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Abstract: Anaplastic thyroid carcinoma (ATC) is a rare and highly aggressive fatal tumor.
Most ATC patients using traditional surgery or radio-chemotherapy have poor prognosis and
experience recurrence in a very short time. There is no optimal therapy for ATC, and the
median survival time is about 5 months. We report a 67-year-old ATC patient, who
experienced rapid local recurrence after radical thyroidectomy. The resected tumor tissue
was sent for immunohistochemistry analysis and targeted next-generation sequencing. The
results indicated high PD-L1 expression, a tumor mutation burden of 0.48 muts/Mb, micro-
satellite stable, and somatic mutations of TERT promoter, EIFIAX, NRAS and TP53.
However, none of the mutations indicated corresponding target therapy. An immediate
operation was unsuitable because of rapid recurrence after surgery. The patient was also
not in a condition to tolerate chemotherapy. Based on the high expression of PD-L1, an
optimum strategy was used, combining immunotherapeutic agent, sintilimab, with an anti-
angiogenesis drug, anlotinib. The patient obtained remarkable tumor shrinkage and an
18.3-month-sustained remission period. This is an effective case of using immunotherapy
and anti-angiogenesis agent in the first-line treatment of ATC. It demonstrates a feasible and
novel therapeutic option for future treatment of ATC patients.

Keywords: anaplastic thyroid carcinoma, PD-1 inhibitor, anti-angiogenesis drug, TERT
promoter mutations, TP53 mutations, NRAS mutation, next-generation sequencing

Introduction
Anaplastic thyroid carcinoma (ATC) is a rare and highly fatal malignancy with
characteristic rapid progression, early metastasis, and poor prognosis, accounting
for about 1-2% of all thyroid cancers.! ATC tumor comprises heterogeneous
mixtures of spindle-shaped, epithelioid, and pleomorphic giant cells.
Histopathological features of ATC include tumor necrosis, obvious nuclear pleo-
morphism, and high frequency of atypical mitosis. Major metastases usually occur
in the lungs, followed by bones, intrathoracic and neck lymph nodes.*? ATC is
most prevalent in the 60—70-year age group, and its frequency is higher in females
than males (2:1.5)."

Traditional clinical management of ATC involves surgery, radiotherapy and/or
chemotherapy.* However, these approaches often do not control the disease

because many patients are diagnosed with inoperable or distant metastases.* The
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disease-specific mortality rate is nearly 100%, and the
median survival time, after diagnosis, is approximately 5
months; only 20% of patients survive more than one year."
Therefore, it is urgent to establish novel diagnostic and
standard strategies for ATC.

Multiple driver mutations of ATC have been identified
with the development of next-generation sequencing, such
as oncogenic mutations of MAPK pathway (BRAF, RAS),
mutations in 7P53 and the TERT promoter, and fusions in
RET and NTRK.? Dabrafenib, a selective inhibitor of
BRAF mutant, and trametinib, a selective MEK inhibitor,
were approved by the US Food and Drug Administration
(FDA) in 2018, for the treatment of ATC patients with
BRAF mutation. Other studies have shown that PD-L1 was
exclusively expressed on ATC tumor cells, and T cells
infiltrated the microenvironment.® As such, several novel
monoclonal antibodies, such as nivolumab, pembrolizu-
mab and sintilimab, are under clinical trials and are pro-
posed to be highly promising treatment modalities.” It has
been reported that immunotherapy combined with anti-
angiogenic drugs have synergistic anti-tumor activity,
because the drugs could promote T cell infiltration.” Multi-
target tyrosine kinase inhibitor (MTKI) anlotinib, a novel
anti-angiogenesis agent, is a popular drug for its efficacy
against multiple cancers and low side effects. Previous
reports showed that anlotinib could effectively inhibit
ATC cell lines.®* We reported an ATC patient who had
recurrence after radical surgery, having 7P53 and NRAS
mutation, and high expression of PD-L1, but not BRAF
PD-1
angiogenesis drug, anlotinib, were used, and major remis-

mutations. inhibitor, sintilimab, and anti-
sion (about 18 months) was obtained. This report was the
first case that investigated and proved the efficacy of
immunotherapy combined with anti-angiogenesis agent

for ATC, but it still needs a larger investigation.

Case Presentation

A 67-year-old female presented with the chief complaint
of rapidly growing neck mass and hoarseness. Contrast-
(CT)
a neoplastic lesion of 5 cm in the left lobe of thyroid

enhanced computed tomography revealed
gland and multiple small lymph nodes in the neck but no
distant metastases. A surgery was performed on March 20,
2019. The tumor was found to be closely related to mus-
cles and esophagus. The pathology of intraoperative freez-
ing indicated high-grade malignant tumor. She underwent
total thyroidectomy and central neck lymph node dissec-

tion. The surgical pathology showed multifocal, bilateral

anaplastic thyroid carcinoma (ATC). The tumors broke
through the thyroid capsule and involved the surrounding
muscles, and the left central lymph nodes were involved
(pT4N1MO, IVB). The immunohistochemistry (IHC) was
Ki-67 (80% positive), EGFR, P53, AE1/AE3, P16 posi-
tive, and TG, P40, EBR, TTF-1, P63, LCA negative.
Eleven days later, she underwent a debridement because
of esophageal leakage. Unfortunately, two weeks after
the second surgery, the patient had a feeling of suffocation.
A mass with rapidly progressive enlargement was
observed in the operated area with a range of
6.7%6.5x2.8 cm on magnetic resonance imaging (MRI),
and was thought to be tumor recurrence. Multiple meta-
static lymph nodes were found in the bilateral neck, the
biggest one about 1.6x1.0 cm (Figure 1A). The patient was
referred to the Cancer Hospital, Chinese Academy of
Medical Sciences & Peking Union Medical College. The
patient had a poor Eastern Cooperative Oncology Group
(ECOQG) performance status of 3 with difficulty in breath,
unable to lie flat, swollen face and hoarse voice. So, she
could not tolerate chemotherapy, radiotherapy or an
immediate operation.

Tumor tissue from the thyroidectomy was sent to
Genetron Health (Beijing) for molecular testing and
immunohistochemical analysis (IHC) of programmed
death-ligand 1 (PD-L1). DNA from a paraffin-embedded
sample of ATC and the patient’s peripheral blood (as
control) were analyzed with the Onco PanScan™
(Genetronhealth, Beijing, China), which interrogates 825
cancer-related genes by next-generation sequencing
(NGS). The results revealed a tumor mutation burden of
0.48 muts/Mb, microsatellite stable (MSS), and somatic
mutations of TERT promoter, EIFIAX, NRAS and TP53
(Table 1). PD-L1 IHC 22C3 pharmDx assay (Agilent
Technologies, Carpinteria, CA, USA) was used to assess
the expression of PD-L1 in formalin-fixed thyroid tumor
samples, evaluated by both the tumor proportion score
(TPS) and the combined positive score (CPS). At least
100 tumor cells must be present in the sample for evalua-
tion. The tumor PD-L1TPS was 60% and CPS was 70.

The patient was unsuitable for an immediate operation
as subsequent treatment given that recurrence occurred
shortly after surgery. Also, the patient was not in
a condition to tolerate chemo- or radio-therapy.
Sintilimab, an immune checkpoint inhibitor, was sug-
gested as an effective treatment option because of the
identified association between high PD-L1 expression

(TPS > 50%) and improved responses to immune
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Recurrence
before treatment
(2019-05-16)

After 2 cycles of
sintilimab-anlotinib
(2019-07-17)

After 4 cycles of
sintilimab-anlotinib
(2019-09-26)

After 6 months of
sintilimab-anlotinib
(2019-12-13)

After 14.5 months of
sintilimab-anlotinib
(2020-08-05)

After 18.3 months of
sintilimab-anlotinib
(2020-11-24)

Figure | Radiological monitoring of the patient before and after treatment with
sintilimab plus anlotinib. (A) Magnetic resonance imaging (MRI) was performed on
the recurrence before treatment (Baseline), on May 16, 2019. (B and C).
Computerized tomography (CT) on July 17, 2019 (B) and September 26, 2019
(C) showed the tumor shrank after 2 and 4 cycles of sintilimab—anlotinib, respec-
tively. (D) CT on December 13, 2019 identified a little residue of the recurrence
mass. (E) CTafter 14.5 months of the treatment showed a sustained and prominent
reduction of the tumor. (F) The tumor shrinkage was continued over 8.3 months
as shown by the CT on November 24, 2020. The red arrow indicates tracheal
compression, whereas the blue arrow indicates the tumor.

checkpoint inhibitors. Furthermore, it was proved that
anti-angiogenesis drug could improve the immunothera-
peutic response; thus, an anti-angiogenesis drug, anlotinib,
was added. Starting from June 6, 2019, the immunother-
apy agent sintilimab was given 200 mg every 3 weeks,
combined with anti-angiogenesis drug, oral anlotinib
12 mg, once daily, 2-week on/1-week off. After 2 cycles
(6 weeks) of treatment, CT scanning showed significant

Table 1 NGS* Gene Mutation Profiling in Primary Thyroid
Lesion
Gene Mutation Type Genovariation Amino Allelic
Acid Frequency
Variation
EIFIAX | Missense mutation c25G>C p- G9R 7.2%
NRAS Missense mutation c.182A>G p- Q6IR 11.0%
TP53 Missense mutation c.584T>C p. 195T 19.7%
TERT Upstream promoter C228T / 22.58%
mutation

Abbreviation: *NGS, next-generation sequencing.

reduction of the mass in the neck, with a maximum cross-
sectional area (MCSA) shrinking from 6.7%6.5 cm to
3.7x3.6 cm. Metastatic lymph nodes in the left neck
were narrowed, with a short diameter shrinking from
1.0 cm to 0.7 cm in the largest one, and no swelling on
the right side (Figure 1B). Partial response was achieved
according to RECIST vl.1. In addition, the mass contin-
ued to shrink with treatment (Figure 1C). Six months later,
CT scan showed little remains with the MCSA of about
1.9x1.4 cm (Figure 1D). A follow-up CT scan at 14.5
months and 18.3 months after treatment demonstrated
prominent and sustained reduction of the tumor (Figure
1E and F). The esophagus was damaged during surgery
(radiation may cause esophagus injury), and the patient
was unwilling to undergo consolidation radiotherapy.
Grade 1 rash was the only adverse event observed during
treatment. Patient-reported outcome surveys, at approxi-
mately 18.3 months of treatment, indicated an excellent
quality of life, including continued normal physical exer-
cises such as swimming and jogging.

Discussion

ATC is one of the most fatal cancers. The median survival
time after diagnosis is only about 5 months.” Currently,
surgery is one of the common treatments for ATC.
However, majority of patients with ATC at diagnosed are
distant metastasis or locally advanced, which are not
amenable to completing resection.'''® Besides, anaplastic
carcinoma surgical intervention is affected by more severe
complication, including recurrent laryngeal nerve (RLN)
palsy,'" hypocalcemia'? and lymph nodal involvement.'?
Majority of ATC patients have recurrence soon after sur-
gery. Thus, the benefit of surgical treatment to patient
survival is limited. The patient reported here relapsed
shortly after surgery, having a poor condition with
ECOG score of 3, all of which showed no indication to
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commence chemotherapy or radiotherapy. Precise treat-
ment guided by gene diagnosis to determine the efficacy
of targeted therapies, such as BRAF inhibitor for BRAF
V600E mutant positive patients'* and TRK inhibitor for
NTRK fusion positive patients'> and inhibitors for RET or

ALK rearrangement patients,'®'’

may be an appropriate
strategy. However, NGS results of this patient did not
show any mutations or rearrangements that had corre-
sponding targeted therapeutic agents; therefore, multi-
target anti-angiogenic drugs were considered. Recently,
Multi-target tyrosine kinase inhibitor (MTKI) lenvatinib
was approved by FDA for the management of advanced
differential thyroid cancer after radioactive iodine treat-
ment, and also proposed for ATC patients who do not have
other effective therapeutic options. However, the effective
rate of lenvatinib for ATC patients was only 17-24%.'®
Anlotinib is a novel MTKI and antiangiogenic drug that
can inhibit platelet-derived growth factor receptors, Ret,
Aurora-B, epidermal growth factor receptors (EGFR), and
fibroblast growth factor receptor.® Anlotinib showed anti-
cancer activity on ATC cell lines. It can inhibit tumor cell
proliferation by causing ATC cells to have abnormal spin-
dle assembly, G2/M phase arrest, TP53 activation, thereby
suppressing cell migration and growth of xenograft thyroid
tumors by disturbing the formation of F-action.®
According to current clinical reports, anlotinib is safe
and effective in the treatment of advanced refractory thyr-
oid cancer."” For 58 patients with locally advanced or
metastatic medullary thyroid cancer who received anloti-
nib, 56.9% had a partial response, and the progression-free
survival rate at 48 weeks was 85.5%.%° Therefore, anloti-
nib potentially offers an effective treatment option for
ATC patients.

The patient had high PD-L1 expression (TPS 60%,
CPS 70). Meta-analysis in 2018 showed that PD-L1 over-
expression in patients with non-medullary thyroid cancer
is significantly associated with poor survival, disease
recurrence and concurrent thyroiditis.?' This suggests
that PD-L1 may be a prognostic biomarker, and anti-PD
-1/PD-L1 immunotherapy may have promise in the PD-L1
positive locally advanced, unresectable, or metastatic thyr-
oid cancer patients. PD-L1 IHC positivity has been impli-
cated as a predictive biomarker in PD-1/PD-L1 checkpoint
blockade immunotherapy in a variety of malignancies. It
was reported that BRAF V600E mutation and PD-LI
expression (3+) were identified in the tumor tissue of a 62-
year-old male ATC patient, with local thyroid recurrence,
distant metastases after initial surgery and no recovery

after first- and second-line chemotherapies.”? Subsequent
treatment with vemurafenib and nivolumab led to substan-
tial regression of tumor nodules. A distinct decrease in
metastatic lesions and complete remission was observed
20 months after initiation of nivolumab, demonstrating the
effectiveness of immunotherapy for this patient. And an
initially unresectable, BRAF-mutated ATC patient with
a PD-L1 TPS of 95% was treated with dabrafenib, trame-
tinib, and pembrolizumab. A meaningful response was
achieved and the tumor was completely resected. MD
Anderson cancer center retrospectively reviewed 12 ATC
patients treated with pembrolizumab in combination with
kinase inhibitor at the time of disease progression; 42%
had a partial response and 33% had stable disease; pem-
brolizumab was considered an effective salvage
treatment.”> Besides, previous studies showed that mela-
noma patients with NRAS mutations in tumor had better
response to immunotherapy and better outcomes than
patients whose tumors had other genetic subtypes.**
Here, the ATC patient had mutation of NRAS, which may
be one of the reasons why the patient was suitable for
immunotherapy. Currently, several clinical trials on PD-1/
PD-L1 inhibitors for ATC, as single or combination ther-
apy strategies, are ongoing, including NCT02688608,
NCTO03211117, NCTO03246958, and NCT03181100.
Sintilimab is a highly selective, humanized, monoclonal
antibody that blocks the interaction between PD-1 and its
ligands. The agent was approved for the treatment of
relapsed or refractory classical Hodgkin lymphoma in
China, and it has been tested on multiple advanced solid
tumors.”> Therefore, PD-1/PD-L1 immunotherapy using
sintilimab was suitable for this patient.

It was recently found that many cancer patients could not
benefit from immunotherapy alone, due to vascular abnorm-
alities that facilitate immune evasion in most solid tumors.
Judicious use of drugs targeting proangiogenic factors
(VEGF, bFGE,'*'7 PDGF) and their receptors (VEGFR,
FGFR, PDGFR) can improve therapeutic response. This is
likely due to the normalization of tumor vasculature, there-
fore increasing the infiltration of immune cells and improv-
ing the immunosuppressed microenvironment.” Many
studies have evaluated the combination of immune check-
point inhibitors with the anti-angiogenic drug, bevacizumab,
across various tumor types, and most demonstrated marked
improvement in the objective response rate, progression-free
survival and overall survival.?® Similarly, the antitumor
activity of lenvatinib plus anti-PD-1 antibodies was greater
than that of either single agent.?’ Several clinical trials with
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these combined treatments are being tested for thyroid can-
cer, but no conclusions have been reached. MD Anderson
cancer center is studying the efficiency of lenvatinib and
pembrolizumab for the treatment of stage IVC metastatic
ATC, in an ongoing clinical trial NCT04171622. The
National Cancer Institute (NCI) is evaluating the effect of
lenvatinib and pembrolizumab combined treatment on dif-
ferentiated thyroid cancer (DTC), in the NCT02973997 trial.
NCI is also testing the effectiveness of the combination of
MTKI agent cabozantinib, nivolumab and ipilimumab for
advanced DTC, in the NCT03914300 trial. In this study, the
tumor shrunk remarkably on treatment with the antiangio-
genic drug anlotinib combined with the immunotherapeutic
agent sintilimab, and the clinical benefit for the ATC patient
has continued over 18.3 months. This case provides evi-
dence of the effectiveness of this combination in ATC
patients.

Conclusion

This case reported an ATC patient, who had recurrence
within a short period after radical surgery, had high
expression of PD-L1, and 7P53 and NRAS mutation, but
was TMB-low, MSS and did not have genomic alterations
with level 1 to 4 of evidence according to the OncoKB
knowledge database. PD-1 inhibitor, sintilimab, along with
anti-angiogenesis drug, anlotinib, were administrated to
the patient. Major and sustained remission was obtained.
This report was the first case that investigated and proved
the efficacy of immunotherapy combined with anti-
angiogenesis agent in the first-line treatment of ATC, and
the regimen is worthy of further study in ATC.
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