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Abstract
Background The multikinase inhibitors (MKIs) sorafenib, lenvatinib, and vandetanib are approved for advanced thyroid 
cancer (TC) in Japan. How sequential treatment with MKIs is conducted in Japanese clinical practice is unknown.
Methods This retrospective observational cohort study used a Japanese administrative claims database (April 2008–Sep-
tember 2021). Patients with a confirmed TC subtype diagnosis of papillary (PTC), follicular (FTC), medullary (MTC), or 
anaplastic (ATC), who received MKI treatment after TC diagnosis within the index period (June 2014–August 2021), were 
included. Overall MKI treatment duration was estimated by Kaplan–Meier analysis.
Results The analysis population included 795 patients (PTC, N = 447; FTC, N = 86; MTC, N = 32; ATC, N = 230). Median 
age was ≥ 64 years; most patients (> 60%) were female except for the MTC subgroup (43.8%). First-line (1L) MKI treat-
ment was mainly lenvatinib for PTC (81.7%), FTC (83.7%), and ATC (97.8%), and vandetanib for MTC (62.5%). Among 
patients discontinuing 1L MKI treatment and evaluable for subsequent therapy [PTC: 57.9% (259/447); FTC: 48.8% (42/86); 
MTC: 62.5% (20/32); ATC: 70.4% (162/230)], 26.3% (68/259), 21.4% (9/42), 50.0% (10/20), and 4.9% (8/162) of PTC, 
FTC, MTC, and ATC patients, respectively, received second-line (2L) treatment. Median (95% CI) overall MKI treatment 
duration was 21.2 (17.9–27.5), 43.9 (30.9–not assessable), 39.0 (17.7–not assessable), and 4.0 (3.0–4.8) months for PTC, 
FTC, MTC, and ATC, respectively.
Conclusion Advanced TC treatment options are limited. In this study, most patients received only 1L MKI treatment; of 
those who discontinued 1L, ≤ 50% progressed to 2L.

Key Points 

The real-world treatment patterns with multikinase 
inhibitors (MKIs) approved in Japan for patients with 
advanced thyroid cancer were assessed.

Lenvatinib was the main MKI prescribed for first-line 
treatment for patients with differentiated thyroid cancer 
or anaplastic thyroid cancer, and vandetanib was the 
main MKI prescribed for patients with medullary thyroid 
cancer. Many patients received only one line of MKI 
treatment.

Treatment options for patients with advanced thyroid 
cancer are limited. Newer treatments with high efficacy 
and safety, potentially in combination with companion 
diagnostic tests and/or complemented by cancer genomic 
profiling, are needed to improve the outcome of these 
patients.
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1 Introduction

In 2018, 18,636 cases of thyroid cancer (TC) were reported 
in Japan with an incidence rate of 21.3 per 100,000 in 
women and 7.8 per 100,000 in men [1]. These data align 
with global figures in which the incidence rate of TC is 
threefold higher in women than in men [2]. The main histo-
logic types of TC are differentiated thyroid cancer (DTC), 
medullary thyroid cancer (MTC), and anaplastic thyroid 
cancer (ATC) [3]. DTC accounts for > 90% of TC cases and 
can be further classified into papillary thyroid cancer (PTC), 
follicular thyroid cancer (FTC), and Hürthle cell carcinoma 
[4]. PTC is the most common type of TC and has the best 
overall prognosis. In Japan, cause-specific survival rates 
were 78.8% and 76.3% at 5 and 10 years in patients with 
M1 (distant metastasis at presentation) PTC, compared with 
41.0% and 30.8%, respectively, in patients with M1 FTC [5, 
6]. MTC accounts for approximately < 2% of TC cases [7]. 
The majority of MTCs are sporadic, with approximately 25% 
of cases having a familial predisposition, including muta-
tions in the RET gene [8]. ATC is an undifferentiated TC, 
and although rare, it is the most aggressive form of TC with 
a median overall survival of 3–4 months [9].

Treatment for TC consists of surgery, radioactive iodine 
(RAI) treatment, radiotherapy, chemotherapy, and molecular 
targeted therapy [9, 10]. In Japan, three multikinase inhibi-
tors (MKIs), sorafenib, lenvatinib, and vandetanib, are avail-
able for the treatment of TC. Sorafenib was approved for 
unresectable DTC based on the randomized, double-blind, 
phase 3 DECISION study [11, 12] and for MTC based on 
a phase 2 trial in Japanese patients [13]. Lenvatinib was 
approved [14] based on the results of the randomized, 
double-blind, phase 3 SELECT study in patients with RAI-
refractory DTC [14, 15], and can be used for MTC and 
ATC in Japan based on the results of a phase 2 study [16]. 
Vandetanib was approved for the treatment of unresectable 
MTC based on the results of the randomized, double-blind,  
phase 3 ZETA trial and a phase 1/2 open-label study in 
Japan [17, 18].

The Japan Association of Endocrine Surgeons (JAES) 
clinical practice guidelines for the treatment of patients 
with TC in Japan provide guidance on the preferred MKI 
treatment for advanced TC. The current JAES guidelines 
recommend lenvatinib and sorafenib as the only available 
treatments for advanced/recurrent DTC, strongly recom-
mend vandetanib and weakly recommend sorafenib and 
lenvatinib for advanced/recurrent MTC, and recommend 
lenvatinib for unresectable advanced/recurrent ATC [9]. 
However, the treatment pattern of how these MKIs are 
used nationwide in real-world clinical practice in Japan is 
poorly understood. The primary objective of this study was 
to describe the real-world treatment pattern with MKIs for 

patients with advanced TC in Japan using data from a nation-
wide administrative claims database. Factors associated with 
MKI treatment continuation were also explored.

2  Materials and Methods

2.1  Study Design

This was a retrospective observational cohort study analyz-
ing data from an anonymized hospital-based claims database 
[Medical Data Vision Co., Ltd. (MDV)] in Japan. The MDV 
database comprises de-identified inpatient and outpatient 
administrative claims, discharge summaries, and Diagno-
sis Procedure Combination (DPC) data from approximately 
26% of acute care hospitals in Japan, with the starting month 
of data capture varying from hospital to hospital [19]. As of 
1 December 2021, the database covered approximately 38.2 
million patients [20]. The data used in this study comprised 
the whole database for the period of 1 April 2008 to 30 
September 2021. The study was conducted in accordance 
with the Declaration of Helsinki and was consistent with 
Good Pharmacoepidemiology Practices. Ethical review and 
informed consent were not required because all data in this 
study were de-identified and collected retrospectively.

2.2  Study Population

For this analysis, patients were eligible for inclusion in 
the study if they: (1) had a confirmed diagnosis of TC 
(International Classification of Diseases, Tenth Revision 
(ICD-10) code C73) in the database at any time during 
the study period (1 April 2008 to 30 September 2021); (2) 
had received a prescription of an MKI [lenvatinib (claims 
codes 622416101 and 622416001), sorafenib (claims code 
620006778), or vandetanib (claims code 622441001)] in or 
after the first month of TC diagnosis, and the first prescrip-
tion date (defined as the MKI index date) was within the 
MKI index period (1 June 2014 to 31 August 2021); and 
(3) had a confirmed diagnosis of PTC, FTC, MTC, or ATC 
based on the specific Japanese disease name code for each 
TC subtype (claims codes: PTC, 1930010; FTC, 1939010; 
MTC, 1939006; ATC, 1939009) in the 180 days before the 
MKI index date (inclusive) (Fig. 1). Patients who had a 
diagnosis of multiple TC subtypes were excluded, except 
for those who had a diagnosis of ATC. In these cases, the 
patient was included in the ATC subgroup because treatment 
for ATC would have been prioritized. Patients were also 
excluded if they had any MKI drugs prior to the MKI index 
date (not inclusive) or had records of hospital admission as 
part of a clinical trial after the MKI index date (inclusive). 
Patients were followed from their MKI index date to the 
end of available data (September 2021) for their antitumor 
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treatment with guideline-recommended systemic antitu-
mor drugs for advanced TC [an MKI or taxane (paclitaxel, 
nab-paclitaxel, or docetaxel)] [9], clinical outcomes (time 
to death and time to discontinuation), and supportive care 
(Fig. 1).

2.3  Variables/Measures

Hospital information, patient characteristics, and clinical 
information at baseline (defined as the period of 180 days 
before the MKI index date) were extracted from the data-
base. Some clinical information, including weight, body 
mass index (BMI), and 10-item Barthel activities of daily 
living (ADL) index [21] at hospital admission, was avail-
able only from inpatient discharge summaries and there-
fore was limited to patients with hospitalizations within 
the baseline period. ADL was defined as “independent” if 
all 10 items were recorded as independent and “depend-
ent” if any items were recorded as not independent. ADL 
was defined as “missing” for patients with any ADL items 
missing.

Treatment was defined as the drug that was prescribed on 
the first date of each line of therapy. Start of first-line (1L) 
MKI treatment was the MKI index date, and the start for 
each subsequent line was the date when the new MKI drug 
(or taxane) was prescribed. The end of each treatment line 
was when all drugs were terminated, or when a new MKI 
(or taxane) was started. The end date of each treatment line 
was defined as the date of the last prescription plus the num-
ber of days’ supply minus 1 day. Patients without additional 
hospital visits after the end date of the line were censored 
on that date because such patients could be on treatment 
at the end date of the line. The proportion of patients who 
received subsequent lines of therapy after 1L MKI treatment 
was reported only for the patients who discontinued 1L MKI 
treatment. Overall MKI treatment duration was defined as 
the time between the index date (first MKI dose) and the 
expected final dose of any MKI drugs in the database (date 
of the last prescription of any MKI drugs plus number of 

days’ supply minus 1 day). Patients without additional hos-
pital visits after the expected final dose of any MKI drug 
were censored at that dose.

The initial MKI dose (mg/day) at the start of 1L was 
the intended dose prescribed on the first day of 1L MKI 
treatment. Mean dose per day within 1L MKI treatment 
was the averaged prescribed amount of the MKI per day 
in all periods. This was calculated by dividing the total 
amount of the MKI prescribed by the number of days of 
1L MKI treatment (i.e., dates between the start and end of 
1L). Dose reduction was defined as any reduction in 1-day 
dose (prescribed amount as the intended dose per day) in 
milligrams compared with the initial dose per day. The 
initial MKI dose was calculated by the MKI index year 
(index year ≤ 2017; index year ≥ 2018; i.e., before or after 
the inclusion of MKI treatment in the Japanese clinical 
practice guidelines for advanced TC [9]).

In the MDV database, death information is available only 
from hospitalization records (i.e., death during hospitalization) 
in the same treating hospital; therefore, time from the first MKI 
dose to death during hospitalization was evaluated, where a 
patient was censored at the last hospital visit if the patient did 
not have a record of death.

Records of supportive care and comprehensive genomic 
profiling were evaluated during the baseline period and during 
1L MKI treatment. Variables included general patient manage-
ment (emergent hospital admission), supportive drugs (antihy-
pertensive drugs, drugs related to skin conditions, antidiarrheal 
drugs, painkillers, bone-modifying agents (BMAs), systemic 
hemostatic agents, and Kampo drugs), and comprehensive 
genomic profiling.

2.4  Statistical Analysis

All available and eligible patients in the MDV database were 
included in the study. The objectives of this study are descrip-
tive and no statistical comparison between patient groups or 
treatment groups was planned; therefore, no statistical adjust-
ments for bias or confounding factors were conducted. Mean, 

September 2021
(end of DB)

1L MKI
treatment

June 2014

April 2008
(start of DB)

MKI index period

August 2021

TC diagnosisa

MKI index dateb

2L and later lines
(if exist)

Fig. 1  Study design. aFirst diagnosis of TC in the database. bFirst MKI drug prescription in or after the month with the first TC diagnosis. 1L/2L 
first-/second-line, DB database, MKI multikinase inhibitor, TC thyroid cancer
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SD, median, and range are used for continuous variables. Fre-
quency counts and percentages are used for categorical varia-
bles. Given the descriptive nature of the study objectives, there 
is no comparative delta to be achieved in hypothesis testing; 
95% confidence intervals (CIs; alpha = 0.05) were determined 
by the sample size to enable interpretation of point estimates.

Overall MKI treatment duration and time to death dur-
ing hospitalization were estimated by the Kaplan–Meier 
method. Multivariable Cox proportional hazards regression 
analysis was conducted to investigate factors associated with 
MKI treatment discontinuation in patients with DTC (PTC 
and FTC subgroups). Covariates were those with potential 
clinical relevance for treatment continuation and which were 
available in the MDV database: patient characteristics, clini-
cal information, supportive care drugs, and Charlson comor-
bidities (excluding cancer) occurring in approximately ≥ 10% 
of patients (data not shown). Missing data were not imputed 
and are reported in the descriptive summary tables for their 
frequency count and percentage. Extraction of the cohort and 
creation of analytic variables were performed using the Instant 
Health Data platform (Panalgo, Boston, MA, USA), and statis-
tical analyses were undertaken with R, Version 3.2.1 or higher 
(R Foundation for Statistical Computing, Vienna, Austria).

3  Results

3.1  Demographic and Baseline Clinical 
Characteristics

A total of 1717 patients with TC started 1L MKI treat-
ment (June 2014 and August 2021) and met the criteria to 
be included in the study before TC subgrouping (Fig. 2). 
These patients were divided into TC subgroups according 
to the subtype disease codes in the baseline period (PTC, 
N = 447; FTC, N = 86; MTC, N = 32; ATC, N = 230) and 
were included in this analysis. Patients without any spe-
cific TC subtype code or with more than one subtype code 
(except for ATC) were excluded.

Median age at first MKI prescription was ≥ 64 years in 
all subgroups (Table 1). In each subgroup, most patients 
(> 60%) were female except for the MTC subgroup, in 
which there were more men than women. Almost all 
patients (> 88%) in each subgroup were prescribed 
MKI treatment in a designated cancer hospital. MKIs 
were prescribed mainly in the internal medicine depart-
ment for patients in the PTC (40.5%), FTC (53.5%), and 
MTC (40.6%) subgroups, and in the otorhinolaryngology 
department for patients in the ATC (39.5%) subgroup. 
Approximately one-third of patients were prescribed MKI 
treatment within a surgical department. At baseline the 
most common metastasis site was the lung for the PTC 
and ATC subgroups, and bone for the FTC subgroup; in 

the MTC subgroup, lung metastasis, bone metastasis, 
and liver metastasis were reported in ten patients each 
(Table 1). The proportion of patients with a poorer ADL 
(i.e., dependent ADL) status was numerically greater in 
the FTC and ATC subgroups compared with the PTC and 
MTC subgroups (Table 1).

3.2  Treatment Patterns with Multikinase Inhibitors 
(MKIs) and Taxanes

In the PTC, FTC, and ATC subgroups, > 80% of patients 
were prescribed lenvatinib as 1L MKI treatment (81.7% 
(365/447); 83.7% (72/86); 97.8% (225/230), respectively), 
and in the MTC subgroup, 62.5% (20/32) of patients 
were prescribed vandetanib (Fig. 3). Among the patients 
who were evaluable for subsequent therapy [PTC: 57.9% 
(259/447); FTC: 48.8% (42/86); MTC: 62.5% (20/32); 
ATC: 70.4% (162/230)], the transition rate to second-line 
(2L) was 26.3% (68/259) for PTC, 21.4% (9/42) for FTC, 
50.0% (10/20) for MTC, and 4.9% (8/162) for ATC. Of 
those who did transition to 2L treatment, most received 
a subsequent MKI (i.e., lenvatinib, sorafenib, or vande-
tanib), except for patients with ATC where a taxane was 
prescribed more often (Fig. 3). Subsequent 3L treatment 
was received by 14 patients with PTC, one with FTC, three 
with MTC, and four with ATC. and comprised mainly an 
MKI (Fig. 3).

3.3  Dose and Dose Reduction of MKIs in First‑Line 
(1L) Treatment

The initial dose and the average dose of lenvatinib were 
numerically higher in the ATC subgroup compared with 
the other subgroups (Table 2). The initial sorafenib dose 
was numerically higher but the average dose was numeri-
cally lower in the ATC subgroup compared with the other 
subgroups (Table 2). More than 60% of the patients in each 
subgroup required a dose reduction of lenvatinib during 1L 
treatment, and approximately 40–60% of patients required 
a dose reduction of sorafenib (Table 2); 50.0% of patients 
in the MTC subgroup receiving vandetanib required a dose 
reduction during 1L treatment (Table 2).

We evaluated the initial dose of MKI at the start of 1L 
by the MKI index year (started 1L in 2017 or earlier; started 
1L in 2018 or later). The mean initial dose of lenvatinib was 
numerically lower in the group with an index year of 2018 or 
later compared with an index year of 2017 or earlier (18.8 vs. 
20.5 mg/day), both of which were lower than the approved 
dose of 24 mg/day (Table 3). Overall, of those who received 
lenvatinib in 2017 or earlier and in 2018 or later, 36.9% and 
47.9%, respectively, received lenvatinib at an initial dose less 
than the approved 24 mg/day. Analysis of the initial dose of 
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lenvatinib in 1L MKI treatment (< 24 mg/day; 24 mg/day) by 
baseline characteristics was performed. Patients who received 
a lower initial dose of lenvatinib were those who were older, 
those who had PTC, and those who had an ADL status of 
“dependent” at baseline (Table 4).

3.4  Overall MKI Treatment Duration and Time 
to Death During Hospitalization

Overall MKI treatment duration and time to death during 
hospitalization were both numerically shorter for patients 
in the ATC subgroup compared with patients in the FTC, 
PTC, and MTC subgroups (Fig. 4). Median (95% CI) 
treatment duration was 4.0 (3.0–4.8) months for the ATC 
subgroup compared with 21.2 (17.9–27.5), 43.9 [30.9–not 

assessable (NA)], and 39.0 (17.7–NA) months for the 
PTC, FTC, and MTC subgroups, respectively (Fig. 4a). 
Median (95% CI) time to death during hospitalization was 
7.4 (6.1–10.9) months for the ATC subgroup compared 
with 65.3 (52.7–NA) and 67.5 (67.5–NA) months for the 
FTC and PTC subgroups, respectively; median time to 
death during hospitalization for the MTC group was not 
reached (Fig. 4b).

Factors significantly associated with MKI treatment 
discontinuation in patients with DTC (i.e., PTC and FTC 
subgroups only, N = 533) were age ≥ 75 years (hazard ratio 
(HR) 1.86; 95% CI 1.45–2.39), PTC at baseline (HR 1.76; 
95% CI 1.16–2.66), and use of opioids at baseline (HR 
2.69; 95% CI 1.71–4.24). Findings were similar for the 
subgroup analysis of patients whose ADL independence 

Patients with a confirmed diagnosis of TC (ICD-10 code C73)
in the whole database (April 2008–September 2021)

N = 89,953

Patients with a confirmed diagnosis of TC
between June 2014 and September 2021 

N = 83,547

Received first MKI prescription in or after the first month
of the TC diagnosis between June 2014 and August 2021 

N = 1722

Study population before TC subgrouping
N = 1717

Excluded:
Participated in clinical trials after starting MKI, n = 5

Excluded:
Could not be classified as PTC, FTC, MTC, or ATC based on 
the specific Japanese disease name codes, n = 922

Study population after TC subgrouping based on the specific
Japanese disease name codes

N = 795

PTC
N = 447

FTC
N = 86

MTC
N = 32

ATC
N = 230

Fig. 2  Patient flow diagram. ATC  anaplastic thyroid cancer, FTC follicular thyroid cancer, ICD-10 International Classification of Diseases, Tenth 
Revision, MKI multikinase inhibitor, MTC medullary thyroid cancer, PTC papillary thyroid cancer, TC thyroid cancer
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and BMI were available (N = 268) (Table 5). The factor 
significantly associated with continuation of treatment was 
total ADL independence (HR 0.50; 95% CI 0.32–0.76).

3.5  Supportive Care and Comprehensive Genomic 
Profiling

In general, the use of supportive care increased after the 
initiation of MKI treatment for all subgroups (Table 6). 
At baseline, the proportion of patients with an emergent 

Table 1  Demographics and 
clinical characteristics of 
patients by thyroid cancer 
subgroup

Data are n (%), except where otherwise indicated
ADL activities of daily living, ATC  anaplastic thyroid cancer, BMI body mass index, FTC follicular thyroid 
cancer, HFS hand and foot syndrome, MKI multikinase inhibitor, MTC medullary thyroid cancer, PTC pap-
illary thyroid cancer, SD standard deviation
a Number of patients with baseline data available was used as the denominator in calculation of percentages

Variable PTC
N = 447

FTC
N = 86

MTC
N = 32

ATC 
N = 230

Treating hospital characteristics
 Designated cancer hospital 410 (91.7) 76 (88.4) 31 (96.9) 219 (95.2)
 Number of beds
  < 200 5 (1.1) 3 (3.5) 0 1 (0.4)
  200–499 193 (43.2) 38 (44.2) 11 (34.4) 108 (47.0)
  ≥ 500 249 (55.7) 45 (52.3) 21 (65.6) 121 (52.6)

 Department in which first MKI was prescribed
  Internal medicine 181 (40.5) 46 (53.5) 13 (40.6) 54 (23.5)
  Surgery 135 (30.2) 26 (30.2) 9 (28.1) 85 (37.0)
  Otorhinolaryngology 128 (28.6) 14 (16.3) 10 (31.3) 91 (39.5)
  Radiology 1 (0.2) 0 0 0
  Unknown 2 (0.5) 0 0 0

Age at first MKI prescription, 
median (range), years

73 (26–94) 70 (36–88) 64 (37–85) 74 (43–98)

 Sex
  Female 272 (60.9) 56 (65.1) 14 (43.8) 148 (64.3)
  Male 175 (39.1) 30 (34.9) 18 (56.2) 82 (35.7)

 Metastases at baseline
  Lung 207 (46.3) 32 (37.2) 10 (31.3) 59 (25.7)
  Bone 61 (13.7) 54 (62.8) 10 (31.3) 28 (12.2)
  Brain 16 (3.6) 4 (4.7) 0 4 (1.7)
  Liver 14 (3.1) 2 (2.3) 10 (31.3) 12 (5.2)

 Comorbidities at baseline
  Hypertension 203 (45.4) 40 (46.5) 11 (34.4) 140 (60.9)
  Diarrhea 22 (4.9) 7 (8.1) 4 (12.5) 13 (5.7)
  HFS 9 (2.0) 2 (2.3) 0 13 (5.7)
  Hemoptysis 12 (2.7) 0 0 5 (2.2)

 ADL independence level at baseline
  N 224 (50.1) 50 (58.1) 19 (59.4) 174 (75.7)
   Dependenta 35 (15.6) 14 (28.0) 1 (5.3) 46 (26.4)
   Independenta 189 (84.4) 36 (72.0) 18 (94.7) 128 (73.6)

 BMI at baseline
  N 229 (51.2) 48 (55.8) 19 (59.4) 177 (77.0)
  Mean (SD), kg/m2 23.2 (4.04) 23.4 (4.13) 22.2 (3.96) 22.6 (5.72)
  BMI < 18.5 kg/m2a 24 (10.5) 6 (12.5) 4 (21.1) 26 (14.7)
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hospital admission was numerically highest in the ATC 
subgroup (12.6%) compared with the other subgroups 
(FTC: 2.3%; PTC: 4.0%; MTC: 0.0%). The proportion of 
patients who received opioids at baseline was numerically 
higher in the ATC (16.5%) and FTC (15.1%) subgroups 
compared with the PTC (6.7%) and MTC (12.5%) sub-
groups, and BMAs were numerically more commonly 
prescribed to patients in the FTC (25.6%) subgroup than 
to those in the ATC (2.6%), PTC (4.0%), and MTC (9.4%) 
subgroups. A small proportion of patients in the ATC and 
PTC subgroups only received comprehensive genomic pro-
filing at baseline and during 1L treatment after starting 
MKI treatment (Table 6).

4  Discussion

This is the first study in Japan to describe the real-world 
treatment patterns with MKIs approved in Japan (len-
vatinib, sorafenib, and vandetanib) for patients with TC 
using a nationwide, large-scale administrative database. 
In this analysis of TC subtypes, lenvatinib was the main 
MKI prescribed for 1L treatment for patients with DTC 
(PTC and FTC) or ATC. The higher proportion of prescrip-
tions for lenvatinib compared with sorafenib may be related 
to its greater apparent efficacy, as mentioned in the JAES 
guidelines [9], although direct comparisons between clini-
cal trials cannot be made. Vandetanib was the main MKI 
prescribed for patients with MTC, consistent with the JAES 

VAN: 20

LEN: 12

LEN: 5

TAX: 1

VAN: 3

SOR: 1

SOR: 3

LEN: 365

All: N = 32

All: N = 447

All: N = 230

All: N = 86

1L treatment 2L treatmenta 3L treatment 

1L treatment 2L treatmenta 3L treatment 

1L treatment 2L treatmenta 3L treatment 

1L treatment 2L treatmenta 3L treatment 

SOR: 82

LEN: 32

SOR: 32

TAX: 4

LEN: 11

SOR: 2
TAX: 1

LEN: 72

SOR: 14

LEN: 6

SOR: 3 LEN: 1

LEN: 225

SOR: 5

TAX: 6

SOR: 1

LEN: 1

LEN: 4

CTFCTP

CTACTM

Fig. 3  Treatment patterns with MKI and taxane. aThe number of 
patients who were evaluable for 2L treatment analyses were those 
who had finished or terminated 1L treatment. The end of 1L treat-
ment was when the patient terminated all the drugs in the regimen 
or started a new MKI drug or taxane that was not included in the 

regimen, whichever occurred first: PTC, N = 259; FTC, N = 42; MTC, 
N = 20; ATC, N = 162. 1L/2L/3L first-/second-/third-line, ATC  ana-
plastic thyroid cancer, FTC follicular thyroid cancer, LEN lenvatinib, 
MKI multikinase inhibitor, MTC medullary thyroid cancer, PTC pap-
illary thyroid cancer, SOR sorafenib, TAX taxane, VAN vandetanib
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guidelines, which strongly recommend vandetanib for MTC 
based on phase 3 efficacy data [9, 17]. For patients who 
discontinued 1L MKI treatment and were evaluable for sub-
sequent therapy (MKI or taxane), the transition rate to 2L 
was low (4.9–26.3%) for ATC, FTC, and PTC, where only 
two MKIs are indicated (lenvatinib and sorafenib) and was 
higher (50%) for patients with MTC where three MKIs are 
available (lenvatinib, sorafenib, and vandetanib). For FTC, 
PTC, and MTC, the treatment pattern consisted of 1L MKI 
followed by a subsequent MKI treatment; for ATC, 1L MKI 
treatment was more often followed by a taxane. Subsequent 

Table 2  Dose of MKI in 1L MKI treatment by drug and thyroid cancer subgroup

1L first-line, ATC  anaplastic thyroid cancer, FTC follicular thyroid cancer, MKI multikinase inhibitor, MTC medullary thyroid cancer, PTC papil-
lary thyroid cancer, SD standard deviation
a Standard dose in Japan: lenvatinib 24 mg/day; sorafenib 800 mg/day; vandetanib 300 mg/day

Variable Lenvatiniba Sorafeniba Vandetaniba

PTC
(N = 365)

FTC
(N = 72)

MTC
(N = 12)

ATC 
(N = 225)

PTC
(N = 82)

FTC
(N = 14)

ATC 
(N = 5)

MTC
(N = 20)

Initial MKI dose at start of 1L, mg/day
 Mean (SD) 18.6 (6.83) 19.1 (6.48) 17.3 (7.50) 20.8 (5.77) 648.8 (207.42) 628.6 (219.89) 680.0 (178.89) 275.0 (44.43)
 Median 20.0 24.0 19.0 24.0 800.0 800.0 800.0 300.0

Average dose during 1L, mg/day
 Mean (SD) 10.3 (5.24) 11.1 (5.48) 10.2 (4.64) 16.3 (6.20) 434.0 (238.33) 459.6 (279.25) 422.3 (254.47) 189.5 (66.60)
 Median 9.1 9.5 9.6 16.2 400.0 420.7 438.7 195.4

Dose reduction of 
MKI during 1L, 
n (%)

270 (74.0) 51 (70.8) 8 (66.7) 135 (60.0) 44 (53.7) 6 (42.9) 3 (60.0) 10 (50.0)

Table 3  Initial dose of MKI in 1L MKI treatment by index year

1L first-line, MKI multikinase inhibitor, SD standard deviation

Initial dose of 1L MKI 
per day

Lenvatinib Sorafenib Vandetanib

Index year 2017 or earlier
 N 225 56 5
 Mean (SD), mg/day 20.5 (6.27) 635.7 (216.10) 280.0 (44.72)
 Median 24.0 800.0 300.0

Initial lenvatinib dose < 24 mg/day
 n (%) 83 (36.9) – –

Index year 2018 or later
 N 449 45 15
 Mean (SD), mg/day 18.8 (6.61) 662.2 (194.57) 273.3 (45.77)
 Median 24.0 800.0 300.0

Initial lenvatinib dose < 24 mg/day
 n (%) 215 (47.9) – –

Table 4  Demographics and baseline clinical characteristics of 
patients by initial dose of lenvatinib (< 24 mg/day; 24 mg/day) in 1L 
MKI  treatmenta

Data are n (%), except where otherwise indicated
1L first-line, ADL activities of daily living, ATC  anaplastic thyroid 
cancer, BMI body mass index, FTC follicular thyroid cancer, MKI 
multikinase inhibitor, MTC medullary thyroid cancer, PTC papillary 
thyroid cancer, SD standard deviation
a Four patients whose recorded initial lenvatinib dose was > 24  mg/
day have been removed from this analysis
b Number of patients with baseline data available was used as the 
denominator in calculation of percentages

Variable Lenvatinib 
< 24 mg/day
N = 298

Lenvatinib 
24 mg/day
N = 372

Age at first MKI prescription, median 
(range), years

75 (41–98) 71 (26–92)

Sex
 Female 178 (59.7) 241 (64.8)
 Male 120 (40.3) 131 (35.2)

ATC at baseline 76 (25.5) 146 (39.3)
PTC at baseline 189 (63.4) 203 (54.6)
FTC at baseline 32 (10.7) 43 (11.6)
MTC at baseline 6 (2.0) 7 (1.9)
ADL independence level at baseline
 N 152 (51.0) 258 (69.4)
  Dependentb 36 (23.7) 49 (19.0)
  Independentb 116 (76.3) 209 (81.0)

BMI at baseline
 N 153 (51.3) 261 (70.2)
 Mean (SD), kg/m2 23.2 (6.0) 22.9 (4.0)
 BMI < 18.5 kg/m2b 24 (15.7) 25 (9.6)
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Fig. 4  a Overall MKI treatment duration and b time to death during 
hospitalization. Shading indicates 95% CI. ATC  anaplastic thyroid 
cancer, CI confidence interval, FTC follicular thyroid cancer, MKI 

multikinase inhibitor, MTC medullary thyroid cancer, NA not assess-
able, PTC papillary thyroid cancer
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3L treatment, although rare, was in most cases the MKI 
received during 1L MKI treatment, except for patients with 
MTC who received an MKI that was not received during 1L 
or 2L. The results of this study indicate that the concept of 
“sequential treatment” has not yet been established for MKI 
treatment for patients with TC in Japan, and this may be due 
to the lack of multiple effective treatment options. Although 
sequential treatment is evident elsewhere [22], further inves-
tigation to establish its benefit to survival is warranted.

The approved starting dose of lenvatinib for the treatment 
of unresectable TC is 24 mg/day. Due to concerns of adverse 
events associated with the drug, some physicians will  
prescribe lenvatinib at a lower starting dose [23–25]. How-
ever, a phase 2 study compared lenvatinib at 18 mg/day with 
the approved starting dose of 24 mg/day in patients with 
RAI-refractory DTC. Safety was similar between the two 

dose levels, but lenvatinib at 18 mg/day did not demonstrate 
noninferiority compared with a starting dose of 24 mg/day 
[26]. In a post-marketing observational study of lenvatinib 
treatment in Japan, approximately 75% of patients with unre-
sectable TC did receive the approved standard starting dose 
of 24 mg/day, but the mean dose throughout the study period 
was lower (range: 12.06–15.71 mg/day across the TC sub-
groups) [25]. In the current study, 44% of patients prescribed 
lenvatinib had a starting dose lower than 24 mg/day. The 
mean prescribed starting dose was lower than the approved 
starting dose (24 mg/day) for all TC subgroups (range: 
17.3–20.8 mg/day), and dose reductions of lenvatinib during 
1L treatment were required for approximately 60–70% of the 
patients. Mean dose per day averaged through 1L treatment 
was consistent with that observed in the Japanese post-mar-
keting study of lenvatinib [25]. Interestingly, when analyzed 

Table 5  Multivariable Cox 
proportional hazards regression: 
factors associated with MKI 
treatment discontinuation (DTC 
patients)

ADL activities of daily living, BMA bone-modifying agent, BMI body mass index, CI confidence interval, 
DTC differentiated thyroid cancer, MKI multikinase inhibitor, PTC papillary thyroid cancer
a At baseline

Covariatea Hazard ratio (95% CI) P-value

All DTC patients (N = 533)
 Age at first MKI ≥ 75 years: yes/no 1.86 (1.45–2.39) < 0.01
 Sex: male/female 0.92 (0.72–1.19) 0.53
 PTC: yes/no 1.76 (1.16–2.66) 0.01
 Lung metastases: yes/no 0.81 (0.63–1.03) 0.09
 Bone metastases: yes/no 1.23 (0.85–1.79) 0.28
 Opioids: yes/no 2.69 (1.71–4.24) < 0.01
 BMAs: yes/no 1.02 (0.59–1.75) 0.94
 Systemic hemostatics: yes/no 1.18 (0.76–1.84) 0.45
 Antihypertensives: yes/no 1.06 (0.83–1.37) 0.63
 Diabetes: yes/no 1.12 (0.82–1.54) 0.47
 Chronic pulmonary disease: yes/no 1.25 (0.91–1.73) 0.17
 Congestive heart failure: yes/no 1.34 (0.89–2.02) 0.17
 Mild liver disease: yes/no 0.86 (0.58–1.27) 0.45

Subgroup of DTC patients for whom total ADL and BMI were available (N = 268)
 Age at first MKI ≥ 75 years: yes/no 1.81 (1.28–2.57) < 0.01
 Sex: male/female 1.10 (0.78–1.57) 0.58
 PTC: yes/no 2.17 (1.21–3.90) 0.01
 Lung metastases: yes/no 0.82 (0.58–1.15) 0.25
 Bone metastases: yes/no 1.18 (0.75–1.86) 0.47
 Opioids: yes/no 2.12 (1.21–3.72) 0.01
 BMAs: yes/no 0.97 (0.50–1.86) 0.92
 Systemic hemostatics: yes/no 1.04 (0.63–1.71) 0.88
 Antihypertensives: yes/no 1.01 (0.72–1.41) 0.98
 Diabetes: yes/no 1.41 (0.93–2.14) 0.11
 Chronic pulmonary disease: yes/no 0.94 (0.62–1.43) 0.78
 Congestive heart failure: yes/no 1.13 (0.68–1.88) 0.64
 Mild liver disease: yes/no 0.88 (0.51–1.50) 0.63
 Total ADL independence: independent/dependent 0.50 (0.32–0.76) < 0.01
 BMI < 18.5 kg/m2: yes/no 1.03 (0.55–1.92) 0.93



155MKI Treatment for Advanced Thyroid Cancer in Japan

by 1L MKI index year, numerically more patients were  
prescribed 1L lenvatinib treatment at a starting dose < 24 mg/
day in 2018 and after, compared with those prescribed treat-
ment in 2017 or earlier (47.9% vs. 36.9%, respectively); as 
reported by Brose et al. [26], a starting dose of 24 mg/day is 
important for the optimization of lenvatinib treatment. In this 
study, patients who were prescribed lenvatinib at a dose lower 
than the approved starting dose tended to be older and have 
a poorer ADL status (i.e., dependent) than those who were 
prescribed lenvatinib at a starting dose of 24 mg/day; this may 
have been due to safety concerns related to a higher dose in 
the older, more frail patients.

ATC is known to be a more aggressive TC tumor type 
with a poorer prognosis than PTC, FTC, and MTC [3], and 
this is what we observed in this study. Patients with ATC had 
a shorter duration of MKI treatment and time to death during 
hospitalization than patients with PTC, FTC, and MTC. The 
trends were similar to that observed in the Japanese post-
marketing observational study of lenvatinib, in that patients 
with ATC had a shorter overall survival and shorter time-to-
treatment failure than patients with DTC or MTC [25]. Fur-
thermore, in this database study, patients with ATC tended to 
be elderly and required supportive care (e.g., emergent hos-
pitalization, opioids). Evaluation of their lenvatinib dosing 
regimen indicated that their antitumor treatment was intense, 
which may have been due to the aggressive disease progres-
sion characteristic of ATC and thus the shorter post-dose 
reduction period. Overall, this study indicates that there is an 
unmet need for better treatment for these vulnerable patients.

In this analysis of TC subtypes, most patients (88–97%) 
were prescribed MKI treatment in a designated cancer hos-
pital. In a post hoc analysis of all patients with a confirmed 

diagnosis of TC in the whole database (N = 89,953; Fig. 2), 
regardless of stage or treatment received, 78% of patients were 
treated in a designated cancer hospital, indicating that a high 
proportion of patients with TC in Japan, and in particular 
those receiving MKI treatment, are treated in a designated 
cancer hospital. Furthermore, approximately 30% of patients 
in the TC subtype analysis were prescribed MKI treatment in 
a surgical department. The involvement of the surgical depart-
ment in prescribing MKI treatment appears to be unique to 
Japan, with studies in the USA indicating that the surgical 
department/surgeons were rarely involved with such prescrip-
tions [22, 27]. Trends of age and sex for each TC subgroup 
were consistent, but the percentage of patients with metastasis 
was smaller in this study than in the post-marketing observa-
tional study for lenvatinib in Japan (e.g., lung metastases: 31% 
vs. 44% for MTC patients and 26% vs. 77% for ATC patients, 
respectively) [25]. This may be because this is a claims data-
base study and treatment for metastases may not have been 
recorded as a specific claim for reimbursement; therefore, the 
metastases would not have been captured in this observational 
study. However, the trends for each TC subtype for common 
metastatic sites in this study were consistent with the literature 
[3] and the post-marketing observational study of lenvatinib 
in Japan [25]: PTC had a high percentage of lung metasta-
ses; FTC had mainly bone metastases; MTC had lung, bone, 
and liver metastases; and ATC had a high percentage of lung 
metastases. In this study, patients with FTC or ATC had a 
poorer ADL status than those with PTC or MTC, likely reflec-
tive of the presence of bone metastases in patients with FTC, 
which leads to pain and possibly a poorer ADL status, and 
the aggressive nature of ATC leading to a poor prognosis [3].

Table 6  Supportive care and comprehensive genomic profiling at baseline and during 1L MKI treatment

Data are n (%)
1L first-line, ATC  anaplastic thyroid cancer, BMA bone-modifying agent, FTC follicular thyroid cancer, MKI multikinase inhibitor, MTC medul-
lary thyroid cancer, PTC papillary thyroid cancer

Variable Baseline During 1L MKI treatment

PTC
N = 447

FTC
N = 86

MTC
N = 32

ATC 
N = 230

PTC
N = 447

FTC
N = 86

MTC
N = 32

ATC 
N = 230

Emergent hospital admission 18 (4.0) 2 (2.3) 0 29 (12.6) 65 (14.5) 9 (10.5) 2 (6.3) 33 (14.4)
Opioids 30 (6.7) 13 (15.1) 4 (12.5) 38 (16.5) 81 (18.1) 26 (30.2) 8 (25.0) 117 (50.9)
BMAs 18 (4.0) 22 (25.6) 3 (9.4) 6 (2.6) 47 (10.5) 39 (45.4) 9 (28.1) 19 (8.3)
Systemic hemostatics 33 (7.4) 1 (1.2) 2 (6.3) 24 (10.4) 41 (9.2) 3 (3.5) 4 (12.5) 28 (12.2)
Antihypertensives 154 (34.5) 31 (36.1) 9 (28.1) 96 (41.7) 382 (85.5) 78 (90.7) 24 (75.0) 213 (92.6)
Skin moisturizer 106 (23.7) 27 (31.4) 8 (25.0) 67 (29.1) 346 (77.4) 71 (82.6) 27 (84.4) 176 (76.5)
Topical steroids 37 (8.3) 7 (8.1) 4 (12.5) 36 (15.7) 212 (47.4) 43 (50.0) 23 (71.9) 97 (42.2)
Antihistamines 24 (5.4) 2 (2.3) 2 (6.3) 36 (15.7) 76 (17.0) 13 (15.1) 11 (34.4) 37 (16.1)
Loperamide 7 (1.6) 2 (2.3) 3 (9.4) 5 (2.2) 101 (22.6) 28 (32.6) 14 (43.8) 48 (20.9)
Kampo drugs 23 (5.2) 5 (5.8) 2 (6.3) 17 (7.4) 71 (15.9) 23 (26.7) 6 (18.8) 32 (13.9)
Comprehensive genomic profiling 3 (0.7) 0 0 1 (0.4) 7 (1.6) 0 0 7 (3.0)
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To improve the health-related quality of life for patients 
with advanced TC, supportive care is recommended, par-
ticularly for patients with ATC [9, 28]. In this study, patients 
with ATC had a numerically higher percentage of emergent 
hospitalization in baseline compared with the other TC sub-
groups, and opioid use was common especially in the ATC 
and FTC subgroups. BMAs were common for patients with 
FTC, likely associated with the frequent bone metastasis 
observed in this subgroup. Furthermore, old age, PTC (vs. 
FTC), use of opioids in baseline (implying existing pain 
symptoms), and dependent ADL status were negative fac-
tors for continuation of MKI treatment in DTC patients. 
As shown by Brose et al. [26], a lower dose of lenvatinib 
(18 mg/day) did not demonstrate noninferiority compared 
with a starting dose of 24 mg/day in objective response 
rate, and the lower dose showed a tendency for shorter 
progression-free survival (PFS). In this database study, the 
dose reduction rate for lenvatinib was higher, and the aver-
age dose of lenvatinib in 1L was lower for PTC than FTC, 
suggesting that patients with PTC were not managing well 
with lenvatinib, which may have resulted in earlier treatment 
discontinuation. Additionally, the PTC subgroup was older 
than the FTC subgroup, which may have contributed to the 
shorter treatment duration. Other contributing factors to the 
observed difference in treatment duration between the FTC 
and PTC subgroups may exist and require further investiga-
tion in future studies.

This study also elucidated that some patients received 
comprehensive genomic profiling during baseline and dur-
ing 1L MKI treatment. We hypothesize that comprehen-
sive genomic profiling was conducted on those patients 
who were seeking experimental treatment options target-
ing gene alterations before completing the currently avail-
able treatments [29]. In particular, patients with ATC have 
a poor prognosis and limited treatment options; therefore, 
they may be exploring clinical trials. Clinically relevant 
gene alterations for TC include the BRAFV600E mutation, 
RET mutations, RET/PTC rearrangements, and NTRK 
gene fusions [4]. The most common driver mutation is 
the BRAFV600E mutation, which occurs in approximately 
45% of PTCs [30]. RET/PTC rearrangements are found in 
10–20% of PTC and RET mutations in > 95% of hered-
itary and up to 50% of sporadic MTC [4]. NTRK gene 
fusions, although rare in adult TC, have been reported in 
predominantly PTC at a prevalence of 5.7% [31]. Molecu-
lar targeted therapies for TC that require molecular test-
ing include the RET inhibitors selpercatinib [32] and 
pralsetinib [33], the BRAF/MEK inhibitor combination 
of dabrafenib plus trametinib [34], and the tyrosine recep-
tor kinase inhibitors larotrectinib [35] and entrectinib [36] 
for NTRK fusion-positive tumors. At the time of this study, 
molecular targeted therapies for the treatment of TC that 
require companion diagnostics, except for larotrectinib and 

entrectinib, were not yet approved in Japan, and therefore 
companion diagnostics were not captured in this study; 
selpercatinib was approved in Japan in February 2022 and 
approved RET companion diagnostics are now available. 
Although the proportion of patients who received compre-
hensive genomic profiling was very low, it is expected to 
increase in the future with the availability of newly devel-
oped molecular targeting agents.

In Japan, unlike other countries, all medical costs are cov-
ered by the public insurance system and paid to hospitals 
as reimbursements (i.e., claims). The use of administrative 
claims in a nationwide database enabled the longitudinal 
collection of real-world data, especially the collection of 
the real-world pattern of MKI drug prescriptions and con-
comitant therapies. The use of the large-scale database also 
meant that a relatively large number of patients with TC 
treated with MKIs could be included. This study was fur-
ther strengthened by the disease name nomenclature used 
in Japanese claims, enabling the examination of TC subtype 
within the ICD-10 code for thyroid cancer (C73), which is 
not possible with the standard ICD-10 coding nomencla-
ture. Furthermore, the availability of ADL data, although 
limited as described below, which can be used to capture 
the general health status of the patients and analyze its asso-
ciation with prognosis, is a strength of the MDV database 
compared with other claims databases that do not include 
clinical information.

This database study was limited in that the MDV database 
only includes a portion of DPC hospitals, which can poten-
tially introduce bias in the hospital characteristic observed. 
In addition, the database cannot track a patient across mul-
tiple hospitals, and therefore patients may be lost or counted 
multiple times if they received treatment at more than one 
hospital. Furthermore, some important clinical informa-
tion (e.g., cancer stage, performance status) and common 
effectiveness endpoints (e.g., PFS, tumor response) were 
not available or were largely missing from the database. 
Other clinical information including ADL, BMI, and death 
records can only be obtained from hospitalization records. 
As a result, a death event can only be captured when it 
occurs during hospitalization in the same treating hospi-
tal. If patients are transferred to other facilities for terminal 
care or any other purposes, death events are not captured, 
and the patients are censored for the time-to-death analysis. 
Because of the lack of clinical information that is essential 
for treatment choice decisions in clinical practice within the 
database, results were not adjusted for patient background, 
and statistical comparison for treatment outcome between 
the treatment groups was not conducted. Furthermore, the 
database does not contain information on treatment lines, 
and so treatment lines were defined using a prespecified defi-
nition of treatment sequence. Despite the availability of dis-
ease name codes specific for the TC subtypes, as mentioned 
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above, not all patients with TC (ICD-10 code C73) in the 
database have a record of these specific TC subtype codes 
in their claims. As a result, a large proportion of the poten-
tial study population was lost by TC subgrouping (Fig. 2). 
Lastly, Cox proportional hazards regression analysis was 
conducted to investigate factors associated with MKI treat-
ment discontinuation in patients with DTC (PTC+FTC) 
only. This was because the overall MKI treatment duration 
for patients with ATC was too short to examine, and the 
MTC sample size was too small.

5  Conclusions

This study clarified the real-world MKI treatment patterns 
for patients with advanced TC in Japan, where many patients 
received only one line of MKI treatment. Treatment options 
for patients with advanced TC are still very limited, and 
newer treatments with high efficacy and safety, potentially 
in combination with companion diagnostic tests and/or 
complemented by cancer genomic profiling, are needed to 
improve the outcome of these patients.
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