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Age, Symptomatic Metastatic Disease, and Malignant Pleural Effusion as
Predictors of Poor Prognosis in Patients with Differentiated Thyroid
Carcinoma Treated with Lenvatinib.
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Background: Lenvatinib is one of the few therapeutic options available for radioiodine-refractory thyroid cancer. However, the
factors that determine the therapeutic outcomes remain unknown.
Methods: Patients with thyroid carcinoma treated with lenvatinib who had been dead or who had survived for longer than a halfyear were retrospectively compared. We evaluated the clinical parameters when lenvatinib was started, and also studied the
tumor volume reduction ratio, the duration until re-growth of the largest metastatic lesion, the thyroglobulin (Tg) reduction rate,
and the duration until re-elevation of Tg after lenvatinib between survivors and dead patients.
Results: We identified 16 patients, with an average age of 73.1±7.6 yrs and a male-to-female ratio of 5 to 11, who had advanced
differentiated thyroid cancer that was treated with lenvatinib. Nine patients had died after 8.9±6.1 months, whereas 7 survived for
13.0±2.0 months after starting lenvatinib. The patients who died were older than the survivors (76.7±6.5 vs. 68.6±6.6 yrs, p=0.03).
Malignant pleural effusion (p=0.017) and symptomatic metastatic disease (SMD) (p=0.039) were associated with death in a
Kaplan-Meier survival analysis. Age (p=0.012, HR 1.150, CI 1.030-1.320) and SMD (p=0.014, HR 8.069, CI 1.503-61.34) were
associated with poor outcome in a multivariate Cox proportional hazard model. The duration until the re-elevation of Tg was
longer in survivors than in patients who died (6.43±4.55 vs. 2.17±1.39 months, p=0.025).
Conclusions: We identified multiple factors, including SMD, that were related to poor outcomes after lenvatinib treatment. This
study suggests that lenvatinib might be started before patients develop SMD.
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Introduction
Differentiated thyroid carcinoma (DTC) is classiﬁed
histologically as papillary thyroid carcinoma, follicular thyroid
carcinoma, or poorly differentiated thyroid carcinoma. DTC
accounts for 95% of all thyroid cancer and is known to have
a favorable prognosis, with the 10-year survival rate being
90% or more (1, 2). This survival rate is mainly achieved by
surgery and radioiodine (RAI) therapy. However, approximately

5% of patients with DTC present with locally advanced
disease (3, 4). According to previous studies, up to 50% of
deaths from DTC are caused by active local disease (5).
Distant metastasis occurs in 4-10% of patients with DTC
and is another major cause of cancer-related death (6-9).
Two-thirds of locally advanced or distant metastases of
DTC have low avidity for iodine and become refractory to
RAI therapy (10). The 10-year survival rate from the time of
detection of metastasis among patients with RAI-refractory
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DTC is much lower, nearly 10% (10-12). Until recently, there
were few treatment options for patients with RAI-refractory
and progressive DTC.
Recent advances in the understanding of the oncogenic
pathways of thyroid tumors have enabled the development
of targeted therapies for progressing RAI-refractory DTC.
The most frequent genetic alterations that have been found
are RET-PTC translocation and BRAFV600E point mutations
in papillary thyroid carcinoma and RAS point mutations in
follicular and poorly differentiated thyroid carcinoma. Most
of these genetic events involve genes with kinase activity
and are associated with the MAP kinases and/or the PI3K/
Akt/mTOR signaling cascades. The activation of these
pathways has been shown to induce neoplastic transformation
and progression (13). DTC is also known to harbor mutations
in or over-expression of some cell-surface receptors such as
vascular endothelial growth factor receptors (VEGFRs) 1-3,
ﬁbroblast growth factor receptors (FGFRs) 1-4, and plateletderived growth factor receptor alpha (PDGF-Rα) (13,14).
These signaling networks have been associated with tumor
angiogenesis, and therefore, multi-targeted tyrosine kinase
inhibitors (m-TKIs) have been developed to regulate these
inappropriately activated pathways.
Lenvatinib and sorafenib are m-TKIs which target both
tumorigenic and angiogenic molecules and are approved for
the treatment of patients with progressive RAI-refractory
locally advanced or metastatic DTC in Japan. Sorafenib is a
m-TKI that targets VEGFR 1-3, RET, RAF, and PDGF-Rβ,
whereas lenvatinib targets VEGFR 1-3, FGFR 1-4, RET,
KIT, and PDGF-Rα. Sorafenib treatment has been shown to
signiﬁcantly improve the median progression-free survival
(10.8 months vs 5.8 months) with a partial response rate
(12.2% vs 0.5%) compared with placebo in the randomized,
double-blind, phase III DECISION trial (14). In the phase III
SELECT trial, it was demonstrated that lenvatinib improved
the median progression-free survival (18.3 months vs 3.6
months) with a partial response rate (64.8% vs 1.5%)
compared with placebo, and it was also shown that 4 patients
treated with lenvatinib responded completely (15). Although
no head-to-head data exist comparing sorafenib with
lenvatinib, lenvatinib seems to be more effective for DTC.
The initiation of m-TKIs therapy should be considered
carefully because m-TKIs have frequent adverse events
such as hypertension, hand-foot skin reaction, diarrhea, and
fatigue (14-16). The National Comprehensive Cancer Network
guidelines state that m-TKIs therapies should be considered
for progressive and/or symptomatic RAI-refractory DTC
(17). The current American Thyroid Association guideline
also recommends m-TKIs therapy for patients with imminently

threatening disease progression that is expected to require
intervention and/or to produce morbidity or mortality in <6
months, or symptomatic disease (18). In contrast, a recent
study from Japan implies that the clinical beneﬁts of m-TKIs
therapy might be limited when the therapy starts after
tumor-mediated symptoms appear (19).
In this retrospective study, we investigated the clinical
factors related to the outcomes of patients treated with
lenvatinib and attempted to identify the optimal timing for
the start of lenvatinib.

Patients and Methods
Patients
Patients with thyroid carcinoma treated with lenvatinib
who had been dead or who had survived for longer than a
half-year as of October 2017 in our institute were retrospectively
studied. When lenvatinib was started, several clinical parameters
were recorded in the medical charts. The parameters studied
were age, sex, the duration from the initial thyroid operation,
symptomatic metastatic disease, the presence of neck metastasis,
lung metastasis (inclusion criteria being largest lesion with
a diameter larger than 1 cm), malignant pleural effusion, liver
metastasis, bone metastasis, and brain metastasis, and prior
treatment including RAI therapy, external-beam radiation,
and m-TKIs other than lenvatinib.
We also assessed the tumor volume reduction ratio of the
largest metastatic lesion and the duration until re-growth of
the largest metastatic lesion after the initiation of lenvatinib
in each patient. The tumor size was expressed by the product
of the long axis and the maximum diameter perpendicular
to the long axis of the largest metastatic lesion in the CT
images. The tumor volume reduction ratio is expressed as
the percentage reduction of the tumor size when the target
lesion is reduced maximally after lenvatinib treatment.
Tumor re-growth is determined by the CT images in which
the largest metastatic tumor which once showed a reduction
in tumor size after lenvatinib treatment shows re-enlargement
during lenvatinib treatment. The thyroglobulin (Tg) reduction
rate and the duration until the re-elevation of Tg were
studied only in patients without Tg antibody (TgAb). The Tg
reduction rate was calculated based on the nadir Tg after
lenvatinib treatment divided by the Tg before the treatment.
Statistical analysis
The clinical parameters at the time the lenvatinib was
started were compared between those who survived and
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those who died. Data are expressed as the mean±standard
deviation. Studentʼs t-tests were used to compare continuous
variables. Comparisons of independent variables were calculated
by Fisherʼs exact test. Survival after lenvatinib treatment
was assessed by the Kaplan-Meier test. Univariate and
multivariate Cox proportional hazard models were used to
study the inﬂuence of clinical parameters on the survival
outcome. Independent t-tests were used to compare the tumor
volume reduction ratio and the duration until re-growth of
the largest metastatic lesion as well as the Tg reduction rate
and the duration until re-elevation of Tg after lenvatinib
treatment between survivors and patients who died. Values
of P<0.05 were considered statistically signiﬁcant.

clinical symptoms that developed were mainly associated
with locally progressive disease in the neck and respiratory
symptoms associated with lung metastasis and/or malignant
pleural effusion. The patients were given a full explanation
of the potential beneﬁts and side effects of lenvatinib
treatment and their prognosis including the presumed
clinical course if left untreated. Four patients were excluded
from the analysis because they had anaplastic thyroid
carcinoma (n=2) or medullary thyroid carcinoma (n=2).
The 16 patients included had an average age of 73.1±7.6
yrs and a male-to-female ratio of 5 to 11. Nine patients had
died due to progression of thyroid carcinoma after 8.9±6.1
months, whereas 7 survived for 13.0±2.0 months after
starting lenvatinib. The patients who died were older than
the survivors (76.7±6.5 vs. 68.6±6.6, p=0.029) when they
started lenvatinib. Other clinical factors were similar
between the two groups (Table 1).
The starting dose of lenvatinib was a full dose of 24 mg
in 7 patients, 14 mg in 2 patients, and 10 mg in 7 patients.
The reason for the reduction was due to hemoptysis and
inactive brain metastasis in two patients who started with
14 mg. All outpatients who started lenvatinib started with

Results
We identiﬁed 20 patients with advanced thyroid cancer
who were treated with lenvatinib. These patients were
treated with lenvatinib because of symptomatic metastatic
disease and/or progressive metastatic lesions which would
be fatal without effective treatments in the near future. The

Table 1. Clinical parameters of patients with thyroid cancer treated with lenvatinib.

Survived (N=7)

Dead(N=9)

P

68.6 ± 6.6

76.7 ± 6.5

0.029

2/5

3/6

N.S.

5/1/1

7/1/1

N.S.

10.3 ± 7.4

10.2 ± 5.0

N.S.

Neck

4

6

N.S.

Lung (>1cm)

2

6

N.S.

Pleura

0

4

N.S.

Bone

4

3

N.S.

Brain

2

1

N.S.

Liver

0

1

N.S.

2

5

N.S.

Radioiodine therapy

6

6

N.S.

External Beam Radiation

4

3

N.S.

Multiple Kinase Inhibitor

0

3

N.S.

Age
Sex(M/F)
Tissue type (pap/fol/po)
Duration after the ﬁrst operation (year)
Metastasis in

Symptomatic metastasis
Treatment prior to lenvatinib

Patients included were those who had been dead after lenvatinib treatment and those who survived
for longer than a half-year after lenvatinib treatment.
pap/fol/po indicate the histology type of thyroid cancer, namely, papillary, follicular, and poorly
differentiated thyroid carcinoma, respectively. N.S. indicates not signiﬁcant.
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10 mg of the reagent. This was because after our experience
metastatic disease and age were not. In the multivariate Cox
with using the full dose of lenvatinib, we learned that a
proportional hazard model, age (p=0.012, HR 1.150, CI
decreased dose of the reagent would be realistic since the
1.030-1.320) and symptomatic metastatic disease (p=0.014,
full dose commonly caused serious adverse effects of appetite
HR 8.069, CI 1.503-61.34) were associated with poor
loss which interrupted the treatment for long periods. The
outcomes.
starting dose was 19.78±6.44 mg and 12.57±5.25 mg in the
We then compared the response of thyroid cancer to
patients who died and those who survived, respectively
lenvatinib between patients who died and those who
(p=0.03). The doses of lenvatinib were 206.9±98.54 and
survived. The tumor volume reduction ratio was available
128.7±100.46 mg a month in the patients who died and
in 8 patients who died and 7 survivors; there were deﬁcits in
those who survived, respectively. The difference was not
the data available after the lenvatinib treatment in two
signiﬁcant. There were interruptions of the lenvatinib
patients who died (D4 and D7) because they were transferred
treatment for various reasons in 5 out of the 9 patients who
to other hospitals, and there were no images available after
died and 4 out of the 7 who survived. We also noticed that
the lenvatinib treatment in D4 and no images to determine
some patients terminated the lenvatinib treatment. One
the tumor re-growth in D7. The tumor volume reduction
patient who died terminated the treatment because the
ratios were 16.91±53.10% and 10.31±76.72% in the patients
cancer did not respond to lenvatinib. Two survivors also 24
who died and those who survived, respectively (p=0.73,
terminated the treatment because of adverse effects in one
Figure 2(a)). In 2 of the patients who died (D1, D9) and 2 of
(appetite loss and mucocutaneous symptoms) and nonthe survivors (S3, S5), lenvatinib was not able to reduce the
responding cancer in the other.
largest metastatic lesion. The duration until re-growth of
Adverse
events
associated
with
lenvatinib
treatment
were
the largest
metastatic
lesionbecause
was 4.21±4.54
months and
386
** Indicate that Patients D3, D6 and D9 were excluded
from
the analysis
they were
frequently seen. The common events were hypertension,
5.07±5.47 months in the patients who died and those who
seen
in
14
patients,
appetite
loss
in
7
patients,
mucocutaneous
survived, respectively (p=0.49, Figure 2(b)).
387
positive for TgAb.
symptoms including hand-foot syndrome in 5 patients, and
We then looked at the changes in Tg before and after
thrombocytopenia in 5 patients.
lenvatinib treatment. There was no signiﬁcant difference in
388
We studied the inﬂuence of the clinical parameter values
the Tg reduction rate between the two groups (patients who
before starting lenvatinib on the outcome of the treatment.
died, 59.30±27.22%; surviving patients, 56.7±24.94%;
We found
that malignant pleural effusion (p=0.017) and
p=0.86, Figure 3(a)). The duration until the re-elevation of
389
Figure
symptomatic metastatic disease (p=0.039) were associated
Tg after lenvatinib treatment was longer in the survivors
with the outcome of death in Kaplan-Meier survival analysis
(6.43±4.55 months) than in the patients who died (2.17±1.39
(Figure 1). In the univariate Cox proportional hazard model,
months). The difference was statistically signiﬁcant (p=0.025,
malignant pleural effusion (p=0.041, HR 4.56, CI 1.069Figure 3(b)).
19.489) was associated with poor outcomes, but symptomatic

Figure 1. Disease-speciﬁc survival of patients with (a) malignant pleural effusion (MPE), and (b) symptomatic
metastatic disease (SMD), in Kaplan-Meier survival analysis.
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394
394
Figure 2. (a) The tumor volume reduction ratio
of the largest metastatic
395
395
lesion after the initiation of lenvatinib. (b) The duration until re-growth
of the largest metastatic lesion after the initiation of lenvatinib.
* Indicates that the largest metastatic tumor in the indicated patients
showed continuous enlargement after lenvatinib treatment.
ND: no data.

Figure 3. (a) Tg reduction rate. (b) Duration until the re-elevation
of Tg.
** Indicate that Patients D3, D6 and D9 were excluded from the
analysis because they were positive for TgAb.

Discussion

The prognosis of such patients would even be poor if lung
metastasis develops after the initial RAI therapy (24). In the
SELECT trial, however, there were no signiﬁcant differences
in overall survival between age >65 and age ≤65 among
patients treated with lenvatinib (25). This was inconsistent
with our ﬁndings, possibly because our cohort included
patients who were much older than those in the SELECT
trial. In general, older patients showed a reduced capacity
for compensation as well as multiple comorbidities and
lower performance status, and these would have inﬂuenced
their survival.
We found that malignant pleural effusion was related to
poor prognosis in patients receiving lenvatinib treatment.
Previous reports of malignant pleural effusion in patients
with thyroid cancer are limited, but it has been suggested
that such patients are at the end stage of thyroid cancer with
multiple organ metastases other than in the lung, and thus
have a short prognosis (the median survival is around 1
year) (26, 27). Some of our patients showed a reduction of
pleural effusion after lenvatinib treatment; however, patients
with malignant pleural effusion may experience fewer beneﬁts

In the current guidelines for thyroid cancer published
by the American Thyroid Association and the National
Comprehensive Cancer Network, m-TKIs including lenvatinib
should be considered in patients such as those with
symptomatic and progressive disease (17) and those with a
short prognosis (<6 months) if not treated (18). Most of the
patients with thyroid cancer would not be able to continue
the full dose of lenvatinib (15, 20) and would need several
visits to the hospital to adjust the dose of lenvatinib to have
anti-tumor effects without serious adverse effects. Thus, for
patients with a short expected survival period−6 months
for example−it might be too late to start m-TKIs including
lenvatinib.
We found that older age was associated with a poor
prognosis in thyroid cancer patients treated with lenvatinib.
The prognosis of younger patients is known to be favorable
because of RAI avidity (10, 21). Older age has been shown
to be related with shorter disease-speciﬁc survival (22),
especially in patients with pulmonary metastases (23, 24).
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from lenvatinib treatment considering their short survival
period. It might be more beneﬁcial to start lenvatinib
treatment before patients develop malignant pleural effusion.
We also showed that symptomatic metastatic disease was
associated with poor outcomes after lenvatinib treatment.
Clinical symptoms appear only in patients with fully advanced
cancer. It has been shown that death due to thyroid cancer
could be associated with massive distant metastasis or local
tumor invasion into the trachea and esophagus (28). This is
consistent with our ﬁndings. Lenvatinib has been shown to
decrease the tumor size signiﬁcantly within a short period
of time (15), and we observed considerable symptomatic relief
in some of our patients who were treated with lenvatinib.
Thus, symptomatic metastatic disease justiﬁes lenvatinib
use in patients with advanced DTC. However, this would
not justify starting lenvatinib only in patients who had
developed symptomatic metastatic disease.
It has been shown that lenvatinib induced an early tumor
volume reduction, i.e., objective tumor volume reduction seen
within 8 weeks of treatment, in patients with progressive
RAI-refractory thyroid cancer (29). Mona et al. very recently
reported that m-TKIs prolonged the doubling time of the
lung tumor volume, and this was associated with improved
disease-speciﬁc survival in patients with progressive metastatic
RAI-refractory DTC (30). We were not able to show differences
in the tumor reduction ratio or the duration until re-growth
of the largest metastatic tumor between survivors and
patients who died, probably due to the limited number of
patients included in this study.
Tg has been established as a tumor marker of DTC. Tg
levels are known to increase prior to disease progression
(31). The Tg doubling time has been shown to be useful for
evaluating the activity of residual thyroid cancer (32). The
Tg response after lenvatinib treatment has been shown to
occur slightly earlier than the morphologic response (29, 31,
33). Werner et al. showed that the initiation of lenvatinib in
patients with progressive RAI-refractory thyroid cancer is
associated with a signiﬁcant reduction in serum Tg levels;
thus, Tg could function as a marker of treatment response
(33). In our study, Tg reduction rates were not different
between survivors and patients who died, but the duration
until the re-elevation of Tg after lenvatinib treatment in
survivors was signiﬁcantly longer than in patients who died.
This suggests that lenvatinib was effective for a longer
period of time in survivors.
There are several limitations to our study, including the
retrospective nature of the study design and the fact that the
number of patients included was small. The timing with
which lenvatinib was started may not have been uniform,

since this was judged by several different clinicians.
In summary, we found three factors that were related to
poor outcomes after lenvatinib treatment in patients with
advanced DTC. These were older age, pleural effusion, and
symptomatic metastatic disease. Considering that most patients
require dose adjustment due to the adverse effects of lenvatinib,
we suggest that it might be more beneﬁcial to start lenvatinib
treatment before patients develop symptomatic metastatic
diseases and pleural effusion.

Conflict of Interest
None of the authors have any potential conﬂicts of interest
associated with this research.
References
1. Eustatia-Rutten CF, Corssmit EP, Biermasz NR, Pereira AM, Romijn
JA, Smit JW. Survival and death causes in differentiated thyroid
carcinoma. J Clin Endocrinol Metab. 2006;91:313-319.
2. Sherman SI. Thyroid carcinoma. Lancet. 2003;361:501-511.
3. Segal K, Shpitzer T, Hazan A, Bachar G, Marshak G, Popovtzer A. Invasive
well-differentiated thyroid carcinoma: effect of treatment modalities on
outcome. Otolaryngol Head Neck Surg. 2006;134:819-822.
4. Wang LY, Nixon IJ, Patel SG, et al. Operative management of locally
advanced, differentiated thyroid cancer. Surgery. 2016;160:738-746.
5. Tollefsen HR, Decosse JJ, Hutter RV. Papillary carcinoma of the thyroid.
A clinical and pathological study of 70 fatal cases. Cancer. 1964;17:10351044.
6. Hundahl SA, Fleming ID, Fremgen AM, Menck HR. A national cancer
data base report on 53,856 cases of thyroid carcinoma treated in the
U.S., 1985-1995. Cancer. 1998;83:2638-2648.
7. Chopra S, Garg A, Ballal S, Bal CS. Lung metastases from differentiated
thyroid carcinoma: prognostic factors related to remission and diseasefree survival. Clin Endocrinol (Oxf). 2015;82:445-452.
8. Ruegemer JJ, Hay ID, Bergstralh EJ, Ryan JJ, Offord KP, Gorman CA.
Distant metastases in differentiated thyroid carcinoma: a multivariate
analysis of prognostic variables. J Clin Endocrinol Metab. 1988;67:501508.
9. Huang IC, Chou FF, Liu RT, et al. Long-term outcomes of distant
metastasis from differentiated thyroid carcinoma. Clin Endocrinol (Oxf).
2012;76:439-447.
10. Durante C, Haddy N, Baudin E, et al. Long-term outcome of 444
patients with distant metastases from papillary and follicular thyroid
carcinoma: benefits and limits of radioiodine therapy. J Clin Endocrinol
Metab. 2006;91:2892-2899.
11. Busaidy NL, Cabanillas ME. Differentiated thyroid cancer: management
of patients with radioiodine nonresponsive disease. J Thyroid Res.
2012;2012:618985
12. Schlumberger M, Brose M, Elisei R, et al. Definition and management
of radioactive iodine-refractory differentiated thyroid cancer. Lancet
Diabetes Endocrinol. 2014;2:356-358.
13. Xing M. Molecular pathogenesis and mechanisms of thyroid cancer.
Nat Rev Cancer. 2013;13:184-199.
14. Brose MS, Nutting CM, Jarzab B, et al. Sorafenib in radioactive iodinerefractory, locally advanced or metastatic differentiated thyroid cancer:
a randomised, double-blind, phase 3 trial. Lancet. 2014;384:319-328.
15. Schlumberger M, Tahara M, Wirth LJ, et al. Lenvatinib versus placebo

Yomi Nakashima et al.: Prognostic factors of DTC treated with lenvatinib.

77

in radioiodine-refractory thyroid cancer. N Engl J Med. 2015;372:621630.
16. Ito Y, Suzuki S, Ito K, et al. Tyrosine-kinase inhibitors to treat radioiodinerefracted, metastatic, or recurred and progressive differentiated thyroid
carcinoma. Endocr J. 2016;63:597-602.
17. Haddad RI, Nasr C, Bischoff L, et al. NCCN guidelines insights: Thyroid
carcinoma, version 2.2018. J Natl Compr Canc Netw. 2018;16:14291440.
18. Cooper DS, Doherty GM, Haugen BR, et al. Revised American Thyroid
Association management guidelines for patients with thyroid nodules
and differentiated thyroid cancer. Thyroid. 2009;19:1167-1214.
19. Sugino K, Nagahama M, Kitagawa W, et al. Clinical factors related to
the efficacy of tyrosine kinase inhibitor therapy in radioactive iodine
refractory recurrent differentiated thyroid cancer patients. Endocr J.
2018;65:299-306.
20. Berdelou A, Borget I, Godbert Y, et al. Lenvatinib for the treatment of
radioiodine-refractory thyroid cancer in real-life practice. Thyroid.
2018; 28:72-78.
21. Schlumberger M, Challeton C, De Vathaire F, et al. Radioactive iodine
treatment and external radiotherapy for lung and bone metastases from
thyroid carcinoma. J Nucl Med. 1996;37:598-605.
22. Jonklaas J, Nogueras-Gonzalez G, Munsell M, et al. The impact of age
and gender on papillary thyroid cancer survival. J Clin Endocrinol
Metab. 2012;97:E878-887.
23. Nixon IJ, Whitcher MM, Palmer FL, et al. The impact of distant
metastases at presentation on prognosis in patients with differentiated
carcinoma of the thyroid gland. Thyroid. 2012;22:884-889.
24. Sohn SY, Kim HI, Kim YN, Kim TH, Kim SW, Chung JH. Prognostic
indicators of outcomes in patients with lung metastases from differentiated
thyroid carcinoma during long-term follow-up. Clin Endocrinol (Oxf).
2018;88:318-326.

25. Brose MS, Worden FP, Newbold KL, Guo M, Hurria A. Effect of age on
the efficacy and safety of lenvatinib in radioiodine-refractory differentiated
thyroid cancer in the phase III SELECT trial. J Clin Oncol. 2017;35:26922699.
26. Tomoda C, Ogimi Y, Saito F, et al. Outcome and characteristics of
patients with malignant pleural effusion from differentiated thyroid
carcinoma. Endocr J. 2016;63:257-261.
27. Vassilopoulou-Sellin R, Sneige N. Pleural effusion in patients with
differentiated papillary thyroid cancer. South Med J. 1994;87:1111-1116.
28. Brownlie BJ, Turner J, Abdelaal AS. Deaths due to differentiated thyroid
cancer: a South Island, New Zealand experience: 1984-2009. N Z Med
J. 2012;125:13-21.
29. Masaki C, Sugino K, Saito N, et al. Lenvatinib induces early tumor
shrinkage in patients with advanced thyroid carcinoma. Endocr J.
2017;64:819-826.
30. Sabra MM, Sherman E, Tuttle RM. Prolongation of tumour volume
doubling time (midDT) is associated with improvement in diseasespecific survival in patients with rapidly progressive radioactive iodine
refractory differentiated thyroid cancer selected for molecular targeted
therapy. Clin Endocrinol (Oxf). 2019;90:617-622.
31. Capdevila J, Newbold K, Licitra L, et al. Optimisation of treatment with
lenvatinib in radioactive iodine-refractory differentiated thyroid cancer.
Cancer Treat Rev. 2018;69:164-176.
32. Miyauchi A, Kudo T, Miya A, et al. Prognostic impact of serum
thyroglobulin doubling-time under thyrotropin suppression in patients
with papillary thyroid carcinoma who underwent total thyroidectomy.
Thyroid. 2011;21:707-716.
33. Werner RA, Luckerath K, Schmid JS, et al. Thyroglobulin fluctuations
in patients with iodine-refractory differentiated thyroid carcinoma on
lenvatinib treatment - initial experience. Sci Rep. 2016;6:28081.

78

Yomi Nakashima et al.: Prognostic factors of DTC treated with lenvatinib.

