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Summary

Anaplastic transformation of a primary thyroid tumor whose process can be followed is rare. The objective this study

is to report a case of anaplastic transformation of locally advanced papillary thyroid carcinoma after treatment with
lenvatinib. A 74-year-old woman consulted a local physician because of cough and bloody sputum. Thyroid cancer with
tracheal invasion was suspected on computed tomography (CT) imaging, and she visited our hospital for treatment. We
suspected anaplastic thyroid cancer (ATC) and core needle biopsy was performed. Histologic sections of the core needle
biopsy showed that the tumor formed a papillary structure, and we diagnosed papillary thyroid carcinoma. Surgery would
have been difficult, and we initiated lenvatinib at a low dose of 8 mg/day. CT on day 40 of lenvatinib treatment revealed
that the thyroid tumor had shrunk remarkably. CT on day 111 revealed that tumor regrowth and tracheal invasion

had been exacerbated. Core needle biopsy was performed, and histologic sections of the core needle biopsy that was
performed after regrowth of the tumor showed that individual cancer cells had large, irregular nuclei, and necrosis was
also observed. The immunohistochemical findings were negative for thyroglobulin, and only a few cells were positive for
thyroid transcription factor 1, and we diagnosed ATC. Anaplastic transformation of the target lesion may be one of the
causes of lenvatinib treatment failure in differentiated thyroid carcinoma.

Learning points:

differentiated thyroid carcinoma.

e Anaplastic transformation of a primary thyroid tumor whose process can be followed is rare.
e The resistance mechanism of lenvatinib in treatment for differentiated thyroid carcinoma has not been clarified.
e Anaplastic transformation of the target lesion may be one of the causes of lenvatinib treatment failure in

Background

Anaplastic thyroid carcinoma (ATC), although it accounts
for only 2% of all thyroid cancers, is one of the most
lethal human neoplasms, with a 1-year survival rate of
only 18% (1). It is generally accepted that ATC either
occurs de novo or progresses from a pre-existing, well-
differentiated thyroid carcinoma (WDTC) through a

multistep process of genetic and epigenetic changes that
lead to clonal expansion and neoplastic development (2).
Cases of development of anaplastic transformation after
lymph node recurrence have been reported (3). However,
anaplastic transformation of a primary thyroid tumor
whose process can be followed is rare. We report a case
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of locally advanced papillary thyroid carcinoma that was
transformed into ATC after treatment with lenvatinib.

Case presentation

A 74-year-old woman with a history of treatment for
cerebral infarction consulted a local physician because of
cough and bloody sputum. Thyroid cancer with tracheal
invasion was suspected on computed tomography (CT)
imaging, and she visited our hospital for treatment.

Investigation

At the time of her visit, we palpated a tumor measuring
3cm in the right lobe of the thyroid gland. Her blood
test results showed thyroid-stimulating hormone of
3.02plU/mL, free triiodothyronine of 2.24pg/mlL, free
thyroxine of 1.08ng/mL, thyroglobulin of 153ng/mL,
and anti-thyroglobulin antibody of less than 10IU/mL.
Ultrasonography revealed a cystic mass in the right lobe
of the thyroid, a low-echoic area with unclear borders
that was developing in the mediastinum, and a metastatic
lymph node (Fig. 1A and B). CT revealed a thyroid tumor
protruding into the tracheal lumen (Fig. 1C and D). There
were no distant metastases. Bronchoscopic examination
revealed a tumor, which bled easily, that projected into
the lumen from the right side and the membranous part
of the trachea. We suspected ATC and core needle biopsy
was performed on the low-echoic area. Histologic sections
of the core needle biopsy showed that the tumor formed
a papillary structure (Fig. 1E and F), and we diagnosed
papillary thyroid carcinoma (PTC).

Treatment

The patient could not receive general anesthesia because
the tumor projected into the lumen of the trachea whose
minimum diameter was 4mm and was bleeding, making
intubation impossible. Furthermore, tracheal invasion
area was too wide to do reconstruction or tracheostomy.
Surgery would have been difficult, and we discussed
possible treatments with an oncologist and a radiologist.
External irradiation and best supportive care were
considered as therapeutic options. However, lenvatinib
was judged likely to be more effective than these options.
The efficacy and safety of lenvatinib for treatment of
conditions such as this case had not been established. We
fully informed the patient and her family of the benefits
and risks of each treatment method before receiving their
consent for lenvatinib treatment. Because there were
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Figure 1

Images and pathological examinations of initial visit. (A and B)
Ultrasonography revealed a cystic mass in the right lobe of the thyroid,
a low-echoic area with unclear borders that was developing in the
mediastinum and a metastatic lymph node. (C and D) Computed
tomography (CT) revealed a thyroid tumor protruding into the tracheal
lumen. (E and F) Histologic sections of the core needle biopsy showed
that the tumor formed a papillary structure. Individual cancer cells had
nuclear grooves, and findings suggestive of nuclear inclusions were also
observed. E: Original magnification x200; F: Original magnification x400.

concerns about promoting bleeding and the formation of
a fistula between the tumor and the trachea, we initiated
lenvatinib at a low dose of 8 mg/day.

Outcome and follow-up

CT on day 40 of lenvatinib treatment revealed that the
thyroid tumor had shrunk remarkably and that airway
narrowing had improved (Fig. 2A and B), and CT on day 78
showed stable disease (Fig. 2C and D). No adverse events
occurred, and interruption or reduction of lenvatinib was
not required. However, CT on day 111 revealed that tumor
regrowth and tracheal invasion had been exacerbated (Fig.
3C and D). The lenvatinib was increased to 14mg/day,
and reduced to 10mg/day 5 days later because of grade 3
proteinuria. Although we increased the dose, the disease
progression could not be under control. Ultrasonography
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Figure 2

Images after lenvatinib treatment. (A and B) Computed tomography (CT)
on day 40 of lenvatinib treatment revealed that the thyroid tumor had
shrunk remarkably and airway narrowing had improved. (C and D) CT on
day 78 of lenvatinib treatment showed stable disease.

revealed a tumor with a heterogeneous internal echo and
an irregular border in the right lobe (Fig. 3A and B). The
possibility that the biology of the tumor had changed was
considered by images, and lenvatinib treatment failed
because of progression of the disease. Core needle biopsy
was performed again on the tumor in the right lobe to
investigate microsatellite instability (MSI). Histologic
sections of the core needle biopsy that was performed after
regrowth of the tumor showed that individual cancer cells
had large, irregular nuclei, and necrosis was also observed
(Fig. 3E and F). The immunohistochemical findings were
negative for thyroglobulin (Fig. 3G), and only a few cells
were positive for thyroid transcription factor 1 (Fig. 3H),
and we diagnosed ATC. MSI testing was negative, and we
considered that lenvatinib was ineffective because the
tumor had regrowth during the treatment. The patient
stopped lenvatinib and chose BSC, and she died 6 days
after interruption of lenvatinib.

Discussion

PTC accounts for the majority of thyroid carcinomas.
The prognosis of PTC is good, with a disease-specific
survival rate greater than 90% (4). However, the prognosis
remains poor for patients with unresectable, advanced,
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Figure 3

Images and pathological examinations after anaplastic transformation. (A
and B) Ultrasonography revealed a tumor with a heterogeneous internal
echo and an irregular border in the right lobe. (C and D) Computed
tomography (CT) revealed a tumor with an irregular border in the right
lobe, and tracheal invasion was exacerbated. (E and F) Histologic sections
of the core needle biopsy that was performed after regrowth of the
tumor showed that individual cancer cells had large, irregular nuclei, and
necrosis was also observed. (E) Original magnification x200. (F) Original
magnification x400. (G and H) The immunohistochemical findings were
negative for thyroglobulin (G), and only a few cells were positive for
thyroid transcription factor 1 (H). Original magnification x400.

or refractory PTC, with a median 10-year survival rate
of 40-42%; thus, it is important to develop effective
treatment approaches for these patients (5). Surgery is the
first choice for the initial treatment of PTC. However, it
would have been difficult to perform surgery in this case.
After consultation with the patient and her family, we
started lenvatinib.

Lenvatinib, a multi-tyrosine kinase inhibitor, inhibits
vascular endothelial growth factor receptors 1, 2, and 3;
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fibroblast growth factor receptors 1, 2, 3, and 4; platelet-
derived growth factor receptor o, rearranged during
transfection; and proto-oncogene receptor tyrosine
kinase. In vitro studies have shown antineoplastic activity
of lenvatinib in differentiated thyroid cancer, mainly
because of its antiangiogenetic effects (6). After in vivo
phase 1 and phase 2 study, the global phase 3 Study of
(E7080) Lenvatinib in Differentiated Cancer of the Thyroid
(SELECT) was conducted, and the lenvatinib showed a
significant antitumor effect, with a median progression-
free survival (PFS) duration 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). The response rate, disease
control rate, and clinical benefit rate were 64.7, 87.7, and
80.1%, respectively (7).

The wusual initial dose of lenvatinib is 24 mg/day,
and the dose is adjusted according to the occurrence of
adverse events. However, we initiated lenvatinib at a low
dose of 8 mg/day because there were concerns that serious
adverse events would occur (8). In SELECT trial, the initial
dose of lenvatinib was 24 mg/day. The dose was adjusted
according to the occurrence of adverse events, and the
minimum reduced dose was 8 mg/day by protocol (7). So,
we chose 8 mg/day which was considered to be effective
minimum dose as the initial dose in this case. CT on day
40 revealed that the primary thyroid tumor had shrunk
remarkably by this reduced dose. This result indicated
that there were some thyroid cancer patients for whom
lenvatinib was efficacious at a low dose. Lenvatinib is
used against radioactive iodine-refractory differentiated
thyroid cancer (DTC). Therefore, the patients have already
undergone total thyroidectomy. To our knowledge, this is
the first case in which a primary thyroid tumor developed
anaplastic transformation, as shown by histological
examination, after lenvatinib treatment.

Two possible explanations are considered for the
development of anaplastic changes in the primary
thyroid tumor. One explanation is that the primary
thyroid tumor had heterogeneity. Initially, the PTC
component that showed sensitivity to lenvatinib shrank,
but the ATC component that showed resistance to
lenvatinib later increased. Sugitani et al. classified the
clinical varieties of ATC into four types: the common
type, the incidental type, anaplastic transformation at
the neck lymph node(s), and anaplastic transformation
at a distant site. PTC coexisted in 21% of the common
type ATCs (1). In Japan, lenvatinib has also been used
against ATC. Iwasaki et al. reported that the ATC patients
exhibited a lenvatinib response rate of 17.4% and a
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disease control rate of 43.5%, and the median OS time
was 166 days (8). Lenvatinib is less effective against ATC
than against PTC. PTC was diagnosed at the first visit by
core needle biopsy, and lenvatinib was effective against
the PTC components. However, there is a possibility that
lenvatinib was not effective against the ATC components
that coexisted with PTC in our patient. The other
possible explanation is that anaplastic transformation
of PTC was induced. The possibility that some gene
mutation or mutations were induced by lenvatinib may
be considered, because lenvatinib blocks a variety of
signaling pathways. PTC and follicular tumors have been
reported as sites of occurrence of ATC (1). According to
the Vogelstein model, in many carcinomas, mutational
inactivation of p53 is a crucial first step in the progression
from adenoma to carcinoma (9). However, the majority
of WDTCs have normal p53 genes, and in thyroid
tumors, pS3 gene inactivation, which is a late event
in the carcinogenic process and occurs together with a
marked increase in cell proliferation, seems to play an
important role in the progression from differentiated to
undifferentiated carcinoma (2). It was reported that when
the same tumor contained WDTC and ATC components,
the p53 mutation was restricted to the ATC components
(9). ATCs acquire f-catenin and p53 mutations when
arising de novo or dedifferentiating from WDTC. ATCs
also contain other mutations, such as telomerase reverse
transcriptase and BRAF mutations (10). Further research is
needed on the mechanism of ATC occurrence. The results
of our case may partly explain the cause of lenvatinib
treatment failure in DTC patients.

We have reported the case of a PTC patient whose
primary tumor developed anaplastic transformation
after lenvatinib treatment. This result may indicate that
anaplastic transformation of the target lesion is one of the
causes of lenvatinib treatment failure in DTC.
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