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Background: Distant metastases from well-differentiated thyroid carcinoma (WDTC) occasionally occur
over a wide range of time intervals after primary thyroid surgery. The prognostic impact of the timing of
distant metastasis onset remains unclear.

Methods: We retrospectively reviewed the clinicopathologic features and clinical outcomes of 57 patients
with WDTC and distant metastases, and evaluated the mutational profiles of BRAF, RAS, and TERT
promoter genes. All patients underwent thyroidectomy and radioactive iodine (RAI) ablation using the same
treatment protocol. Synchronous distant metastases were defined as those detected within 12 months of
the primary WDTC diagnosis. Metachronous metastases were considered early- and late-onset diseases if
detected 1-5 and >5 years after the primary diagnosis, respectively.

Results: In all patients, the 5- and 10-year cancer-specific survival (CSS) rates after the diagnosis of
distant metastasis were 86% and 57%, respectively. Late-onset (>5 years) metachronous distant metastasis
was associated with age of >55 years (P=0.043) and patients refractory to RAI therapy (P=0.026). TERT
promoter mutations were associated with RAI refractivity (P=0.026). BRAF V600E and RAS mutations had
no prognostic significance. Bone metastasis (P=0.002) and the onset time of distant metastasis (P=0.004) were
associated with poor CSS. There was no significant difference in CSS between patients with synchronous
distant metastases and those with early-onset (1-5 years) metachronous distant metastases. In the multivariate
analysis, bone metastasis [hazard ratio (HR) =10.24; 95% confidence interval (CI): 1.25-83.74; P=0.030]
and late-onset (>5 years) metachronous distant metastasis (HR =5.20; 95% CIL: 1.01-26.63; P=0.048) were
independent predictors for worse CSS.

Conclusions: The prognosis of patients with WDTC was poorer for late metachronously detected
metastases than for synchronous or early metachronous metastases. Patients with distant metastasis occurring

5 years later after primary thyroid diagnosis should, therefore, be more carefully treated.
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Introduction

Well-differentiated thyroid carcinoma (WDTC),
comprising the majority of thyroid cancers, includes
papillary thyroid carcinoma (PTC) and follicular thyroid
carcinoma (FTC). Although thyroid cancer is generally
an indolent disease that has a much lower mortality rate
than other solid organ cancers (1), about 2,000 deaths from
thyroid cancer occur in the USA annually (The American
Cancer Society’s estimates for thyroid cancer in the United
States for 2020, www.cancer.org). Distant metastasis is the
leading cause of cancer-related death and occurs in 1-3% of
the WD'TC patients at the initial diagnosis and in 6-23%
of the cases during the follow-up period after surgery (1-4).
The pathologic parameters associated with the distant
metastasis are aggressive histologic variants, large tumor
size, lateral lymph node metastasis, and extensive vascular
invasion (1,5,6). The presence of TERT promoter mutations
is strongly associated with distant metastasis in patients with
WDTC (7-10).

WDTC may develop late-onset distant metastasis after
primary treatment, with some cases emerging several
decades later (5). The metachronous distant metastasis
of WDTC is usually defined as an occurrence of the
disease at distant organs later than 12 months after the
primary diagnosis (3,11). The prognostic significance of
the timing of the appearance of distant metastases remains
controversial. A previous study demonstrated that WDTC
patients with metachronous distant metastasis had a shorter
cancer-related survival time than those with synchronous
distant metastasis (3). However, the prognostic differences
according to the times to metastasis for distant organs
were not significant in other studies (11-13). While distant
metastases can occur decades after initial treatment, little is
known about the prognostic implication of a metachronous
distant metastasis occurring after a long latent interval
following the initial treatment of WDTC.

This study aimed to investigate the prognostic
significance of late-onset of distant metastasis and identify
the clinicopathological and molecular features for predicting
the prognosis of WDTC patients with distant metastasis.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx. doi.
org/10. 21037/gs-20-416).

Methods

This retrospective study was approved by the institutional

© Gland Surgery. All rights reserved.

Jung et al. Onset time of distant metastasis in thyroid cancer

review board of Seoul St. Mary’s Hospital of the Catholic
University of Korea (KC16SISI0709) and conducted in
accordance with the Declaration of Helsinki. Informed
consent was obtained from each patient included in the
study.

We retrospectively reviewed 57 WDTC patients with
distant metastases who were treated at Seoul St. Mary’s
Hospital between 2006 and 2019. The same data set was
used in our recent study (14), but clinical follow-up data
were updated as of March 2020.

All distant metastases were confirmed by pathologic
examination when available and imaging modalities,
including computed tomography, magnetic resonance
imaging, whole-body scans, and positron-emission
tomography. All patients underwent initial total
thyroidectomy or two-stage thyroidectomy (initial
lobectomy and subsequent completion thyroidectomy), and
then radioactive iodine (RAI) therapy once or several times
depending on the course of the disease. The pathologic
diagnosis of WDTC was as follows: 48 PTCs (26 classic,
11 tall cell, five follicular, two columnar cell, two diffuse
sclerosing, one solid, and one hobnail variant) and nine
FTCs (eight encapsulated angioinvasive and one minimally
invasive type). We excluded cases showing morphologic
evidence for tumoral transformation to poorly differentiated
and anaplastic carcinoma (e.g., high mitotic activity,
necrosis, solid/trabecular/insular growth pattern, or cellular
pleomorphism) in the primary or metastatic tumors.

Refractoriness to RAI therapy was defined as at least
one of the following four criteria (15): (I) the presence of
at least one distant lesion with no detectable RAI uptake,
(I) progressive disease despite previous RAI treatment and
confirmed uptake, (III) progressive disease within 1-year
after RAI therapy, and (IV) persistent disease after the
administration of a cumulative dose of RAI >600 mCi.

Thyroglobulin (Tg) doubling-time

Tg doubling time was calculated using serum Tg
levels measured under thyrotropin suppression (T'SH
<0.1 mIU/L) according to the log-slope method as
previously described (16). Twelve patients were excluded
due to presence of anti-Tg antibody (n=8) or less than four
data of serum Tg measurement under TSH suppression
(n=4). Zero time point was defined as the first Tg
measurement day after the detection of distant metastasis.
We used a Microsoft Excel-based doubling time calculator
offered by Kuma Hospital (www.kuma-h.or.jp).
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Figure 1 Frequency distribution (bars, left Y-axis) and cumulative
proportions (area, right Y-axis) of patients with WDTC according
to the onset time of distant metastasis. WDT'C, well-differentiated

thyroid carcinoma.

Molecular analysis

Genomic DNA was isolated from the paraffin-embedded
tumor tissue blocks of 36 primary thyroid tumor tissues
and 21 metastatic lesions. Sanger sequencing for the BRAF
(codon 600), three types of RAS [NRAS, HRAS, and KRAS
(codons 12, 13 and 61)] genes, and TERT promoter (124
and 146 bp upstream of the translation start site) was
performed as previously described (17-20).

Statistical analysis

The patients with distant metastasis were classified into
three groups according to the timing of its appearance
as synchronous (within 12 months from the primary
diagnosis of WDTC), early-onset metachronous (between
1 and 5 years after the initial diagnosis), and late-onset
metachronous (5 years or later after the initial thyroid
diagnosis).

The statistical significance of the categorical variables
was tested with a Chi-squared or Fisher’s exact test. The
cancer-specific survival (CSS) time was defined the survival
time in the absence of cancer-related death and calculated
from the onset of distant metastasis. The Kaplan-Meier
method was used to plot the CSS curves. Statistical
differences between the curves were tested by the log-
rank test. Cox proportional-hazards model was used to
analyze the multivariate-adjusted hazard ratios (HRs) and
95% confidence intervals (Cls) of the predictive variables
in terms of CSS. Statistical analyses were performed using
SPSS (version 21.0, IBM Corp, Armonk, NY, USA).
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Survival curves were generated using GraphPad Prism
(version 6.05, GraphPad Software, La Jolla, CA, USA).
P values of less than 0.05 were considered statistically
significant.

Results

The median age at the detection of distant metastasis was
59 (range, 14-77) years. Lung metastases (95%) and bone
metastases (33%) occurred most frequently. Of all 57
WDTC patients, 28 (49%) developed distant metastasis
as the initial manifestation or within 12 months after the
primary diagnosis. In 29 patients with metachronous distant
metastasis, the median time from the initial diagnosis
to the detection of distant metastasis was 32 months
and the maximum interval to the appearance of distant
metastasis was 32 years (Figure I). The clinicopathologic
characteristics of the 57 WDTC patients and the onset time
of distant metastasis are summarized in 7zble 1. The patients
with late-onset metachronous distant metastases (occurring
>5 years after initial diagnosis) were enriched in the older
age (P=0.043) and RAI-refractory groups (P=0.026).

The median follow-up of all patients after the diagnosis
of distant metastases was 48 (range, 3—143) months. Of 57
patients, 21 (40%) were refractory to RAI and nine (16%)
died of thyroid cancers during the follow-up, while no
deaths occurred in RAI-responsive patients. The 5- and
10-year CSS rates after the diagnosis of distant metastasis
were 86% and 57 %, respectively.

Tg doubling times were classified into three groups
according to the period: (I) negative value, (II) 0-3 years,
and (II) >3 years, as shown in Table 1 and Figure 2. There
was a significantly decreasing trend in rates of patients
with negative values of Tg doubling-time as increasing
in the time of appearance of distant metastasis (P=0.008)
(1able 1, Figure 2). De novo anti-Tg antibodies occurred in
eight patients who were initially negative for the anti-Tg
antibodies. Cancer-specific death rate was higher in patients
with anti-Tg antibodies (50%, 4/8) than those without the
antibodies (10%, 5/49) (P=0.016, Figure 2).

On univariate analysis, bone metastasis (P=0.002),
RAI refractivity (P=0.001), and the onset time of distant
metastasis (P=0.004, Figure 3) were significantly associated
with worse CSS (Table 2). There was no difference in the
CSS rates between the patients with synchronous and early-
onset (1-5 years) metachronous distant metastases. An
age of >55 years at the diagnosis of distant metastasis also
showed worse CSS but it was not statistically significant
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Table 1 Clinicopathologic and molecular features of WDTC patients according to the timing of appearance of distant metastases

Metachronous (1-5 years),

Metachronous (=5 years),

Characteristics Synchronous, (n=28) (n=18) (n=11) P value
Age at distant metastasis, n [%] 0.043
<b5 years 9[32] 11 [61] 2[18]
>55 years 19 [68] 7 [39] 9[82]
Sex, n [%] 0.222
Female 20 [71] 11 [61] 10 [90]
Male 8 [29] 7 [39] 1[9]
Diagnosis, n [%] 0.539
Papillary carcinoma 22 [79] 17 [94] 9 [82]
Follicular carcinoma 6 [21] 11[6] 2[18]
Lateral lymph node metastasis, n [%] 14 [50] 14 [78] 6 [55] 0.160
Distant metastasis, n [%]
Lung 27 [96] 18 [100] 9[82] 0.108
Bone 9[32] 4[22] 6 [55] 0.197
Other 3[11] 2 [11] 11[9] 0.907
RAl-refractory, n [%] 11 [39] 4[22] 8[73] 0.026
Disease-specific death, n [%] 414] 1[6] 4[36] 0.100
Molecular testing, n [%]
BRAF V600E 13 [46] 11 [61] 7 [64] 0.491
RAS mutation 8 [29] 11[6] 11[9] 0.072
TERT promoter mutation 11 [39] 8 [44] 8 [73] 0.163
Tg doubling-time, n [%)]
Negative value 8 [29] 11[6] 0 0.008
0-3 years 10 [36] 9 [50] 6 [55] 0.400
>3 years 3[11] 6 [33] 2[18] 0.319
Anti-Tg Ab positive 5[18] 2 [11] 11[9] 0.429
Less than 4 measurements 2[7] 0 2[18]

WDTC, well-differentiated thyroid carcinoma; RAI, radioactive iodine; Tg, thyroglobulin; Ab, antibody.

(P=0.055). The presence of TERT promoter mutations was
significantly associated with RAI refractivity (P=0.026) but
was not related to CSS (P=0.435). The BRAF V600E and
RAS mutations had no prognostic significance in WDTC
patients with distant metastases. The presence of concurrent
mutations in the TERT promoter and BRAF or RAS genes
was not associated with CSS (P=0.474).

In the multivariate analysis, bone metastasis (HR =10.24;
95% CI: 1.25-83.74; P=0.030) and late-onset (=5 years)
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metachronous distant metastasis (HR =5.20; 95% CI:
1.01-26.63; P=0.048) remained as independent negative
predictors for CSS (Table 2).

We further analyzed the mutational profiles of matched
primary and metastatic tumor samples in six patients. The
BRAF V600E and RAS mutations were found in three and
two primary thyroid tumors, respectively, and retained in
the matched metastasis. In two cases, the TERT promoter
mutations were not found in primary thyroid tumors, but
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were present in their matched metastases. In three cases, the
TERT promoter mutations were identified in both primary
and matched metastatic tumors.

Discussion

The mortality of WDTC patients is strongly related
to old age and distant metastasis. Previous studies have
shown that the survival of patients with thyroid cancer
may be associated with the onset time of distant metastasis
(3,4,11,21). However, the results are controversial, and
there have been no studies focusing on further categorizing
patients with metachronous distant metastases based on the

© Gland Surgery. All rights reserved.

onset time of distant metastases. In the current study, we
showed that patients developing late-onset (=5 years) distant
metastasis after a primary thyroid diagnosis had shorter
survival times than those developing distant metastasis
initially or within 5 years after primary thyroid surgery.

WDTC can dedifferentiate to poorly differentiated and
anaplastic thyroid cancer via the acquisition of additional
mutations and epigenetic alterations (22-24). WDTC can
also behave aggressively without any components of high-
grade or dedifferentiated histologic features (22). Patient age
is an important prognostic factor for CSS in WDTC (25).
Mutation frequency and density in PTC increases with
the age of the patients (26). TERT promoter mutations are
more frequently found in WDTC patients of older age
and associated with distant metastasis, advanced cancer
stage, and cancer-specific mortality (24,27). In our study,
patients with late-onset (=5 years) metachronous distant
metastases were older and had a higher rate of TERT
promoter mutations (73% vs. 41%) at the diagnosis of
metastatic cancer than those with synchronous or early-
onset metachronous distant metastases. These findings may
be associated with worse clinical outcomes of patients with
late-onset (=5 years) metachronous distant metastasis.

The independent prognostic factors for survival in
patients with WDTC include age at diagnosis, tumor-
node-metastasis (I'NM) staging, and TERT promoter
mutations (9,28-30). Previous studies have shown that
concurrent TERT promoter and BRAF or RAS mutations
had synergistic effects on the worse clinical outcomes of
the patients with WDTC (8,9,27,29,31). In contrast with
previous studies, we only enrolled patients who developed
distant metastasis. TERT promoter mutations were
predictive of RAI refractivity but was not related to CSS in
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Table 2 Prognostic factors for CSS in WDT'C patients with distant metastasis

Characteristics

Univariate analysis

Multivariate analysis

5-year CSS, % 10-year CSS, % P value HR (95% ClI) P value

Age at distant metastasis 0.055

<55 years (n=22) 92 92 Reference

>55 years (n=35) 88 36 1.54 (0.15-15.50) 0.714
Sex 0.333

Female (n=41) 100 68

Male (n=16) 70 35
Diagnosis 0.094

Papillary carcinoma (n=48) 92 62 Reference

Follicular carcinoma (n=9) 100 33 0.95 (0.17-5.26) 0.950
Lateral lymph node metastasis 0.142

Absent (n=23) 89 44

Present (n=34) 90 68
Bone metastasis 0.002

Absent (n=37) 100 90 Reference

Present (n=19) 75 28 10.24 (1.25-83.74) 0.030
RAI 0.001 NAT

Responsive (n=34) 100 100

Refractory (n=23) 80 28
Onset time of distant metastasis 0.004

Synchronous (n=28) 86 61 Reference

Metachronous (1-5 years) (n=18) 100 80 Reference

Metachronous (=5 years) (n=11) 80 20 5.20 (1.01-26.63) 0.048
Tg doubling time* 0.008

0-3 years (n=25) 80 49

Other (n=20) 100 100
De novo anti-Tg antibody 0.088

Absent (n=49) 91 75

Present (n=8) 83 22
BRAF V600E 0.827

Absent (n=26) 92 65

Present (n=31) 87 48
RAS mutation 0.208

Absent (n=47) 87 64

Present (n=10) 100 40

Table 2 (continued)
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Univariate analysis

Multivariate analysis

Characteristics

5-year CSS, % 10-year CSS, % P value HR (95% Cl) P value
TERT promoter mutation 0.435
Absent (n=30) 92 73
Present (n=27) 87 51
Coexistent mutations 0.474
TERT promoter + (BRAF or RAS) (n=22) 83 49
Other (n=35) 94 72

T, cancer-specific death has not happened to RAI-responsive patients; ¥, we excluded 12 patients with anti-Tg antibodies (n=8) or less
than four data of serum Tg under TSH suppression (n=4). WDTC, well-differentiated thyroid carcinoma; CSS, cancer-specific survival; HR,
hazard ratio; Cl, confidence interval; RAI, radioactive iodine; NA, not available; Tg, thyroglobulin.

patients with distant metastasis. Therefore, further studies
are needed to evaluate whether TERT promoter mutations
are predictive of cancer mortality in patients with WDTC
and distant metastasis.

Most patients with thyroid cancer present with localized
(confined to the thyroid) or regional (spread to regional
lymph nodes) disease. According to the Surveillance,
Epidemiology, and End Results (SEER) Cancer Statistics
Review from 1975 through 2017 in the USA, the 5-year
conditional relative survival rates for localized and
regional thyroid cancer at the time of diagnosis are 99.9%
and 97.8%, respectively, but fall to 54.8% when distant
metastasis is present at diagnosis (32). In our study, the
5-and 10-year CSS rates for WDTC with synchronous
distant metastasis were 86% and 61%. The results are
consistent with a recent multicenter study performed in
Korea, wherein the 5- and 10-year CSS rates for patients
with WDTC and initial distant metastasis were 85% and
68% (33). The difference in the survival rates between the
Korean and American populations may be explained by
differences in the study population (e.g., age, race, ethnicity,
or pathology), cancer detection times (early diagnosis of
WDTC in Korea), and therapeutic modalities including
RAI and multitargeted kinase inhibitors.

Serum Tg doubling time was initially introduced to
predict the cancer progression and prognosis of patients
with differentiated thyroid cancers (DTC) (16,34).
However, a recent study showed that the Tg doubling
time of DTC patients with distant metastasis was not
statistically associated with cancer progression (35). In
our study, negative values of Tg doubling time were
found predominantly in patients with synchronous distant

© Gland Surgery. All rights reserved.

metastasis. However, positive values of Tg doubling time
were not significantly different among the three groups
according to the onset time of distant metastasis. As anti-
Tg antibodies interfere with the serum Tg measurement by
immunoassay, T'g doubling time should not be calculated
in patients with anti-T'g antibodies. In the present study,
we found the de novo development of anti-Tg antibodies in
14% of patients. De novo anti-T'g antibody positivity was
marginally associated with CSS (7able 2). In a recent study
using a large North American DTC registry, de novo anti-T'g
antibody detection after initial treatment was not associated
with structural recurrence (36). However, other previous
studies reported the association of anti-Tg antibody
positivity with the cancer progression or prognosis of DTC
patients after initial treatment (35,37). Therefore, further
studies are required to determine the clinical significance
of Tg doubling time and anti-Tg antibody positivity in the
follow up of DT'C patients with distant metastasis.

Bone is the second-most common site of distant
metastasis from thyroid cancer after the lungs (2-
4,11,21,38,39). Bone metastases were associated with worse
prognosis in thyroid cancer than lung metastases in many
previous studies (2-4,11,21,38,39). Our results also showed
that bone metastasis was an independent prognostic factor
for the CSS of patients with WDTC.

Our study had several inevitable limitations including
the retrospective study design. First, the number of
study subjects was too small to permit further analysis in
subgroups. Further large-scale studies should be done to
validate our results. Second, variable follow-up periods in
our study might have caused imprecision and bias because
subjects lost to follow-up are inevitable in most cohort
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studies. To overcome the inherent limitation, we double-
checked our mortality data by comparing the data obtained
from the Korea Central Cancer Registry and the Korean
Statistical Information Service. Third, not all primary
thyroid tissues were available for molecular testing because
the old tissue blocks had poor quality DNA or were not
stored in the pathology files. These limitations may have
contributed to a bias that could have affected the study

outcomes.

Conclusions

Despite the relatively indolent nature of WDTC, we
observed a 10-year CSS rate of 57% in patients who
developed distant metastases. The clinical outcomes of
patients with WDTC may be affected by the onset time
of distant metastasis. Distant metastasis occurring 5 years
later after a primary thyroid diagnosis was an independent
predictor for poor CSS. The onset time of distant metastasis
could be considered as an indicator of the risk stratification
and prognosis of patients with WDTC. Further studies
should be performed to identify the predictors for a
certain subset of WDTC patients who will develop distant
metastases later in the course of the disease.
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