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Abstract

Background: Thyroid carcinoma comprises 1% of all cancers globally and its
incidence rates are rising. Aggressive subtypes, including poorly differentiated
and anaplastic carcinomas, present therapeutic challenges. Immunotherapy,
particularly PD-1/PD-L1 axis blockade, has shown success in various cancers.
PD-L1's role in thyroid carcinoma remains unclear, necessitating a
comprehensive investigation to explore its prevalence and clinicopathological
associations.  Understanding  PD-L1's impact may offer new
immunotherapeutic strategies for improved patient outcomes. Materials and
Methods: A retrospective cohort of thyroid carcinoma patients from a tertiary
care hospital in South India was studied. Immunohistochemistry (IHC)
staining for PD-L1 expression was performed on formalin-fixed paraffin-
embedded (FFPE) tissue samples. PD-L1 expression was evaluated by two
blinded pathologists using intensity and percentage scores. A PD-L1 score >10
indicated positivity. Clinicopathological data were collected, and statistical
analysis was performed using SPSS 20.0. Chi-square and Fisher's exact tests
were used to assess associations (p<0.05 considered significant). Results: The
study included 157 thyroid carcinoma patients, with 81.5% male and 18.5%
female. Most were younger than 45 years (57.3%, mean age 42.12+11.35
years). Papillary Thyroid Carcinoma (PTC) was the most common
histopathological diagnosis (53.5%), followed by Poorly Differentiated
Thyroid Carcinoma (PDTC) (30.6%). Papillary thyroid carcinoma (PTC) had
the highest PD-L1 positivity (68.2%), while Anaplastic Thyroid carcinoma
(ATC) had the lowest (4.5%). No significant associations were found between
PD-L1 expression and age, tumor size, multiplicity, initial metastasis,
recurrence, or death. PD-L1 expression was significantly associated with TNM
stage 2 (22.7%) compared to stage 1 (45.5%) (P = 0.014). Overall, the study
provides insights into PD-L1 expression in thyroid carcinoma and its potential
prognostic significance. Conclusion: In conclusion, our study found that
14.0% of thyroid carcinoma patients showed PD-L1 positivity, with higher
expression in females. PD-L1 expression varied across histopathological
subtypes, being highest in Papillary Thyroid Carcinoma. TNM stage 2 had
higher PD-L1 expression than stage 1.

INTRODUCTION

Thyroid carcinoma accounts for the most prevalent
endocrine malignancy, comprising approximately
1% of all cancers worldwide.™*! The incidence rates
have shown a steady rise over the past few decades,
necessitating urgent efforts to understand the
molecular underpinnings and identify novel
therapeutic targets to improve patient outcomes.

While conventional treatments, such as surgery,
radiotherapy, and radioiodine therapy, have shown
efficacy in well-differentiated thyroid cancers,
aggressive subtypes, including poorly differentiated,
anaplastic, and radioiodine-refractory cases, pose
significant challenges and often exhibit poor
prognosis.[2°!

Immunotherapy has revolutionized the treatment
landscape in several malignancies by harnessing the
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host immune system to target tumor cells.
Checkpoint inhibitors, particularly those targeting
the PD-1/PD-L1 axis, have shown remarkable
success in cancers such as melanoma, lung, and
renal cell carcinoma.*® PD-L1, an immune
checkpoint ligand expressed on the surface of tumor
cells, interacts with PD-1 on activated T cells,
leading to T cell exhaustion and suppression of
antitumor immunity. Blockade of this interaction by
monoclonal antibodies has demonstrated promising
clinical responses in various cancers, igniting
enthusiasm for its potential application in thyroid
carcinoma.[57]

Although studies investigating PD-L1 expression in
thyroid carcinoma have yielded conflicting results,
accumulating evidence suggests its involvement in
tumor immune evasion and disease progression.
Moreover, its association with clinicopathological
features remains poorly understood, hampering the
establishment of PD-L1 as a reliable prognostic and
predictive marker in thyroid carcinoma.®l

Hence, the aim of our study was to comprehensively
evaluate the prevalence of PD-L1 expression in a
diverse cohort of thyroid carcinoma cases and
correlate it with clinicopathological findings. By
addressing this research gap, we aspired to
contribute critical insights into the role of PD-L1 in
thyroid carcinoma, potentially paving the way for
novel immunotherapeutic strategies and
personalized treatment approaches.

MATERIALS AND METHODS

Study Cohort and Sample Collection

A retrospective cohort of patients diagnosed with
thyroid carcinoma (January 2021 to June 2023) was
selected for this study. Formalin-fixed paraffin-
embedded (FFPE) tissue samples from primary
thyroid tumors were obtained from the pathology
archives of tertiary care hospital, South India. The
inclusion criteria comprised patients with a
confirmed diagnosis of thyroid carcinoma and
adequate clinical and histopathological data.
Patients with incomplete medical records or
receiving neoadjuvant therapy were excluded from
the study. Ethical approval for this research was
obtained from the Institutional Review Board (IRB)
of tertiary care hospital, South India and the period
of study was 3 months (April 2023 to June 2023).
Immunohistochemistry (IHC) Staining for PD-L1
Expression

PD-L1 expression in thyroid carcinoma tissues was
assessed using immunohistochemical staining. FFPE
tissue sections (4 pum thick) were cut and mounted
onto charged slides. Following deparaffinization and
rehydration, antigen retrieval was performed using
heat-induced epitope retrieval (HIER) with citrate
buffer (pH 6.0). Endogenous peroxidase activity
was quenched with 3% hydrogen peroxide, and non-

specific binding was blocked with 5% bovine serum
albumin (BSA) in phosphate-buffered saline (PBS).
The slides were incubated with the primary anti-PD-
L1 antibody (clone SP142, Ventana Medical
Systems, dilution 1:100) overnight at 4°C.
Subsequently, the sections were treated with the
appropriate secondary antibody (anti-rabbit IgG,
HRP-linked) for 30 minutes at room temperature.
3,3'-Diaminobenzidine (DAB) was used as the
chromogen to visualize the bound antibodies, and
the sections were counterstained with hematoxylin
to aid in tissue visualization.

Evaluation of PD-L1 Expression

Two experienced pathologists, blinded to the
clinicopathological data, independently evaluated
PD-L1 expression in the thyroid carcinoma tissues.
PD-L1 expression was assessed in both tumor cells
and tumor-infiltrating immune cells. The staining
intensity was graded as follows: 0 (no staining), 1+
(weak staining), 2+ (moderate staining), and 3+
(strong staining). The percentage of positively
stained cells was recorded for each case.

The final PD-L1 score was calculated by
multiplying the intensity score with the proportion
of positive cells, yielding a value ranging from 0 to
300. Tumors with a PD-L1 score >10 were
considered PD-L1 positive, while those with a score
<10 were classified as PD-L1 negative, in line with
previous studies [9,10].

Clinicopathological Data Collection
Clinicopathological data, including patient age,
gender, tumor size, histological subtype, TNM
stage, lymph node involvement, distant metastasis,
and recurrence status, were collected from the
electronic medical records and pathology reports.
All patient information was de-identified and
maintained confidentially.

Statistical Analysis

Statistical analysis was performed using SPSS 20.0.
The association between PD-L1 expression and
clinicopathological parameters was evaluated using
chi-square test and Fisher's exact test. A p-value of
<0.05 was considered statistically significant.

RESULTS

The study included 157 patients with thyroid cancer,
with 81.5% being male and 18.5% female. The
majority of patients (57.3%) were younger than 45
years, with a mean age of 42.12+11.35 vyears.
Papillary Thyroid Carcinoma (PTC) was the most
common histopathological diagnosis (53.5%),
followed by Poorly Differentiated Thyroid
Carcinoma (PDTC) (30.5%). Tumors of 2-4 cm size
constituted 72.6% of cases. Most patients (76.4%)
had solitary tumors, and 8.9% presented with initial
metastasis. The majority (56.7%) were at TNM
stage 1, while 22.3% experienced recurrence, and
11.5% succumbed to the disease during follow-up
(Table 1).
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Table 1: Baseline characteristics of the patients with thyroid cancer (N=157)

Variables | Frequency %
Gender

Male 128 81.5
Female 29 18.5
Age group

<45 years 90 57.3
>45 years 67 42.7
Mean age (in years) 42.12+11.35
Histopathological diagnosis

Papillary Thyroid Carcinoma (PTC) 84 53.5
Poorly Differentiated Thyroid Carcinoma (PDTC) 48 30.5
Follicular Thyroid Carcinoma (FTC) 18 115
Anaplastic Thyroid Carcinoma (ATC) 7 4.5
Tumour size

<2cm 18 115
2-4cm 114 72.6
>4 cm 25 15.9
Multiplicity

Yes 37 23.6
No 120 76.4
Initial metastasis

Yes 14 8.9
No 143 91.1
TNM stage

1 89 56.7
2 14 8.9
3 45 28.7
4 9 5.7
Recurrence

Yes 35 22.3
No 122 77.7
Death

Yes 18 115
Alive 139 88.5

In the Figure 1., histological examination, papillary
thyroid carcinoma (PTC) displayed a predominant
papillary structure. The background thyroid tissue of
PTC exhibited dense lymphoplasmacytic infiltrates
and germinal center formation, indicating the
presence of chronic lymphocytic thyroiditis.
Immunohistochemical analysis revealed diffuse PD-
L1 expression on both the cell membrane and
cytoplasm of tumor cells. However, it is important
to note that there was also staining on the tumor-
infiltrating lymphocytes (TILs), which should not be
considered as positive staining of the tumor cells.
Additionally, focal PD-L1 expression was observed
on the tumor cell membrane.

Figure 1. Papillary thyroid carcinoma. A: Dense
lymphoplasmacytic infiltrates and germinal center
formation. B: Predominant papillary structure, C: PD-
L1 was focally expressed. D: Diffuse PD-L1 expression

The Figure 2., for PD-L1 expression in tumor cells
showed that 86.0% of patients had no tumor cells
stained with PD-L1, while 14.0% of patients had
stained tumor cells. Among the PD-L1 positive
cases, the distribution of staining percentage was as
follows: 36.4% had less than 1% of tumor cells
stained, 22.7% had 1-10% stained cells, 18.2% had
11-33% stained cells, 13.6% had 34-66% stained
cells, and 9.1% had 67-100% stained cells.

1156

International Journal of Academic Medicine and Pharmacy (www.academicmed.org)
ISSN (O): 2687-5365; ISSN (P): 2753-6556




Figure 3. Intensity of staining with PD-L1 expression.

% OF TUMOUR CELLS STAINED
WITH PD-L1 EXPRESSION

B No tumour cell stained W<1% M 1-10% 11-33% M34-66% M67-100%

Figure 2. Percentage of tumour cells-stained PD-L1
expression.

The analysis of PD-L1 expression intensity revealed
that 135 cases (86.0%) had negative staining, while
22 cases (14.0%) showed positive staining. Among
the positive staining cases, 3 cases (13.6%)
exhibited strong intensity, 8 cases (36.4%) showed
intermediate intensity, and 11 cases (50.0%)
displayed weak intensity (Figure 3).

INTENSITY OF STAINING WITH PD-L1 EXPRESSION

mNegative ®mStrong ®Intermediate = Weak

PD-L1 positivity was significantly higher in females
(72.7%) compared to males (27.3%) (P < 0.0001).
There was no statistically significant difference in
PD-L1 expression between patients younger than 45
years (45.5%) and those older than 45 years (54.5%)
(P = 0.224). PD-L1 positivity varied significantly
across  different  histopathological  subtypes.
Papillary Thyroid Carcinoma (PTC) had the highest
PD-L1 positive cases (68.2%), followed by
Follicular Thyroid Carcinoma (FTC) (22.8%),
Anaplastic Thyroid Carcinoma (ATC) (4.5%), and
Poorly Differentiated Thyroid Carcinoma (PDTC)
(4.5%) (all P < 0.05). There was no significant
association between PD-L1 expression and tumor
size, irrespective of whether the tumor size was less
than 2 c¢cm, 2-4 c¢cm, or greater than 4 cm (all P >
0.05). No significant difference in PD-L1 expression
was observed between patients with solitary tumors
(68.2%) and those with multiple tumors (31.8%) (P
= 0.325). PD-L1 positivity did not significantly
differ between patients with initial metastasis (4.5%)
and those without metastasis (95.5%) (P = 0.437).
PD-L1 expression showed a significant association
with TNM stage 2 (22.7%) compared to stage 1
(45.5%) (P = 0.014). However, there were no
significant differences in PD-L1 expression between
other stages (all P > 0.05). While there was no
statistically significant association between PD-L1
expression and recurrence (P = 0.087), there was
also no significant association between PD-L1
expression and death (P = 0.730) (Table 2).

Table 2. Distribution of various clinicopathological variables and their association with PD-L1 expression in thyroid

carcinoma patients

) Frequency | % Frequency | % P value
Variables Group A (n=22) Group B (n=135)
Gender
Male (n=128) 6 27.3 122 90.4
Female (n=29) 16 727 13 9.6 <0.0001
Age group
<45 years (n=90) 10 455 80 59.3 0224
>45 years (n=67) 12 54.5 55 40.7 '
Histopathological diagnosis
PTC (n=84) 15 68.2 77 57 <0.0001
PDTC (n=48) 1 45 47 34.8 0.004
FTC (n=18) 5 22.8 13 9.6 0.073
ATC (n=7) 1 4.5 6 4.4 <0.0001
Tumour size
<2 cm (n=18) 2 9.1 16 119 0.706
2-4 cm (n=114) 16 72.7 98 72.6 0.989
>4 cm (n=25) 4 18.2 21 15.6 0.754
Multiplicity
Yes (n=37) 7 318 30 22.2 0.325
No (n=120) 15 68.2 105 778 :
Initial metastasis
Yes (n=14) 1 45 13 9.6 0.437
No (n=143) 21 95.5 122 90.4 '
TNM stage
1 (n=89) 10 45.5 79 58.5 0.251
2 (n=14) 5 22.7 9 6 0.014
3 (n=45) 5 22.7 40 29.6 0.506
4 (n=9) 2 9.1 7 5.1 0.085
Recurrence
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Yes (n=35) 8 36.4 27 20.0 0,087

No (n=122) 14 63.6 108 80.0 '

Death

Yes (n=18) 3 13.6 15 11.1 0.730

Alive (n=139) 19 86.4 120 88.9 ‘
DISCUSSION PD-L1 expression was not detected in either tumor

The assessment of PD-L1 expression in cancer has
emerged as a pivotal aspect of immunotherapy
research, providing valuable insights into tumor-
immune interactions and potential treatment targets.
Several studies, including Hasio et al., Chen et al.,
and Wu et al., have investigated PD-L1 expression
in various cancers.[>1%11 |n this study, we aimed to
investigate PD-L1 expression in thyroid carcinoma
and its association with various clinicopathological
parameters to shed light on its prognostic and
predictive significance.

In our study, we observed that Papillary Thyroid
Carcinoma (PTC) exhibited the highest percentage
of PD-L1 positive cases (68.2%), followed by
Follicular Thyroid Carcinoma (FTC) (22.8%),
Anaplastic Thyroid Carcinoma (ATC) (4.5%), and
Poorly Differentiated Thyroid Carcinoma (PDTC)
(4.5%) (all P < 0.05). These findings indicate a
selective presence of PD-L1, suggesting its potential
role in modulating the immune response within the
tumor microenvironment. These results are
consistent with previous studies conducted by
Rosenbaum et al., Chintakuntlawar et al,,
Zwaenepoel et al., Chowdhury et al., Bastman et al.,
Tamimi et al., and Ulisse et al.[t?8]

An intriguing finding in our study was the
significant association between PD-L1 expression
and gender. PD-L1 positivity was markedly higher
in female patients (72.7%) compared to males
(27.3%). This gender-based discrepancy may imply
potential hormonal influences on PD-L1 expression,
warranting further investigation. Additionally, this
observation prompts us to explore whether gender-
specific immunotherapeutic approaches could be
beneficial in PD-L1 positive thyroid carcinoma
patients.

Although the association between PD-L1 expression
and age was not statistically significant, our study
revealed a  substantial  correlation  with
histopathological subtypes. Specifically, Papillary
Thyroid Carcinoma (PTC) exhibited the highest PD-
L1 positivity (68.2%), while Anaplastic Thyroid
Carcinoma (ATC) and Poorly Differentiated
Thyroid Carcinoma (PDTC) showed the lowest (4.5
%). These findings are in line with previous studies
by Shi et al., Zhang et al., Bi et al., and Bongiovanni
et al., indicating varied PD-L1 expression patterns
among different thyroid carcinoma subtypes.['%?2
The distinct PD-L1 expression suggests the presence
of diverse immune evasion mechanisms and
potential immunotherapeutic vulnerabilities unique
to each histological variant. These results align with
the observations But Ingenwerth et al., found that

cells or lymphocytes/macrophages. !

Tumor size and multiplicity did not show any
significant association with PD-L1 expression. This
observation suggests that PD-L1 expression might
not be directly linked to tumor aggressiveness in
thyroid carcinoma, contrasting findings from certain
other cancer types (3). However, the impact of PD-
L1 expression on tumor growth, invasion, and
metastasis cannot be entirely ruled out, and further
studies are warranted to clarify these associations.
Studies by Cunha et al., Angell et al., Shi et al., and
Bi et al., reported a significant correlation between
PD-L1 positivity and distant metastases at the time
of surgery.192124251 They also found that co-
expression of PD-1 and PD-L1 was associated with
a more advanced TNM stage.

An interesting finding in our study was the
significant association between PD-L1 expression
and TNM stage 2 compared to stage 1. Although the
overall differences in PD-L1 expression among
various TNM stages were not statistically
significant, the observation of higher PD-L1
positivity in stage 2 raises intriguing questions about
the potential dynamic changes in PD-L1 expression
during tumor progression. Teng et al.?8l This
finding emphasizes the need for longitudinal studies
to explore the temporal alterations in PD-L1
expression in thyroid carcinoma.

Regarding clinical outcomes, our study did not find
a statistically significant association between PD-L1
expression and recurrence or death. However, the
relatively small number of events in our study might
have affected the statistical power, highlighting the
need for larger patient cohorts to draw more
conclusive assessments.

A study conducted by Girolami et al. reported a
significant correlation between PD-L1 expression
and decreased disease-free survival, but no
significant association was observed with overall
survival.””l But in studies by Basak et al., Cortellini
et al., Peters et al., and Lim et al., found significant
association between PD-L1 expression and clinical
outcomes in their respective cohorts.[?82%3031 These
varying results emphasize the importance of
considering larger sample sizes and conducting
further research to better understand the potential
impact of PD-L1 expression on clinical outcomes in
thyroid carcinoma.

Limitations

Limitations of our study include its retrospective
design, small sample size, and single-center setting.
The heterogeneity of thyroid carcinoma subtypes
and the use of immunohistochemistry for PD-L1
assessment could introduce variability. Additionally,
the study did not evaluate the response to
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immunotherapy or consider other immune
checkpoints.  Future  research  with  larger,
prospective cohorts and multi-center collaborations
is needed to overcome these limitations and provide
more comprehensive insights.

CONCLUSION

In conclusion, our study found that 14.0% of thyroid
carcinoma patients showed PD-L1 positivity, with
higher expression in females. PD-L1 expression
varied across histopathological subtypes, being
highest in Papillary Thyroid Carcinoma. TNM stage
2 had higher PD-L1 expression than stage 1.
Although no significant associations were observed
with clinical outcomes, our findings indicate the
potential of PD-L1 as a biomarker for tailored
immunotherapeutic  approaches in  thyroid
carcinoma. Further research with larger cohorts is
warranted to validate these findings and optimize
treatment strategies.
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