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Lenvatinib vs. palliative therapy
for stage IVC anaplastic thyroid cancer
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Abstract. Anaplastic thyroid cancer (ATC) is an orphan
disease with extremely poor prognosis. In particular, unre-
sectable stage IVC ATC is extremely difficult to treat and is
associated with a survival of only a few months, even when
treated with irradiation and/or chemotherapy. In 2015, lenva-
tinib was approved for the treatment of ATC in Japan. The aim
of the present study was to evaluate the efficacy of lenvatinib
for stage IVC ATC. A total of 32 patients with pathologically
confirmed stage IVC ATC who were treated at the Kanagawa
Cancer Center between 2011 and 2018 were included in the
present study, of whom 16 patients were treated with lenva-
tinib (L group). The remaining 16 patients received palliative
therapy (P group), of whom 7 were treated with weekly pacli-
taxel, 2 received external radiation for tumor reduction
5 days per week until treatment completion, and 2 underwent
tracheostomy to avoid the risk of asphyxiation. The survival
curves of both groups were analyzed using the log-rank test.
The median overall survival time of the L and P groups was
4.2 and 2.0 months, respectively. A significant survival benefit
was observed in the L group compared with that in the P group
(P=0.00298). A reduction in tumor size by =30% (clinical
partial response) within 1 month after treatment was observed
in 5 patients (31.3%) in the L group and in no patients in the
P group. Therefore, lenvatinib treatment yielded a median
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survival benefit of ~2 months compared with palliative therapy
in stage IVC ATC. However, although a reduction in tumor size
by =30% was confirmed in 5 patients who received lenvatinib
treatment, 2 of those patients succumbed to massive necrosis
and bleeding. These results suggest that an appropriate lenva-
tinib dose reduction is necessary.

Introduction

Anaplastic thyroid cancer (ATC) is a rare and lethal type of
thyroid cancer. The survival rate of patients with ATC has
not changed markedly over the past 20 years (1). Although
clinical trials (randomized and non-randomized) have
been conducted (2-4), including one with a large cohort of
205 patients, the considerable improvement in the under-
standing of the pathogenesis and genetics of ATC has not
notably improved patient outcome (5). According to the
American Thyroid Association guidelines, once a patient is
diagnosed with stage IVC ATC, either systemic treatment
and/or palliative treatment, including best supportive care
(BSC), should be immediately implemented (6). Systemic
therapy trials are time-consuming, and disease progression
is quicker than the trial entry process prior to treatment
initiation; therefore, the patient may not have sufficient time
for treatment (7). In 2015, the Japanese Ministry of Health,
Labor and Welfare approved the clinical use of lenvatinib
for the treatment of patients with ATC and differentiated
thyroid cancer (DTC). Therefore, lenvatinib may be used
for the prompt systemic treatment of stage IVC ATC (8).
Conversely, when patients treated with weekly paclitaxel
(PTX), palliative radiation, or tracheostomy for local
control manifest disease progression, BSC is administered
to prolong survival. To the best of our knowledge, no studies
to date have compared such cases and their prognoses, or
have reported basic data of such cases. Although ATC is
hypothesized to evolve from DTC, no report has yet proven
that ATC originates from DTC (9,10). The aim of the present
study was to examine whether the clinical course of ATC
was different from that determined using the presence and
the shape of calcifications observed on computed tomog-
raphy (CT) scans at the time of diagnosis.
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Table I. Patient characteristics.
Variables L group P group P-value
N 16 16
Age, years [mean (range)] 73.00 (47.00-89.00) 72.50 (61.00-86.00) 0.624
Sex, n (%) 0.722

Female 8 (50.0) 10 (62.5)

Male 8 (50.0) 6 (37.5)
Body weight, kg [mean (range)] 57.85 (41.70-88.00) 45.80 (36.30-76.00) 0.136
Lung metastasis, n (%) 16 (100.0) 14 (87.5) 0.484
Other metastasis, n (%) 4(25.0) 4(25.0) 1.000
Calcification, n (%) 10 (71.4) 8 (57.1) 0.695
Maximum diameter, mm [mean (range)] 47.00 (24.00-65.00) 59.25 (30.00-91.50) 0.138
FT3, pg/ml [mean (range)] 2.03 (1.00-3.19) 2.22 (1.31-3.06) 0.57
FT4, ng/dl [mean (range)] 1.18 (0.64-1.80) 1.16 (0.68-1.49) 0.593
TSH, mIU/l [mean (range)] 1.64 (0.01-31.99) 2.96 (0.09-33.03) 0.593
Hypothyroidism®, n (%) 14 (87.5) 4(25.0) 0.001*

*Statistically significant (P<0.05). "Percentage of patients who required levothyroxine during the treatment course. FT3, free triiodothyronine;
FT4, free thyroxine; TSH, thyroid-stimulating hormone; L, lenvatinib; P, paclitaxel.
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Figure 1. Calcification in the primary tumor. The tumor characteristics at diagnosis were classified into eggshell, lump and no calcification. White arrows,

calcifications.

Materials and methods

Patients. A total of 32 patients with pathologically confirmed
stage IVC ATC who were treated at the Kanagawa Cancer
Center (Yokohama, China) between January 2011 and April
2019 were included in the present study. A total of 16 patients
each were included in the lenvatinib (L) and palliative (P)
groups. In the P group, 7 patients were treated with 80 mg/m?
PTX weekly, 2 underwent palliative irradiation, and 2 were
subjected to tracheostomy for local control. Patients treated
with PTX were included in the P group due to insufficient PTX
dose for the evaluation of therapeutic efficacy. Patients in the
L group were treated with lenvatinib alone. The background
characteristics of patients in both groups are shown in Table I.
Histopathological diagnosis was confirmed using core needle
biopsy or open biopsy. Post-treatment disease progression and
tumor diameter were assessed using CT scans every 4 weeks.
Blood tests were conducted to determine thyroid function
and the presence of adverse events (AEs). In the L group, the

initial dose of lenvatinib was 24 mg for 12 patients, 14 mg
for 3 patients, and 10 mg for 1 patient. A total of 4 patients
were administered a reduced dose due to poor performance
status, malnutrition, and old age (>80 years). The survival
curves of both groups were analyzed using the log-rank test.
Tumor characteristics were classified into three subgroups
according to the calcification patterns at the time of diagnosis
as follows: Eggshell calcification, lump calcification, and no
calcification (Fig. 1). Based on this classification, the results
of lenvatinib treatment in cases with and without calcification
were compared.

The Cancer Board of the Kanagawa Cancer Center
approved lenvatinib treatment for ATC. The study protocol was
approved by the Institutional Review Board of the Kanagawa
Cancer Center (no. 49,2016).

Statistical analysis. The overall survival (OS) was calculated
with the Kaplan-Meier method using SPSS software, v.24 (IBM
Corp.). The Kaplan-Meier estimator on the SPSS software was
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Table II. Comparison of survival data between the L and P groups.

Groups N 3-month survival rate (95% CI) Median survival [months (95% CI)] P-value
L 16 0.600 (0.318-0.797) 42 (2.3-5.5) 0.00298*
P 16 0.211 (0.053-0.440) 2.0(0.8-3.0)

“Statistically significant (P<0.05).95% CI, 95% confidence interval; L, lenvatinib; P, paclitaxel.
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Figure 2. Treatment progression in 16 patients with ATC treated only with lenvatinib. Gray box, PR; dark gray box, SD; bracket box, PD; black diamonds,
skin fistula; gray stars, massive bleeding; triangles, treatment discontinuation. The number to the right of the box indicates patient survival in months, and
the non-disease related cause of death appears next to it. ATC, anaplastic thyroid cancer; PR, partial response; SD, stable disease; PD, progressive disease.

used to calculate OS and apply the log-rank test. P<0.05 was
considered to indicate statistically significant differences. The
OS of the L and P groups was validated using the log-rank test.
The median values between the two groups were compared
using Man-Whitney U test with statistical significance set at
P<0.05. The 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).

Results

Treatment results. In L group, the median duration of lenvatinib
administration was 107.0 days (range, 30-837 days) (Fig. 2).
There were 7 cases (43.8%) of fistula formation (patients 1-5,
9 and 16), 2 cases (12.5%) of bleeding (patients 4 and 16),
and 1 case (6.3%) of mediastinitis (patient 5). There were 3
treatment-related deaths: Patient 16 succumbed to hemorrhage
from a fistula, patient 4 developed aspiration pneumonia from
a fistula, and patient 5 developed mediastinitis from a fistula.
The remaining 13 deaths were considered as disease-specific,
and some of the patients had other complications: 2 had brain
metastases, 2 had aspiration pneumonia, and 1 developed
suffocation. Patient 15 discontinued lenvatinib treatment
due to grade 4 digestive tract bleeding. Other grade =3 or
AEs required dose reduction or discontinuation. None of the
patients in the present study had undergone total thyroidectomy
for volume reduction. All patients were diagnosed with stage
IVC ATC and had no history of thyroid surgery. Necrosis of
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Figure 3. OS curves. Kaplan-Meier estimator (SPSS software)-derived sur-
vival curves indicate a median OS duration of 4.2 months in the L group and
2.0 months in the P group. A significant difference in OS was observed between
the two groups (P=0.00298). OS, overall survival; L, lenvatinib; P, paclitaxel.

the tumor as well as of the normal thyroid gland by lenvatinib
in the L group may have caused hypothyroidism.

In the P group, 7 patients (43.8%) were treated with weekly
PTX (80 mg/m?) as previously reported (11), but PTX was
only administered 1-7 times. All patients in the P group had
progressive disease and the treatment was discontinued. As
shown in Table II and Fig. 3, a significantly different median
survival benefit was observed between the L and P groups at
4.2 and 2 months (P=0.00298), respectively.
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Figure 4. Changes in tumor diameter in first 4 weeks after treatment. A tumor size change of <-30%, -30% to +20% and +20% or more is depicted by light gray,
dark gray, and black boxes, respectively. A total of 6 patients in the P group did not undergo CT examination 1 month after the treatment and died of BSC policy.

CT, computed tomography; BSC, best supportive care.
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Figure 5. OS curves of patients with or without calcification in the primary
lesion of ATC. Kaplan-Meier estimator (SPSS software)-derived survival
curves indicate a median OS duration of 3.15 months in patients without
calcification and 3.00 months in patients with calcification. There was no sig-
nificant difference in OS curves between the two groups of patients (P=0.312).
OS, overall survival; ATC, anaplastic thyroid cancer.

Antitumor effect. Changes in tumor diameter after first 4 weeks
of treatment are shown in Fig. 4. A reduction in tumor diameter
by =30% [clinical partial response (cPR)] was observed in
5 patients (31.3%) in the L group and none in the P group. A total
of 6 patients in the P group did not undergo a CT scan 1 month
after the treatment and died of BSC policy. In the L group, the
tumor reduction effect of lenvatinib was observed at either the
full or low dose. In addition, treatment-related hypothyroidism
occurred during the course of lenvatinib and PTX treatment;
as a result, 14 patients (87.5%) in the L group and 4 patients
(25.0%) in the P group required thyroid hormone replacement
therapy. When the treatment period exceeded 3 months,
particularly in the L group, the thyroid function in patients was
severely compromised; thus, these patients required thyroid
hormone replacement therapy. Although none of the patients
in the present study had undergone total thyroidectomy for

volume reduction, tumor necrosis by lenvatinib, also affecting
normal thyroid gland tissue, caused hypothyroidism.

Difference by calcification pattern. Regarding tumor char-
acteristics, 11 patients had tumors displaying an eggshell
calcification pattern, 8 had lumpy calcified tumors, and 9 had
non-calcified tumors. In the remaining 4 patients, calcification
was found out of the tumor and its association with the tumor
was unknown; therefore, it was excluded from this analysis.
Comparing the treatment results of lenvatinib with and without
calcification, the median OS was 5.5 months for patients with
calcification and 3.0 months for those without calcification.
The difference in the OS curves was statistically significant
(P=0.0473; Fig. 5).

Discussion

The genetic analysis of ATC (12) demonstrated that some ATCs
evolve from PTCs, FTCs and aggressive DTCs; the remaining
cases are de novo carcinomas. An interesting previous study
demonstrated that PTC coexisted with ATC and harbored the
same BRAF mutation (13). Moreover, previous reports hypoth-
esized that DTC is a pre-existing condition in the majority of
ATC cases (9,10). In fact, it is not uncommon to observe the
coexistence of DTC in ATC pathological tissues (14,15). In the
present study, a co-existing PTC in the biopsied specimen was
detected in 3 patients, and their CT images displayed calcifica-
tion. The co-existence of DTCs in ATC surgical specimens is
occasionally observed, but it is difficult to prove pre-existing
DTC. It is desirable to determine the presence of DTC prior to
the development of ATC. In the present study, CT examination
at the time of diagnosis revealed calcification in the primary
lesion, which may have resulted from a thyroid disease, such as
DTC or multinodular goiter. Few studies have reported image
findings for ATC. Takashima et al reported that 58% of ATC
patients had dense calcifications (16). Although this incidence
was lower compared to the 67.9% in the present study, over half
ATCs displayed calcifications. Thus, it may be hypothesized
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that pre-existing diseases may result in calcification in ATC.
It was suggested that differentiation may affect lenvatinib effi-
cacy, and the treatment results of lenvatinib were superior in
patients who had calcifications in the primary lesion. In order
to avoid treatment-related deaths due to fistula formation in all
patients, discontinuation and dose reduction must be consid-
ered before the condition becomes life-threatening.

In a phase II study, the use of lenvatinib in 17 patients with
ATC was reported (5,6). The median progression-free survival
was 7.4 months and the median OS was 10.6 months. The
majority of the patients had been pretreated prior to lenvatinib
treatment: 14 patients underwent surgery, 7 patients underwent
chemotherapy, and 9 patients received external irradiation.
The present study only compared patients receiving lenvatinib
with those receiving palliative treatment for stage IVC ATC.
Following lenvatinib treatment, 13 patients exhibited a reduc-
tion in tumor size, of whom 5 (31.3%) achieved a cPR; 1 patient
displayed an increase in tumor size after 1 month and 2 did not
display any changes. Although this treatment response does
not appear to be a bad result, we believe that extensive tumor
necrosis, AE-related mortality and treatment discontinua-
tion caused by formation of tumor-skin fistula may severely
compromise treatment outcomes. It is crucial that a median
2.2-month survival benefit was obtained with lenvatinib
compared with palliative therapy. In addition, it was reported
that an initial low dose of lenvatinib (10, 14 and 20 mg) did not
alter the results of DTC (17). Recently, ATC has been treated
with low-dose lenvatinib, depending on the patient's condition.
In ATC, as the tumor is close to the skin, treatment should
be initiated as soon as possible after confirmation of diag-
nosis using core needle biopsy, as a fistula may form where
the tumor is exposed at the biopsy site. As ATC progresses
rapidly, prompt initiation of treatment is required; moreover,
it is necessary to arrest tumor progression and administer a
proper dose to avoid deterioration of the fistula. This is also
to avoid treatment-related deaths due to profuse bleeding from
large vessels located close to the fistula. In the present study,
co-existing PTC was detected in 3 patients, who also displayed
calcifications on the CT scan. It has been reported that DTC
coexisted in 35% of patients with ATC (2) and that ATC coex-
ists not only with DTC, but also with thyroid diseases, such
as nodular goiter (3). The calcification patterns identified in
our study displayed the typical characteristics of PTC, and
3 patients had coexisting PTC, which was detected by core
needle biopsy; therefore, transformation of PTC to ATC was
suggested.

In addition to than lenvatinib, BRAF inhibitors serve as
effective therapeutic agents for type I ATC with BRAF muta-
tion (18). Programmed death-1 checkpoint blockers may be
also efficacious in patients with aggressive forms of thyroid
cancer (19). However, these agents are not approved for use
in Japan. The combination of PLX4720 and dasatinib induced
apoptosis, increased immune cell infiltration and reduced
tumor volume in a preclinical model of ATC, and may be
expected to be approved as treatment for patients with ATC in
the future (20). The results of the present study may serve as
a basis for progress in ATC treatment, including combination
treatment with lenvatinib.

In conclusion, the L. group demonstrated a median survival
benefit of 2.2 months compared with the P group in stage IVC

ATC. Although cPR was confirmed in 5 patients who received
lenvatinib, 2 patients died. These results suggest that an appro-
priate lenvatinib dose reduction is necessary.
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