascular invasion (<4 foci) 89 (28.0)

Extensive vascular invasion (=4 foci ) 2(0.6)
WHO classification

Minimally invasive 227(71.4)

Encapsulated angioinvasive 58(18.2)

Widely invasive 33(10.4)
Cervical LN metastasis

Nla 8(2.5)

NI1b 2(0.6)
Distant metastasis 30(9.4)
Total thyroidectomy 226 (71.1)
Radioiodine ablation 187 (58.8)
Values are expressed as mean+ standard deviation or number (%).
WHO, World Health Organization; LN, lymph node.

21.1% were males. The mean size of the primary tumor was
3.5£2.0 cm, and microscopic ETE and gross ETE were found
in 51 (16.0%) and eight (2.5%) patients, respectively. There was
no incomplete resection in all eight patients with gross ETE.
Vascular invasion was found in 91 patients (28.6%), the majori-
ty of which were limited vascular invasion <4 foci. At diagno-
sis, 10 (3.1%) patients had cervical LN metastasis. Of total 318
patients, 30 (9.4%) patients had distant metastasis at initial diag-
nosis, and newly developed distant metastasis was found in nine
patients during the follow-up. Of the 39 patients with distant
metastasis, 22 (56.4%) cases were proved by pathology, and 17
(43.6%) cases were found on image studies. Approximately
71% of patients (n=226) underwent total thyroidectomy, and
59% of patients (n=187) received radioiodine ablation therapy.
During a median follow-up of 10.6 years, 46 (14.5%) patients
had recurrent disease and there were 20 (6.3%) disease-specific
deaths.

Copyright © 2020 Korean Endocrine Society
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DFS according to the WHO classifications, degrees of
ETE, and vascular invasion

First, we evaluated the DFS in patients with FTC according to
WHO-2004 (Fig. 1A) and WHO-2017 (Fig. 1B). Using WHO-
2004, the 10-year DFS rates for MI- and WI-FTC were 88.5%
and 54.9%, respectively (P<0.001) (Table 2). Using WHO-
2017, 227 (79.6%) and 58 (20.4%) patients among those who
were classified as having MI-FTC according to WHO-2004 were
categorized as having MI- and EA-FTC, respectively. The 10-
year DFS rates for patients with MI-, EA-, and WI-FTC were
91.1%, 78.2%, and 54.9%, respectively (P<0.001). The PVE
value was 5.4% and 7.1% using WHO-2004 and WHO-2017,
respectively. The Harrell’s C-index was also higher using WHO-
2017 than using WHO-2004 (0.649 vs. 0.391). These findings
suggest that WHO-2017 is more useful for predicting DFS in pa-
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tients with FTC.

We also evaluated the DFS according to the degree of ETE
and the presence of vascular invasion (Fig. 1C, D). There was a
significant difference in DFS according to the degree of ETE in
patients with FTC (P<0.001) (Fig. 1C). The 10-year DFS rates
were 87.8%, 77.7%, and 38.9% in patients with no ETE, micro-
scopic ETE, and gross ETE, respectively (PVE=4.3%, C-in-
dex=0.612) (Table 2). Patients with microscopic and gross ETE
had poorer DFS than those with no ETE (P=0.01 and P<0.001,
respectively), and the presence of vascular invasion was signifi-
cantly associated with poorer DFS (P<0.001) (Fig. 1D). The
10-year DFS was 91.1% and 69.9% in patients with and without
vascular invasion, respectively (PVE=5.7%, C-index=0.351).
The PVE and the C-index values were the highest using WHO-
2017 for the prediction of DFS in patients with FTC.
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Fig. 1. (A) Disease-free survival curves according to World Health Organization (WHO)-2004. (B) Disease-free survival curves according
to WHO-2017. (C) Disease-free survival curves according to the degree of extrathyroidal extension (ETE). (D) Disease-free survival curves

according to the presence of vascular invasion.
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Table 2. Relative Risk of DFS and Predictive Capacity According to the Pathological Classifications for Patients with Follicular Thyroid
Carcinoma
Variable No. (%) mﬁ N [/)FS HR 95% CI P value PVE, % 1(11:]11:
WHO-2004 54 0.391
Minimally invasive 285 (89.6) 88.5 1.0 Reference
Widely invasive 33(10.4) 54.9 4.6 2.5-8.7 <0.001
WHO-2017 7.1 0.649
Minimally invasive 227 (71.4) 91.1 1.0 Reference
Encapsulated angioinvasive 58(18.2) 78.2 2.5 1.2-5.1 0.01
Widely invasive 33(10.4) 54.9 6.0 3.0-11.8 <0.001
ETE 43 0.612
No ETE 259 (81.4) 87.8 1.0 Reference
Micro ETE 51(16.0) 77.7 25 1.3-4.8 0.007
Gross ETE 8(2.5) 38.9 7.6 2.6-21.7 <0.001
Vascular invasion 5.7 0.351
No vascular invasion 227 (71.4) 91.1 1.0 Reference
Vascular invasion 91 (28.6) 69.9 3.6 2.0-6.5 <0.001
DFS, disease-free survival; HR, hazard ratio; CI, confidence interval; PVE, proportion of variation explained; WHO, World Health Organization; ETE,
extrathyroidal extension.

DSS according to the WHO classifications, degrees of
ETE, and vascular invasion

We evaluated the DSS in FTC patients according to the WHO-
2004 (Fig. 2A) and WHO-2017 (Fig. 2B). Using WHO-2004,
the 10-year DSS rates were 95.4% and 73.5% in patients with
MI- and WI-FTC, respectively (P<0.001) (Table 3). Using
WHO-2017, the 10-year DSS rates were 95.9%, 93.5%, and
73.5% in patients with MI-, EA-, and WI-FTC, respectively
(P<0.001). There was no significant difference in DSS between
patients with MI-FTC and those with EA-FTC (P=0.54). Only
patients with WI-FTC had significantly poorer DSS than those
with MI-FTC (P<0.001) using WHO-2017. The PVE value
was the same using WHO-2004 and WHO-2017 (2.6%). The C-
index was 0.366 and 0.624 using WHO-2004 and WHO-2017,
respectively (Table 3).

The degree of ETE was significantly associated with DSS in
patients with FTC (P<0.001) (Fig. 2C). Patients with micro-
scopic ETE and gross ETE had significantly poorer DSS than
those with no ETE (P=0.01 and P<0.001, respectively). The
PVE and C-index was 4.9% and 0.661 according to the degree
of ETE for the prediction of DSS in patients with FTC (Table 3).
The presence of vascular invasion was also associated with DSS
in patients with FTC (P=0.03) (Fig. 2D). Of the four pathologi-
cal classifications, the degree of ETE had the highest PVE and

627 www.e-enm.org

Harrell’s C-index for the prediction of DSS.

Clinicopathological features associated with DFS and DSS
Univariate and multivariate analyses were performed to identify
the prognostic factors associated with DFS and DSS in patients
with FTC (Tables 4, 5). In multivariate analysis, older age (=55
years; HR, 4.9; 95% CI, 2.6 to 9.4; P<0.001), gross ETE (HR,
4.6; 95% CI, 1.5 to 13.7; P=0.01), EA-FTC (HR, 2.5; 95% CI,
1.2 to 5.1; P=0.01), WI-FTC (HR, 2.2; 95% CI, 1.0 to 5.0; P=
0.05), and LN metastasis (HR, 2.9; 95% CI, 1.0 to 7.9; P=0.04)
were significantly associated with DFS (Table 4). Larger tumor
size (>4 cm) was associated with univariate analysis, but it was
not remained as independent risk factor in multivariate analysis.
Older age (=55 years; HR, 1.3; 95% CI, 1.1 to 11.8; P=0.03),
gross ETE (HR, 9.3; 95% CI, 2.2 to 39.9; P=0.002) and distant
metastasis (HR, 30.0; 95% CI, 9.1 to 98.3; P<0.001) were inde-
pendent prognostic factors for DSS in patients with FTC (Table
5). WI-FTC and LN metastasis were associated with DSS only
in univariate analysis, but not in the multivariate analysis.

DISCUSSION

In this retrospective multicenter cohort study, we evaluated the
prognostic value of WHO-2017 and independent prognostic

Copyright © 2020 Korean Endocrine Society
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Fig. 2. (A) Disease-specific survival curves according to World Health Organization (WHO)-2004. (B) Disease-specific survival curves ac-
cording to WHO-2017. (C) Disease-specific survival curves according to the degree of extrathyroidal extension (ETE). (D) Disease-specific

curves according to the presence of vascular invasion.

factors associated with DFS and DSS in 318 patients with FTC.
After adapting WHO-2017, 79.6% and 20.4% patients who
were classified as having MI-FTC based on WHO-2004 were
categorized as having MI-FTC and EA-FTC, respectively. Us-
ing WHO-2017, patients with EA- and WI-FTC had signifi-
cantly poorer DFS than those with MI-FTC, and there was sig-
nificant difference in the DFS curves among groups. Comparing
WHO-2004 and WHO-2017, the PVE and C-index were in-
creased from 5.4% to 7.1% and 0.391 to 0.649, respectively.
However, there was no significant difference in DSS between
patients with MI- and EA-FTC. Only patients with WI-FTC had
significantly poorer DSS than those with MI-FTC. The PVE
value was 2.6% using both WHO-2004 and WHO-2017. Inde-
pendent risk factors associated with shorter DFS were older age,
gross ETE, EA- and WI-FTC, and presence of LN metastasis.

Copyright © 2020 Korean Endocrine Society

In terms of DSS, older age, gross ETE, and distant metastasis
were significantly associated with shorter DSS. To the best of
our knowledge, this is the first large multicenter cohort study
evaluating the prognostic value of WHO-2017 in an iodine-suf-
ficient area in South Korea.

In WHO-2017, the extent of invasiveness and the presence of
vascular invasion are important factors in classifying patients
with FTC [4]. In a previous retrospective study, including 132
patients with FTC, patients with MI-FTC (capsular invasion
only) had a slightly better 5-year survival rate (98%) than pa-
tients who had angioinvasion with or without capsular invasion
(80%) and WI-FTC (38%) [24]. A prospective study by O’Neill
et al. [7] evaluated 124 patients with FTC over a median follow-
up of 40 months and reported a significant difference in DFS
between the MI-FTC, EA-FTC, and WI-FTC groups. Based on
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Table 3. Relative Risk of DSS and Predictive Capacity According to the Pathological Classifications for Patients with Follicular Thyroid
Carcinoma
Variable No. (%) mlzzf BOSS HR 95% CI Pvalue PVE, % 1(11:1312;
WHO-2004 2.6 0.366
Minimally invasive 285 (89.6) 95.4 1.0 Reference
Widely invasive 33(10.4) 73.5 5.1 2.0-13.6 <0.001
WHO-2017 2.6 0.624
Minimally invasive 227(71.4) 95.9 1.0 Reference
Encapsulated angioinvasive 58 (18.2) 93.5 1.4 0.4-4.6 0.54
Widely invasive 33(10.4) 73.5 5.6 2.1-15.6 <0.001
ETE 49 0.661
No ETE 259 (81.4) 96.0 1.0 Reference
Micro ETE 51(16.0) 88.0 39 1.5-10.4 0.01
Gross ETE 8(2.5) 40.0 19.9 5.3-75.0 <0.001
Vascular invasion 1.4 0.376
No vascular invasion 227 (71.4) 95.9 1.0 Reference
Vascular invasion 91 (28.6) 87.2 2.6 1.1-6.2 0.03
DSS, disease-specific survival; HR, hazard ratio; CI, confidence interval; PVE, proportion of variation explained; WHO, World Health Organization;
ETE, extrathyroidal extension.

Table 4. Clinicopathological Features Associated with Disease-Free Survival in Patients with Follicular Thyroid Carcinoma

—_—— Univariate Multivariate
HR (95% CI) P value HR (95% CI) Pvalue

Older age (=55 yr) 6.3 (3.4-11.5) <0.001 49(2.694) <0.001
Male sex 1.2 (0.6-2.3) 0.67
Larger size (>4 cm) 2.1(1.2-3.8) 0.012
ETE (ref. no ETE)

Micro ETE 2.5(1.3-4.8) 0.007 1.4 (0.7-2.8) 0.34

Gross ETE 7.6 (2.6-21.7) <0.001 4.6 (1.5-13.7) 0.01
WHO classification (ref. minimally invasive)

Encapsulated angioinvasive 2.5(1.2-5.1) 0.012 2.5(1.2-5.1) 0.01

Widely invasive 6.0 (3.0-11.8) <0.001 2.2(1.0-5.0) 0.05
LN metastasis 6.8 (2.9-16.3) <0.001 2.9 (1.0-7.9) 0.04

HR, hazard ratio; CI, confidence interval; ETE, extrathyroidal extension; WHO, World Health Organization; LN, lymph node.

these findings, these pathological classifications were adopted
in WHO-2017 to provide more realistic information for the
prognosis of patients with FTC [8]. In our study, the 10-year
DEFS rate of patients with MI-FTC was significantly lower than
that of patients with EA-FTC. Considering the higher PVE and
C-index values for DFS, WHO-2017 improves the predictabili-
ty for recurrence compared to WHO-2004, although WHO-
2017 fails to show better predictability for DSS. Further studies
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are needed to evaluate the prognostic value of WHO-2017 in
patients with FTC.

In our study, multivariate analysis showed that gross ETE was
an independent prognostic factor for both DFS and DSS in pa-
tients with FTC. In addition, the recurrence was increased
7-fold (HR, 7.6; 95% CI, 2.6 to 21.7) and disease-specific death
was increased 19-fold (HR, 19.9; 95% CI, 5.3 to 75.0) in pa-
tients with gross ETE compared to patients with no ETE. To

Copyright © 2020 Korean Endocrine Society
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Table 5. Clinicopathological Features Associated with Disease-Specific Survival in Patients with Follicular Thyroid Carcinoma
Variable Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

Older age (=55 yr) 9.6 (3.5-26.4) <0.001 1.3 (1.1-11.8) 0.03
Male sex 1.0 (0.3-3.1) 0.95
Larger size (>4 cm) 2.2(0.9-5.3) 0.08
ETE (ref. no ETE)

Micro ETE 3.9(1.5-10.4) 0.006 1.0 (0.4-2.9) 0.94

Gross ETE 19.9 (5.3-75.0) <0.001 9.3 (2.2-39.9) 0.002
WHO classification (ref. minimally invasive)

Encapsulated angioinvasive 1.4 (0.5-4.6) 0.55

Widely invasive 5.6 (2.0-15.6) <0.001
LN metastasis 7.4 (1.7-32.7) 0.01
Distant metastasis 56.5 (18.8-169.9) <0.001 30.0 (9.1-98.3) <0.001
HR, hazard ratio; CI, confidence interval; ETE, extrathyroidal extension; WHO, World Health Organization; LN, lymph node.

date, limited studies have focused on the degree of gross ETE in
patients with FTC. Some previous studies have evaluated ETE
as the prognostic factor in patients with DTC, including FTC,
but the majority of the cases were PTC. Furthermore, other
studies have evaluated ETE in patients with FTC, but the ETE
generally included both microscopic and gross ETE [14,15,24-
27]. In a previous study, including 558 patients with DTC, ETE
was observed in 4.9% of 81 patients with FTC and was consid-
ered as an independent risk factor in predicting DFS in patients
with FTC [27]. In a retrospective cohort study including 438
patients with FTC in South Korea, ETE was an independent risk
factor for distant metastasis, but not for recurrence [14]. How-
ever, these studies included both microscopic and gross ETE
when evaluating the prognosis [14,27]. In our study, gross ETE
was observed in 2.5% patients with FTC and was considered an
independent prognostic factor for predicting both recurrence
and disease-specific death. Conversely, microscopic ETE was
observed in 16.0% patients and was associated with DFS and
DSS in univariate analysis, but not in multivariate analysis.

In our study, distant metastasis at the time of diagnosis was an
important prognostic factor in patients with FTC, which is in
accordance with the result of previous studies [15,28]. It is gen-
erally accepted that distant metastasis rates are higher in FTC
than in PTC [11,12]. In our study, of the 318 patients, 30 (9.4%)
patients had distant metastasis at the time of diagnosis. Al-
though distant metastasis in FTC are not uniformly fatal, dis-
ease-specific death in FTC is rare without distant metastasis
[15]. Many investigators assume that the risk of distant metasta-
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sis increases with pathological progression from capsule inva-
sion alone to minimal vascular invasion (<4 blood vessels) to
WI with extensive vascular invasion (>4 blood vessels) or gross
ETE [15], which is consistent with the findings of our study. Of
the 30 patients with distant metastasis at diagnosis, 10 patients
had MI-FTC (10 of 227 patients, 4.4%), six patients had EA-
FTC (six of 58 patients, 10.3%), and 14 patients had WI-FTC
(14 of 33 patients, 42.4%). The proportion of patients with dis-
tant metastasis significantly increased according to WHO-2017
(P for trend <0.001). This direct association between WHO-
2017 and distant metastasis may explain the reason why WHO-
2017 was associated with DSS in univariate analysis, but not in
multivariate analysis.

This study has several limitations. First, this study had a retro-
spective design and involved a relatively small number of pa-
tients with FTC since the prevalence of FTC is relatively low in
iodine-sufficient areas. Second, there is a possibility of selection
bias because we included patients from five tertiary referral cen-
ters, and there may be some differences in follow-up and thera-
peutic strategies between the five centers. Third, centralized
pathological examination was not determined in this multicenter
study and we also did not excluded PDTC by the definition
based on mitosis and necrosis all the centers [29]. However, this
is the first multicenter cohort study to evaluate the prognostic
value of WHO-2017 in an iodine-sufficient area in South Korea.

In conclusion, WHO-2017 improves the predictability of DFS
in patients with FTC compared to WHO-2004. Older age, dis-
tant metastasis and gross ETE are independent prognostic fac-
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tors for predicting DSS in patients with FTC. These findings
suggest that WHO-2017, the presence of ETE, distant metasta-
sis and patients’ age should be considered while selecting the
follow-up and treatment strategies in patients with FTC.
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