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ABSTRACT

Introduction: Lenvatinib is approved in Japan
for treating patients with all histological sub-
types of unresectable thyroid cancer, including
differentiated thyroid cancer (DTC), medullary
thyroid cancer (MTC), and anaplastic thyroid
cancer (ATC). However, safety and effectiveness

data are limited in Japanese patients. Therefore,
this prospective, post-marketing observational
study evaluated, in daily clinical practice, the
safety and effectiveness of lenvatinib in Japa-
nese patients with unresectable thyroid cancer.
Methods: All patients with unresectable thy-
roid cancer first treated with lenvatinib between
May and November 2015 were registered.
Patients were orally administered lenvatinib
and followed up for 12 months. The endpoints
included adverse drug reactions (ADRs), overall
survival (OS), overall response rate (ORR), and
time-to-treatment failure. Post hoc Cox multi-
variate analyses were performed to assess prog-
nostic factors associated with the 12-month OS
rate.
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Results: Of 629 registered patients, 594 were
included in the analysis. A total of 442 patients
(74.4%) had DTC, 28 (4.7%) had MTC, and 124
(20.9%) had ATC. Hypertension, proteinuria,
and palmar-plantar erythrodysesthesia syn-
drome were the most frequently reported ADRs
across all histological subtypes. The median OS
was 101.0 days in patients with ATC which was
not reached in patients with DTC and patients
with MTC, with 12-month OS rates of 15.6%,
75.7%, and 83.0%, respectively. The ORRs were
59.2%, 45.0%, and 43.8% among 368 patients
with DTC, 20 with MTC, and 105 with ATC,
respectively. Multivariate analyses revealed that
Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS), tumor size, the pres-
ence of tumor invasion, and body weight were
baseline prognostic factors affecting OS in
patients with DTC, while ECOG PS and the
presence of liver metastasis were prognostic
factors in patients with ATC.
Conclusion: Lenvatinib demonstrated an
acceptable safety profile for patients with thy-
roid cancer in a real-world setting in Japan. The
safety profile and effectiveness findings for len-
vatinib in this study were consistent with those
from previous clinical trials, irrespective of his-
tological subtype.

Keywords: Effectiveness; Lenvatinib;
Observational study; Safety; Tyrosine kinase
inhibitor

Key Summary Points

Why carry out this study?

Lenvatinib, an oral, multitargeted
tyrosine kinase inhibitor, was approved
for the treatment of patients with
unresectable thyroid cancer of all
histological subtypes in Japan.

The efficacy and safety data for lenvatinib
is limited to clinical trials conducted prior
to approval in Japan.

This all-case post-marketing
observational study was conducted to
assess safety and effectiveness of
lenvatinib in patients with thyroid cancer,
including differentiated thyroid cancer
(DTC), medullary thyroid cancer (MTC),
and anaplastic thyroid cancer (ATC).

What was learned from the study?

Acceptable safety profile and meaningful
antitumor activities of lenvatinib in
patients with unresectable thyroid
cancer—including 124 patients with
ATC—in the real-world clinical setting
was indicated, irrespective of the
histological subtype.

The antitumor activity and tolerability of
lenvatinib are of benefit to patients with
unresectable thyroid cancer and can be
added to the limited treatment options
available for such patients.

INTRODUCTION

Thyroid cancer is a common malignant endo-
crine tumor that is classified into three main
histological subtypes: differentiated thyroid
cancer (DTC), medullary thyroid cancer (MTC),
and anaplastic thyroid cancer (ATC) [1]. Among
these histological subtypes, DTC is the most
common, accounting for more than 97% of
thyroid cancer cases in Japan; MTC and ATC
account for less than 2% of cases each [2].
Although the prognosis of patients with DTC is
optimistic, with a 10-year survival rate exceed-
ing 90% [3], the presence or development of
distant metastasis and resistance to radioactive
iodine (RAI) results in a poor prognosis [4, 5].
The 10-year survival rate after the detection of
metastasis was only 10% in patients with
radioactive iodine-refractory (RR)-DTC [6]; and
in patients with rapidly progressive lung
metastasis (average tumor volume doubling
time of at most 1 year), the 5-year survival was
19% after pulmonary nodules exceeded 1 cm in
diameter [7]. In addition, the 10-year survival
rate for patients with MTC and distant
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metastases at diagnosis was only 40% [8].
Among patients with ATC, the median survival
time after diagnosis was 3–4 months [9] and the
1-year survival rate was approximately 18–20%
[9, 10].

Lenvatinib is an oral, multitargeted tyrosine
kinase inhibitor of the vascular endothelial
growth factor (VEGF) receptors 1–3, fibroblast
growth factor receptors 1–4, platelet-derived
growth factor receptor-a, RET, and KIT signaling
networks, all of which have been implicated in
tumor angiogenesis [11–13]. The findings of the
randomized, double-blind, placebo-controlled,
phase III SELECT trial indicated that treatment
with lenvatinib prolonged the progression-free
survival of patients with RR-DTC [14, 15]. Len-
vatinib was approved in many countries
including the USA and EU for the treatment of
locally recurrent or metastatic, progressive RR-
DTC. Following the results of a phase II trial in
Japanese patients with RR-DTC, MTC, and ATC
[16], lenvatinib was approved for the treatment
of patients with unresectable thyroid cancer of
all histological subtypes in Japan.

The approval for lenvatinib in Japan was
given on the basis of the efficacy and safety data
in a limited number of patients with thyroid
cancer, i.e., a total of 81 patients, of which only
17 patients had ATC. Therefore, as a require-
ment for the approval of lenvatinib by the
Japanese Pharmaceutical and Medical Devices
Agency, an all-case post-marketing observa-
tional study was conducted to assess the safety
and effectiveness of lenvatinib in Japanese
patients with thyroid cancer, including DTC,
MTC, and ATC, in a clinical setting. In addition,
we determined the prognostic factors of survival
in these patients.

METHODS

Study Design

The current study was an all-case, post-market-
ing observational study of lenvatinib (Len-
vima�) for patients with unresectable thyroid
cancer (ClinicalTrials.gov Trial Registration ID
NCT02430714). Patients were enrolled between
May 2015 (launch of Lenvima�) and November

2015. This study was performed in accordance
with the guidelines given in the Declaration of
Helsinki as well as the Pharmaceutical Affairs
Law and the ministerial ordinance of Good
Post-Marketing Study Practice (GPSP) in Japan.

Patients

All patients with unresectable thyroid cancer
who were administered lenvatinib for the first
time in Japan were centrally registered at the
time of first administration of lenvatinib, and
the safety and effectiveness of lenvatinib were
monitored for 1 year. Among patients whose
treatment was completed or discontinued
within 1 year after lenvatinib administration,
the survival status (dead or alive) was docu-
mented at the end of the observational period.
Among those who were lost to follow-up, owing
to reasons such as death or being transferred to
another hospital, the observational period
ended at the time that the patient was lost to
follow-up.

Treatments

Lenvatinib 24 mg was orally administered once
daily in accordance with the package insert. The
dose was reduced, or treatment was interrupted
or discontinued at the discretion of the
attending physicians.

Assessments

Assessment of Safety
Adverse events (AEs) were recorded from the
first lenvatinib administration to 14 days after
the completion or discontinuation of lenvatinib
treatment. AEs which could not be ruled out as
being caused by lenvatinib at the discretion of
the attending physicians were categorized as
adverse drug reactions (ADRs). ADRs were clas-
sified according to the Medical Dictionary for
Regulatory Activities (MedDRA), version 20.1,
and their severities were graded according to the
Japanese version of the Common Terminology
Criteria for Adverse Events, version 4.0. ADRs of
interest included hypertension; hemorrhagic
events in addition to the following: carotid

3852 Adv Ther (2020) 37:3850–3862



artery hemorrhage, venous hemorrhage, and
tumor hemorrhage associated with tumor
shrinkage or necrosis; thromboembolic events;
hepatic disorders; renal disorders; perforation of
the digestive tract and gastrointestinal fistula;
reversible posterior leukoencephalopathy syn-
drome; cardiac dysfunction; arrhythmia; pal-
mar-plantar erythrodysesthesia syndrome;
infectious diseases; hematological toxicity;
hypocalcemia; protracted wound healing; and
increased blood-thyroid-stimulating hormone
level.

Assessment of Effectiveness
Data were collected at 3, 6, and 12 months after
the first administration of lenvatinib. Overall
survival (OS) was defined as the time from the
first administration of lenvatinib until death
from any cause, or the last date the patient was
known to be alive (censored). The 12-month OS
rate was determined as the proportion of
patients who were alive at 12 months. The time-
to-treatment failure (TTF) was defined as the
time from the first administration of lenvatinib
to the date of treatment discontinuation owing
to any cause (e.g., disease progression, AEs,
patient request, or death). Patients in whom
treatment was continued for 12 months after
the first administration of lenvatinib were cen-
sored at the last administration of lenvatinib.

Tumor responses for the single largest tumor
were evaluated over 12 months after the
administration of lenvatinib, using imaging
data including computed tomography (CT). The
best overall response was classified into the
following five categories: complete response
(CR), which indicated disappearance of the
tumor; partial response (PR), which indicated at
least a 30% decrease in the tumor diameter,
taking as reference the baseline diameter;
stable disease (SD); progressive disease (PD),
which indicated at least a 20% increase in the
tumor diameter, taking as reference the baseline
diameter; and not evaluable (NE). Unlike the
Response Evaluation Criteria in Solid Tumors
(RECIST) guidelines, tumors in the current
study did not need to show CR and PR at
4 weeks or more to be indicators of those
responses. In fact, tumor responses were recor-
ded at the discretion of the attending physician

and were not reviewed by the independent
central review board. The overall response rate
(ORR) was defined as the proportion of patients
with CR and PR.

Statistical Analysis

All analyses were conducted for each of the
three histological subtypes: DTC, MTC, and
ATC. The patient demographic and baseline
characteristics, administration dose of lenva-
tinib, frequency of ADRs of interest, and fre-
quency of ADRs of at least grade 3 were
descriptively analyzed. The Kaplan–Meier
method was used to estimate the median OS
(days), TTF (days), and the 12-month OS rate
along with the corresponding 95% confidence
intervals (CI).

Prognostic factors affecting OS were also
assessed using univariate and multivariate Cox
regression analyses. The hazard ratio (HR) for
each factor and its 95% CI were estimated. After
the univariate analysis, all factors were entered
into a multivariate stepwise model with selec-
tion criteria of p\ 0.20. These analyses were not
conducted for patients with MTC owing to the
small sample size.

A statistical significance level of p\0.05 was
used for the remaining analyses. All statistical
analyses were performed using Statistical Anal-
ysis System (SAS) Release 9.4 (SAS Institute Inc.,
Cary, NC, USA).

RESULTS

Patients

A total of 629 patients were registered between
May and November 2015 at 268 institutions. Of
those, the case report forms of 628 patients were
collected. After exclusion of 24 patients who
were identified as duplicate registration cases
that were transferred to another hospital and 10
patients who did not meet the criteria of the
three histological subtypes (DTC, MTC, and
ATC), a total of 594 patients were included in
the analysis. Of these, 442 patients (74.4%) had
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Table 1 Demographic and baseline characteristics of patients according to the histological subtypes

DTC (n = 442) MTC (n = 28) ATC (n = 124)

Age, years (median, range) 70.0 (19–90) 63.0 (43–85) 73.0 (41–88)

Female sex 266 (60.2) 10 (35.7) 76 (61.3)

Body weight, kg (mean, SD) 55.6 (12.4) 56.8 (12.9) 51.7 (12.1)

ECOG PS score

0 224 (50.7) 17 (60.7) 38 (30.6)

1 159 (36.0) 10 (35.7) 50 (40.3)

2 35 (7.9) 1 (3.6) 18 (14.5)

3 20 (4.5) 0 (0.0) 13 (10.5)

4 4 (0.9) 0 (0.0) 5 (4.0)

Time from the first onset of thyroid cancer, years (median, range) 7.83 (0.1–62.5) 8.50 (0.3–34.9) 0.42 (0.0–25.4)

Histological subtype

Papillary carcinoma 323 (73.1) – –

Follicular carcinoma 62 (14.0) – –

Papillary and follicular carcinoma 1 (0.2) – –

Poorly differentiated 56 (12.7) – –

Sites of metastasisa 389 23 92

Lungs 342 (87.9) 10 (43.5) 71 (77.2)

Distant nodes 85 (21.9) 5 (21.7) 24 (26.1)

Bones 145 (37.3) 12 (52.2) 18 (19.6)

Brain 19 (4.9) 0 (0.0) 1 (1.1)

Liver 24 (6.2) 12 (52.2) 16 (17.4)

Others 49 (12.6) 0 (0.0) 15 (16.3)

History of surgery 419 (94.8) 25 (89.3) 66 (53.2)

History of chemotherapy

Yes 149 (33.7) 6 (21.4) 39 (31.5)

No 292 (66.1) 22 (78.6) 85 (68.5)

Unknown 1 (0.2) 0 (0.0) 0 (0.0)

History of TSH suppression therapy

Yes 306 (69.2) 10 (35.7) 35 (28.2)

No 123 (27.8) 16 (57.1) 87 (70.2)

Unknown 13 (2.9) 2 (7.1) 2 (1.6)

Postoperative 131I ablation

Administered 142 (32.1) – –

3854 Adv Ther (2020) 37:3850–3862



DTC, 28 (4.7%) had MTC, and 124 (20.9%) had
ATC.

Patient Baseline Characteristics

The patient demographics and baseline charac-
teristics according to each subtype are shown in
Table 1. The median age and sex distribution in
patients with DTC and patients with ATC were
similar (DTC: 70.0 years [range 19–90 years]
with 60.2% women; ATC: 73.0 years [range
41–88 years], with 61.3% women); patients with
MTC were relatively younger (median age
63.0 years [range 43–85 years]) and included
fewer women (35.7%). Most patients had East-
ern Cooperative Oncology Group performance
status (ECOG PS) scores of at most 1 (86.7% of
patients with DTC, 96.4% of patients with MTC,
and 71.0% of patients with ATC). The most
common site of distant metastasis was the lungs
in patients with DTC and patients with ATC
(87.9% and 77.2%, respectively), whereas it was
the bones and the liver in patients with MTC
(52.2% for both locations). The majority of

patients with DTC and patients with MTC had a
history of surgical treatment (94.8% and 89.3%,
respectively), while 53.2% of patients with ATC
had undergone surgery. A total of 28.5%
patients with DTC, 7.1% patients with MTC,
and 19.4% patients with ATC were previously
treated with sorafenib, vandetanib, and weekly
paclitaxel, respectively.

Among 442 patients with DTC, 73.8%
received postoperative 131I ablation or
radioisotope therapy with 131I for metastasis
(Table 1).

Lenvatinib Administration: Dose Exposure
and Discontinuation

Most patients received lenvatinib at a dose at
24 mg once daily regardless of the subtypes
(76.2% of DTC, 78.6% of MTC, and 70.2% of
patients with ATC; Table 2). The daily mean
dose during the study period was
12.06 ± 5.46 mg in patients with DTC,
12.72 ± 5.60 mg in patients with MTC, and
15.71 ± 6.36 mg in patients with ATC.

Table 1 continued

DTC (n = 442) MTC (n = 28) ATC (n = 124)

Not administered 275 (62.2) – –

Unknown 25 (5.7) – –

Radioisotope therapy with 131I for metastasis

Administered 281 (63.6) – –

Not administered 153 (34.6) – –

Unknown 8 (1.8) – –

Treatment with postoperative 131I ablation or radioisotope therapy with 131I for metastasis

Administered 326 (73.8) – –

Not administered 111 (25.1) – –

Unknown 5 (1.1) – –

The total might not equal 100% owing to rounding. Data are expressed as the number and percentage unless specified
otherwise
DTC differentiated thyroid cancer, MTC medullary thyroid cancer, ATC anaplastic thyroid cancer, ECOG PS Eastern
Cooperative Oncology Group performance status, TSH thyroid-stimulating hormone
a Sites of metastasis include multiple responses
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Assessment of Safety

ADRs were experienced by 100% of MTC, 98.2%
of DTC, and 92.7% of patients with ATC
(Table 3). The most frequently reported major
ADRs were hypertension, proteinuria, and pal-
mar-plantar erythrodysesthesia syndrome,
regardless of the histological subtype of thyroid
cancer. The following ADRs of at least grade 3
had an incidence of greater than 5%: hyper-
tension (60.2%), proteinuria (17.2%), and pal-
mar-plantar erythrodysesthesia syndrome
(5.9%) among patients with DTC; hypertension
(39.3%), proteinuria (14.3%), and diarrhea
(10.7%) among patients with MTC; and hyper-
tension (46.8%), platelet count decreased
(12.9%), and proteinuria (7.3%) among patients
with ATC (Table 3). Of fatal AEs experienced
within 30 days after the last administration of
lenvatinib in 52 patients with DTC (11.8%), 1
patient with MTC (3.6%), and 75 patients with
ATC (60.5%), fatal ADRs occurred in 2.7% of
patients with DTC, 3.6% of patients with MTC,
and 4.8% of patients with ATC (Table S1).

The 16ADRs of interest are shown inTable S2.
Hypertension was the most frequently reported
ADR across the three subtypes (79.4% of patients

with DTC, 64.3% of patients with MTC, and
70.2% of patients with ATC). A total of 1.6% and
8.1% of patients with DTC and patients with
ATC, respectively, showed carotid artery hem-
orrhage, venous hemorrhage, and tumor hem-
orrhage associated with tumor shrinkage or
necrosis, while none of the patients with MTC
showed these ADRs (Table S2).

ADRs that led to treatment discontinuation
in at least 2% of all patients were proteinuria
(4.6%), decreased appetite (3.3%), malaise
(2.5%), hypertension (2.3%), and platelet count
decreased (2.0%). No notable differences in
ADRs were reported between patients with and
without a history of RAI treatment (Table S3).

Effectiveness

The lenvatinib effectiveness results are shown
in Table 4. The median OS was 101.0 days (i.e.,
3.3 months) in patients with ATC, and was not
reached in patients with DTC and patients with
MTC (Fig. 1). The 12-month OS rate was 75.7%
in patients with DTC, 83.0% in patients with
MTC, and 15.6% in patients with ATC. The
median TTF was 375.0 days in patients with
DTC, 301.0 days in patients with MTC, and

Table 2 Administration dose of lenvatinib according to the histological subtypes

DTC (n = 442) MTC (n = 28) ATC (n = 124)

Initial dose per day

24 mg 337 (76.2) 22 (78.6) 87 (70.2)

20 mg 29 (6.6) 2 (7.1) 18 (14.5)

14 mg 29 (6.6) 0 (0.0) 9 (7.3)

10 mg 26 (5.9) 4 (14.3) 6 (4.8)

8 mg 15 (3.4) 0 (0.0) 2 (1.6)

4 mg 0 (0.0) 0 (0.0) 0 (0.0)

Othersa 6 (1.4) 0 (0.0) 2 (1.6)

Mean dose, mg/day, ± SDb 12.06 ± 5.46 12.72 ± 5.60 15.71 ± 6.36

The total might not equal 100% owing to rounding. Data are expressed as the number and percentage unless specified
otherwise
DTC differentiated thyroid cancer, MTC medullary thyroid cancer, ATC anaplastic thyroid cancer, SD standard deviation
a Others include 18 mg, 16 mg, and 12 mg
b The mean dose was calculated by cumulating the lenvatinib dose administered during the study period divided by the
administration days
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74.5 days in patients with ATC (i.e.,
12.3 months, 9.9 months, 2.4 months, respec-
tively). The incidence of treatment continua-
tion for 12 months was highest in patients with
DTC (52.2%), followed by patients with MTC
(48.1%), and patients with ATC (9.2%).

Tumor response was assessed among patients
whose tumor response data was collected and
available which was 83.3%, 71.4%, and 84.7% of
patients with DTC, MTC, and ATC, respectively.
The ORRwas 59.2% in patients with DTC, 45.0%
inpatientswithMTC, and43.8% inpatientswith
ATC (Table 4). Thedisease control rate (DCR)was
92.4% in patients with DTC, 100.0% in patients
with MTC, and 76.2% in patients with ATC.

Prognostic Factors Affecting OS of Patients
with DTC and Those with ATC
after Lenvatinib Administration

The results of the univariate analysis are shown
in Fig. S1a, b. Multivariate Cox regression

analysis revealed the following baseline prog-
nostic factors affecting OS: body weight, ECOG
PS score, tumor diameter prior to lenvatinib
administration, and the presence of tumor
invasion to the carotid artery, jugular artery,
trachea, skin, or other region in patients with
DTC (Fig. S2a). The ECOG PS score and the
presence of liver metastasis were significantly
associated with the OS of patients with ATC
(Fig. S2b).

DISCUSSION

In the current all-case post-marketing observa-
tional study, we assessed the safety and effec-
tiveness of lenvatinib in 594 Japanese patients
with unresectable thyroid cancer. The results
demonstrated the tolerability and meaningful
antitumor activity of lenvatinib, irrespective of
the histological subtype.

The current study included patients with
various demographic and baseline

Table 3 Adverse drug reactions according to the histological subtypes

DTC (n = 442) MTC (n = 28) ATC (n = 124)

Any ADR, n (%) 434 (98.2) 28 (100.0) 115 (92.7)

ADR, n (%) Any grade Grade C 3 Any grade Grade C 3 Any grade Grade C 3

Hypertensiona 353 (79.4) 267 (60.2) 18 (64.3) 11 (39.3) 87 (70.2) 58 (46.8)

Proteinuria 188 (42.5) 76 (17.2) 11 (39.3) 4 (14.3) 37 (29.8) 9 (7.3)

Palmar-plantar erythrodysesthesia

syndromeb
174 (39.1) 26 (5.9) 14 (50.0) 1 (3.6) 32 (25.8) 4 (3.2)

Decreased appetite 115 (26.0) 20 (4.5) 7 (25.0) 1 (3.6) 20 (16.1) 6 (4.8)

Platelet count decreased 97 (21.9) 20 (4.5) 4 (14.3) 1 (3.6) 28 (22.6) 16 (12.9)

Malaise 88 (19.9) 10 (2.3) 3 (10.7) 0 (0.0) 24 (19.4) 1 (0.8)

Diarrhea 78 (17.6) 17 (3.8) 7 (25.0) 3 (10.7) 15 (12.1) 1 (0.8)

DTC differentiated thyroid cancer, MTC medullary thyroid cancer, ATC anaplastic thyroid cancer, ADR adverse drug
reactions
ADRs were categorized on the basis of the preferred terms of the Medical Dictionary for Regulatory Activities (MedDRA),
version 20.1
An ADR was counted as one event when the identical ADR was reported multiple times in 1 patient
a Hypertension included the MedDRA preferred terms of blood pressure diastolic increased, blood pressure increased,
diastolic hypertension, hypertension, systolic hypertension, and prehypertension
b Palmar-plantar erythrodysesthesia included the MedDRA preferred terms of erythema multiforme, palmar-plantar ery-
throdysesthesia syndrome, palmar erythema, rash erythematous, skin reaction, and hand dermatitis
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characteristics. Compared to the previous Japa-
nese phase II and Japanese and global phase III
SELECT studies [14–16], the current study
included patients with more advanced age and a
poorer performance status, as well as patients
with DTC who were not treated with RAI after
surgery. These differences were probably
because patients were included from Japanese
real-world clinical settings. It should be noted
that the older age and poorer performance sta-
tus of patients could have influenced the safety
and effectiveness results to some extent in the
current study, considering that higher toxicity
of lenvatinib was observed in older patients
[17].

The safety profile of lenvatinib in this post-
marketing observational study was consistent
overall with those observed in previous studies.
Similar to the results of the previous phase III
SELECT trial in which all the Japanese patients
experienced ADRs [15], ADRs were observed in
almost all patients in the current study.
Although the incidence of ADRs of interest was
lower overall in the current study, hyperten-
sion, proteinuria, and palmar-plantar ery-
throdysesthesia were the most frequently
reported ADRs in patients with DTC, MTC, and
ATC, similar to that reported in the previous
trial [15]. Hypertension and proteinuria are the
main AEs of VEGF-targeted therapies, as

Table 4 Assessment of the effectiveness of lenvatinib according to the histological subtypes

DTC MTC ATC

N 442 28 124

Overall survival, days, median (95% CI) – – 101.0 (80.0–130.0)

12-month overall survival rate, % (95% CI) 75.7 (71.3–79.5) 83.0 (60.7–93.3) 15.6 (9.6–22.9)

Time-to-treatment failure, days, median (95% CI) 375.0 (302.0–511.0) 301.0 (198.0–405.0) 74.5 (57.0–108.0)

12-month treatment continuation, % (95% CI) 52.2 (47.0–57.1) 48.1 (26.5–66.7) 9.2 (4.8–15.5)

N 368 20 105

Best overall responsea, n (%)

Complete response 10 (2.7) 1 (5.0) 3 (2.9)

Partial response 208 (56.5) 8 (40.0) 43 (41.0)

Stable disease 122 (33.2) 11 (55.0) 34 (32.4)

Progressive disease 25 (6.8) 0 (0.0) 25 (23.8)

Not evaluable 3 (0.8) 0 (0.0) 0 (0.0)

Overall response rateb, % (95% CI) 59.2 (54.03–64.30) 45.0 (23.06–68.47) 43.8 (34.14–53.83)

Disease control ratec, % (95% CI) 92.4 (89.19–94.88) 100.0 (83.16–100.00) 76.2 (66.89–83.96)

DTC differentiated thyroid cancer, MTC medullary thyroid cancer, ATC anaplastic thyroid cancer, CI confidence interval
a Tumor responses for the single largest tumor were evaluated using imaging data including computed tomography (CT),
and the best response during 12 months after the first administration of lenvatinib was recorded as best overall response.
The responses were classified into complete response (CR), which indicated a disappearance of the tumor; partial response
(PR), which indicated a C 30% decrease in the tumor diameters, taking as reference the baseline diameter; stable disease
(SD); progressive disease (PD), which indicated a C 20% increase in the diameters, taking as reference the baseline
diameter; and not evaluable (NE). Unlike the Response Evaluation Criteria in Solid Tumors (RECIST) guidelines, tumors
in the current study did not need to show CR and PR at C 4 weeks to be indicators of those responses. Tumor responses
were recorded at the discretion of the attending physician and were not reviewed by an independent central review board
b The overall response rate indicates the sum of the proportion of patients with CR and those with PR
c The disease control rate indicates the sum of the proportion of patients with CR, PR, and SD
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reported previously [18–20]. As patients with
hypertension and proteinuria who discontin-
ued treatment accounted for only small pro-
portions, regardless of the high incidence of
these ADRs of at least grade 3 in the current
study, the appropriate management of these
toxicities in a clinical setting resulted in lower
rates of treatment discontinuation. Conse-
quently, no new safety concern was observed
except hemorrhage. Importantly, hemorrhage
associated with tumor shrinkage or necrosis was
higher in patients with ATC than in patients
with DTC and patients with MTC (8.1% vs.
1.6% and 0.0%, respectively). Among patients
with ATC, more careful monitoring and
administration of lenvatinib are needed for
patients with tumors that grow rapidly or
tumors that metastasize close to the carotid
artery, jugular artery, or hilus, as suggested
previously regarding treatment with multitar-
geted kinase inhibitors including lenvatinib
[21–23].

The effectiveness results of lenvatinib
demonstrated overall a meaningful antitumor
activity and survival rates that were comparable
with those of previous trials. In the current
study, the ORRs were 59.2%, 45.0%, and 43.8%
for patients with DTC, MTC, and ATC, respec-
tively. Although the median OS could not be
reached, possibly because the follow-up for this
study was limited to 1 year, the 12-month OS

rate among patients with DTC (75.7%) in the
current study was comparable with that of
patients with RR-DTC (81.6%) in the previous
global SELECT trial [14]. In contrast, the median
OS of patients with ATC was shorter than that
of patients in the phase II trial (10.6 months)
[16]. This may be attributable to differences in
the distribution of ECOG PS scores between the
two studies: patients with ATC with a score of 0
and at least 3 accounted for 30.6% and 14.5%,
respectively, in the current study, while the
corresponding rates in the previous trial were
59% and 0% as the previous trial included
patients with an ECOG PS score of at most 2
[16].

The prognostic factors affecting the OS of
patients with DTC included body weight before
lenvatinib administration, ECOG PS, tumor
size, and the presence of tumor invasion to the
carotid artery, jugular artery, trachea, skin, or
other region. The results of the current study
were mostly consistent with the results of pre-
vious sub-analysis of the phase III SELECT trial
that showed those with an ECOG PS score of 0
had a longer OS than those with an ECOG PS
score of 1 [24]. Previous studies also showed
that both invasion, such as vascular invasion,
[25–28] and tumor size [3, 28–30] were prog-
nostic factors for patients with DTC, including
RR-DTC, reflecting the biological aggressiveness
of tumors. Among patients with ATC, ECOG PS
and the presence of liver metastasis were prog-
nostic factors affecting OS in the current study.
In previous studies, distant metastasis [9, 31, 32]
was a prognostic factor among patients with
ATC. The administration of lenvatinib among
patients with ATC and liver metastasis may not
be beneficial for their prognosis given that the
median OS was 39.5 days and the 1-year OS rate
was 0% among 16 patients in our univariate
Cox regression results. Therefore, along with
previous findings in the phase III SELECT trial,
our findings suggest that the administration of
lenvatinib before the appearance of any condi-
tion associated with poor prognosis may pro-
long the survival of DTC as well as patients with
ATC.

The current study has several limitations.
The data regarding histological subtype were
collected on the basis of the information given

Fig. 1 Overall survival curve of patients with DTC, MTC,
and ATC. DTC differentiated thyroid cancer, MTC
medullary thyroid cancer, ATC anaplastic thyroid cancer
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by the investigator at each study site. The tumor
assessment was not performed for 16.7%,
28.6%, and 15.3% of patients with DTC, MTC,
and ATC, respectively. Moreover, the assess-
ment was performed at the attending physi-
cian’s discretion, and the result was not
reviewed at an independent central review
board of physicians. Therefore, the results
regarding the effectiveness of lenvatinib might
have been somewhat overestimated or under-
estimated. The current results were discussed in
comparison with the previous phase II and
SELECT studies of lenvatinib, which included
patients with DTC limited to those who were
refractory to RAI therapy, whereas this study
partly included patients with DTC whose RAI-
refractory status was not confirmed. Thus, direct
comparison of the results may not be plausible.
Finally, because the data regarding safety were
collected for only 12 months, further studies are
needed to examine the long-term safety of
lenvatinib.

CONCLUSIONS

The current study was the first to evaluate the
safety and effectiveness of lenvatinib in a large
number of patients with unresectable thyroid
cancer—including 124 patients with ATC—after
its approval in Japan. Our results indicated an
acceptable safety profile and meaningful anti-
tumor activities of lenvatinib in Japanese
patients with unresectable thyroid cancer in a
real-world clinical setting, irrespective of the
histological subtype. The antitumor activity
and tolerability of lenvatinib demonstrated in
the current real-world study are of benefit for
patients with unresectable thyroid cancer,
including DTC, MTC, and ATC, as lenvatinib
can be added to the limited treatment options
available for such patients.
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