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Background/Aims: Follicular thyroid carcinoma (FTC) and Hurthle cell carci-
noma (HCC) of the thyroid are relatively uncommon thyroid malignancies in io-
dine-sufficient areas. In this study we evaluated the clinical behavior, prognostic
factors and treatment outcomes of FT'C and HCC in Korea.

Methods: This multicenter study included 483 patients with FTC and 8o patients
with HCC who underwent an initial surgery between 1995 and 2006 in one of the
four tertiary referral hospitals in Korea. We evaluated clinicopathological factors
associated with distant metastases and recurrence during a median of 6 years of
follow-up.

Results: HCC patients were significantly older (49 years vs. 43 years; p < 0.001) and
had more lymphovascular invasions (22% vs. 14%; p = 0.03) compared with FTC
patients. Distant metastases were confirmed in 40 patients (8%) in the FT'C group
and in two patients (3%) in the HCC group (p = 0.07). Distant metastases were
significantly associated with older age, widely invasive cancer and extrathyroidal
invasion. Only 14 patients (3%) had recurrent disease and there was no significant
difference between FTC and HCC groups (p = 0.38). Recurrence was associated
with larger tumor size and cervical lymph node metastasis.

Conclusions: HCC patients were older and had more lymphovascular invasions
than FTC patients. However, FT'C and HCC patients had similar initial clinico-
pathological features. Older age, wide invasiveness and extrathyroidal invasion
were independent risk factors for predicting distant metastases in FT'C and HCC
patients.

Keywords: Follicular adenocarcinoma; Hurthle cell thyroid cancer; Distant me-
tastases; Prognosis; Iodine

INTRODUCTION

Follicular thyroid carcinoma (FTC) is the second most
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common type of thyroid cancer, accounting for 10%
to 15% of all thyroid malignancies [1,2]. FT'C is more
common in areas of iodine-deficient endemic goiter
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and more prevalent in African Americans than in
Asians or Caucasians [3]. Previously, FTC was consid-
ered a more aggressive type of cancer, as compared to
papillary thyroid cancer (PTC), because more distant
metastases occurred in FTC patients [4,5]. However,
the prognosis of FT'C and PTC patients is similar if
their age and initial cancer staging is similar [6,7].
Traditionally, FTC was classified as either widely or
minimally invasive [8]. The World Health Organi-
zation (WHO) has defined widely invasive FTC (WI-
FTC) as a tumor with widespread infiltration of blood
vessels and/or adjacent extrathyroid tissue and lacking
complete encapsulation [9]. Minimally invasive FTC
(MI-FTC) s a grossly encapsulated solitary tumor with
unequivocal vascular invasion and/or invasion that
penetrates the full thickness of the capsule [g]. Distant
metastases are common in patients with WI-FTC, but
rare in MI-FTC patients [10].

Hurthle cell carcinoma (HCC), also known as onco-
cytic or oxyphillic carcinoma is classified by the WHO
as a variant of FT'C [9,11]. However, recent genome-wide
analysis using mutation genotyping suggested that
HCC may be a unique thyroid cancer distinct from
PTC and FTC [12]. Hurthle cells (oxyphilic cells) are
large polygonal cells with distinct borders derived
from thyroid follicular epithelium and contain abun-
dant granular cytoplasm because of an excess of mito-
chondria and a large nucleus with a prominent nucleo-
lus [13]. HCC is defined as a thyroid cancer consisting
of at least 75% Hurthle cells and the presence of capsu-
lar and/or vascular invasion and can be classified into
a minimally or widely invasive type [9].

Data on clinicopathological features and clinical
outcomes in patients with FT'C or HCC in iodine-suf-
ficient areas are limited in Korea. In this multicenter
study we evaluated the clinical behavior and prognos-
tic characteristics of FT'C and HCC in Korea. We com-
pared initial pathological parameters and disease-free
survival (DFS) between the minimally invasive and
widely invasive cancers. We also described the preop-
erative cytological diagnosis using fine-needle aspira-
tion (FNA) in patients with FT'C or HCC.
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METHODS

Subjects

A total of 563 patients with the histological diagnosis
of FTC or HCC who underwent thyroid surgery at
one of the four major referral centers in Korea (Asan
Medical Center, Seoul National University Hospital,
Samsung Medical Center, and Chungnam National
University Hospital) between 1995 and 2006 were en-
rolled in the present study. Four hundred eighty-three
patients with FTC and 8o patients with HCC under-
went initial thyroid surgery during the study period.
The study protocol was approved by the Institutional
Review Board of the Asan Medical Center.

Clinicopathological parameters

The medical records of FT'C and HCC patients were
reviewed. The results of preoperative FNA cytology
(ENAC) were evaluated. The results were categorized
as benign, atypical cell, indeterminate, follicular neo-
plasm, Hurthle cell neoplasm, suggestive medullar
thyroid cancer, suggestive PTC, PTC, poorly differ-
entiated thyroid cancer (DTC), and nondiagnostic.
Demographic data, pathological findings (tumor size,
multifocality, lymphovascular invasion, extrathyroidal
extension, cervical lymph node [LN] metastasis), and
initial treatment modality were analyzed as poten-
tial prognostic factors. The distant metastasis in this
study was defined as presence of distant metastasis at
the time of initial therapy.

MI-FTC or HCC was defined as tumors with focal
capsular invasion only. WI-FTC or HCC included tu-
mors with angioinvasion or any extrathyroidal invasion.
Follow-up data regarding recurrences were obtained
from medical records at each center and recurrence was
defined as the reappearance of disease after initial ther-
apy, and confirmed by cytological or histological results.

Statistics

Continuous variables were expressed as means +
standard deviation values. Student t test was used for
comparison of parametric variables between groups.
Categorical variables were presented as numbers and
percentages and compared using chi-square or Fisher
exact test. The Kaplan-Meier method with the log-
rank test was used to compare DFS between groups.
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The Cox proportional hazard model and the backward
elimination method were used to analyze various
prognostic factors for distant metastasis and recur-
rence. p values were two-sided throughout and p values
less than o0.05 were considered statistically significant.
Data were analyzed using SPSS version 17.0 for Win-
dows (SPSS Inc., Chicago, IL, USA).

RESULTS

Clinicopathological characteristics

A total of 563 patients (93 males and 470 females; mean
age, 44 + 14 years) with FTC or HCC who underwent
thyroid surgery were identified by our study proto-
col. HCC patients were significantly older than FTC
patients (p < o.001). However, significant differences
in gender, tumor size and frequencies of multifocali-
ty, extrathyroidal invasion, or cervical LN metastasis
were not observed between FTC and HCC patients
(Table 1). HCC patients had more lymphovascular in-
vasions than FTC patients (p < 0.03) and the prevalence
of widely invasive cancer was similar between the FTC
and HCC groups (p = 0.79). A similar proportion of
patients in the two groups were treated with bilateral
thyroidectomy and I-131 remnant ablation.

KJIM™

Preoperative FNAC results

Cytological diagnosis after FNAC was available for the
majority of patients (Fig. 1). Among 483 patients with
FTC, 193 patients (40%) were diagnosed as follicular
neoplasm and 10 patients were diagnosed as Hurthle
cell neoplasm after FNAC (Fig. 1A). Sixty-five patients
(13.4%) underwent thyroid surgery after cytological
diagnosis of other types of thyroid cancer and their
pathological diagnosis was FTC. Among 8o patients
with HCC, the preoperative FNAC showed Hurthle cell
neoplasm in 34 patients (43%) and follicular neoplasm
in 11 patients (14%) (Fig. 1B). Nine of 8o patients (11%)
also underwent thyroid surgery after cytological diag-
nosis of other types of thyroid cancer. Approximately
41% of FTC patients and 33% of HCC patients had
non-malignant results such as atypical, indeterminate
and benign cells based on their preoperative FNAC.

Clinicopathological parameters associated with dis-
tant metastasis

Among 563 patients, 42 (7%) had distant metastases
as shown in Table 1. The difference in prevalence of
distant metastases between FTC and HCC patients
was marginally significant (p = 0.07). Older age, larger
tumor size, widely invasive disease, lymphovascular
invasion, extrathyroidal invasion, and cervical LN
metastasis were significantly associated with distant

Table 1. Clinicopathological characteristics of patients with follicular thyroid carcinoma and Hurthle cell carcinoma in Korea

Characteristic Total FTC HCC pvalue
No. of patients 503 483 8o -
Age, yr 44 14 43+14 49+14 <0.001
Gender, male/female 93/470 75/408 18/62 0.14
Tumor size, cm 3.5+£1.9 3.5+1.9 3.4+1.8 0.78
Widely invasive 154 (28) 131 (28) 23 (30) 0.79
Multifocality 62 (11) 54 (11) 8 (10) 0.85
Lymphovascular invasion 134 (24) 107 (22) 27 (34) 0.03
Extrathyroidal invasion 56 (10) 48 (10) 8 (10) 0.99
Lymph node metastasis 15(3) 15(3) 0 0.15
Distant metastasis 42 (7) 40 (8) 2(3) 0.07
Bilateral surgery 327 (58) 282 (58) 45 (56) 0.72
Remnant ablation 273 (49) 235 (49) 38(48) 0.90

Values are presented as number (%) or mean =+ SD.

FTGC, follicular thyroid carcinoma; HCC, Hurthle cell carcinoma.
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metastasis in FTC and HCC patients (Table 2). Dis-
tant metastases were found more in patients who un-
derwent bilateral thyroid surgery and I-131 remnant
ablation. However, older age, widely invasive disease,
extrathyroidal invasion and I-131 remnant ablation
showed independent association with distant metas-
tasis in our patients. We further analyzed the relative
risk of distant metastasis according to age groups (Ta-
ble 3). Distant metastasis and the 6o years and older
age group were significantly associated (odds ratio,
17.8; 95% confidence interval [CI], 4.8 to 66.5; p < 0.001).

193 (40%)

Follicular neoplasm
Hurthle cell neoplasm

PTC

10 2%)
15 (3%)

Suggestive PTC 44 (9%) 55%
Poorly differentiated 1(0%)
Suggestive MTC 5(1%) I

Atypical cell l
Indeterminate 70 (15%)
Benign 80 (17%)
45%
Nondiagnostic 14 (3%)
Unavaiable 21 (4%)
I T T T 1
0 50 100 150 200
No. of patients
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The other older age groups (50 to 60 years and 40 to
50 years) were also significantly associated with dis-
tant metastasis, as compared with younger age groups
(younger than 4o years) in multivariate analysis.

Clinicopathological parameters associated with re-
currence

Of'the 521 patients with FT'C or HCC who did not have
distant metastasis at the time of initial therapy, 14 pa-
tients (3%) had recurrent disease during a median of 6
years of follow-up. The DFS evaluation showed no sig-

Follicular neoplasm
Hurthle cell neoplasm 34 (43%)

PTC

Suggestive PTC 6 (8%) 67%

Poorly differentiated 1(1%)
Suggestive MTC 1(1%) I
Atypical cell 9 (11%) l
Indeterminate 6 (8%)
Benign 11 (14%) 33%
f T T T T
0 10 20 30 40

E No. of patients

Figure 1. Results of preoperative fine-needle aspiration cytology in patients with follicular thyroid carcinoma (A) and Hurthle
cell carcinoma (B). MTC, medullary thyroid carcinoma; PTC, papillary thyroid carcinoma.
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Figure 2. Disease-free survival (DFS) in follicular thyroid carcinoma (FTC) and Hurthle cell carcinoma (HCC) patients. (A)
Comparison of DFS between FTC and HCC patients. (B) DFS of widely invasive type and minimally invasive type in FTC
patients. (C) DFS of widely invasive type and minimally invasive type in HCC patients.
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nificant difference between FT'C and HCC groups (Fig.
2A). DFS was evaluated according to the presence of
widely invasive cancer. Recurrence was more apparent
in patients with WI-FT'C, as compared with MI-FTC,
although not significantly (p = 0.09) (Fig. 2B). DFS was
not different in patients with wildly invasive and min-
imally invasive HCC (Fig. 2C).

Larger tumor size, presence of lymphovascular inva-
sion, extrathyroidal invasion and LN metastasis were
significantly associated with recurrence based on uni-
variate analysis (p = 0.005, p = 0.03, p = 0.01, and p <
0.001, respectively) (Table 4). However, only tumor size
(hazard ratio [HR], 1.3; 95% CI, 1.1 to 1.6; p = 0.008) and
LN metastasis (HR, 29.4; 95% CI, 2.7 to 99.4; p < 0.001)
were independent risk factors for recurrence based on
multivariate analysis. As compared with the smallest

KJIM™

primary tumor size group (< 2 cm), the relative risk of
recurrence in the larger tumor size groups (2 to 3 cm, 3
to 4 cm, > 4 cm) was significantly greater based on
multivariate analysis (Table s).

DISCUSSION

In this study, we evaluated a total of 563 patients with
FTC or HCC. This is the first large multicenter co-
hort study in an iodine-sufficient area in Korea. HCC
patients were older and had more lymphovascular
invasions than FTC patients at the initial surgery.
However, FTC and HCC patients had similar initial
clinicopathological features. There was no significant
difference in distant metastasis and DFS between the

Table 2. Clinicopathological paramenters associated with distant metastases in follicular thyroid carcinoma and Hurthle cell

carcinoma

Univariate analysis

Multivariate analysis

OR (95% CI) pvalue OR (95% CI) pvalue
Age (per 1 year increase) 1.1 (1.1-1.1) <0.001 1.1 (1.1-1.1) <0.001
Male sex 0.5 (0.2-1.5) 0.21 - -
Size (per 1 cm increase) 13 (1.1-1.5) <0.001 - -
Widely invasive 6.2 (3.1-12.4) <0.001 3.0 (1.3-6.7) 0.008
Multifocality 1.4 (0.6-3.4) 0.48 - -
Lymphovascular invasion 3.6 (1.9-6.9) <0.001 - -
Extrathyroidal invasion 5.7 (2.8-11.7) <0.001 2.8 (1.1-6.9) 0.03
Lymph node metastasis 4.9 (1.5-16.1) 0.009 - -
Bilateral surgery 33.7 (4.6-246.8) 0.001 - -
Remnant ablation 15.9 (4.9-52.3) < 0.001 18.3 (4.2—80.5) < 0.001

OR, odds ratio; CI, confidence interval.

Table 3. Relative risk of distant metastases according to age group in follicular thyroid carcinoma and Hurthle cell carcinoma

patients
Unadjusted Adjusted?
Age, yr
OR (95% CI) pvalue OR (95% CI) pvalue

<40 1 1 -

> 40 and < 50 43 (1.1-16.6) 4.0 (1.1-16.1) 0.05
>s50and < 60 8.3(2.3-30.4) 0.001 5.2 (1.3—20.5) 0.02
> 60 23.1(6.7-80.3) <0.001 17.8 (4.8-66.5) <0.001

OR, odds ratio; CI, confidence interval.

“Multivariate analysis performed after adjustment for gender, tumor size, wide invasiveness and extrathyroidal invasion,

which were significantly associated with distant metastases in Table 2.
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Table 4. Clinicopathological parameters associated with recurrent disease in follicular thyroid carcinoma and Hurthle cell

carcinoma patients
Univariate Multivariate
HR (95% CI) pvalue HR (95% CI) pvalue
Age (per 1 year increase) 1.0 (1.0-1.1) 0.22 - -
Male sex 0.8 (0.2-3.6) 0.78 - -
Size (per 1 cm increase) 13 (1.1-1.6) 0.005 13 (1.1-1.6) 0.008
Widely invasive 2.1(0.7-6.1) 0.17 - -
Multifocality 0.7(0.2-3.0) 0.59 - -
Lymphovascular invasion 3.3(1.2-9.4) 0.03 - -
Extrathyroidal invasion 4.5(1.4-14.2) 0.01 - -
Lymph node metastasis 30.4(9.2-100.3) <0.001 29.4(8.7-99.4) <0.001
Bilateral surgery 1.9 (0.6-6.1) 0.27 - -
Remnant ablation 1.9 (0.6-5.5) 0.27 - -

HR, hazard ratio; CI, confidence interval

Table 5. Relative risk of recurrent disease according to the size of primary tumor in follicular thyroid carcinoma and Hurthle

cell carcinoma patients

. Unadjusted Adjusted?®
Tumor size, cm
HR (95% CI) p value HR (95% CI) pvalue
<2 1 - 1 -
>2and <3 43 (1.1-16.6) 0.03 4.0 (1.1-16.1) 0.05
>3and <4 8.3(2.3-30.4) 0.001 5.2 (1.3—20.5) 0.02
>4 23.1 (6.7-80.3) < 0.001 17.8 (4.8—66.5) <0.001

HR, hazard ratio; CI, confidence interval.

“Multivariate analysis performed after adjustment for lymphovascular invasion and lymph node metastasis, which were

significantly associated with distant metastases in Table 4.

two groups. Older age, widely invasive type and extra-
thyroid extension were independent risk factors for
distant metastasis in our study cohort. The relative
risk of distant metastasis was 17.8-fold in patients old-
er than 6o years, as compared with patients younger
than 4o years. Primary tumor size and the presence of
cervical LN metastasis were independent risk factors
for recurrent FT'C and HCC. There was no significant
difference in recurrent FTC or HCC between mini-
mally invasive and widely invasive types in our study
cohort.

FNAC is the main diagnostic modality for evaluat-
ing thyroid nodules due to its accuracy and cost-effec-
tiveness [14]. However, diagnosing FTC or HCC using
FNAC is difficult because the risk of malignancy after

330 www.kjim.org

the result of either follicular or Hurthle cell neoplasm
is only 15% to 25% [15-17]. Therefore, clinicians attempt
to determine diagnostic surgery according to clinical
factors other than FNAC results, such as tumor size,
the change in tumor size and patient age. In our study
cohort, approximately 45% and 33% of patients with
confirmed FTC and HCC, respectively, did not have
malignant FNAC results. Diagnostic or therapeutic
thyroidectomy was performed based on clinical deci-
sions in the majority of these patients. Currently, a di-
agnostic marker useful for diagnosis of FTC or HCC is
not available.

Previously, HCC was thought to have more aggres-
sive clinical features with multifocal tumors, LN me-
tastases and distant metastases compared with other
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DTCs [11,18,19]. In these studies, the frequency of dis-
tant metastases was 15% to 34% [11,18,19]. In a recent
and large study using the Surveillance, Epidemiology
and End Results (SEER) database, 3,311 patients with
HCC were older and had larger tumor size, higher
stage and higher disease-specific mortality, as com-
pared with patients with other DTCs [20]. In this
study, only 4.7% of patients had distant metastases [20].
In our study cohort, HCC patients were significantly
older and had more lymphvascular metastases than
FTC patients. However, the frequency of distant me-
tastases and DFS after the first treatment was similar.
Distant metastases were present in only 3% of our
HCC patients. The frequency of distant metastases
was lower in the recent large study and similar to our
series [20]. Possibly, thyroid cancer was detected earlier
in recent studies, contributing to the smaller number
of distant metastases, as compared to historical stud-
ies.

Age was an important survival prognostic factor in
the DT'C and TNM staging system that includes age as
a risk factor [9,10,19,21-23]. In a population-based
study, the mortality HR was 6.35 in DTC patients over
50 years of age, compared with younger patients [20].
Older age was an independent risk factor for distant
metastasis in our study cohort, which is in agreement
with a previous study. When deciding on an initial
therapeutic strategy for FT'C and HCC patients, age
should be considered as a risk factor.

The MI-FTC and WI-FTC categories defined by
WHO classification are generally accepted [9]. However,
definition of the capsular invasion extent varies be-
tween pathologists. D’Avanzo et al. [22] proposed that
MI-FTC should be categorized as FT'C with capsular
invasion only and moderately invasive FT'C should in-
clude angioinvasion with or without capsular invasion
to emphasize the prognostic importance of vascular in-
vasion. In our study cohort, lymphovascular invasion
was not a significant prognostic factor associated with
distant metastases or recurrent disease in multivariate
analysis and showed significance as a prognostic factor
only in the univariate analysis. Therefore, we analyzed
our study subjects within minimally invasive and wide-
ly invasive subclassifications. The extent of capsular
invasion was an important risk factor for distant me-
tastasis and survival in previous studies [18,19,21-24].

http://dx.doi.org/10.3904/kjim.2014.29.3.325
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In our study subjects, the widely invasive type of tu-
mor was an important risk factor for distant metasta-
ses in FTC and HCC patients. The extent of capsular
invasion was a marginally significant risk factor when
estimating the recurrence of FTC, even though our
median follow-up period was only 6 years. However,
therapeutic modalities such as bilateral thyroid sur-
gery and radioiodine ablation therapy could possibly
influence DFS between widely invasive and minimally
invasive tumors.

This study had several limitations. First, the patient
follow-up period after their initial treatment was rela-
tively short and was limited to evaluating cancer-spe-
cific survival in FTC and HCC patients. Second, this
retrospective study included patients from four tertia-
ry referral centers and, therefore, the possibility of se-
lection bias exists. Additionally, therapeutic strategies
between centers may vary. Third, the clinical impor-
tance of cervical LN metastasis in FT'C and HCC pa-
tients could be underestimated because we could not
classify Nx from No in this retrospective study. How-
ever, this is the first multicenter cohort study describ-
ing the clinical behaviors of FT'C and HCC in Korea.
Although HCC patients were older and had more lym-
phovascular invasions, clinicopathological features of
FTC and HCC were relatively comparable. The age of
patients, wide invasiveness and extrathyroidal inva-
sion were independent risk factors for predicting dis-
tant metastases in FTC and HCC patients in the pres-
ent study.

KEY MESSAGE

1. Hurthle cell carcinoma (HCC) patients were
older and had more lymphovascular invasions
than follicular thyroid carcinoma (FTC) pa-
tients.

2. Distant metastasis and recurrence were not
significantly different between FTC and HCC
patients.

3. The patient’s age, wide invasiveness and extra-
thyroidal invasion were independent risk fac-
tors for predicting distant metastases in FTC
and HCC patients.
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