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Abstract
Purpose Among patients with various cancers receiving anticancer drugs, sarcopenia is associated with poor survival and
treatment outcomes. We conducted an observational study using skeletal muscle index (SMI) evaluation to investigate the
association between sarcopenia and treatment outcomes of tyrosine kinase inhibitors (TKIs) in metastatic thyroid cancer
patients.
Methods We included 54 patients (19 men, 35 women; age, 66.5 ± 10.9 years) with differentiated thyroid carcinoma (DTC)
or medullary thyroid carcinoma (MTC). The records of patients with metastatic DTC and MTC treated with TKIs were
retrospectively reviewed. Patients were divided into sarcopenia and non-sarcopenia groups based on SMI. The SMI cutoff
values for sarcopenia were 42 and 38 (cm2/m2) for males and females, respectively. Thirty-three patients had sarcopenia
before TKI treatment.
Results The sarcopenia group had more females and a lower body mass index. The median progression-free survival (PFS)
durations were 13.6 (95% confidence interval (CI): 6.1–29.9) and 41.9 (95% CI: 25.2–not estimable) months in the
sarcopenia and non-sarcopenia groups (p= 0.017), respectively. Univariate analysis showed that sarcopenia was sig-
nificantly associated with PFS (p= 0.037). Sex, age, and performance status did not affect PFS. Multivariate analysis
showed that sarcopenia was the only independent prognostic factor for PFS (hazard ratio: 2.488, 95% CI: 1.058–5.846,
p= 0.037).
Conclusions Sarcopenia could be a predictive factor of TKI treatment outcomes in patients with metastatic thyroid cancer as
well as intervention target to improve prognosis. Further prospective investigations are needed to confirm these
preliminary data.
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Introduction

In 2012, ~230,000 new cases of thyroid cancer were diag-
nosed among women and 70,000 among men, with age-
standardized (world population) rates being 6.10 and 1.90 per

100,000 persons, respectively [1]. Papillary thyroid carci-
noma and follicular thyroid carcinoma are types of differ-
entiated thyroid cancer (DTC); they, account for >90% of all
thyroid carcinomas [2]. DTC has a good prognosis and the
disease-specific survival rate of the affected patients is >90%
[3]. Medullary thyroid carcinoma (MTC) is a malignant
tumor of the parafollicular C cells of the thyroid gland; it
accounts for ~5% of all thyroid cancers. In patients with
MTC, the 10-year overall survival rate is ~75% [4]. In
general, the prognosis for DTC or MTC is relatively good.
However, the prognosis is poor for patients with unresect-
able, advanced DTC or MTC; thus, development of effective
treatment approaches for these patients is important. Tyrosine
kinase inhibitors (TKIs) exhibit high efficacy against unre-
sectable, advanced DTC and MTC [4, 5]. Lenvatinib causes
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inhibition of vascular endothelial growth factor (VEGF)
receptors 1, 2, and 3, fibroblast growth factor receptors 1–4,
and platelet-derived growth factor receptor a, RET, and KIT
signaling networks [5]. The global phase 3 Study of (E7080)
Lenvatinib in Differentiated Cancer of the Thyroid
(SELECT) reported a significant antitumor effect of lenvati-
nib, with median progression-free survival (PFS) durations of
18.3 and 3.6 months in the lenvatinib and placebo groups,
respectively (hazard ratio for progression or death, 0.21; 99%
confidence interval (CI), 0.14–0.31; p < 0.001) [5]. Further-
more, the efficacy of lenvatinib has been reported in Japanese
clinical practice for DTC patents [6]. Vandetanib causes
inhibition of RET, VEGF receptor, and endothelial growth
factor receptor. An international, randomized, placebo-con-
trolled, double-blind, phase III study (ZETA) reported a
significant antitumor effect of vandetanib with PFS pro-
longation compared with placebo [4].

Sarcopenia is a syndrome characterized by a progressive
and generalized loss of skeletal muscle mass and strength,
with adverse outcomes including physical disability, poor
quality of life, and death [7]. Sarcopenia is associated with
poor survival and treatment outcomes of various anticancer
drugs in several cancers [8–10].

At present, only little information is available on the
association of sarcopenia with treatment outcomes of TKIs
or on the prognosis of thyroid cancer. Thus, we conducted
an observational study using the evaluation of skeletal
muscle index (SMI) (defined as the sum of muscle area at
the level of the third lumbar vertebra [L3] divided by the
square of the height) to investigate the association between
sarcopenia and treatment outcomes of TKIs in metastatic
DTC and MTC patients.

Materials and methods

Patients

This study included 54 patients (19 men, 35 women;
median age, 66.5 ± 10.9 years). Thirty-three patients (65%)
had sarcopenia before starting TKI treatment. The records
of patients with DTC and MTC treated with TKIs between
May 2015 and May 2019 were retrospectively reviewed.
The inclusion criteria were DTC and MTC confirmed by
pathology, age ≥ 18 years, and use of radioactive iodine for
DTCs before treatment with a TKI. Patients with anaplastic
thyroid cancer and those who did not undergo abdominal
computed tomography (CT) before starting TKI treatment
were excluded from the study. The study was approved by
Ethics Committees of Ito Hospital (approval number 252).
Consent has been obtained from each patient after full
explanation of the purpose and nature of all
procedures used.

The following demographic and clinicopathological
information were collected for analysis: sex, age, Eastern
Cooperative Oncology Group performance status (PS),
height, body weight, body mass index (BMI), histological
type of thyroid cancer, distant metastasis sites, clinical
response to TKI, and PFS duration.

CT is the gold standard method for analyzing skeletal
muscle mass, because it can be performed as part of routine
clinical practice. Measurements of the cross-sectional area
of skeletal muscles on abdominal CT were performed at the
L3 level, including seven muscles: psoas, erector spinae,
quadratus lumborum, transversus abdominis, external obli-
ques, internal obliques, and rectus abdominis, as this is one
of the international standards for measuring sarcopenia [11].
The cross-sectional area of the skeletal muscle at the L3
level was measured using Ziostation2 (Ziosoft, Tokyo,
Japan) before starting TKI. The skeletal muscle area at the
L3 level was normalized for height using the following
equation: skeletal muscle index (SMI) (cm2/m2)= cross-
sectional area of skeletal muscles (cm2)/height2 (m2).
The SMI cutoff values for sarcopenia in our study were 42
(cm2/m2) for males and 38 (cm2/m2) for females based on a
previous report defining sarcopenia in Japanese adults [12].
In this study, the definition of sarcopenia was based only on
skeletal muscle mass. Patients were divided into two
groups, the sarcopenia group and the non-sarcopenia group,
based on the SMI cutoff values.

The initial dose of lenvatinib was 24 mg/day and that of
vandetanib was 300 mg/day. The dose was adjusted
according to the occurrence of adverse events.

Definitions

The clinical response to TKI was evaluated by CT using the
Response Evaluation Criteria in Solid Tumors, version 1.1
[13]. The clinical response was classified into the following
four categories: complete response (CR), partial response
(PR), stable disease (SD), and progressive disease (PD).
The objective response rate was defined as the proportion of
patients with a CR or PR. Disease control rate was defined
as the proportion of patients with a CR, PR, or SD. PFS was
calculated as the time from the start of TKI to disease
progression or the date of death from any cause.

Statistical analysis

All statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan),
which is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria) [14]. Between-
group comparisons were made to identify any significant
imbalances in patient characteristics. Categorical variables
were compared using Fisher exact test and continuous
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variables using Student’s t-test. A PFS curve was con-
structed using the Kaplan–Meier method and between-
group differences were assessed using log-rank test. Cox
proportional hazards model was used to determine the
factors associated with PFS. A p-value of <0.05 was con-
sidered significant.

Results

Study population

The patient characteristics were shown in Table 1. There
were significant differences in sex (p= 0.045) and BMI
(p < 0.001) between the two groups. Almost all the patients
included in this study had DTC (84%) and a small number
of patients with poorly DTC (PDTC) (9%) and MTC (7%)
were also included. We found no significant differences in
terms of other categories including the histologic type
(p= 0.499), the kind of TKI (p= 0.148), target lesion size
(p= 0.239), and distant metastasis (p= 0.312).

Efficacy and tolerability

The treatment outcomes are shown in Table 2. In the sar-
copenia and non-sarcopenia groups, the response rates were
45% and 57%, respectively (p= 0.577), and the disease
control rates were 73% and 81%, respectively (p= 0.536).
The median PFS durations was 13.6 (95% CI: 6.1–29.9)
months in the sarcopenia group and 41.9 (95% CI: 25.2–not
estimable) months in the non-sarcopenia group (p= 0.017)
(Fig. 1). Any treatment interruption was required in 32
(97%) patients in the sarcopenia group and 20 (95%)
patients in the non-sarcopenia group (p= 1); also, any dose
reduction was required in 27 (82%) patients in the sarco-
penia group and 19 (90%) patients in the non-sarcopenia
group (p= 0.461).

Prognostic factors

Results of univariate and multivariate analyses of the prog-
nostic factors for PFS are summarized in Table 3. The
univariate analysis showed that sarcopenia was significantly
associated with PFS (p= 0.037). Sex, age, and PS did not
affect PFS. The multivariate analysis showed that sarcopenia
was the only independent prognostic factor for PFS (hazard
ratio: 2.488, 95% CI: 1.058–5.846, p= 0.037) (Table 3).

Discussion

In this study, we compared the clinical response and PFS
duration of TKI treatment between thyroid cancer patients

with sarcopenia and without sarcopenia. We found that
sarcopenia might be a poor prognostic factor in TKI treat-
ment for advanced thyroid cancer.

The prevalence of pretherapeutic sarcopenia was 38.6%
in patients with cancer [15]. However, the same prevalence
in patients with thyroid cancer has not been reported. In this
study, we found no significant differences in terms of the
histologic types and the kinds of TKI between the two
groups. The small numbers of patients with PDTC and
MTC may have contributed to these results. In addition,
there were no significant differences in target lesion size and
distant metastasis between the two groups, and it was
considered that tumor burden was not different between two
groups when TKI treatment started.

Table 1 Patient characteristics

All (n= 54) Non-
sarcopenia
(n= 21)

Sarcopenia
(n= 33)

P-value

Sex 0.045

Male 19 (35%) 11 (52%) 8 (24%)

Female 35 (65%) 10 (48%) 25 (76%)

Age (years),
mean ± SD

66.5 ± 10.9 65.4 ± 8.5 67.2 ± 12.3 0.578

PS 1

0 26 (48%) 10 (48%) 16 (48%)

≥1 28 (52%) 11 (52%) 17 (52%)

BMI, mean ± SD 21.9 ± 4.6 25.6 ± 4.1 19.5 ± 3.1 <0.001

Histologic type 0.499

PTC 29 (54%) 12 (57%) 17 (52%)

FTC 16 (30%) 7 (33%) 9 (27%)

PDTC 5 (9%) 2 (10%) 3 (9%)

MTC 4 (7%) 0 4 (12%)

Tyrosine kinase
inhibitor

0.148

Lenvatinib 50 (93%) 21 (100%) 29 (88%)

Vandetanib 4 (7%) 0 4 (12%)

Target lesion
size, mean ± SD

32.2 ± 25.7 27.0 ± 12.7 35.5 ± 31.3 0.239

Distant
metastasis

0.312

Lung 45 (83%) 19 (90%) 26 (79%)

Bone 27 (50%) 10 (48%) 17 (52%)

Lymph node 17 (31%) 9 (43%) 8 (24%)

Liver 8 (15%) 3 (14%) 5 (15%)

Brain 3 (6%) 3 (14%) 0

SMI (cm2/m2), mean ± SD

Male 42.6 ± 9.1 48.0 ± 6.8 35.2 ± 6.5 <0.001

Female 35.2 ± 8.4 45.6 ± 5.1 31.2 ± 5.4 <0.001

BMI body mass index, FTC follicular thyroid carcinoma, MTC
medullary thyroid carcinoma, PDTC poorly differentiated thyroid
carcinoma, PS performance status, PTC papillary thyroid carcinoma,
SMI skeletal muscle index
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Associations between sarcopenia and outcomes of drug
therapy have been reported not only in chemotherapy but
also in molecular targeted therapy and immunotherapy. In a
study of sorafenib treatment for advanced hepatocellular
carcinoma, it was reported that sarcopenia was a significant
prognostic factor. Additionally, sarcopenia was proposed as
a possible target of treatment intervention to improve
prognosis [16]. In addition, in studies of sunitinib and
everolimus treatment for renal cell carcinoma, sarcopenia
was reported as a prognostic factor [17, 18]. In a study of
pembrolizumab treatment for advanced non-small cell lung
cancer, sarcopenia at baseline, determined using CT, was
found to be a significant predictor of worse outcome [10].
This study indicated that sarcopenia was also a poor prog-
nostic factor in patients receiving TKI treatments for thyroid
cancer.

Bruce et al. [19] reported that the potential factors
associated with PFS of lenvatinib were body weight, PS,

baseline tumor size, and treatment intensity. However, in
our study, there were no significant differences between PS
and target lesion size. Although we found no significant
differences in terms of treatment interruption or dose
reduction rates between the two groups, PFS was sig-
nificantly worse in the sarcopenia group. This may be due to
the association between sarcopenia and the occurrence of
severe adverse events [20]. The other possibility is that
patients with sarcopenia may have low sensitivity for che-
motherapy, and the TKI efficacy may not last long [20]. In
patients with sporadic MTC, a subgroup analysis of PFS for
M918T mutation suggested that M918T mutation-positive
patients had a higher response rate to vandetanib compared
with M918T mutation-negative patients [4]. However, the
mutation status of four patients with MTC included in our
study was unknown.

Many efforts have been made to reduce the incidence of
sarcopenia. Reportedly, preoperative exercises and nutri-
tional support programs can be effective measures to reduce
sarcopenia [21]. Although the patients in this study did not
receive any medical intervention to treat sarcopenia,
appropriate nutritional support may prevent the occurrence
of severe adverse events [20]. Patients may have better
treatment outcomes if sarcopenia is treated before actually
starting the TKI treatment.

Several definitions and measures of sarcopenia have been
published [7, 22, 23]. The measurement of the SMI is one of
the standards for measuring sarcopenia. Some studies used
the cross-section of the psoas alone and the psoas muscle
index at the L3 level has been used as a surrogate marker of
skeletal muscle mass [24, 25]. Furthermore, sarcopenia has
been defined based on the criteria originally proposed by the
2010 European Working Group on Sarcopenia in Older
People [7]. However, the cutoff values would most likely be
different from those calculated in Asian populations, due to
variances in body size, lifestyles, and ethnicities. Therefore,
we defined sarcopenia in this study using the SMI cutoff
values obtained from Japanese data [12]. In Japanese
patients, lenvatinib showed similar clinical outcomes to the
overall SELECT population, but some differences in
adverse event frequencies and dose modifications were
observed [26]. Such differences in the incidence of adverse
events of TKIs may also be due to the differences in
ethnicities.

This study had some limitations. First, this study was a
retrospective study with a small number of patients and it
was conducted at a single center. Second, patients were
excluded from our analysis if an abdominal CT scan was
not performed at baseline, which may lead to selection bias.
Finally, we were unable to evaluate the physical function of
patients. Recent studies have defined sarcopenia only as
skeletal muscle loss assessed using CT scans, but sarcope-
nia is based on the function of all muscles rather than

Table 2 Treatment outcome by sarcopenia status

All
(n= 54)

Non-sarcopenia
(n= 21)

Sarcopenia
(n= 33)

Clinical response

Complete response 0 0 0

Partial response 27 (50%) 12 (57%) 15 (45%)

Stable disease 14 (26%) 5 (24%) 9 (27%)

Progress disease 7 (13%) 3 (14%) 4 (12%)

Not evaluable 6 (11%) 1 (5%) 5 (15%)

Objective
response rate

27 (50%) 12 (57%) 15 (45%)

Disease
control rate

41 (76%) 17 (81%) 24 (73%)

Fig. 1 The median PFS durations were 41.9 (95% CI: 25.2–NE)
months and 13.6 (95% CI: 6.1–29.9) months in the non-sarcopenia and
sarcopenia groups (p= 0.017). CI confidence interval, NE not estim-
able, PFS progression-free survival
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muscle mass alone. Therefore, assessments of muscle
strength and physical performance are vital to establish the
presence of sarcopenia.

To the best of our knowledge, this is the first study to
investigate the association between sarcopenia and treat-
ment outcomes of TKIs in thyroid cancer patients. TKIs are
costly drugs and have been associated with severe adverse
events. Therefore, it is important to establish predictive
factors for TKI treatment.

For advanced thyroid cancer patients undergoing TKI
treatment, sarcopenia may be a useful predictive factor.
Further, sarcopenia could potentially be the target of treat-
ment interventions to improve the prognosis in this patient
population. Further prospective investigations are needed to
confirm these preliminary data.
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