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Abstract

Introduction

Anaplastic thyroid carcinoma (ATC) is a rare and clinically aggressive thyroid carcinoma with highly
mortality. However, no matter the diagnosis or therapy of this disease was still a dilemma.

Case report

We present a 79-year-old female patient with progressively enlarged thyroid nodules and diagnosed as
tracheal stenosis. Two years ago, the patient had presented in our hospital with right ilium pain and
diagnosed as poorly differentiated squamous cell carcinoma of lung with right ilium and cervical lymph
nodes metastases. Then, the patient received intensity-modulated radiotherapy (IMRT) and cancer
immunotherapy with pembrolizumab. Twenty months later, a total thyroidectomy and cervical lymph
nodes dissection were undertaken, the histopathologic and immunohistochemical evaluations confirmed
the diagnosis of ATC with local squamous cell carcinoma differentiation. Postoperatively, the patient
received a cancer immunotherapy with anlotinib and envafolimab, but the patient died 6 weeks after

surgery.
Conclusion

We have reported a case of ATC with local squamous cell carcinoma differentiation, which was
misdiagnosed as lung squamous cell carcinoma with extensive metastases and treated by cancer
immunotherapy, the overall survival of this patient was more than 24 months.

Introduction

Anaplastic thyroid carcinoma (ATC) is a rare and aggressive thyroid malignancy with high mortality,
accounts for approximately 1-2% of thyroid carcinoma [1, 2]. Despite multimodality treatment, the
median overall survival of ATC was 4 months, the 6-month overall survival is 35%, and disease-specific
mortality is 98—99% [3, 4]. Owing to the its highly dedifferentiation, few characteristics of noncancerous
thyroid cells are remained in ATC, which may mimic other differentiated origins, including primary thyroid
lymphoma, squamous cell carcinoma of head and neck, and lung metastatic cancer, thus, a definitive
diagnosis of ATC could be a challenge [1].

Thyroid ultrasonography as a recommended method for evaluating the thyroid nodules classification,
provided some typical malignant features for differentiated thyroid cancer (DTC) [5]. However, patients
with ATC are often difficult to diagnose due to lack of typical imaging findings[6]. Here, we reported a
case of ATC with local squamous cell carcinoma differentiation, which presented mixed-echoic
appearance and without a malignant feature of DTC on thyroid ultrasonography, thus they were classified
as benign nodules with very low suspicious (< 3%) according to thyroid imaging Reporting and data
system (TI-RADS) classification [7]. According to the findings of positron emission tomography—

Page 2/13



computed tomography (PET/CT), thyroid ultrasonography and histopathology, the patient was
misdiagnosed as lung squamous cell carcinoma with ilium and cervical lymph nodes metastases, and
treated by intensity-modulated radiotherapy (IMRT) and cancer immunotherapy with pembrolizumab,
which was also reported that have a positive therapeutic effect for ATC [8]. At the end, the overall survival
of this patient was more than 24 months, which was far longer than the median overall survival of ATC [1,
2].

Case Report

A 79-year-old female patient presented to our hospital with thyroid nodules more than ten years and
progressively enlargement for half of month, and diagnosed as tracheal stenosis. Two years ago, the
patient had presented in our hospital with right ilium pain for three months. PET/CT with 18F-
fluorodeoxyglucose (18F-FDG) was performed to assess for extent of disease and showed extensive
hypermetabolic lesions in left lung (Fig. 1A), right ilium (Fig. 1B), right thyroid lobe and cervical lymph
nodes (Fig. 1C). Thyroid ultrasonography was performed and revealed a heterogeneous echoic thyroid
mass in the right lobe with a rich blood flow signal inside this mass on color doppler flow imaging (CDFI)
mode (Fig. 2A and 2B), a heterogeneous echoic thyroid nodule showed in the left lobe with a rich blood
flow signal around this nodule on CDFI mode (Fig. 2C and 2D). Both of the thyroid nodes on bilateral
thyroid were diagnosed as TI-RADS 3 according to TI-RADS classification[7], which means they were
benign possibility. Then, needle biopsy was performed for the right ilium and cervical lymph nodes
immediately. The immunohistochemical stains of right ilium were positive for cytokeratin (CK) 7, CD10,
P40, CAM5.2 and paired box gene (PAX-8), and negative for thyroid transcription factor (TTF-1),
thyroglobulin (TG), parathyroid hormone (PTH), Calcitonin and Caudal homeobox transcription factor 2
(CDX-2), combined with the morphology of the initial hematoxylin and eosin (H&E), this ilium tissue tends
to metastatic tumor. The immunohistochemical stains of right cervical lymph nodes were positive for
epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), programmed cell death
protein 1 ligand (PD-L1), P40, CK7, CD10, CK5/6, CK pan, and Ki67 proliferative index was about 60%.
And the lymph nodes were negative for TTF-1, programmed cell death protein 1 (PD-1), Napsin A and
CK20, combined with the initial H&E, this cervical lymph nodes tend to origin from poorly differentiated
squamous cell carcinoma. According to the findings of PET/CT, thyroid ultrasonography and
histopathology, the patient was diagnosed as lung squamous cell carcinoma with extensive metastases.
Then, the IMRT was performed for the right ilium at 3000cGy/10F, 5 times per week. Ten days later, the
patient was undergone the cancer immunotherapy with pembrolizumab due to the tumor proportion score
of PD-L1 expression more than 90%. Twenty-one days later after the first time of cancer immunotherapy,
the second time of cancer immunotherapy was carried out.

Until now, 20 months later after the second time of cancer immunotherapy, this patient presented to our
hospital with progressively enlarged thyroid nodules and diagnosed as tracheal stenosis. Neck computed
tomography (CT) was carried for evaluating the thyroid nodules and their relationship with the
surrounding tissues. CT of the neck revealed swelled thyroid with lots of large thyroid nodules and

multiple enlarged cervical lymph nodes (Fig. 3A and 3B). Thyroid and cervical lymph nodes
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ultrasonography was performed and revealed heterogeneous echoic thyroid masses in the both thyroid
lobe with a rich blood flow signal inside and around these masses, and multiple enlarged lateral cervical
lymph nodes in the bilateral neck. (Fig. 3C, 3D and 3E). Besides that, right internal jugular vein was
complete occlusion by tumor invasion. Then, the contrast enhanced ultrasound (CEUS) demonstrated a
heterogeneous enhancement of the lymph node, indicating the normal lymph node structure was
destroyed and instead of lots of neovascularity and necrosis with malignant cancer cells (Fig. 3F). Thus,
a total thyroidectomy and cervical lymph nodes dissection were undertaken (Fig. 4A). Pathology report
revealed a 6.0 cm poorly differentiated carcinoma on the left and a 5.5 cm poorly differentiated
carcinoma on the right with metastatic involvement of 22 of 23 lymph nodes. According to the
seventh/eighth edition of the American Joint Committee on Cancer/Tumor Lymph Node Metastasis
(TNM) staging system, the patient was in TNM stage IVc (Any T, Any N, M1) [1, 9, 10]. H&E staining
showed a poorly differentiated carcinoma with obvious atypia tumor cells, frequent mitoses, focal
coagulation necrosis, tumor thrombus formation and a small amount of hyperplastic thyroid follicular
epithelium around the tissue. The immunohistochemical staining of thyroid were positive for Vimentin,
PAX-8, CD10, CAIX, P53 and CAMS5.2, partial positive for CK pan, CK7, CK5/6, TG and P40, negative for
TTF-1, Naspin A and Calcitonin, and Ki67 proliferative index was about 60% (Fig. 4B-J), consistent with
an aggressive ATC with local squamous cell carcinoma differentiation. Next generation sequencing
(NGS) testing results demonstrated her TP53 and EGFR mutations with tumor mutational burden (TMB)
of 2.99 mutations/Mb. After surgery three weeks, the patient got obviously better and received a cancer
immunotherapy with anlotinib (tyrosine kinase inhibitor therapy) and envafolimab (anti-PD-L1). Three
weeks later, the patient presented to our hospital again with progressively enlarged neck and severe lung
infection. Neck CT was carried and revealed multiple enlarged cervical lymph nodes on the left neck
(Fig. 5A and 5B). After 2 days of anti-infection therapy, the patient died from severe lung infection and
respiratory failure.

Discussion

ATC is an aggressive tumor with a very poor prognosis, patients with ATC rarely survive more than 2 years
after diagnosis [1]. In most cases, extrathyroidal invasion occurs at the first diagnosis, with symptoms
such as vocal hoarseness, swallowing and breathing difficulties occur due to compression or involvement
of surrounding tissues and organs[10]. Distant metastases also frequently occur, the most common site
is the lung, followed by the bone [3].

Because ATC is in a dedifferentiated state, partially or completely losing thyroid differentiation, thus it has
various morphological manifestations, leading to difficulty in distinguishing it from benign nodules by
preoperative radiological imaging [1]. Neck ultrasonography may be helpful in providing rapid evaluation
of the primary thyroid tumor and assessing involvement of the central and lateral lymph nodes [1, 5, 11].
PET/CT with 18F-FDG is particularly valuable in evaluating metastatic sites for whole body[12, 13].
Contrast enhanced CT of chest, abdomen, and pelvis is a critical preoperative study; alternatively, contrast
enhanced MRI can be substituted [14]. In this case, we offered the radiological images of

ultrasonography, PET/CT and CT for ATC. On the neck ultrasonography, a heterogeneous echoic thyroid
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mass in the right lobe with a rich blood flow signal inside two years ago, while a mixed-echoic thyroid
nodule with cystic change in the left lobe, showing very low suspicious. Two years later, progressively
enlarged heterogeneous echoic solid thyroid masses showed in the bilateral lobes with a very rich blood
flow signal. However, few studies reported about the sonographic features of ATC. Hahn et al. reported
that ATC often showed large size, solitary nodules, heterogeneous and hypo-echogenicity, which was
consistent with this case, yet no mentioned the blood flow features [6]. Nevertheless, these above features
of ATC with poor specificity also frequently showed in benign nodular goiters. On 18F-FDG PET/CT,
extensive hypermetabolic lesions gathered at the left lung, right ilium, right thyroid lobe and cervical
lymph nodes, which has a great help in disease detection and tumor staging of patient with ATC. Some
studies also reported that 18F-FDG PET/CT has an impact on the management of patients with ATC [13,
15, 16]. On Neck CT, swelled thyroid with lots of large thyroid nodules and multiple enlarged cervical
lymph nodes were clearly observed, which played an important role in preoperative and post-therapeutic
elevation of ATC. Thus, preoperative multimodal radiological tests should be performed expeditiously for
suspicious patient of ATC.

Given its poor prognosis and clinical outcome, a clear pathological diagnosis has profound significance
for its treatment and prognosis. The histological features of ATC depend on the composition of the three
main cellular components: spindle cells, squamous or epithelioid cells, and giant cells [17]. The
immunophenotype of ATC is complex and diverse. The positive rate of epithelial-derived marker CK varies
from 40-100%, single CK staining are often inconsistent. Usually, the detection rate can be improved by
combining several CK packages[18]. Epithelial membrane antigen (EMA) is mainly expressed in
epithelioid or squamous differentiated cells (30%-50%), while the mesenchymal marker Vimentin is
expressed in all spindle cells[19]. Tumor cells do not express tissue-specific markers such as TG,
Calcitonin, and TTF-1, but consistently and strongly express TP53[18, 20]. A transcription factor PAX-8
was expressed in 76% of ATC (100% with squamous differentiation) but not in other squamous cell
carcinomas of the head and neck [21]. In this case, the immunohistochemical stains of right ilium were
positive for CK7, CD10, P40, CAMS.2 and PAX-8, and negative for TTF-1, TG, PTH, Calcitonin and CDX-2.
The immunohistochemical stains of right cervical lymph nodes were positive for EGFR, ALK, PD-L1, P40,
CK7,CD10, CK5/6, CK pan, and Ki67 proliferative index was about 60%, and negative for TTF-1, PD-1,
Napsin A and CK20, combined with the initial H&E, this cervical lymph nodes tend to origin from poorly
differentiated squamous cell carcinoma. According to the findings of PET/CT, thyroid ultrasonography
and histopathology, the patient was diagnosed as lung squamous cell carcinoma with extensive
metastases. Except the immunohistochemical stains marker of PAX8, other markers were all consistent
with lung squamous cell carcinoma, leading to misdiagnosis of this case two years ago.

The most common genetic alterations in thyroid carcinoma associated with mitogen-activated protein
kinase (MAPK) and phosphoinositide-3-kinase (PI3K), activated by tyrosine kinase receptors, promote the
progression of DTC. Further genetic events, especially involving p53, epigenetic alteration, and infiltration
of immune cells, promote the onset of ATC [22]. In this case, NGS testing demonstrated that TP53 and
EGFR mutations with tumor mutational burden (TMB) of 2.99 mutations/Mb. The tumor suppressor
TP53 is a transcription factor involved in the control of the cell cycle and apoptosis, with the high
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prevalence of TP53 mutations in ATCs (40—80%) for promoting tumor progression [23, 24]. EGFR is
overexpressed in the majority of ATC. Epidermal growth factor (EGF), as its ligand, activates a signaling
cascade that results in the enhanced migration and invasiveness of thyroid carcinoma[25]. Although
ATCs have an approximately sixfold higher TMB than PTC, most ATCs do not meet the formal criterion
for high TMB (> 10 mutations/Mb), which is consistent with this case [1].

Recent years, the median overall survival of patients with ATC has an obvious increase due to the
treatment of ATC by primarily palliation and hospice care to effective molecular-based personalized
therapies (such as targeted therapy, immunotherapy drugs and neoadjuvant therapy) and surgery when
appropriate, regardless of disease stage [3]. Pembrolizumab, as a monoclonal antibody against the PD-1
receptor, approved by the FDA in the treatment of several cancers[2]. Some studies reported that
pembrolizumab may be an effective salvage therapy added to kinase inhibitors or chemoradiotherapy at
the time of progression on these drugs [8, 26]. Capdevila et al. demonstrated the efficacy of checkpoint
blockade using inhibitors of the PD-1/PD-L1 axis in ATC [27]. In this case, the patient treated with
pembrolizumab twice and the overall survival was more than 24 months, which is far longer than the
median overall survival of ATC, indicating the cancer immunotherapy maybe play an important role in
treating advanced ATC.

Conclusion

ATC is an extremely rare and aggressive tumor, has various morphological manifestations, leading to
difficulty in distinguishing it from benign nodules by preoperative radiological imaging. Our case presents
the radiological images of ultrasonography, PET/CT and CT for ATC, suggesting that preoperative
multimodal radiological tests should be performed expeditiously for suspicious patient of ATC. If the ATC
could be identified at the early stage and combined with highly specialized personalized therapies, the
survival time of ATC maybe can further extend.
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Figures

Figure 1

PET/CT images of the lung, ilium and thyroid of the patient. (A) Increased 18F-FDG metabolism showed
in the left upper lobe of the lung. (B) Increased 18F-FDG metabolism showed in the right ilium. (C)
Increased 18F-FDG metabolism showed in the right lobe of the thyroid and cervical lymph nodes.
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Figure 2

Ultrasonographic images of the bilateral thyroid nodules. (A) Longitudinal gray-scale sonography
revealed a heterogeneous echoic thyroid mass in the right lobe. (B) CDFI showed a rich blood flow signal
inside this mass. (C) Longitudinal gray-scale sonography revealed a mixed- echoic thyroid nodule in the
left lobe. (D) CDFI showed a rich blood flow signal around this nodule.
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Figure 3

CT and ultrasonographic images of the neck before surgery. (A) Coronal and (B) axial sections of the
neck revealed swelled thyroid with lots of large thyroid nodules and multiple enlarged cervical lymph
nodes. (C) Gray-scale sonography revealed a solid heterogeneous echoic thyroid mass in the left lobe. (D)
CDFI showed a rich blood flow signal inside and around this mass. (E) Gray-scale sonography
demonstrated multiple enlarged lateral cervical lymph nodes in the left neck. (F) CEUS image showed a
heterogeneous enhancement of the lymph node.
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Figure 4

Gross surgical specimen and histopathological sections of anaplastic thyroid carcinoma. (A) Gross
surgical specimen of the bilateral thyroid lobes. (B) H&E staining of anaplastic thyroid carcinoma,
magnification x 400. Immunohistochemical (IHC) staining of anaplastic thyroid carcinoma
(magnification x 400) for (C) CK5/6, (D) Vimentin, (E) PAX-8, (F) TTF-1, (G) TG, (H) Napsin A, () Ki67, (J)
Calcitonin, and CK5/6 and TG were partially stained (partial positive), Vimentin and PAX-8 were deeply
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stained (positive), Ki67 proliferation index was 60%, TTF-1, Napsin A and Calcitonin didn’t stain
(negative).

Figure 5

CT images of the neck after surgery 6 weeks. (A) Coronal and (B) axial planes of the neck revealed
multiple enlarged cervical lymph nodes in the left neck.
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