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Treatment outcomes of differentiated thyroid cancer with
distant metastasis improve by tyrosine kinase inhibitors
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Abstract. In patients with distant metastasis, treatment for
differentiated thyroid cancer (DTC) includes complete total
thyroidectomy, followed by radioactive iodine (RAI) therapy
for metastatic lesions. Tyrosine kinase inhibitor (TKI) treat-
ment is the final treatment option for metastatic lesions, which
is incurable with surgery/RAI therapy. The present study
examined whether treatment outcomes for DTC in patients
with distant metastasis improved following TKI treatment.
This study included 147 patients (median age, 71; range,
33-91 years) who underwent surgery in our hospitals and were
diagnosed with distant metastasis. Disease progression was
observed in 70 patients, of whom 56 were treated with TKI
(TKI group); 14 refused TKI treatment or showed no treat-
ment indication [untreated (UT) group]. Disease progression
and treatment outcomes were assessed using imaging evalu-
ations. The present study investigated thyroglobulin doubling
time (Tg-DT) and Tg antibody presence/absence and their
relation to disease progression. Overall survival following
disease progression between the two groups was compared.
The study included 22 cases of sorafenib, 49 of lenvatinib,
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and 15 involving TKIs. The mean dosing period for sorafenib
was 153 days and for lenvatinib was 462 days. In the TKI
group, 16, 26, and 9 patients exhibited partial responses (PRs),
stable disease (SD), and progressive disease (PD), respectively,
whereas 5 patients were not evaluable. The disease control
rate (DCR) (PR+SD) was 75.0%. A total of 16 patients died in
the TKI group, whereas 10/14 patients in the UT group died.
Survival curves for the groups were significantly different.
TKI treatment improved the prognosis of patients with distant
metastasis and PD.

Introduction

Differentiated thyroid cancer (DTC) has a relatively good
prognosis, but distant metastasis can lead to death due to
progressive disease (PD) (1). The primary treatment strategy
for patients with DTC and distant metastasis is total thyroid-
ectomy and regional lymph node dissection, followed by
I-131 radioactive iodine (RAI) therapy. Patients that develop
distant metastasis after hemi-thyroidectomy typically undergo
total thyroidectomy followed by RAI therapy. Other standard
treatments include surgery, RAI therapy (2), and thyroid
hormone suppression therapy (1). External irradiation can
be performed to control pain due to bone metastases or local
recurrence lesions. Long-term survival with remnant tumors is
possible if local disease control is good; the 10-year survival
rate for patients with distant metastatic thyroid cancer ranges
from 26-60% (3-5). However, activities of daily living may
decline due to bone or pulmonary metastasis.

According to the American Thyroid Association (6) and
the Union for International Cancer Control guidelines (7),
tyrosine kinase inhibitor (TKI) treatment is recommended
for progressive RAl-refractory DTC. The TKIs sorafenib (8)
and lenvatinib (9) were previously described for treating
RAI-refractory DTC following disease progression. Both
lenvatinib and sorafenib have been reported to target RAI
refractory metastatic lesions after total thyroidectomy. For
lenvatinib, there was at least one measurable lesion without
iodine uptake on any iodine-131 scan and at least one measur-
able lesion that had progressed (10). For sorafenib, there was at
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least one target lesion without iodine uptake (11). To the best
of our knowledge, no study has investigated the frequency of
disease progression in distant metastasis from DTC nor has
anyone reported on patient prognosis in those with PD that
were treated with sorafenib and/or lenvatinib or not treated
with TKI. Sorafenib has been approved for the treatment of
RAI-refractory and progressive DTC in Japan since June 2014,
with lenvatinib being cleared the following year (12). In this
study, we retrospectively investigated whether the use of TKIs
improved the long-term treatment outcomes of distant metas-
tasis from DTC. The aims of this study were to clarify the
factors associated with prognosis among patients with DTC
with distant metastasis and evaluate TKI drugs in clinical
practice.

Materials and methods

Patients. The current study included 147 patients (59 men,
88 women; median age, 71; range, 33-91 years) diagnosed with
distant metastasis from DTC who were treated in our hospi-
tals between April 2015 and August 2018. Informed consent
was obtained from all individual participants included in the
study. Cancer staging was determined according to the cancer
eighth edition cancer staging manual by the American joint
committee (13). DTC patients already diagnosed with distant
metastasis in stage IV-B (age >55) and in stage II (age <55),
follow-up cases, and those diagnosed with other stage initially
and recognized distant metastasis later were included. Patients
not continuing treatment at our hospitals were excluded.
Pathological diagnoses included papillary carcinoma in
122 patients and follicular carcinoma in 25. Patients with
medullary carcinoma were excluded due to varying treatment
strategy and tumor markers. Overall, 77 patients (52.4%)
exhibiting stable disease (SD) were followed up in our
outpatient clinics (SD group). These patients underwent total
thyroidectomy as the initial surgery, or completion surgery
was performed when distant metastases were recognized,
with all patients undergoing at least one round of RAI therapy.
Denosumab therapy and external irradiation were performed
to relieve pain caused by bone metastasis and to prevent
osteoporosis (14), and 120 mg denosumab was administered
subcutaneously at least once every 2 months. Decompression
and volume reduction surgery in addition to external irradia-
tion were performed to prevent paralysis in cases of vertebral
bone metastasis. Of the 147 total cases, disease progression
was observed in 70 (47.6%), 56 of which were treated with
TKI (TKI group). Disease progression was diagnosed as an
increase of =20% based on the response evaluation criteria
in solid tumors (RECIST) (version 1.1) criteria (15) or the
appearance of a new lesion on imaging within 1 year. Of the
14 patients (9.5%) who were not treated with TKIs (untreated
[UT] group), three refused treatment and nine were excluded
because they exhibited no treatment indications for TKI or
other treatments due to a wide range of tracheal invasion,
common carotid infiltration, and high risk of bleeding. Patient
subgroups were listed in Fig. 1. Numbers and parameters of
the patient groups are listed in Table I.

TKI treatment. Sorafenib and lenvatinib were administered
to 22 and 49 patients, respectively. Among patients who were
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administered both drugs, the initial treatment was sorafenib
in 12 patients and lenvatinib in three. Because only sorafenib
could be used until June 2015, we decided to use it as the
first-choice TKI. After June 2015, lenvatinib, which has greater
efficacy, was selected. The maximum size of the evaluated
lesion, pathological diagnosis, thyroglobulin (Tg) level, and
Tg doubling time (Tg-DT) (16) were compared between the
SD, UT, and TKI groups. In the course of treatment, transient
Tg oscillations represent a frequent phenomenon that may not
necessarily reflect morphologic tumor progression (17). A
Tg level of <1 ng/ml during SD indicated a lack of disease
progression and rendered it impossible to calculate Tg-DT.
That is, when calculated with a trace amount Tg of <1 ng/ml,
the calculated Tg-DT becomes a strange numerical value, and it
cannot be evaluated. Meanwhile, decreases in Tg levels, which
are calculated as negative Tg-DT values, denoted successful
treatment using RAI therapy and/or external irradiation. Tg
antibody (TgAb) negativity was determined as previously
described (16). Tg levels before and after RAI therapy were
excluded from the calculation due to the effect of discontinuing
thyroid hormone therapy. We also excluded patients failing to
comply with daily thyroid hormone use and those with elevated
thyroid-stimulating hormone levels. Patients for whom Tg-DT
could be calculated in the SD and TKI groups are described
in the scatter plot (Fig. 2). In addition, we determined the
treatment outcomes for each target lesion, as the timing of
TKI treatment depends on the metastatic lesion. Changes in
tumor diameter before and after TKI treatment are illustrated
for each target lesion (Fig. 3A-C). The radiologic response to
TKI therapy was classified according to RECIST version 1.1
criteria as complete remission (CR), partial response (PR), SD,
or PD. Safety was assessed based on the Common Terminology
Criteria for Adverse Events version 3.0. The disease control
rate (DCR) was defined as the percentage of patients with CR,
PR, and SD. Patients treated with sorafenib and those treated
with lenvatinib were separately examined to determine the
respective treatment efficacy; the administration period for
cases in which treatment was discontinued is graphically
shown as the time to treatment failure (TTF) together with
the reason for discontinuation. The treatment period is also
graphically shown for each ongoing treatment case, and the
treatment effect is described (Fig. 4A and B).

Evaluation. Next, we investigated whether TKI treatment
improved the treatment outcomes of distant metastasis from
DTC by comparing the overall survival (OS) between the UT
and TKI groups (Fig. 5A). We compared the OS by target
lesions, pulmonary metastasis, bone metastasis, and local
recurrence (Fig. 5B). OS was defined as the time between the
date of initial diagnosis or the initial surgery in the UT group,
the date of the initial surgery in the TKI group, and the date of
death or final evaluation.

Statistical analysis. The OS was calculated using the
Kaplan-Meier method on the SPSS software. Kaplan-Meier
estimator on the SPSS software (version 24; IBM Corp.,
Armonk, NY, USA) was used to calculate the OS, and log-rank
and Bonferroni tests were applied. P<0.05 was considered
to indicate a statistically significant difference. The OS was
not calculated in the SD group because all of those patients
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Table I. Patient characteristics.
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A, Factor
Subgroup

Group SD TKI uT P-value
n 77 56 14
Age 71.00 (33.00, 91.00) 70.00 (41.00, 84.00) 70.00 (47.00, 84.00) 0.983
Sex (%)

Female 45 (58.4) 35 (62.5) 8 (57.1) 0.874

Male 32 (41.6) 21 (37.5) 6 (42.9)
Pathology (%)

FTC 12 (15.6) 11 (19.6) 2 (14.3) 0.795

PTC 65 (84.4) 45 (80.4) 12 (85.7)
PS (%)

0 66 (85.7) 25 (44.6) 4 (28.6) <0.001*

1 11 (14.3) 25 (44.6) 5(35.7)

2 0 0.0 6 (10.7) 5(35.7)
B, Characteristics

Subgroup

Group SD TKI UT P-value
Pulmonary metastasis (%) 58 (75.3) 47 (83.9) 11 (78.6) 0.486
Bone metastasis (%) 12 (15.6) 22 (40.0) 5@35.7) 0.005*
LN recurrence (%) 12 (15.8) 31(55.4) 7 (70.0) <0.001*
Local recurrence (%) 12 (16.0) 15(27.3) 8(72.7) <0.001*
Died (%) 1 (1.3) 16 (29.1) 10 (71.4) <0.001*
Diameter 7.00 (3.00, 76.00) 25.00 (9.00, 99.00) 30.00 (3.00, 60.00) <0.001*
Follow up 8.78 (0.13,31.20) 9.93 (2.12,30.53) 5.38(0.52,14.19) 0.032*
Tg-DT 2.23(0.14,9.69) 1.53(0.31,7.29) 1.20 (0.38,2.51) 0.182
TgAb (%) 9(11.7) 17 (32.1) 4 (28.6) 0.014*

SD, stable disease; TKI, tyrosine kinase inhibitor; UT, untreated patients; PS, performance status; TgAb*, thyroglobulin antibody positivity;
LN, lymph node; Tg-DT, thyroglobulin doubling time; diameter, maximum diameter of the metastatic lesion. “Statistically significant by
Kruskal-Wallis test.

DTC with distant metastasis
147 patients

|
[ |

Progressive disease Stable disease
70 patients (47.6%) 77 patients (52.4%)
| I
TKI trea Untrea
56 patients (38 1%) 14 patients (9 5%)

TKI group uUT group ‘ SD group

Figure 1. Subgroups in 147 DTC patients with distant metastasis. Of the 147 patients, 77 patients had progressive disease, 56 of whom had TKI treatment
(TKI group), 14 who had followed treatment without treatment (UT group), 70 who did not demonstrate disease progression (SD group). DTC, differentiated
thyroid cancer; TKI, tyrosine kinase inhibitor; UT, untreated; SD, stable disease.
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Table II. Antitumor efficacy of TKIs.
Metastatic sites

Characteristics Total Pulmonary Bone Others
N 56 23 9 24
Tumor size prior to TKI (mm) 24.0 (9.99) 17.0 (12.44) 50.0 (20.99)* 27.5(9.55)
Complete response 0 0 0 0
Partial response 16 9 0 7
Stable disease 26 8 7 11
Progressive disease 9 4 1 4
Not evaluable 5 2 1 2
Response rate (%) 28.5 39.1 0.0 29.2
Disease control rate (%) 75.0 73.9 77.8 75.0

TKI, tyrosine kinase inhibitor. “The tumor size was significantly larger than the other 2 groups. P=0.77x10, (P<0.001) by Kruskal-Wallis test.

survived, except one who died from other disease. The OS
of the TKI and UT group were validated by log-rank test
only. Comparison of the median values among three groups
was done using the Kruskal-Wallis test and the statistically
significant difference was set at P<0.05. These statistical
analyses were performed using EZR (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), a graphical user
interface for R (The R Foundation for Statistical Computing,
Vienna, Austria); more precisely, it is a modified version of
R commander designed to add statistical functions frequently
used in biostatistics (18).

Results

Patients. Patient characteristics and parameters are shown in
Table I. The median maximum diameter of the metastatic lesion
in the SD group was 7 mm, which was statistically smaller
(P<0.001) than in the TKI group (25 mm) and in the UT group
(30 mm). Performance status was better in the SD group, which
also had a lower rate of bone metastasis and recurrence of
regional node metastasis. Meanwhile, other parameters, such
as age, sex, histology etc. were similar between the groups.
Treatment outcomes are shown in Table II. In the TKI group,
16 (28.6%), 26 (46.4%), and nine patients (16.1%) exhibited PR,
SD, and PD, respectively, whereas five patients (8.9%) were
not evaluable, thus the DCR was 75.0% (42 of 56). Sixteen
patients (29.1%) in the TKI group died, with causes of death
being adverse events (AEs) in three (two grade 5 bleeding
cases and one gastrointestinal perforation case), disease
progression following treatment discontinuation in eight,
anaplastic transformation in two, and aspiration pneumonitis
and other complications in three. Meanwhile, one patient
in the SD group died from other disease, whereas 10 of
14 (71.4%) in the UT group died. The median observation
periods were 8.78 (range, 0.13-31.20) years for the SD group,
9.93 (range, 2.12-30.53) years for the TKI group, and 5.38
(range, 0.52-14.19) years for the UT group.

TgAb and Tg-DT. TgAb positivity and Tg level were not
informative in nine of 77 patients (11.7%) in the SD group,

TgAb+ = T - D
Negative —  commme o m
>10 years — mn o
107 ]
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8
)
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4 - °
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3 o é Only a few cases with Tg-DT<1
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Figure 2. Thyroglobulin doubling time (Tg-DT) distribution in each group
This plot graph demonstrates Tg-DT distributions in patients in the UT, TKI,
and SD groups. The vertical axis shows doubling time (year). In the top
graph, non-informative cases are listed; patients with TgAb positive Tg-DT
were calculated as a negative number, and Tg-DT was >10 years. The gray
zone demonstrates the area of Tg-DT were within one year, which was a
potential indicator for rapid progression. SD, stable disease; UT, untreated;
TKI, tyrosine kinase inhibitor.

17 of 56 (32.1%) in the TKI group, and three of 14 (21.4%)
in the UT group, and these rates were statistically significant
(P=0.014). The TgAb-positive rate increased with disease
progression. The median Tg-DTs were 2.23 (range, 0.14-9.69),
1.53 (range, 0.31-7.29), and 1.20 (range, 0.38-2.51) in the SD,
TKI, and UT groups, respectively, and these rates were not
statistically significant (P=0.18). If Tg-DT is measured for a
value of 10 years or more, or it becomes a negative value, it
can be concluded that there is no disease progression. The
number of patients with such values was 36 of 77 (41.6%)
in the SD group, 9 of 56 (16.1%) in the TKI group, and 9 of
14 (64.3%) in the UT group. The total number of informa-
tive cases was 32 of 77 (41.6%), 30 of 56 (53.6%), and 2 of
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Figure 3. (A) Tumor changes (increase or decrease) compared with baseline after TKI treatment for pulmonary metastatic lesion cases. Only two patients
showed tumor growth and demonstrated treatment failure. (B) Tumor changes (increase or decrease) compared with baseline after TKI treatment in unresect-
able local recurrence or nodal metastasis cases. Asterisks ndicate regrowth phenomenon in patients following treatment failure. (C) Tumor changes (increase
or decrease) compared with baseline after TKI treatment in bone metastatic lesion case. The vertical axis shows the rate of reduction or increase compared
with baseline (%), and the horizontal axis shows the time after TKI treatment (years). TKI, tyrosine kinase inhibitor.

A

Median TTF=3.8 (range 0.3-22.7) B Sorafenib (3 patients): Median duration=19.0 (range 9.0-20.9)

Sorafenib (19 patients) Treatment failure rate=86.4%
D
P
——— 00 50 100 150 200 250
— Time (months)
 —
—
= Lenvatinib (35 patients): Median duration=17.1 (range 2.0-30.3)
—
= === Ap
3 . PD
p
0.0 5.0 10.0 15.0 200 5.0

Time (months)

L. . Median TTF=5.9 (range 0.7-23.2)
Lenvatinib (14 patients) Treatment failure rate=28.6%

)

| m— Y, -}
I D

T PR
5D

M

20,0 25.0 30.0 35.0 40.0 450

w
(-]
13
o
n
o

i:.UUI

=3

5.0 10,0 150 200 250

Time (months) Time (months)

Figure 4. (A) Time to treatment failure (TTF) with sorafenib (19 patients) or lenvatinib (14 patients). The horizontal axis shows the duration (months) since
initiation of TKI treatment. The black bars indicate PD and the white bars indicate AE as the reason for treatment failure. (B) Progress of ongoing treatment
with sorafenib (3 patients) or lenvatinib (35 patients). The vertical axis shows individual patients, whereas the horizontal axis shows the duration (months) since
initiation of TKI treatment. The striped bars indicate PR and the black bars indicate SD. TKI, tyrosine kinase inhibitor; AE, adverse event; PD, progressive
disease; SD, stable disease.

14 (14.3%) in the SD, TKI, and UT groups, respectively.  Treatment outcomes. In total, nine patients (39.1%) with
These Tg-DT distributions were graphically demonstrated in ~ pulmonary metastasis and seven (29.2%) with local and
Fig. 2. lymph node recurrence exhibited PRs (Table II). Two patients


https://www.spandidos-publications.com/10.3892/ol.2019.10180
https://www.spandidos-publications.com/10.3892/ol.2019.10180
https://www.spandidos-publications.com/10.3892/ol.2019.10180

IWASAKI et al: TKI THERAPY FOR DTC WITH DISTANT METASTASIS

A 1.0 H-W
L Ty
: ¥
08. = : ] —— SD group
= Yo e TKI group
i + = == UT group
2 06- i "
= 8 L —+4>+-4—~:
E - 5
2 1 e .
3 049 b, :
@ I '
-t L
I
1 I
0.2 "
I
I
I
0.0+ '

0 10 20 30 40
Time (years)

5297
B 1 e Pulmonary metastasis
1.0 Bone metastasis
H"’E = = = Local recurrence
0.8 *L-OH-M-+------P--+-+--++
2
£ 0.6
= I
= |
g I
& 044 e
]
I
I
0.24 !
I
I
I
0.0 :
e T T T T T
0 10 20 30 40

Time (years)

Figure 5. (A) Overall survival (OS) curves. A Kaplan-Meier estimator (SPSS software) was used to derive survival curves, which indicate the median overall
survival durations as 5.6 years in the UT group and 22.2 years in the TKI group. There is a significant difference in the OS curves between the two groups so
far. (B) Overall survival curves by target lesions. A Kaplan-Meier estimator (SPSS software) was used to derive survival curves, which indicate the median
overall survival durations was not reached in the pulmonary metastasis, as 15.4 years in the bone metastasis and 12.9 years in the local recurrence. There
is a significant difference in OS curves between the pulmonary metastasis and other two groups so far. SD, Stable disease; TKI, tyrosine kinase inhibitor;

UT, untreated.

with pulmonary metastasis did not respond to TKI and died,
whereas tumors shrunk in the remaining 21 cases. (Fig. 3A)
In those with lymph node recurrence, three cases had quick
regrowth following discontinuation of lenvatinib (Fig. 3B).
Moreover, although tumor shrinkage was noted in patients
with bone metastasis, no patient exhibited PR, and the rest
exhibited SDs (Table II and Fig. 3C). In terms of target lesions,
TKI treatment was most effective for pulmonary metastasis.
(Table II and Fig. 3A-C).

The median TTF for sorafenib was 3.8 (range, 0.3-22.7)
months, and the treatment failure rate was 86.4% (19 of
22 patients). Conversely, the median TTF for lenvatinib was
5.9 (range, 0.7-23.2) months, and the treatment failure rate
was 14 of 49 (28.6%). The reasons for discontinuation of
sorafenib were as follows: 10 cases were PD, 9 cases were
AE (4 cases of allergic dermatitis, 2 cases of gastrointestinal
bleeding, and 1 case each of liver dysfunction, anorexia, and
whole body malaise). For lenvatinib, nine cases were PD and
five cases were AE (two cases of grade 5 bleeding and one
case each of gastrointestinal perforation, allergic dermatitis,
and anorexia). The median treatment duration for sorafenib
was 5.1 (range, 0.3-22.7) months and that for lenvatinib was
14.1 (range, 0.7-40.3) months (Fig. 4A and B). Drug evaluation
was performed with TTF and on-going TKI, i.e., a drug with a
longer TTF period and lower failure rate was better, and clearly
a drug with a larger number of on-going TKI was better. The
TTF period was longer for lenvatinib, and treatment failure
rate was higher for sorafenib. On-going treatment included
35 cases of lenvatinib and 3 cases of sorafenib. Lenvatinib is
widely-used in clinical practice.

The median OS was 5.61 years (95% confidence interval,
2.18-9.04) in the UT group whereas that was 22.2 years
(95% confidence interval, 8.85-35.57) in the TKI group
(Fig. 5A). The OS of TKI-treated patients was better than
that of UT patients, with statistically significant difference
between the groups (log-rank test, P<0.001).The median OS

was 15.42 years (95% confidence interval, 6.17-24.67) for bone
metastasis, 22.21 years (95% confidence interval, 10.41-NA)
for local recurrence, and was not attained for pulmonary
metastasis (Fig. 5B). The prognosis by target lesion was
satisfactory for pulmonary metastasis, and there is statisti-
cally significant difference between the groups (log-rank test,
P<0.001).

Discussion

Efficacy of TKI therapy by target lesion. The lesion evalu-
ation criterion of RECIST is a tumor diameter of at least
10 mm on CT (19), thus only tumors of this size should be
assessed to determine the initial treatment effect. In other
words, in order to diagnose a PR (30% decrease) at a tumor
diameter of 10 mm, the diameter before treatment must be
at least 14.3 mm. Therefore, in patients with pulmonary
metastasis, TKI therapy is only considered in those with a
maximum tumor diameter of at least 15 mm or alternatively
10 mm in patients with symptomatic lesions; hence, we
established these standards so that TKI introduction timing
is not too late to stop disease progression. In the TKI group,
two patients with pulmonary metastasis (10-15 mm) were
symptomatic; the remainder of metastases were >15 mm.
We did not experience a symptomatic patient with pulmo-
nary metastasis <10 mm. As shown in Figs. 3A and 5B, the
prognosis of pulmonary metastasis cases treated with TKI
was the best, so such introduction criteria seemed to be
successfully approved so far. If possible, surgical resection
should be performed for local and lymph node recurrence
including parapharyngeal metastasis (20); however, cases
recurring multiple surgeries or those diagnosed as unre-
sectable had previously undergone external irradiation or
additional RAI therapy. Lamartina et al reported that the rate
of CR following the first reoperation due to persistent/recur-
rent DTC was 53% at the last assessment after a median of
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5 years (21). Furthermore, TKI treatment of lesions involving
the common carotid artery and mediastinal large vessels
should be administered with caution (22). An example of a
lesion requiring particular attention with TKI treatment is
parapharyngeal metastasis. Among five patients with para-
pharyngeal metastasis, three demonstrated syncopal attacks
due to carotid sinus syndrome (23) based on the metastatic
lesion, which is a serious symptom to start TKI treatment.
Among patients with bone metastasis, some metastatic
lesions, such as those on the ribs, are resectable, but bone
load and vertebral body bone metastasis may cause patho-
logic fractures and spinal cord paralysis. Consequently, early
initiation of TKI treatment will prolong the quality of life.
In the case of spinal metastasis, if a risk of spinal paralysis
due to the withdrawal of thyroid hormone is observed while
preparing for RAI therapy, it should be preceded by decom-
pression surgery and external irradiation (24), and then TKI
treatment should be initiated. The therapeutic effects of
TKI are shown in Table II and Fig. 3. The tumor diameter
of lung metastasis as the target lesion was relatively small,
and the therapeutic effect was most satisfactory. In contrast,
bone metastasis with a large tumor diameter had a poorer
therapeutic effect. Other lesions showed intermediate results
(Table IT). Both tumor size prior to TKI treatment and metas-
tasis site are believed to affect the therapeutic effect.

Tg-DT as the indicator for disease progression. On the basis
of a previous report that Tg-DT reflects the prognosis of
DTC (9), we examined the prognostic value of this variable
following the introduction of TKI treatment. The incidence
of TgAb positivity was statistically high both in the TKI and
UT groups (Table II), but those Tg-DTs were not informative.
Although there were 64 of 147 informative cases (43.5%), the
calculated Tg-DT was not statistically significant between the
SD group and the TKI and UT groups (Fig. 2 and Table II). Tg
levels either decreased or insignificantly increased in several
patients in the SD group, and RAI therapy or external irra-
diation was successful; such findings reflect a lack of disease
progression, making TKI treatment unnecessary. In other
words, as Tg levels do not increase with treatment success (17),
it is important to measure Tg during both TKI treatment and
postoperative SD. Both reversed TgAb positivity (25) and
increased Tg levels (26) indicate disease progression; however,
Teg-DT did not accurately reflect tumor growth when compared
with imaging assessments. Although Tg-DT is not an indicator
of disease progression in many cases, the value was <1 year
in six patients in the SD group and eight patients in the TKI
group. Although Tg-DT is useful for the detection of recur-
rence and distant metastases, it was not an indicator of disease
progression in cases with existing distant metastases. The
frequency of TgAb increased with disease progression, and
the rate of increase of Tg level became low for further disease
progression.

TKI treatment to prolong survival of DTC with distant
metastasis. No increase in Tg levels or the number of meta-
static lesions was observed in the SD group; therefore, TKI
treatment was not required. Although it is obvious, there have
been no previous reports demonstrating that the OS of patients
with distant metastasis at the initial diagnosis for DTC is
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worse than that of patients recognized with distant metastasis
postoperatively (Fig. 4C). Moreover, 10 of 14 patients (71.4%)
in the UT group died, and the median OS in the TKI group
was 22.2 years. This finding is particularly significant due to
the extended SD period of this retrospective study. Although
the study population of UT group was limited, the OS of the
TKI and UT groups was significantly different, it is impor-
tant to further improve survival by starting TKI treatment at
appropriate time. The treatment outcomes of TKI included
treatment failure due to AE, three cases of regrowth phenom-
enon, and three cases of AE death. Because of PD in 10/22
(45.5%) sorafenib cases and 5/49 (10.2%) lenvatinib cases,
they are considered non-responders (Fig. 4). Other cases were
responders, and tumor shrinkage was observed as shown in
Fig. 3. Outcomes may be further improved by AE manage-
ment. The prevention of toxicities is necessary to allow
patients to remain on treatment as long as possible without
dose or schedule modifications (27).

However, the existence of AEs cannot be ignored (11), as
two patients with recurrent tumors involving large vessels
experienced fatal bleeding following TKI therapy. According
to the Common Terminology Criteria for Adverse Events,
version 3.0, dose reduction or treatment withdrawal should
be initiated in cases of renal dysfunction or skin fistula.
Meanwhile, three patients experienced sudden tumor regrowth
following drug withdrawal, leading to decreased treatment
outcomes. Despite the satisfactory DCR, it must be noted that
no CRs were achieved following TKI therapy. Thus, it may
be necessary to continue TKI therapy as long as possible.
Because TKI treatment is the final option, treatment failure
resulted in death. As more cases of long-term TKI treatment
will be observed in the future, we believe that proper dose
reduction and drug withdrawal guidelines are necessary; in
absence of these, more patients will die from tumor regrowth
following discontinuation of TKIs. Therefore, it is hard to
predict whether TKI therapy, which is expensive and has
various AEs, contributes to long-term improvement in the
treatment outcomes for distant metastasis from DTC.

Distant metastases from DTCs comprise a heterogeneous
group of thyroid cancers with diverse histology, disease
progression, and genomic alterations. Due to the limited
treatment options, the OS is usually poor among patients with
aggressive metastatic disease (28). In this study, we report a
high Tg-Ab-positive rate in patients with disease progression;
however, Tg-DT was not informative for PD diagnosis. The
OS was poor among patients with distant metastasis at the
initial diagnosis for DTC. TKI treatment does improve OS in
distant metastases DTCs, especially in patients with pulmo-
nary metastasis. Management of this unique group of patients
will improve as we gain a better understanding of the optimal
timing of TKI therapy administration.
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