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Simple Summary: Our study examined PD-L1 expression in advanced Thyroid Cancer (TC) and its
relationship with histological subtypes, molecular mutations, and progression-free survival (PFS).
Analyzing data from 176 patients with advanced TC, our study found significant variability in PD-L1
expression with Oncocytic Thyroid Cancer (OTC) and Anaplastic Thyroid Cancer (ATC) exhibiting
the highest frequencies of PD-L1 expression, while Medullary TC (MTC) and Papillary TC Follicular
Variant (PTCFV) did not show any PD-L1 expression. Notably, PD-L1 positivity correlated with
shorter progression-free survival (PFS) in ATC and was associated with TP53 mutation. These
findings suggest that PD-L1 expression, combined with genetic profiling could inform personalized
immunotherapy strategies for aggressive forms of TC, emphasizing the need for further research to
validate these biomarkers and enhance treatment efficacy.

Abstract: Background: Thyroid cancer (TC) remains a significant clinical challenge worldwide,
with a subset of patients facing aggressive disease progression and therapeutic resistance. Immune
checkpoint inhibitors targeting programmed death-ligand 1 (PD-L1) have emerged as promising
therapeutic approaches for various malignancies, yet their efficacy in TC remains uncertain. The
objective of this study was to investigate PD-L1 expression in aggressive TC and its association
with histological subtypes, molecular mutation, and progression-free survival. Methods: This is a
retrospective study of patients with advanced TC seen in two tertiary health care centers. Included
in this study were patients with advanced TC with recurrence or progression on therapy for whom
tumor molecular profiling and PD-L1 status were available. Kaplan-Meier estimators were utilized to
analyze the progression-free survival (PFS) between patients with PD-L1 positive and negative status
in Anaplastic TC (ATC) subgroup. Results: A total of 176 patients with advanced thyroid cancer were
included (48.9% female). Of the patients, 13 had ATC, 11 Medullary TC (MTC), 81 Papillary TC Classic
Variant (PTCCV), 20 Follicular TC (FTC), 8 Oncocytic TC (OTC), 10 Poorly Differentiated TC (PDTC),
and 30 had the Papillary TC Follicular Variant (PTCFV). BRAF mutation was present in 41%, TERT
in 30%, RAS in 19%, TP53 in 10%, and RET in 8.6% of patients. PD-L1 positivity was significantly

Cancers 2024, 16, 3632. https:/ /doi.org/10.3390/ cancers16213632

https://www.mdpi.com/journal/cancers


https://doi.org/10.3390/cancers16213632
https://doi.org/10.3390/cancers16213632
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cancers
https://www.mdpi.com
https://orcid.org/0000-0002-9977-7631
https://orcid.org/0000-0001-7601-6963
https://orcid.org/0000-0001-8633-4420
https://orcid.org/0000-0003-3901-9924
https://orcid.org/0000-0002-2183-6929
https://doi.org/10.3390/cancers16213632
https://www.mdpi.com/journal/cancers
https://www.mdpi.com/article/10.3390/cancers16213632?type=check_update&version=2

Cancers 2024, 16, 3632

20f13

different across different TC types and histological subtypes (p < 0.01): Patients with OTC had the
highest frequency of PD-L1 positivity (71%), followed by ATC (69%), PTCCV (28.5%), and FTC (11%).
Patients with MTC and PTCFV did not exhibit any PD-L1 positivity. TP53 mutation was positively
associated with PD-L1 expression (21.6% vs. 7.5%, p = 0.03), and RAS mutation was negatively
associated with PD-L1 expression (8.1% vs. 24.2% p = 0.04). Among patients with ATC, positive PD-
L1 expression was associated with lower PFS (p = 0.002). Conclusions: PD-L1 expression varies across
different TC types and histological subtypes and may be modulated by the mutational landscape.
PD-L1 expression in ATC is associated with shorter PFS. Follow up studies are warranted to elucidate
the molecular mechanism driving the observed differences in immune pathways, potentially paving
the way for the development of more effective and personalized immune therapies for patients with
aggressive TC.

Keywords: thyroid cancer; radioactive iodine refractory; immunotherapy for thyroid cancer; PD-L1
expression in thyroid cancer; thyroid cancer tumor microenvironment

1. Introduction

Thyroid cancer (TC) represents the most prevalent endocrine neoplasm worldwide,
with increasing incidence and mortality rates [1]. TC encompasses a spectrum of het-
erogenous types, including Differentiated (DTC), Anaplastic (ATC), and Medullary (MTC)
thyroid cancer. Among these, DTC is the most common type accounting for over 85% of
cases [2]. Differentiated thyroid cancer is further categorized into Papillary Thyroid Cancer
(PTC, approximately 70-80% of DTC), Follicular Thyroid Cancer (FTC, 10%), Oncocytic
Thyroid Cancer (OTC, 2-4%), and Poorly Differentiated TC (PDTC, 5-10%) [3,4]. Papillary
TC is further subdivided into the Classic Variant (PTCCV) and Follicular Variant (PTCFV).
Undifferentiated TC may give rise to ATC, which has a dismal prognosis, characterized
by a median survival of 5-6 months and a 1-year survival rate of approximately 20% [5].
MTC is notable for its significant mortality rates, contributing to 9% of TC-related deaths
although it represents only 2-3% of all TCs [6]. In patients with DTC, despite a 5-year
survival that exceeds 95%, 15-20% may progress to locoregional or distant metastasis,
with about a third becoming refractory to conventional therapy with radioactive iodine
(RAI). These patients exhibit a markedly reduced 10-year survival rate of only 10% [4].
Currently available systemic therapies, including tyrosine-kinase inhibitors (TKIs) show
variable efficacy and significant toxicity, but have yet to demonstrate clear overall survival
benefits [7-9]. Therefore, there is an urgent need to better understand the molecular mecha-
nisms underlying aggressive, treatment-resistant forms of TC, in order to develop more
efficacious and targeted therapies.

In recent years, there has been a paradigm shift in cancer treatment with the advent
of immune-based therapies, particularly immune checkpoint blockade (ICB). Immune
checkpoint molecules are expressed on various immune cells, such as activated T cells,
macrophages and dendritic cells (DCs) and regulate immune activation and prevent exces-
sive immune responses that could lead to autoimmune disorders [10]. In cancer, tumors
often exploit these inhibitory checkpoints to create an immunosuppressive environment
that enables immune evasion. Programmed death 1 (PD-1), an immune checkpoint receptor
predominantly expressed on T cells, interacts with its ligand, PD-L1 to promote immune
tolerance and regulate inflammation [11]. PD-L1 expression represents a pre-requisite for
the use of immune checkpoint inhibitors in cancer treatment in some but not all cancers.
Inhibition of immune checkpoint proteins, including PD-1, PD-L1, CTLA-4 represent a
significant breakthrough in the cancer immunotherapy, showing notable success in treating
patients with melanoma, renal cell carcinoma, head and neck cancers or non-small-cell
lung cancer [12-15].

Historically, TC has been categorized as an “immunologically cold” tumor, suggest-
ing limited potential for successful application of immune-based treatments [16,17]. This
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classification was primarily based on the analyses of The Cancer Genome Atlas (TCGA)
data, which predominantly included low- to intermediate-risk DTC cases associated with
a low tumor mutation burden (TMB) and low PD-L1 expression [18,19]. However, recent
studies on advanced TC, which have also included ATC and PDTC, suggest that the im-
mune system plays a critical role in TC pathogenesis and progression. Emerging literature
describes a complex immune response within the tumor microenvironment (TME) of TC,
influenced by driver mutations, cancer types and histological subtypes [20-23]. Recent
transcriptomic analyses have revealed a dynamic interplay between the immune system
and TC progression, from benign thyroid tissue to differentiated and ultimately dediffer-
entiated or anaplastic forms [24,25]. These studies highlight distinct immune response
patterns within the TME, starting with a stress-responsive metabolic deregulatory state
in early disease stages, evolving into heightened inflammatory pathways, and eventually
shifting to a defective mitotic state and a mesenchymal/fibrotic phenotype in advanced
stages [24]. Despite these advances, significant gaps remain in our understanding of im-
mune responses across different TC types and histological subtypes. Existing literature
reports broad variability in PD-L1 expression in TC, ranging from 5 to 87%, which may
be due to differences in population tested, detection methods, assay techniques, and in-
terpretation [26-28]. This variability underscores the need for further investigation into
the pathophysiological basis of PD-L1 expression heterogeneity in TC and its potential
relationship with disease outcome.

The objective of our study was to measure PD-L1 expression across different TC types
and histological subtypes of DTC and evaluate its association with mutational status and
Progression Free Survival (PFS) in patients with advanced TC.

2. Methodology/Study Design

This is a retrospective study of patients with advanced thyroid cancer who were
followed at the MedStar Washington Hospital Center and MedStar Georgetown University
Hospital between January 2010 and April 2024. The study was approved by the Institutional
Review Board at MedStar Health Research Institute/Georgetown University, ensuring
adherence to ethical standards and patient confidentiality. Eligible patients were included
in this study who had advanced TC (Stage II in age <45 before and <55 after 2018 and
Stage 3 and 4 in age > 45 before 2018 and >55 after 2018) with recurrence or progression
on therapy for whom tumor molecular profiling was available. Patients were excluded if
they were under 18 years of age or if data on molecular mutation testing were unavailable.
Clinical, pathological, and treatment responses data were collected from patient charts.

Molecular Mutational Analysis: The molecular mutational studies were performed
by Caris Life Sciences according to their standard protocol. In brief, formalin-fixed paraffin-
embedded (FFPE) tissue samples from thyroid carcinoma patients treated at MedStar Hos-
pital Center or MedStar Georgetown University Hospital were analyzed by a CLIA /CAP-
certified lab (Caris Life Sciences, Phoenix, AZ, USA). Analyses performed include next-
generation sequencing (NGS), whole-transcriptome sequencing (WTS), and immunohisto-
chemistry (IHC) for molecular and genomic features including tumor mutational burden
(TMB), tumor mutations and fusions, microsatellite instability (MSI), PD-L1 positivity, and
mismatch repair deficiency (MMRd).

DNA Next-Generation Sequencing: Next-generation sequencing (NextSeq or No-
vaSeq 6000, Illumina, Inc., San Diego, CA, USA) was performed on genomic DNA using a
592-gene panel or whole-exome sequencing (700 genes at high coverage and read depth),
with genetic variant calling by board-certified molecular geneticists as previously de-
scribed [29]. TMB, genomic loss of heterozygosity (gLOH), and MSI were calculated and
called as previously described [30].

PD-L1 Immunohistochemistry: For PD-L1 status, immunohistochemistry (IHC) was
performed on FFPE sections of glass slides. The slides were stained using automated
staining techniques, per the manufacturer’s instructions, and were optimized and validated
per Clinical Laboratory Improvement Amendments (CLIA)/CAO and ISO requirements. A
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board-certified pathologist evaluated all IHC results independently. The primary antibody
used against PD-L1 was SP142 (Spring Biosciences, San Francisco, CA, USA). The staining
was regarded as positive if its intensity on the membrane of the tumor cells was >2+ (on
a semi quantitative scale of 0-3: 0 for no staining, 1+ for weak staining, 2+ for moderate
staining, or 3 + for strong staining) and the percentage of positively stained cells was >5%.

3. Statistical Analysis

Descriptive statistics were used to summarize demographic characteristics, clinical and
pathological presentations, and molecular mutations across the study population, as well as
across groups defined by gender, histological subtypes, and PD-L1 expression. Categorical
variables were summarized using frequencies and percentages, while continuous variables
were reported as means with standard deviations (SDs) for normally distributed data or
medians with interquartile ranges (IQRs) for non-normally distributed data.

To assess group differences, Fisher’s exact test or the chi-squared test were applied for
categorical variables, and the Kruskal-Wallis test was used for comparing non-normally
distributed continuous variables. The normality of continuous variables was evaluated
using the D’ Agostino—Pearson test.

The multivariate cox proportional hazard model was used to evaluate how PD-L1 is
associated with PFS-controlling covariates. Covariates were selected based on a bivariate
analysis using PD-L1 and the elastic-net penalized cox proportional hazard model. An ad-
justed hazard ratio (HR) was estimated, and the 95% confidence interval (CI) was calculated
using the Wald method. The results showed no significant difference in progression-free
survival (PFS) between the PD-L1-positive and PD-L1-negative groups (1.18 95% CI (0.76,
1.81), p = 0.464) after adjusting for histopathology type, RAS mutation, TERT mutation,
TP53 mutation, bone metastases, and age. To investigate the association between PD-L1
expression and survival outcomes in the ATC subgroup, Kaplan-Meier survival curves
were generated, and comparisons between groups were made using the log-rank test.
Progression-free survival (PFS) and overall survival (OS) were the primary outcomes
analyzed. Hazard ratios (HRs) with corresponding 95% confidence intervals (CIs) were re-
ported. Kaplan—-Meier (KM) estimates and a multivariate Cox proportional hazards model
were used to assess the effects of TP53 and BRAF mutations and their interactions with
PD-L1. All statistical tests were two-sided, and a p-value of less than 0.05 was considered
statistically significant. Data analysis and visualizations, including the creation of survival
curves, were performed using R software 4.3.1 and Python 3.12.4.

4. Results
4.1. Clinical and Pathological Presentation

A total of 176 patients were included in this study. (Table 1) There were 86 (49%) female
and 89 (51%) male patients. The median age at diagnosis was 58 years in females and 60 years
in males (58.0 [43.0, 69.0], 60.0 [50.0, 69.0] p = 0.179). The majority of patients were white
(60%) followed by African American (25%), Asian (3.6%), Latino (0.6%), and other races
(10.8%). There were 13 patients with ATC (7%), 11 with MTC (6%), 81 (46%) with PTCCYV,
20 with FTC (11%), 10 with PDTC (6%), 30 with PTCFV (17%), and 8 with (OTC, 4.5%).
The clinicopathological presentation within each histological subtype is presented in Table 1.
Patients with PDTC had the largest tumors (median 7.0 [6.0, 7.5]); overall, 46% of patients had
positive surgical margins, with the highest prevalence in the ATC (100%) and PDTC (57%)
patients. Extrathyroidal extension was present in 43% of the overall cohort with the highest
prevalence in the ATC patients (100%) followed by the PDT patients (71%). Distant metastasis
was present in 70% of all patients with the highest frequencies in ATC (91%), PDTC (89%),
and PTCFV (83%) patients. Pulmonary metastasis was present among 59% of patients with
highest frequencies of among patients with ATC (91%) followed by those with PTCFV (73%),
and PDTC (66.7%). Bone metastases were present in 32% of all patients with the highest
frequencies in patients with FTC (65%), OTC (62%), and PTCFV (53%).
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4.2. Molecular Mutation

Table 2 summarizes common mutations in the cohort with an overall frequency of
equal to or higher than 5%. In patients with ATC, TP53 (58%) was the most common genetic
alteration followed by BRAF (42%), TERT (33%), and RAS (25%). Most patients with ATC
had at least two mutations (92%). Patients with MTC exhibited the highest frequency of
RET fusion alterations (54%) followed by RAS (27%) and ATM (8%). The frequencies of
co-mutations were lowest in patients with MTC with 27% having two co-mutations, but no
patients had more than two co-mutations. The most frequent mutation in patients with FTC
was RAS (40%) followed by TERT (25%), BRAF (10%), ATM (10%), and RET fusion (5%). In
addition, 55% of patients with FTC had two or more co-mutations, 15% had three or more,
and 15% at least four mutations. In patients with PTCCV, the most frequent alteration
was BRAF (62%) followed by TERT (32%), and RET fusion (10%). In patients with PDTC
the most frequent mutations were TERT (40%) and BRAF (40%) with similar frequencies,
followed by TP53 (30%) and RAS (20%). Notably, 70% of patients with PDTC had two or
more, 60% had three or more, and 20% had four or more co-mutations. In patients with
PTCEFYV, the most frequent mutation was RAS (43%) followed by TERT (30%), BRAF (23%)
and ATM (7%). Seventeen percent of patients with PTCFV did not have any detectable
pathogenic mutation. In OTC, the most common genetic alteration was BRAF (25%) and
TERT (25%) with similar frequencies, followed by TP53 (12%) and ATM (12%).

4.3. PD-L1 Expression and Progression Free Survival

Data for PD-L1 expression were available for 158 patients and were positive for 69% of
patients with ATC, 71% of those with OTC, 11% of those with FTC, 10% of those with PDTC,
and 28.5% of those with PTCCV. PD-L1 expression was not detected in patients with MTC
and PTCFV (Figure 1). In our cohort, patients with MTC and PTCFV did not have detectable
PD-L1 expression, and therefore, the analysis could not be performed in these groups. For
other patient groups (FTC, PDTC, OTC), analysis of PFS between the PD-L1-positive and
-negative groups could not be performed due to the small number of patients with PD-L1
expression. A subgroup analysis was performed for patients with ATC.

In ATC, patients with positive PD-L1 expression had a significantly lower progression
free survival (PFS) compared to patients with negative PD-L1 expression (median survival
time 3 months vs. 10 months; log-rank test p = 0.003). (Figure 2). In the ATC subset,
patients with PD-L1-positive status and a BRAF mutation had a lower progression-free
survival (PFS) compared to those who were PD-L1-positive without the BRAF mutation
(log-rank test p = 0.01). A similar PFS was observed between PD-L1-positive patients with
and without the TP53 mutation in the ATC subset. However, no significant interaction
effects were observed between PD-L1 and either of the two mutations in the PTCCV subset.

4.4. Association of PD-L1 Expression with Molecular Mutation

The frequency of RAS mutation was significantly different between patients with
positive and negative PD-L1 expression: 8% in patients with positive and 24% with PD-L1
negative PD-L1 expression (p = 0.037). TP53 mutation status was significantly higher in
patients with PD-L1 expression: 22% in patients with positive and 7.5% with negative
PD-L1 expression (p = 0.03) (Table 3). Patients with a BRAF mutation tended to have
positive PD-L1 expression (p = 0.08).
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Table 1. Clinicopathological presentation of patients with aggressive thyroid cancer.
Overall ATC MTC FTC PTCCV PDTC PTCFV oTC
N 176 13 11 20 81 10 30 8
Female 49 54 45 55 48 50 53 12
Gender (%) Male 51 46 55 45 52 50 47 88
Age (Median [IQR]) 59.0 [46.0, 69.5] 70.0 [66.0, 77.0] 62.0 [50.0, 67.0] 62.0 [45.8, 76.5] 54.0 [41.0, 66.0] 68.5 [64.2, 70.0] 60.5[48.2, 67.0] 53.5 [46.8, 64.5]
Cm ?;?c%;iiIZIQQR]) 3.2[1.7,5.0] 46[45,68] 22[15,2.8] 4.3[3.0,5.0] 3.0[15,4.0] 7.01[6.0,7.5] 25[1.7,6.0] 5.81[4.8,7.0]
Involved Surgical Margins (%) 46.4 100 50 23.1 47.5 57.1 333 50
Extrathyroidal Extension (%) 434 100 55.6 214 453 71.4 21.7 n/a
Lymph I\ézcrfpr:féﬁif‘(s /“)‘ Central 53 25 75 0 53 50 2 0
Distant Metastasis (%) 703 90.9 63.1 75 57.9 88.9 83.3 87.5
Pulmonary Metastasis (%) 59.3 90.9 27.3 60.0 52.6 66.7 73.3 50
Bone Metastasis (%) 324 11.1 27.3 65.0 15.8 33.3 53.3 62.5

ATC: Anaplastic Thyroid Cancer, MTC: Medullary Thyroid Cancer, FTC: Follicular Thyroid Cancer, PTCCV: Papillary Thyroid Cancer Classic Variant, PDTC: Poorly Differentiated
Thyroid Cancer, PTCFV: Papillary Thyroid Cancer Follicular Variant, OTC: Oncocytic Thyroid Cancer.

Table 2. Molecular mutations (%).

Overall ATC MTC FTC PTCCV PDTC PTCFV OTC
N 176 13 11 20 81 10 30 8
BRAF 41.7 42 0 10 61.8 40 23.3 25
RAS 194 25 27.3 40 6.6 20 43.3 0
TERT 29.7 33.3 0 25 31.6 40 30 25
TP53 10.3 58.3 0 0 8 30 3.3 12.5
RET 8.6 0 54.5 5 10.5 0 0 0
ATM 57 0 9 10 5 0 7 12
No Known Pathogenic Mutations 8.6 8 0 15 5 10 17 0
Co-Mutations
>2 Mutations 58 92 27 55 58 70 50 50
>3 Mutations 28 58 0 15 21 60 33 37
>4 Mutations 10 10 0 15 7 20 7 0
ATC: Anaplastic Thyroid Cancer, MTC: Medullary Thyroid Cancer, FTC: Follicular Thyroid Cancer, PTCCV: Papillary Thyroid Cancer Classic Variant, PDTC: Poorly Differentiated

Thyroid Cancer, PTCFV: Papillary Thyroid Cancer Follicular Variant, OTC: Oncocytic Thyroid Cancer.
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(B)

Figure 1. PD-L1 Staining. (A) Represents PD-L1 immunostaining (40x magnification) of TC
from 63-year-old man with OTC. PD-L1 immunostaining was positive (strength 2+, 100% of cells
examined—see methodology). (B) Represents PD-L1 immunostaining (40 x magnification) of TC
from 47-year-old women with PTCFV. PD-L1 immunostaining was negative in all cells examined.

Table 3. PD-L1 status and molecular mutation.

PD-L1 Expression

Mutation Overall Negative Positive p-Value
N 157 120 37
BRAF 68 (43.3) 47 (39.2) 21 (56.8) 0.08
RAS 32 (20.4) 29 (24.2) 3(8.1) 0.03
TERT 48 (30.6) 38 (31.7) 10 (27.0) 0.7
RET 12 (7.6) 10 (8.3) 2(5.4) 0.73

TP53 17 (10.8) 9 (7.5) 8 (21.6) 0.03
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Figure 2. PD-L1 expression across different thyroid cancer types and histological subtypes and
association with progression free survival (PFS) in ATC and PTCCV.
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5. Discussion

Our study offers valuable insight into the variability of PD-L1 expression across
different types and histological subtypes of TC, as well as its association with mutational
status and clinical outcomes. Key findings include the identification of the heterogeneity of
PD-L1 expression among TC types and histological subtypes, a significant link between
PD-L1 expression and reduced PFS in patients with ATC, and a notable association between
PD-L1 expression and specific genetic mutations.

In our cohort, ATC tumors showed a high PD-L1 expression, with a frequency of
69%. Previous studies have reported PD-L1 expression in ATC with a frequency ranging
between 22 and 65% [31-34]. Our findings align with the observation that ATC has a higher
tumor mutation burden (TMB) compared to DTC and PDTC, suggesting greater genomic
instability and accumulated genetic alterations in ATC [35-37]. The higher TMB observed
in ATC may be underlying the observed higher expression of PD-L1. Tumor mutation
burden, a measure of somatic mutation per mega base (Mb), serves as an indicator of tumor
immunogenicity and the potential to produce high-quality neoantigens, thus enhancing
T cell reactivity and responses to ICB therapies [38-40]. In contrast, MTC tumors in our
cohort did not show any PD-L1 expression, despite reports of expression ranging from 6
to 25% in the literature [41-43]. This discrepancy may be due to our smaller cohort size,
and variability in the sensitivities of the antibodies and threshold for positivity used in the
literature. Notably, no PD-L1 positivity was observed in the PTCFV group. Although the
clinical behavior and outcomes of PTCFV have been inconsistent [44-46], recent evidence
suggest that PTCFV may represent an intermediate state between PTC and FTC based on
its clinical phenotype and molecular landscape and likely also a distinct local immune
response [18,47,48].

The high level of PD-L1 expression in ATC may indicate a more uniform immune
response compared to the heterogeneous immune reaction observed in DTC. A high PD-L1
expression could also be constitutive. Future studies that also measure frequencies of CD8+
T cells could provide confirmation that the elevated PD-L1 observed is secondary to an ac-
quired immune response. Evidence supports the variability in clinical presentation, disease
progression and therapy responses among DTC subtypes and even within PTC [24,49]. The
observed variability in PD-L1 expression among TC types and histological subtypes high-
lights the need for personalized biomarker profiling, integrating immune and molecular
studies to tailor therapeutic strategies effectively. Information about molecular mutations
could complement PD-L1 expression status in identifying appropriate immunotherapy
candidates. Our study found that ATC tumors had the highest frequency of TP53 mutations
and PD-L1 expression. We identified a significant association between TP53 mutation and
PD-L1 expression. The TP53 gene codes for a tumor suppressor involved in the regulation
of the cell cycle and is the most frequently mutated gene in human cancer [50]. The TP53
protein is considered to be a “gene guardian” due to its roles in inhibiting tumor occurrence
and progression [51]. TP53 mutation has been associated with increased PD-L1 expression
in lung adenocarcinoma [52]. Further, TP53 mutation can inhibit the innate immune sig-
naling pathway and promote immune escape leading to decreased tumor infiltration of
natural killer cells and T cells in a cancer specific basis [51,53-55]. The genetic landscape
of ATC, including a higher frequency of TP53 mutation may directly impact local tumor
immunity, resulting in a more robust immune response compared to other TC types with
lower TP53 mutation frequencies [16,17,31,56-58].

Our study showed that PD-L1 expression was associated with a poor survival out-
come in ATC. The PD-1/PD-L1 interaction inhibits T cell activation and proliferation, and
cytokine production, leading to T cell exhaustion possibly contributing to the poor sur-
vival outcomes observed in PD-L1-positive patients. Immune checkpoint inhibitors (ICIs)
that block this interaction have demonstrated efficacy in restoring T cell activation and
enhancing T cell-mediated antitumor responses across various cancers [11,12]. Although
immunotherapy has a shown limited efficacy in TC—about 6% in DTC with monotherapy
or combined immunotherapies and 10-60% when addition of multi-kinase inhibitors—ATC
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has shown more promising results, with objective response rates (ORRs) ranging from 10 to
75%. Further studies are needed to explore the role of the mutational landscape, particu-
larly TP53 mutation, in influencing the local immune response in ATC and to determine if
TP53 mutation status can be used as an additional biomarker in combination with PD-L1
expression for selecting patients who may benefit from immune-based therapies in TC.

6. Conclusions

Our study highlights the significant variability in PD-L1 expression across different
TC types and histological subtypes, underscoring the importance of understanding tumor
immunology and optimizing immunotherapeutic strategies in TC. The association between
PD-L1 expression, mutational profiles, and PFS emphasizes the need for tailored therapeutic
approaches in advanced TC. Further investigations into combining PD-L1 expression with
genetic signature of the tumor, such as TP53 mutation status, may improve patient selection
for more personalized immunotherapy in advanced TC.

7. Limitations and Future Directions

Our study has several limitations. The retrospective design and potential for selection
bias in the patient cohort may affect the generalizability of our findings. Additionally, the
smaller sample sizes for certain TC types and subtypes reduces statistical power. Future
research should involve larger cohorts to ensure sufficient power to detect significant dif-
ferences across TC subtypes. The co-existence of thyroid autoimmune disease should also
be confirmed in future studies and included in the analysis to further evaluate the signifi-
cance of autoimmune diseases in TC local immune response. Further studies should also
focus on elucidating the molecular mechanisms underlying the observed PD-L1 expression
heterogeneity in TC, exploring its implication for immunotherapy:.
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