
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Massimo Broggini,
Mario Negri Pharmacological Research
Institute (IRCCS), Italy

REVIEWED BY

Giovanni Cristalli,
Ospedali Riuniti Padova Sud Madre
Teresa di Calcutta, Italy
Wentao Fang,
Shanghai Jiao Tong University, China

*CORRESPONDENCE

Qianxia Li
liqianx110@163.com

SPECIALTY SECTION

This article was submitted to
Cancer Molecular Targets
and Therapeutics,
a section of the journal
Frontiers in Oncology

RECEIVED 19 April 2022

ACCEPTED 07 July 2022
PUBLISHED 05 August 2022

CITATION

Yuan Y, Ke C, Zhang G, Zhang J and
Li Q (2022) Case report and literature
review: thyroid carcinoma showing
intrathyroid thymic carcinoma.
Front. Oncol. 12:923683.
doi: 10.3389/fonc.2022.923683

COPYRIGHT

© 2022 Yuan, Ke, Zhang, Zhang and Li.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

TYPE Case Report
PUBLISHED 05 August 2022

DOI 10.3389/fonc.2022.923683
Case report and literature
review: thyroid carcinoma
showing intrathyroid thymic
carcinoma

Ye Yuan1, Changshu Ke2, Guopeng Zhang3, Jun Zhang4

and Qianxia Li5*

1Department of Gastroenterology, Tongji Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China, 2Department of Pathology, Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, China, 3Department of Nuclear
Medicine, Tongji Hospital, Tongji Medical College, Huazhong University of Science and
Technology, Wuhan, China, 4Department of Geriatrics, Tongji Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, China, 5Department of Oncology, Tongji
Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China
Background: Intrathyroid thymic carcinoma (ITTC) is a rare malignancy of the

thyroid gland with histological and immunophenotypic resemblance to thymic

carcinoma. Surgery combined with adjuvant radiotherapy improves the survival

of patients with ITTC. However, for patients with extensive metastases, there is

currently no effective treatment. Chemotherapy is an option but has not

demonstrated improved patient survival.

Methods and results: A female patient presented withmetastases to the pleura,

lung, and bone 16 years after surgery for ITTC. As radiotherapy and

chemotherapy failed to control the recurrent disease, lenvatinib treatment

was initiated. After 3 months, positron emission tomography/computed

tomography showed a substantial reduction of all metastatic lesions and

decreased tumor metabolism. The patient continues to receive lenvatinib

and remains well and symptom-free.

Conclusion: For patients with ITTC who have progressive, life-threatening

metastases, lenvatinib represents a valuable salvage therapy that may offer a

sustained reduction in tumor burden and maintenance of quality of life.
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case report, lenvatinib, literature review, intrathyroid thymic carcinoma (ITTC),
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Introduction

Intrathyroid thymic carcinoma (ITTC), previously known as

carcinoma showing thymus-like differentiation (CASTLE), is a

rare intrathyroidal neoplasm, probably arising from ectopic

thymus or branchial pouch remnants (1). Intrathyroidal

epithelial thymoma was first described by Miyauchi et al. (2).

Subsequently, these tumors were classified by Chan and Rosai

(3) into four groups according to their clinical and pathological

features: ectopic hamartomatous thymoma, ectopic cervical

thymoma, spindle epithelial tumor with thymus-like

differentiation (SETTLE), and CASTLE. In the most recent

edition of the World Health Organization classification of

tumors of endocrine organs, ITTC was designated as an

independent clinicopathologic entity of thyroid tumors (4, 5).

Due to the rarity of this disease, there is no clear definitive

treatment strategy. Surgical resection of ITTC is usually

attempted initially. Curative surgery followed by adjuvant

radiotherapy should be considered in cases with extrathyroidal

extension and nodal metastases. Although uncommon, there are

reports of ITTC metastasizing to the brain, liver, and lungs (3).

For patients with advanced disease, chemotherapy is an option

but has not been shown to improve patient survival (6, 7).

Tyrosine kinase inhibitors (TKIs) that inhibit vascular

endothelial growth factor receptor (VEGFR) signaling and

tumor angiogenesis have been used to treat advanced,

progressive, and radioactive iodine (RAI)-refractory thyroid

cancers for the past decade. Lenvatinib is an oral multitargeted

tyrosine kinase inhibitor of VEGFR, fibroblast growth factor

receptor (FGFR), platelet-derived growth factor receptor

(PDGFR)-a, KIT, and rearranged during transfection (RET). It

has shown antitumor activity and received regulatory approval

by the US Food and Drug Administration and European

Medicines Agency for the treatment of patients with locally

advanced or metastatic, progressive, differentiated thyroid

cancer (DTC) (8–10). However, there are no available data on

the use of lenvatinib for the treatment of ITTC.

Here, we report a case of ITTC with a favorable response to

second-line systemic treatment with lenvatinib. The Institutional

Review Board of Tongji Hospital approved this case study and

the patient provided consent.
Case presentation

A 38-year-old woman presented to our clinic in 2002 with a

tumor in the inferior pole of the left thyroid that was considered

malignant after a needle biopsy. The mass was located at the

inferior pole of the thyroid and was approximately 3.0 × 2.5 cm

in size. The capsule was intact and there was no extracapsular

invasion or cervical lymph node metastasis. Thyroidectomy and

functional neck dissection were performed 1 month later at
Frontiers in Oncology 02
Tongji Hospital. Postoperative pathology showed poorly

differentiated squamous cell carcinoma. Due to limitations in

techniques available at the time, immunohistochemical

detection was not performed. The patient subsequently

attended Vancouver General Hospital in Canada, where she

was diagnosed with ITTC based on positive staining for

pankeratin, CK5, CD5, CD117, and CD10. Radiotherapy was

administered (60 Gy in 30 fractions) and the patient underwent

follow-up computed tomography (CT) and positron emission

tomography (PET) scans at BC Cancer Center and Tongji

Hospital from 2003 to 2017 with no abnormal findings.

A routine follow-up examination at Vancouver General

Hospital in 2017 showed thickening of the right pleura, and

the needle biopsy pathology report suggested that the disease

had recurred. The patient received local radiotherapy (50 Gy in

25 fractions). In 2018, progression of the local pleural lesions was

observed, and radiotherapy was repeated at the same dose. A

PET scan in January 2019 showed a poor response to

radiotherapy. The right pleura continued to thicken, nodules

were present in the right lung and right interlobular fissure, the

second anterior rib cortex on the right was irregular, and the

metabolism of all lesions was high.

In April 2019, the patient developed cough and dyspnea. An

examination revealed right pleural effusion. She received

chemotherapy (paclitaxel + carboplatin) for five cycles at

Vancouver General Hospital. By the end of the last cycle in

November 2019, the pleural fluid was controlled.

A PET/CT examination performed at our hospital in April

2020 showed that compared with January 2019, there were more

nodules in the right lung and right interlobular fissure. The

largest nodule was about 2.7 × 1.2 cm (previously 1.6 × 1.4 cm),

and the F-fluorodeoxyglucose (FDG) uptake was increased with

a maximum standardized uptake value (SUVmax) of 6.6

(previously 2.7). The anterior cortexes of the right second and

third ribs were irregular, the lateral pleura was irregularly

thickened with a larger range than before, and the FDG

uptake was increased with an SUVmax of 7.6 (previously 3.3).

A biopsy and lenvatinib treatment were recommended, but the

patient refused after careful consideration. In September 2020, a

PET/CT scan showed that the lung, pleura, and bone metastases

were all progressing (Figure 1). Lenvatinib treatment was

recommended again, but the patient still refused. In December

2020, the patient developed a worsening cough and started

treatment with lenvatinib 4 mg once daily. This initial low

dose of lenvatinib was recommended due to the patient’s low

weight (<60 kg) and history of hypertension and arrhythmia.

After 3 months, the symptoms of cough and dyspnea were

significantly relieved, and a PET/CT scan (Figures 2G–L)

showed that compared with the pre-lenvatinib assessment

(Figures 2A–F), the right lung and right interlobular fissure

nodules had nearly disappeared, and the FDG uptake was

decreased, with an SUVmax of 2.7 (previously 5.5). FDG
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uptake in the ribs, right pleura, and mediastinal lymph nodes

was also lower than that before lenvatinib treatment, with an

SUVmax of 2.9 (previously 4.0), 6.2 (previously 8.3), and 3.7

(previously 6.4), respectively. The patient was evaluated as

having a partial response to lenvatinib treatment.

In the subsequent follow-up, the patient had a mild cough

and no dyspnea and continued to respond to lenvatinib

treatment. During lenvatinib treatment, the patient’s blood

pressure was well controlled, her arrhythmia did not worsen,

and there were no adverse reactions such as bleeding and

diarrhea. In August 2021, the patient’s dyspnea worsened, and

a PET/CT examination showed that, compared with March

2021, there were more nodules in the right lung and right

interlobular fissure, and the FDG uptake was increased with

an SUVmax of 6.4 (previously 2.7). The lateral pleura was

irregularly thickened with a larger range than before, and the

FDG uptake was increased with an SUVmax of 13.0 (previously

6.2). There were more lymph nodes in the mediastinum and the

right side of the heart and diaphragm, and the FDG uptake was

higher than before with an SUVmax of 6.6 (previously 3.7).

Based on the above examination, we concluded that the disease
Frontiers in Oncology 03
had progressed, and the progression-free survival time was

8 months. The patient was advised to increase the lenvatinib

dose. Currently, the patient takes lenvatinib once daily

alternating between a 4- and 8-mg dose, and the symptoms

are well controlled. The timeline for treatments and efficacy

evaluations in this case is summarized in Figure 3.

Pleural nodule biopsy performed on 24 February 2022

showed that the immunohistochemical phenotype of the

tumor tissue was consistent with the characteristics of thymic

epithelial differentiation, which, combined with medical history,

supported a diagnosis of secondary thymic adenocarcinoma.

Immunohistochemistry staining was positive for CD5, CK5,

CD117, and PCK and negative for TTF-1 (Figure 4).
Literature review and discussion

Thymus tumors are rare, accounting for less than 1% of all

cancers, with a largely unknown etiology and complex biology

(11). ITTC is an independent clinicopathologic subcategory of

thyroid tumor, which has a histological and immunophenotypic
FIGURE 1

PET/CT scan in September 2020 showing disease progression after radiotherapy. Bone metastases (A), lymph nodes in the mediastinum and
diaphragm (B, E), lung metastases (C), and pleural metastases (D) show progression compared with scans in April 2020.
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resemblance to thymic carcinoma (6). There are three

recognized histological subtypes of ITTC, namely, squamous

cell carcinoma type, lymphoepithelioma or basaloid type, and

neuroendocrine carcinoma type (12). The patient in this case

belonged to the squamous cell carcinoma type. The

morphological diagnosis of ITTC, by fine-needle aspiration
Frontiers in Oncology 04
cytology or histopathology, is challenging because it is difficult

to distinguish this disease from poorly differentiated carcinoma,

squamous cell carcinoma, or anaplastic thyroid carcinoma.

Studies have indicated that immunohistochemical staining

with CD5, a marker of carcinoma of thymic origin, is useful in

the histological diagnosis of this disease (13).
FIGURE 2

PET/CT scans showing disease response to lenvatinib treatment. The lesions in the right lung and right pleura were substantially smaller, and the
metabolism of the lung, pleural, and bone metastases was decreased in March 2021 (G–L) compared with that in September 2020 (A–F).
FIGURE 3

Summary of the treatment timeline of this case.
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Given that the clinical features of ITTC are non-specific, a

substantial proportion of patients already have invasion to

adjacent soft tissue (60%) and metastases to regional lymph

nodes (50%) at diagnosis (3, 6, 14, 15). Common metastatic sites

include the brain, liver, and lungs (3). In the present case, our

patient had pleural and lung metastases that caused dyspnea.

ITTC is relatively indolent and slow-growing compared with

morphologically similar carcinomas, which often exhibit an

aggressive clinical course and fatal outcome; thus, the clinical

management differs substantially (2, 15). ITTC usually exhibits

indolent biological behavior and is associated with a relatively

favorable prognosis (15). Although the optimal treatment

strategy remains uncertain, thyroidectomy and curative

surgery, including resection of organs to which the tumor has

extended, and systematic lymph node dissection should always

be performed (16, 17). ITTC has been reported to be

radiosensitive (18), and therefore, central compartment

radiotherapy is a treatment option (6, 19). Surgery combined

with adjuvant radiotherapy has been shown to improve the

survival of patients with ITTC (7). Furthermore, Tsutsui et al. (6)

reported that a patient who received radiotherapy after refusing

surgery had complete tumor regression, without any local

recurrence evident on CT assessments for at least 7 years. This

clinical course demonstrates that ITTC is highly responsive to

radiation, which enables long-term control with shrinkage of the

tumor. Our patient initially underwent surgery with the aim of

complete resection followed by radiotherapy and remained in

remission for 15 years. However, after recurrence, the disease

seemed resistant to radiotherapy. There have been few reports

describing anticancer treatment for patients with recurrent or

metastatic ITTC. Although chemotherapy is typically used in
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patients with locally advanced disease or gross residual disease

post-surgery, studies have failed to show improved patient

survival (6, 7). Considering the origin of ITTC, treatment of

ITTC as a thymic carcinoma is a possible treatment strategy.

Hence, in this case, we initially chose treatment with

chemotherapy typically used for thymic carcinoma

(carboplatin plus paclitaxel). However, after five cycles of

chemotherapy, pleural effusion was controlled, but not the

metastatic lesions.

Lenvatinib is a multitargeted TKI of VEGFR 1–3, FGFR 1–4,

PDGFR-a, and the RET and c-KIT signaling networks, which are

implicated in pathogenic angiogenesis, tumor growth, and cancer

progression (20). In the phase III SELECT trial, lenvatinib

prolonged progression-free survival and increased the overall

response rate in patients with advanced RAI-refractory DTC

(21). Consequently, the US Food and Drug Administration

approved lenvatinib for the treatment of locally recurrent or

metastatic, progressive, RAI-refractory DTC. The findings from

REMORA, a single-arm, multicenter, phase 2 study of lenvatinib

in patients with advanced or metastatic thymic carcinoma, have

been reported at a median follow-up of 15.5 months (interquartile

range 13.1–17.5) (22). Among 42 patients, 16 (38%) patients

achieved a partial response, meeting the primary endpoint.

These results support lenvatinib as a potential treatment option

for patients with previously treated advanced or metastatic thymic

carcinoma. However, there are no currently available data on the

use of lenvatinib for the treatment of ITTC.

In the present case, lenvatinib treatment was initiated for an

imminently life-threatening disease with right pleural effusion,

diffuse lung metastases, and a rapidly progressing tumor burden.

Disease control was not achieved with local radiotherapy, and
FIGURE 4

The histology and IHC staining of pleural nodule biopsy. The pathology showed that the immunohistochemical phenotype of tumor tissue
supported the characteristics of thymic epithelial differentiation. Immunohistochemistry: CD5 (+), CK5 (+), CD117 (+), PCK (+), and TTF-1 (−).
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the efficacy of systemic chemotherapy was limited. Lenvatinib

treatment conferred a distinct benefit, effectively reducing the

disease burden and slowing tumor growth.

There are several other multitarget tyrosine kinase inhibitors

such as lucitanib, sorafenib, and cabozantinib that have shown

efficacy in clinical trials that included patients with thymic tumors

as well as thyroid tumors. For example, the results of the

COSMIC-311 (23) trial revealed that cabozantinib significantly

prolonged progression-free survival and may provide a new

treatment option for patients with radioiodine-refractory DTC.

Lucitanib, a potent oral inhibitor of fibroblast growth factor

receptor types 1 and 2 (FGFR), vascular endothelial growth

factor receptor types 1, 2, and 3 (VEGFR), and platelet-derived

growth factor receptor types a and b (PGFRa/b), has also shown
promising efficacy and a manageable side-effect profile in

advanced solid tumors (including thymic and thyroid tumors)

in a phase I/IIa study (24).

From the available information for the patient described in

this case, we cannot evaluate whether the initial dose of lenvatinib

was adequate. We selected lenvatinib 4 mg/day as the initial dose

due to the low body weight of the patient and her complications

and subsequently increased it to 8 mg/day. Although dosing

should be modified according to the complications and general

condition of a patient, the lower dose selected for this patient may

not have been optimal. In contrast, the REMORA study of

lenvatinib for thymic carcinoma in Japanese patients used an

initial dose of lenvatinib of 24 mg/day. In addition, the

randomized COSMIC-311 trial compared lenvatinib 24 and

18 mg for patients with radioactive iodine-refractory

differentiated thyroid cancer and showed inferior outcomes with

the lower 18-mg dose (23). In the COSMIC-311 trial, it was

possible to manage hypertension occurring during lenvatinib

treatment through adequate treatment interruptions and dose

reductions from the initial 24 mg/day dose as necessary.

Therefore, it may be optimal to start treatment with a higher

initial dose with sufficient supportive care for as long as possible.
Conclusion

The management of ITTC is challenging due to the rarity of

this malignancy and the limited evidence available. In this case

study, a patient with ITTC was successfully treated with

lenvatinib salvage therapy. Although the patient had

widespread metastases and a very poor prognosis, lenvatinib

treatment resulted in a durable reduction in tumor burden and

maintenance of quality of life.
Frontiers in Oncology 06
Data availability statement

The original contributions presented in the study are

included in the article/supplementary material. Further

inquiries can be directed to the corresponding author.
Ethics statement

The studies involving human participants were reviewed and

approved by the Institutional Review Board of Tongji Hospital.

The patients/participants provided their written informed

consent to participate in this study.
Author contributions

YY and QL composed the manuscript and literature review.

CK and GZ provided the figures and conducted the pathology

review. YY, QL, and JZ were responsible for the acquisition,

analysis, or interpretation of data for the work, revising it

critically for important intellectual content, and gave final

approval of the version to be published. All authors

contributed to the article and approved the submitted version.
Acknowledgments

We thank the members of the research group for their

discussion and guidance on the diagnosis and treatment of

the patient.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

anddonotnecessarily represent thoseof theiraffiliatedorganizations,

or those of the publisher, the editors and the reviewers. Any product

thatmay be evaluated in this article, or claim thatmay bemade by its

manufacturer, is not guaranteed or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fonc.2022.923683
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Yuan et al. 10.3389/fonc.2022.923683
References
1. Wong EHC, Tetter N, Tzankov A, Muller L. CASTLE tumor of the parotid:
First documented case, literature review, and genetic analysis of the cancer. Head
Neck (2018) 40(1):E1–4. doi: 10.1002/hed.24985

2. Miyauchi A, Kuma K, Matsuzuka F, Matsubayashi S, Kobayashi A, Tamai H,
et al. Intrathyroidal epithelial thymoma: an entity distinct from squamous cell
carcinoma of the thyroid.World J Surg (1985) 9(1):128–35. doi: 10.1007/BF01656263

3. Chan JK, Rosai J. Tumors of the neck showing thymic or related branchial
pouch differentiation: a unifying concept. Hum Pathol (1991) 22(4):349–67. doi:
10.1016/0046-8177(91)90083-2

4. Huang C, Wang L, Wang Y, Yang X, Li Q. Carcinoma showing thymus-like
differentiation of the thyroid (CASTLE). Pathol Res Pract (2013) 209(10):662–5.
doi: 10.1016/j.prp.2013.06.021

5. Okubo Y, Sakai M, Yamazaki H, Sugawara Y, Samejima J, Yoshioka E, et al.
Hayashi h et al: Histopathological study of carcinoma showing thymus-like
differentiation (CASTLE). Malays J Pathol (2020) 42(2):259–65.

6. Tsutsui H, Hoshi M, Kubota M, Suzuki A, Nakamura N, Usuda J, et al. Ito K
Et al: Management of thyroid carcinoma showing thymus-like differentiation
(CASTLE) invading the trachea. Surg Today (2013) 43(11):1261–8. doi: 10.1007/
s00595-013-0560-2

7. Gao R, Jia X, Ji T, Feng J, Yang A, Zhang G. Management and prognostic
factors for thyroid carcinoma showing thymus-like elements (CASTLE): A case
series study. Front Oncol (2018) 8:477. doi: 10.3389/fonc.2018.00477

8. Nair A, Lemery SJ, Yang J, Marathe A, Zhao L, Zhao H, et al. Mitra AK et al:
FDA approval summary: Lenvatinib for progressive, radio-iodine-Refractory
differentiated thyroid cancer. Clin Cancer Res (2015) 21(23):5205–8. doi:
10.1158/1078-0432.CCR-15-1377

9. Covell LL, Ganti AK. Treatment of advanced thyroid cancer: role of
molecularly targeted therapies. Target Oncol (2015) 10(3):311–24. doi: 10.1007/
s11523-014-0331-z

10. Kiyota N, Robinson B, Shah M, Hoff AO, Taylor MH, Li D, et al. Defining
radioiodine-refractory differentiated thyroid cancer: Efficacy and safety of
lenvatinib by radioiodine-refractory criteria in the SELECT trial. Thyroid (2017)
27(9):1135–41. doi: 10.1089/thy.2016.0549

11. Marx A, Weis CA, Strobel P. [Thymomas]. Pathologe (2016) 37(5):412–24.
doi: 10.1007/s00292-016-0223-3

12. Kakudo K, Bai Y, Ozaki T, Homma K, Ito Y, Miyauchi A. Intrathyroid
epithelial thymoma (ITET) and carcinoma showing thymus-like differentiation
(CASTLE): CD5-positive neoplasms mimicking squamous cell carcinoma of the
thyroid. Histol Histopathol (2013) 28(5):543–56. doi: 10.14670/HH-28.543

13. Dorfman DM, Shahsafaei A, Miyauchi A. Intrathyroidal epithelial thymoma
(ITET)/carcinoma showing thymus-like differentiation (CASTLE) exhibits CD5
Frontiers in Oncology 07
immunoreactivity: new evidence for thymic differentiation. Histopathology (1998)
32(2):104–9. doi: 10.1046/j.1365-2559.1998.00318.x

14. Ito Y, Miyauchi A, Nakamura Y, Miya A, Kobayashi K, Kakudo K.
Clinicopathologic significance of intrathyroidal epithelial thymoma/carcinoma
showing thymus-like differentiation: a collaborative study with member institutes
of the Japanese society of thyroid surgery. Am J Clin Pathol (2007) 127(2):230–6.
doi: 10.1309/VM7E52B6U9Q729DQ

15. Liu Z, Teng XY, Sun DX, Xu WX, Sun SL. Clinical analysis of thyroid
carcinoma showing thymus-like differentiation: report of 8 cases. Int Surg (2013) 98
(2):95–100. doi: 10.9738/INTSURG-D-12-00034.1

16. Nogami T, Taira N, Toyooka S, Tanaka T, Mizoo T, Iwamoto T, et al. A case
of carcinoma showing thymus-like differentiation with a rapidly lethal course. Case
Rep Oncol (2014) 7(3):840–4. doi: 10.1159/000370306

17. Gurizzan C, Zamparini M, Volante M, Tovazzi V, Amoroso V, Consoli F,
et al. Outcome of patients with intrathyroidal thymic carcinoma: a pooled analysis.
Endocr Relat Cancer (2021) 28(8):593–604. doi: 10.1530/ERC-21-0123

18. Chow SM, Chan JK, Tse LL, Tang DL, Ho CM, Law SC. Carcinoma showing
thymus-like element (CASTLE) of thyroid: combined modality treatment in 3
patients with locally advanced disease. Eur J Surg Oncol (2007) 33(1):83–5. doi:
10.1016/j.ejso.2006.09.016

19. Lominska C, Estes CF, Neupane PC, Shnayder Y, TenNapel MJ, O'Neil MF.
CASTLE thyroid tumor: A case report and literature review. Front Oncol (2017)
7:207. doi: 10.3389/fonc.2017.00207

20. Keizer RJ, Gupta A, Mac Gillavry MR, Jansen M, Wanders J, Beijnen JH,
et al. A model of hypertension and proteinuria in cancer patients treated with the
anti-angiogenic drug E7080. J Pharmacokinet Pharmacodyn (2010) 37(4):347–63.
doi: 10.1007/s10928-010-9164-2

21. Schlumberger M, Tahara M, Wirth LJ, Robinson B, Brose MS, Elisei R, et al.
Hoff AO et al: Lenvatinib versus placebo in radioiodine-refractory thyroid cancer.
N Engl J Med (2015) 372(7):621–30. doi: 10.1056/NEJMoa1406470

22. Sato J, Satouchi M, Itoh S, Okuma Y, Niho S, Mizugaki H, et al. Nakamura K
Et al: Lenvatinib in patients with advanced or metastatic thymic carcinoma
(REMORA): a multicentre, phase 2 trial. Lancet Oncol (2020) 21(6):843–50. doi:
10.1016/S1470-2045(20)30162-5

23. Brose MS, Robinson B, Sherman SI, Krajewska J, Lin CC, Vaisman F, et al.
Hernando J et al: Cabozantinib for radioiodine-refractory differentiated thyroid
cancer (COSMIC-311): a randomised, double-blind, placebo-controlled, phase 3
trial. Lancet Oncol (2021) 22(8):1126–38. doi: 10.1016/S1470-2045(21)00332-6

24. Soria JC, DeBraud F, Bahleda R, Adamo B, Andre F, Dientsmann R, et al.
Litten J et al: Phase I/IIa study evaluating the safety, efficacy, pharmacokinetics, and
pharmacodynamics of lucitanib in advanced solid tumors. Ann Oncol (2014) 25
(11):2244–51. doi: 10.1093/annonc/mdu390
frontiersin.org

https://doi.org/10.1002/hed.24985
https://doi.org/10.1007/BF01656263
https://doi.org/10.1016/0046-8177(91)90083-2
https://doi.org/10.1016/j.prp.2013.06.021
https://doi.org/10.1007/s00595-013-0560-2
https://doi.org/10.1007/s00595-013-0560-2
https://doi.org/10.3389/fonc.2018.00477
https://doi.org/10.1158/1078-0432.CCR-15-1377
https://doi.org/10.1007/s11523-014-0331-z
https://doi.org/10.1007/s11523-014-0331-z
https://doi.org/10.1089/thy.2016.0549
https://doi.org/10.1007/s00292-016-0223-3
https://doi.org/10.14670/HH-28.543
https://doi.org/10.1046/j.1365-2559.1998.00318.x
https://doi.org/10.1309/VM7E52B6U9Q729DQ
https://doi.org/10.9738/INTSURG-D-12-00034.1
https://doi.org/10.1159/000370306
https://doi.org/10.1530/ERC-21-0123
https://doi.org/10.1016/j.ejso.2006.09.016
https://doi.org/10.3389/fonc.2017.00207
https://doi.org/10.1007/s10928-010-9164-2
https://doi.org/10.1056/NEJMoa1406470
https://doi.org/10.1016/S1470-2045(20)30162-5
https://doi.org/10.1016/S1470-2045(21)00332-6
https://doi.org/10.1093/annonc/mdu390
https://doi.org/10.3389/fonc.2022.923683
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Case report and literature review: thyroid carcinoma showing intrathyroid thymic carcinoma
	Introduction
	Case presentation
	Literature review and discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


