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Case Report

Lenvatinib and selpercatinib successfully treated RET fusion
gene-positive papillary thyroid carcinoma cardiac metastases:
a case report
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Background: Cardiac metastasis from thyroid cancer is rare and has an extremely poor prognosis.
Although some patients who undergo heart surgery survive, the therapeutic effectiveness of systemic therapy
is limited.

Case Description: A 53-year-old woman with a history of papillary thyroid carcinoma (PTC) presented
with cough and right chest discomfort. She underwent total thyroidectomy, followed by three rounds of
radioactive iodine therapy, to treat pulmonary metastasis. Metastases to the lung, chest wall, liver, heart,
and lymph nodes were observed on computed tomography. Core needle biopsy of the tumor in the right
chest wall revealed the recurrence of PTC. Cardiac metastasis was discovered by echocardiography and
cardiac magnetic resonance imaging, and blood test indicated a thyroglobulin level of 851 ng/mL. Based on
the presence of cardiac metastasis and strong clinical symptoms, the condition was assumed to be fatal, and
lenvatinib was started right away. Three weeks after starting lenvatinib, every metastatic lesion shrank. Once
the ERCI-RET fusion gene was identified, we switched to selpercatinib therapy. Ten weeks after starting
selpercatinib, every tumor shrank and blood thyroglobulin dropped to 68.1 ng/mL. Initial symptoms such as
cough and right chest pain improved. Lenvatinib- and selpercatinib-related adverse effects can be managed
with supportive care.

Conclusions: To the best of our knowledge, this is the first case of successtul systemic therapy for cardiac
metastasis from PTC. Conventionally, cardiac surgery is the main treatment for cardiac metastasis, but now

systemic therapy is also an important alternative.
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Introduction

The most common type of thyroid cancer, papillary thyroid
carcinoma (PTC), has a good prognosis. Patients under the
age of 55 years have a <5% risk of thyroid cancer-related
death at 10 years after diagnosis even if they have distant
metastases (1). Surgery and radioactive iodine (RAI) therapy
have been the mainstays of treatment for many years, and
they can manage many cases of PTC. However, in recent
years, molecular-targeted drugs have been developed, and
treatment strategies are changing. Multiple kinase inhibitors
such as sorafenib and lenvatinib have demonstrated
prolongation of progression-free survival in RAI-refractory
progressive differentiated thyroid carcinoma, thereby
becoming the first-line therapy (2,3). Furthermore,
comprehensive cancer genomic profiling tests have
confirmed that many actionable genetic alterations, such
as BRAF, RET, and NTRK, also occur in advanced thyroid
cancer (4). Certain RET inhibitors, including selpercatinib
and pralsetinib, have high efficacy, especially for thyroid
tumors with RET alterations (5,6). Advanced thyroid tumors
are increasingly being treated with these drug therapies
based on the driver genes. However, cardiac metastasis
from thyroid cancer is rare and has an extremely poor
prognosis. A systematic review found that median survival
from detection of cardiac metastases was 12.5 weeks, and all
patients with at least short-term survival underwent cardiac
surgery (7,8). Heart surgery was once the sole option for
treating thyroid cancer cardiac metastasis; however, this
option is not always available. To the best of our knowledge,
there are no reports of PTC-related systemic therapy for
cardiac metastasis. Therefore, we describe a case of effective

Highlight box

Key findings
* This is the first case of cardiac metastasis of papillary thyroid
carcinoma treated successfully with systemic therapy.

What is known and what is new?

e Cardiac metastasis of thyroid cancer has an extremely poor
prognosis, and only patients who undergo cardiac surgery can
survive for a long time.

* Papillary thyroid carcinoma with cardiac metastasis can be
shrunk and controlled by systemic therapy such as lenvatinib or
selpercatinib.

What is the implication, and what should change now?
* Systemic therapy has emerged as a significant alternative in
patients with difficult to resect cardiac metastases.
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systemic therapy for multiple cardiac metastases. We
present this case in accordance with the CARE reporting
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-23-252/rc).

Case presentation

A 53-year-old woman presented with cough, right chest
pain, and difficulty lifting her right shoulder. She had a
history of PTC with pulmonary metastasis when she was
15 years old. She underwent total thyroidectomy followed
by three rounds of RAI therapy. Thereafter, a family doctor
had prescribed her levothyroxine for >20 years without
imaging tests. She did not have a family history of cancer
and her only medical history was thyroid cancer and uterine
fibroids. She was taking 125 pg/day of levothyroxine and
1 pg/day of alfacalcidol.

Metastases to the lung, chest wall, liver, heart, and
lymph nodes in the neck, mediastinum, and right axilla
were discovered on computed tomography (CT) (Figure 1,
Table 1). PTC recurrence was discovered during core
needle biopsy of the tumor in the right chest wall,
wherein cells with intranuclear inclusions grew in a
papillary manner. Necrotic foci were found in some
regions. Thyroid transcription factor-1, paired box 8, and
thyroglobulin were positive and p53 was partially positive on
immunohistochemical staining (Figure 2). Electrocardiogram
indicated total right bundle branch block; the left ventricular
septum and right ventricular apex had mass lesions
according to echocardiography (Figure 34,3B). The use of
cardiac magnetic resonance imaging (CMR) revealed masses
at the ventricular septum and the apex (Figure 3C,3D).
Thyroid stimulating hormone (T'SH) and thyroglobulin
levels in blood were 0.053 plU/mL (normal range, 0.61-
4.23 pIU/mL) and 851 ng/mL (normal range, 0-35.1 ng/mL)
respectively, whereas antithyroglobulin antibody levels were
below the detection threshold. Derived from the presence of
multiple masses and hyperthyroglobulinemia, we diagnosed
any mass lesions are thyroid carcinoma metastases.

Based on the presence of cardiac metastasis and strong
clinical symptoms, the patient’s condition was assumed
to be fatal, and lenvatinib (24 mg per day) was started
immediately. Three weeks after starting lenvatinib, CT scan
showed that most of the metastatic lesions were decreasing
in size. Moreover, the Oncomine Dx Target Test system, a
gene panel test using a next-generation sequencer, detected
the ERCI-RET fusion gene from the biopsy specimen. Fatal
adverse-events due to major hemorrhage have been reported
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Figure 1 Results of computed tomography (upper row) before treatment with drugs and (lower row) 13 weeks after lenvatinib and

selpercatinib treatment began. Arrows indicate metastatic lesions of the lung (A), chest wall, liver, and heart (B), and as well as the lymph

nodes in the right axilla (C) and the mediastinum (D).

Table 1 Longest diameter of each metastatic site and blood thyroglobulin level

Timing of examination (after the initiation of treatment)

ftem First visit 3 weeks 8 weeks 13 weeks 20 weeks
Longest diameter of metastatic site (mm)
Right axilla lymph node 39.3 29.3 28.9 26.6 25.1
Mediastinum lymph node 20.8 17.3 14.2 14.3 12.4
Lung 50.2 40.9 39.2 36.6 35.5
Chest wall 86.3 70.7 64.4 58.3 53.0
Liver 52.8 46.1 45.3 40.9 34.6
Heart 48.5 39.3 35.7 35.1 35.1
Blood test
TSH (pIU/mL) 0.053 ND 3.959 2.322 0.104
Tg (ng/mL) 851 ND 194 68.1 63.9

Lymph nodes are measured in short axis. TSH, thyroid stimulating hormone; ND, no data.

in lenvatinib. Therefore, we changed our treatment from
lenvatinib to selpercatinib. Initially, selpercatinib (160
mg) was administered twice daily. Seven days after the
initiation of selpercatinib, the electrocardiogram QT
interval corrected with the Bazett formula was prolonged
to 502 msec. Subsequently, selpercatinib was reduced to
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120 mg twice daily after one week of withdrawal. Ten
weeks after the selpercatinib treatment began, CT scan
showed that the tumors had shrunk further (Figure I), and
blood thyroglobulin level decreased to 68.1 ng/mL. Initial
symptoms, such as cough and right chest pain, improved.
Hypertension (grade 3, Common Terminology Criteria for
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Figure 2 Pathological biopsy findings. In HE staining, cells with intranuclear inclusions (arrow) proliferated in a papillary manner. In

immunohistochemical staining, thyroglobulin and p53 were partially positive. The scale bar represents 200 pm. HE, hematoxylin and eosin.

Figure 3 Cardiac metastasis imaging. (A,B) Echocardiography. (C,D) T2-weighted magnetic resonance imaging of cardiac metastasis.

Arrows indicate metastatic lesions in the left ventricular septum (A,C) and right ventricular apex (B,D).

Adverse Events version 5.0), proteinuria (grade 3), platelet
count decreased (grade 2), and cheilitis (grade 1) were
observed after initiation of lenvatinib. Adverse events other
than hypertension were resolved with the discontinuation
of lenvatinib. Although dry mouth (grade 1) and dysgeusia
(grade 2) occurred after starting selpercatinib, these adverse
events were manageable with supportive therapy. 30 weeks
after the initiation of systemic therapy, she is alive and
without major obstacles to daily life.

All procedures performed in this study were in
accordance with the ethical standards of the institutional

© Gland Surgery. All rights reserved.

and/or national research committee(s) and with the Helsinki
Declaration (as revised in 2013). Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

Discussion

PTC often results in distant metastases in the lungs and
bones. It may sometimes lead to metastases in the brain or
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Table 2 Summary of cases of cardiac metastasis from thyroid carcinoma reported since 2011

Case (yig?s) Sex  Histology ;oei:tsi:);sizf cardiac 'rl;::taatl:::rsmitsfor cardiac Outcome Year Citation

1 70 M PDTC with clear Right ventricle Heart surgery Death; 3 weeks 2011 9)
cells features

2 54 F PTC, tall cell variant  Right atrium Heart surgery Alive; 2 years 2012 (10)

3 76 M PTC Apical septum UN UN 2013 (11)

4 52 M HCTC Left atrium UN UN 2014 (12)

5 57 F Squamous cell Ventricular septum Paclitaxel and concurrent  Death; 2 months 2017 (13)
carcinoma irradiation, lenvatinib

6 58 UN  Clear cell thyroid Right atrium Heart surgery Alive 2017 (14)
cancer

7 52 F FTC, oncocytic Apical septum Heart surgery Alive 2018 (15)
variant

8 49 F MTC Atrial septum UN UN 2020 (16)

9 70 F FTC Left atrium Heart surgery Alive 2020 (17)

10 69 F ATC Right ventricle UN UN 2021 (18)

11 61 M ATC Right atrium UN UN 2021 (18)

12 57 F FTC Left ventricle Heart surgery Alive 2021 (19)

13 63 F HCTC Right atrial septum Heart surgery Alive; 8 years 2021 (20)

14 45 F MTC Right ventricular apex Vandetanib Alive; 13 years 2021 21)

15 63 F MTC Right ventricle and atrium Vandetanib, heart surgery Death; 6 years 2021 21)

16 76 F MTC Right ventricle Heart surgery Death; 40 months 2022 (22)

M, male; PDTC, poorly differentiated thyroid carcinoma; F, female; PTC, papillary thyroid carcinoma; UN, unknown; HCTC, Hurthle cell
thyroid carcinoma; FTC, follicular thyroid carcinoma; MTC, medullary thyroid carcinoma; ATC, anaplastic thyroid carcinoma.

skin; however, cardiac metastases are extremely rare (1,7).
In a literature review of cardiac metastasis published in
2011, 55 cases over a 130-year period were found. The most
common histologic type of thyroid carcinoma with cardiac
metastasis was anaplastic carcinoma, but it was also found
in papillary, follicular, poorly differentiated, and medullary
carcinomas. Average survival from the detection of cardiac
metastases was 12.5 weeks. All patients with at least short-
term survival had undergone cardiac surgery (8). Therefore,
surgery is recommended in operable cases. Since 2011,
16 cases of cardiac metastasis from thyroid cancer have
been reported, and many of the long-term survivors also
underwent cardiac surgery (9-22) (Table 2). Combined with
the literature review in 2011, the most common histologic
types were AT'C in 12 cases, followed by PTC in 10 and
follicular thyroid carcinoma (FTC) in 9 cases (Figure 4). In
contrast, systemic therapy for thyroid cancer has become

© Gland Surgery. All rights reserved.

well-established in recent years, and its use in two instances
of cardiac metastasis from medullary thyroid carcinoma has
been reported. Vandetanib therapy was successful in patients
for 4 and >11 years (21). To our knowledge, however, only
vandetanib therapy for medullary carcinoma has been
shown to be effective in treating thyroid cancer with cardiac
metastasis.

Although cardiac metastases are often not recognized
or checked for, they are likely to be found incidentally on
CT scans. Echocardiography and CMR are useful methods
for scrutinizing cardiac metastasis (8). CMR provides
high-resolution assessment of anatomical sites and cardiac
function. In a report examining CMR in various carcinomas,
excluding thyroid cancer, 22% of cardiac metastatic cases
involved multiple cardiac chambers. Additionally, right-
sided chamber involvement was prevalent in hematogenous
and lymphatic metastases, whereas the placement of the
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Figure 4 Histology of cardiac metastasis. AT'C, anaplastic thyroid
carcinoma; PTC, papillary thyroid carcinoma; FTC, follicular
thyroid carcinoma; MTC, medullary thyroid carcinoma; HCTC,
Hurthle cell thyroid carcinoma; PDTC, poorly differentiated

thyroid carcinoma.

pericardium was common in direct invasion (23). Further,
medullary thyroid cancer diagnosis using immuno-positron
emission tomography scan with anti-carcinoembryonic
antigen bispecific antibody and gallium-68-labeled peptide
has been reported to be successful (21).

In this case, it was necessary to start medical treatment
as soon as possible because the condition was fatal. As
lenvatinib is the first-line drug for papillary thyroid cancer
with an unknown driver gene, it was started immediately.
We switched to selpercatinib as the RET fusion gene was
found to be the driving gene. We considered that the risk of
fatal major bleeding events was lower with selpercatinib than
with lenvatinib because there were no adverse events due
to vascular rupture in the clinical trial of selpercatinib (5).
Lenvatinib has been associated with fatal hemorrhagic
episodes. In a single-center retrospective study, cutaneous
fistulas formed in 34.4% of patients with AT'C and 8.9% of
those with DTC after lenvatinib therapy, of which 16.6%
experienced major bleeding (24). However, no adverse
events related to cardiac metastasis have been reported with
lenvatinib. The response rate for thyroid cancer in clinical
trials is 64.7% for lenvatinib and 79% for selpercatinib,
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both of which are very high (3,5). Selpercatinib has a known
resistance mechanism (25), but the resistance mechanism
for lenvatinib is unknown. Lenvatinib is a multikinase
inhibitor (26) and is unlikely to develop resistance. In
this case, after starting treatment with lenvatinib and
selpercatinib, the tumor shrank and the symptoms
improved. Therefore, it is considered that the treatments
were effective, at least in the short term. However, due to
the short follow-up period, it is not known whether the
systemic therapy improves long-term prognosis.

Conclusions

This is the first case of cardiac metastasis of PTC treated
successfully with systemic therapy. Conventionally, cardiac
surgery was the primary treatment for cardiac metastasis;
now, systemic therapy has emerged as a significant
alternative. It is important to choose therapeutic drugs
based on gene and adverse-event profiling.
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