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PD-L1 expression and immune cells in anaplastic
carcinoma and poorly differentiated carcinoma of
the human thyroid gland: A retrospective study

SOLEDAD CAMESELLE-GARCIA', SAMER ABDULKADER-SANDE?, MARIA SANCHEZ-ARES?,
GEMMA RODRIGUEZ-CARNERO’, JESUS GARCIA-GOMEZ', FRANCISCO GUDE-SAMPEDRO™*?,
IHAB ABDULKADER-NALLIB>® and JOSE MANUEL CAMESELLE-TEIJEIRO?”

1Depa.rtment of Medical Oncology, University Hospital Complex of Ourense, Galician Healthcare Service, 32005 Ourense;

Departments of 2Pathology, 3Endocrinology and Nutrition, and 4Epidemiology, Clinical University Hospital of

Santiago de Compostela, Health Research Institute of Santiago de Compostela, Galician Healthcare Service,

15706 Santiago de Compostela; 3School of Medicine, University of Santiago de Compostela,

15782 Santiago de Compostela, Spain

Received March 9, 2021; Accepted May 4, 2021

DOI: 10.3892/01.2021.12814

Abstract. Anaplastic thyroid carcinoma (ATC) and poorly
differentiated thyroid carcinoma (PDTC) have limited
treatment options, and immune profiling may help select
patients for immunotherapy. The prevalence and relevance
of programmed death-1 ligand (PD-L1) expression and the
presence ofimmunecellsin ATC and PDTC has not yetbeen well
established. The present study investigated PD-L1 expression
(clone 22C3) and cells in the tumor microenvironment
(TME), including tumor-infiltrating lymphocytes (TILs),
tumor-associated macrophages (TAMs) and dendritic cells,
in whole tissue sections of 15 cases of ATC and 13 cases of
PDTC. Immunohistochemical PD-L1 expression using a
tumor proportion score (TPS) with a 1% cut-off was detected
in 9/15 (60%) of ATC cases and 1/13 (7.7%) of PDTC cases
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(P=0.006). PD-L1 expression in TILs was limited to the ATC
group (73.3 vs. 0% in ATC and PDTC, respectively). In the
ATC group, the TPS for tumor positive PD-L1 expression
revealed a non-significant trend towards worse survival, but no
difference was observed when investigating PD-L1 expression
in TILs and TAMs. In addition to increased PD-L1 expression,
all ATC cases exhibited significantly increased CD3* and
CD8* T cells, CD68* and CD163* macrophages, and S100*
dendritic cells compared with the PDTC cases. Loss of mutL.
homolog 1 and PMS1 homolog 2 expression was observed in
one ATC case with the highest PD-L1 expression, as well as
in the only PDTC case positive for PD-L1. Notably, the latter
was the only PDTC case exhibiting positivity for p53 and a
cellular microenvironment similar to ATC. The current results
indicated that PD-L1 expression was frequent in ATC, but rare
in PDTC. In addition to PD-L1, the present study suggested
that microsatellite instability may serve a role in both the TME
and the identification of immunotherapy candidates among
patients with PDTC.

Introduction

Thyroid cancer (TC) is the most common endocrine malignant
tumor, ranking ninth in incidence for both sexes and
representing the fifth most prevalent cancer in women (1). Most
TCs are derived from follicular cells and are classified into
three main groups: a) differentiated thyroid carcinoma (DTC)
which includes papillary thyroid carcinoma (PTC), follicular
thyroid carcinoma (FTC) and Hiirthle (oncocytic) cell
carcinoma (HCC); b) poorly differentiated thyroid carcinoma
(PDTC); and c) anaplastic thyroid carcinoma (ATC) (2).

PTC and FTC are the most common types of TC, have
a low overall mortality and are generally curable by surgery
with or without radioiodine treatment (3). ATCs are rare
undifferentiated cancers with no effective therapy, having
almost 100% disease-specific mortality (4-6). PDTCs show
limited evidence of follicular cell differentiation and are
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morphologically and behaviorally intermediate between DTC
and ATC (2,7,8). PDTC generally shows a poor response to
radioiodine treatment and has an overall 5-year survival rate of
about 65%, thus necessitating more effective therapies (2,8-10).
Even slight amounts of PDTC areas (=10%) in a DTC affect the
prognosis significantly (11). Some HCCs are also classified as
PDTCs and have a worse prognosis than usual HCCs (12,13).

Treatment of ATC must be carried out by a multidisciplinary
team generally requiring the combination of surgery (as
complete as possible), radiotherapy (intensity-modulated
radiotherapy)andconventional chemotherapyusingdoxorubicin
or taxanes (docetaxel or paclitaxel) usually with cisplatin or
carboplatin (4-6). Because these treatments are generally not
sufficient, newer therapies in development include single or
multi-tyrosine kinase inhibitors (MKIs), vascular disruptors,
and immunotherapy (6). Regarding MKIs, the Food and Drug
Administration have approved the combined treatment with
dabrafenib and trametinib for patients with locally advanced
or metastatic ATC and somatic BRAFY®F mutation (14).
Lenvatinib has demonstrated an acceptable safety profile for
Japanese patients with unresectable thyroid tumors including
ATC, regardless of mutational status (15). Other therapeutic
options could include everolimus when somatic mutations
have been detected in the PI3K/mTOR pathway (16,17),
imatinib when overexpression of PDGF receptors are detected
in advanced ATC (18), and immune checkpoint inhibitor (ICI)
drugs targeting PD-1 or PD-L1 (6,19).

Programmed death ligand 1 (PD-L1), also designated
as CD274 or B7-H1, is expressed on activated lymphocytes,
dendritic cells, macrophages, healthy cells of different tissues
and some tumor cells (20,21). Programmed cell-death 1 (PD-1,
CD279) is a glycoprotein normally expressed by T lymphoid
cells and macrophages. The binding of PD-1 to its ligands
PD-L1 and PD-L2 inhibits cytotoxic CD8" T cell immune
response and facilitates the escape of the immune response to
cells expressing these ligands (20,21). Blockade of PD-L1 was
effective in inhibiting ATC in an in vivo model (BALB/c nude
mice with human ATC cells) (22). Using an immunocompetent
mouse model of orthotopic ATC, the combination of a
BRAFY**Einhibitor and anti-PD1/PD-L1 antibody dramatically
improved mouse survival with a tumor reduction along with an
increase in cytotoxic CD8* T cells, NK cells and M1-polarized
tumor-associated macrophages (23). Additional studies in
a mouse model of orthotopic ATC confirmed that increased
efficacy in reducing tumor size and improving survival using
an anti-PD1/PD-L1 checkpoint inhibitor combined with an
MKI (lenvatinib) was associated with a modification of ATC
microenvironment (24). Indoleamine 2,3-dioxygenase (IDO1)
has been associated with an altered tumor immune response;
therefore IDOI1 inhibitors are being investigated in clinical
trials in combination with other ICIs (25).

A phase Ib proof-of-concept study of the anti-PD-1
antibody pembrolizumab in patients with advanced,
PD-LI1-positive PTC or FTC evidenced antitumor activity in
a minority of patients treated (26). Another phase 2 trial of
pembrolizumab combined with chemoradiotherapy showed
good initial tolerance and effectiveness in locoregional disease
control but resulted in disappointing survival outcomes (27). A
retrospective study of twelve ATC patients, however, showed
that in a subset of patients with ATC, pembrolizumab may be

an effective salvage therapy added to kinase inhibitors (lenva-
tinib, dabrafenib + trametinib, trametinib alone) at the time
of progression of these drugs, encouraging the incorporation
of immunotherapy in patients with ATC (28). Another recent
phase Il clinical trial to evaluate the efficacy and tolerability of
a humanized monoclonal antibody that binds PD-1 and blocks
its interaction with PD-L1 (spartalizumab) was carried out in
forty-two ATC patients (19). Interestingly, this study evidenced
atumor response of 52.1% in the PD-L1-positive population and
that response was independent of BRAF mutational status (19).
Several prospective studies are being conducted using ICIs for
the treatment of patients with ATC (6), and an improvement in
the understanding of the immune microenvironment and the
immune biomarkers associated with these highly aggressive
thyroid tumors is highly relevant.

Thus, the aim of this study was to evaluate the expression of
PD-L1 and the tumor microenvironment in a series of ATCs and
PDTCs. We investigated the immunohistochemical expression
of PD-LI in tumor cells, tumor-infiltrating lymphocytes (TILs)
and tumor associated macrophages (TAMs), along with the
phenotypes of TILs, TAMs and other cells.

Materials and methods

Clinicopathological features. We retrospectively analyzed
the clinicopathological data of a series of 26 patients who
had undergone total or partial thyroidectomy for ATC
and/or PDTC at the Clinical University Hospital of Santiago
de Compostela (CHUS) and at the University Hospital
Complex of Ourense (CHOU), Spain. The inclusion criteria
included having a sufficient excess of tumor tissue fixed in
neutral, phosphate-buffered, 10% formalin and included in
paraffin blocks for additional immunohistochemical studies.
Fifteen patients had ATC and 11 patients had PDTC; PDTC
areas coexisted with ATC in two patients and these were also
included in the study. The patients consisted of 8 (30.7%) men
and 18 (69.2%) women. The age of patients ranged from 47 to
77 years with a mean age of 64.53+11.29 years (range 47-83)
for ATC patients and 73.5+6.63 years (range 55-87) for PDTC
patients (P=0.018). The patients were followed from the time
of histopathological diagnosis until death or the moment of the
last clinical follow-up, and clinical data were retrieved from
electronic medical records. The original hematoxylin-eosin
(H&E) slides from all cases were reviewed by two expert
thyroid pathologists (IA-N and JMC-T) and of each case, a
paraffin block containing sufficient representative tumor tissue
was selected for the additional immunohistochemical analyses
of the present study. Tumors were classified according to the
criteria of the latest World Health Organization (WHO) thyroid
tumor classification (2). All tissue samples were provided by
the Biobank of CHUS, integrated in the Spanish National
Biobank Network. The study was performed in accordance
with the declaration of Helsinki (and subsequent ratifications)
and approved by the Santiago-Lugo Medical Research Ethics
Committee (code: 2019/275). Written informed consent was
obtained.

Immunohistochemical study. Paraffin-embedded
tumor tissue sections were stained with H&E, and the
immunohistochemical analyses were also performed on



ONCOLOGY LETTERS 22: 553, 2021 3

4um-thick paraffin tissue sections with a peroxidase-conjugated
labeled dextran polymer (EnVision FLEX/HRP; Dako), using
3,3'-diaminobenzidine as the chromogen (GC80611-2; Dako).
The primary antibodies and the conditions of use (clone,
concentration, antigenic recovery treatment and manufacturer)
were as follows: Thyroglobulin (TG) (code GA509, polyclonal,
ready-to-use, pH 6; Dako); calcitonin (code GA515, polyclonal,
ready-to-use, pH 6; Dako); PD-L1 (code GE006, clone 22C3,
PD-LI1 IHC 22C3 pharmDx, ready-to-use, pH 6; Dako), CD3
(code IR503, polyclonal, ready-to-use, pH 9; Dako); CD4
(code TR649, clone 4B12, ready-to-use, pH 9; Dako); CDS8
(code IR623, clone C8/144B, ready-to-use, pH 9; Dako); CD20
(code TR604, clone L26, ready-to-use, pH 9; Dako); CD68
(code IR613, clone PGM1, ready-to-use, pH 9; Dako); CD163
(code CM353AK, clone 10D6, dilution 1:100, pH 9; Biocare
Medical); S100 protein (code IR504, polyclonal, ready-to-use,
pH 9; Dako); p53 (code IR616, clone DO-7, ready-to-use, pH 9;
Dako); MLHI (code IR079, clone E605, ready-to-use, pH 9;
Dako); MLH2 (code IR085, clone FE11, ready-to-use, pH 9;
Dako); MSH6 (code IR086, clone EP49, ready-to-use, pH 9;
Dako); and PMS2 (IR087, clone EP51, ready-to-use, pH 9s;
Dako). Non-tumorous thyroid tissue adjacent to carcinoma (for
thyroglobulin, MLH1, MSH2, MSH6 and PMS2), a medullary
thyroid carcinoma (for calcitonin), a lung adenocarcinoma (for
PD-L1), a colon cancer (for p53), and normal lymphoid tissue
of palatal tonsil (for CD3, CD4, CD8, CD20, CD68, CD163,
and S100) have been used as positive controls. Non-immune
rabbit and mouse serum samples were substituted for the
primary antibodies as negative control samples.

All immunostains were evaluated simultaneously by 2
investigators (IA-N and JMC-T) using a double-head optical
microscope (BX41TF; Olympus) until consensus was reached.
Only PD-L1 membranous staining of viable tumor cells was
evaluated and the tumor proportion score (TPS) represented the
percentage of PD-L1-positive tumor cells relative to all viable
tumor cells. A cutoff score =1% was used to define PD-L1 posi-
tivity. PD-L1 membranous staining was also scored in TILs
and TAMs; stromal immune cells distant from the tumor were
excluded. Membranous staining for CD4, CD8, and CD163,
membranous/cytoplasmic staining for CD3, CD20, CD68, and
cytoplasmic/nuclear staining for S100 were scored as 0 (nega-
tive), 1 (positive <10% of inflammatory cells), 2 (between 11
and 49%) and 3 (=50%). Only nuclear staining was considered
positive for MLH1, MSH2, MSH6 and PMS2. For p53, diffuse
and strong nuclear staining (so-called ‘block staining’) and
complete loss of staining (‘null’ phenotype) were considered
positive (associated with mutations), while scattered, often
weak nuclear positivity was considered a negative (‘wild-type’)
normal p53 staining pattern.

Statistical analysis. The chi-square and Fisher's exact tests
were, where appropriate, used to investigate the association
between categorical variables. Student's t-test was used to
evaluate the statistical significance of the difference in the
means between the two groups. Survival analysis of differences
between groups (ATC vs. PDTC and PD-L1+ vs. PD-L1-) was
performed using the Kaplan-Meier method with the log-rank
test. Differences with P<0.05 were considered statistically
significant. All statistical analyses were performed using
R statistical software (version 4.0.3).

Results

The main clinicopathological and immunohistochemical
characteristics of the study are shown in Tables I and II. In
the ATC group (n=15), 60% of the patients were women and
40% were men. Of the 15 ATC cases, 9 (60%) tumors were
morphologically subclassified as giant cell pattern, 3 (20%)
as spindled cell pattern, and 3 (20%) as epithelial (squamoid)
cell pattern (Table I). In the PDTC group (n=11), 81.8% of
the patients were women and 18.2% were men. Survival data
appear in Table I and Fig. 1. Significant differences in survival
were found when comparing ATC and PDTC (P=0.0001);
while 86.6% of patients with ATC had died from the tumor
after a mean follow-up of 5 months (range 0.1-16), only 54.5%
of the patients with PDTC (without anaplastic component) had
died after a mean follow-up of 84.22 months (range 3.3-237)
(Fig. 1).

The epithelial non-tumorous thyroid tissue adjacent to
PDTCs and ATCs showed positivity for thyroglobulin, MLHI,
MSH2, MSH6 and PMS2, but negativity for calcitonin,
p53, PD-L1, CD3, CD4, CDS§, CD20, CD68 and S100
(Figs. S1-S4). All ATC tumors were negative for thyroglobulin
(Fig. 2B) and calcitonin while all PDTC tumors were
positive for thyroglobulin but negative for calcitonin. In the
immunohistochemical evaluation of PDTC areas present in
the thyroid tumors of two patients who had ATC, both tumor
types were evaluated independently as PDTCs and ATCs.
Heterogeneous (focal or multifocal) positivity for PD-L1 in
tumor cells was detected in 60% of ATC cases, in which the
percentage of positive tumor cells ranged from 15 to 90%
(Tables I and II). Positivity for PD-L1 was detected in all cases
of ATC with epithelial cell pattern and also in different cases
with other ATC patterns (Figs. 2-4). PD-Llexpression in ATC
tumor cells was significantly higher than that in PDTC cases
(60% vs. 7.7%, P=0.006) (Table II). The only case of PDTC
with PD-L1 positive tumor cells (35%) was the one case of
oncocytic cells, a poorly differentiated Hiirthle cell carcinoma
(case 19) (Fig. 3). In the ATC group, a slightly higher number
of cases showed positivity for PD-L1 in TILs than in tumor
cells (73.3% vs. 60%), but neither PD-LI-positive TILs
nor TAMs were observed in the PDTC group (P=0.000)
(Figs. 2-4). Using TPS, PD-LI1-positive ATC patients showed
a trend for worse survival than those with PD-L1-negative
tumors (Fig. 1B), although the differences were not significant
(P=0.15). No difference in relation to survival was found when
comparing the expression of PD-L1 in ATC-TILs or TAMs
(P=0.81) (Fig. 1C).

Significant differences were found in the expression of
lymphocytic markers in ATC and PDTC (Tables I and II). All
ATC cases showed CD3 and CDS8 positive cells as well as a
higher percentage of CD4 and CD20 positive cells, while no
positivity for CD4 and CD20 was detected in PDTC cases;
when comparing the expression of all these lymphoid markers
in ATC and PDTC, the differences were significant (Table II).
All ATCs showed a higher and significant percentage of CD68,
CD163 and S100 positive cells compared to the group of
PDTCs (Table IT) (Figs. 2,3 and 5). While 11/15 (73.3%) of the
ATCs showed an abnormal pattern of p53 protein expression,
all PDTC cases except the poorly differentiated Hiirthle cell
carcinoma case (7.7%) showed a p53 wild-type (i.e., normal)
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Table II. Comparison of clinicopathological and immunohistochemical data between 15 cases of ATC and 13 cases of PDTC in

26 patients®.
Characteristics ATC PDTC P-value
Age, years 0.018
Median 67 73
Mean + SD (range) 64.53+11.29 (47-83) 73.55+6.63 (55-87)
Sex, n/total (%) 0.395
Male 6/15 (40.0) 2/11 (18.2)
Female 9/15 (60.0) 9/11 (81.8)
PD-L1
TPS 9/15 (60.0) 1/13 (7.7) 0.006
TILs 11/15 (73.3) 0/13 (0.0) <0.001
CD3 15/15 (100.0) 9/13 (69.2) 0.035
CD4 9/15 (60.0) 0/13 (0.0) 0.001
CDS8 15/15 (100.0) 7/13 (53.8) 0.005
CD20 7/15 (46.7) 0/13 (0.0) 0.007
CD68 15/15 (100.0) 8/13 (61.5) 0.013
CD163 15/15 (100.0) 9/13 (69.2) 0.035
S100 15/15 (100.0) 6/13 (46.2) 0.001
pS3 11/15 (73.3) 1/13 (7.7) 0.001

*Among the 26 patients, coexistence of ATC and PDTC areas was observed in the tumors of 2 patients. ATC, anaplastic thyroid carcinoma;
PDTC, poorly differentiated thyroid carcinoma; TPS, tumor proportion score; TILs, tumor-infiltrating lymphocytes; PD-L1, programmed death

ligand 1.

staining pattern (P=0.001). Expression of DNA mismatch
repair (MMR) proteins was detected in all cases except in one
single case with negativity for MLH1 and PMS2 in the ATC
areas and concomitant positivity for MLH1 in PDTC areas, as
well as in another case of PDTC (case 19) with a complete loss
of nuclear MLH1 and PMS?2 expression (Fig. 3).

Discussion

The immunohistochemical expression of PD-L1 is sometimes
a prerequisite for the establishment of checkpoint inhibitor
therapy and has prognostic value in several types of
malignant tumors (21,29). Based on the encouraging results
of trials involving immunotherapy in the management of
ATC (25), we have investigated PD-L1 expression and
tumor microenvironment (TME) in a series of 15 ATCs and
13 PDTCs.

Thyroid carcinogenesis arises and progresses gradually as
a result of the accumulation of various genetic and epigenetic
alterations (2,30,31). There are early driver mutations
shared by more than one category of thyroid tumors (31,32)
and DTCs have a relatively low level of somatic mutations
compared to cancers from other sites (33,34). The rate of
mutations, however, is higher in the PDTC group than in the
DTC group (35,36) and is much higher in the ATCs (37,38).
This model of tumor progression is also supported, as in
cases 6 and 15 of our series, by the coexistence of differentiated
and less-differentiated areas in some thyroid tumors (39,40).
The existence of cases of patients with DTC whose tumor
recurrence and/or metastasis included a PDTC and/or an

ATC (41) also supports this model; the possibility of two
independent tumors, however, cannot be excluded. The mean
age of patients with TC increases in relation with the loss of
tumor differentiation (2), further supporting the sequential
model of carcinogenesis. The older mean and median age of
the 13 patients with PDTC in our series contrasted with the
findings of other studies (42,43), but this could be attributed to
biases due to pathological diagnostic criteria and/or the limited
number of cases. The tumors in our series were classified
according to the WHO (2), applying the Turin criteria (and
algorithm) (7), which by definition exclude PTCs. Other
groups, such as the Memorial Sloan Kettering Cancer Center
(MSKCC) group, consider PDTC to be any carcinoma with
follicular cell differentiation that shows fresh tumor necrosis
and/or presence of =5 mitoses/10 high power microscopic
fields (x400), thus also including PTC-derived cases (42,44).
Given that PTC is more common in young adults, the exclusion
of PTCs with a BRAF-like signature from the group of PDTCs
in our series could explain the differences (31,32). These
different diagnostic criteria (PDTC-Turin vs. PDTC-MSKCC),
do, in fact, explain the variations in the prevalence of ‘early’
genomic alterations in PDTC (RAS mutations vs. BRAFY60F
mutations, respectively) (36,45).

In our series we found immunohistochemical positivity
for PD-L1 in tumor cells (TPS) of more than half of the
ATCs (60%) but in only one case of PDTC (7.7%). Similarly,
PD-L1 expression was detected in TILs and TAMSs from the
ATC group (73.3%) but not in the PDTC group, probably
related to the higher mutational load of ATCs (37,38). A few
studies reported the expression of PD-L1 in TCs. PD-LI
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Figure 1. Survival and PD-L1 expression in patients with ATC and PDTC. (A) Kaplan-Meier analysis showing significant differences in survival between
patients with ATC and PDTC. (B) Patients with PD-LI-positive ATC showed a trend for worse survival than those with PD-L1-negative tumors, although the
difference was not significant. (C) No difference in survival was observed when comparing positive PD-L1 expression with negative PD-L1 expression in
ATC lymphocytes and macrophages. ATC, anaplastic thyroid carcinoma; PDTC, poorly differentiated thyroid carcinoma; PD-L1, programmed death ligand 1.
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Figure 2. Immunohistochemical staining of ATC tissues. (A) H&E staining of ATC with epithelial pattern. (B) All ATC cases were negative for TG; positively
stained follicles (arrows) were normal cells entrapped by the tumor cells (internal control). (C) Strong positivity for PD-L1 was detected in some ATC cases.
(D) CD3" lymphocytes were found in all ATC cases. (E) CD4* lymphocytes (arrows) were found exclusively surrounding the tumor (asterisks). (F) CD8*
lymphocytes, (G) CD68* and (H) CD163* macrophages, and (I) S100* dendritic cells were found in all ATC cases. Positivity for (J) p53, (K) MLH1 and
(L) PMS2 was a common finding in ATC. Magnification, x400. ATC, anaplastic thyroid carcinoma; H&E, hematoxylin and eosin; TG, thyroglobulin; PD-L1,

programmed death ligand 1; MLH1, mutL homolog 1; PMS2, PMSI homolog 2.

immunoexpression was found in 6.1 to 82.5% of PTCs (46,47),
including cases of papillary thyroid microcarcinoma (48)
and cases with simultaneous chronic thyroiditis and BRAF
mutation (29,49). In PTCs a significant association between
PD-L1 expression and BRAFY°F mutation has been
reported in several studies (48,49). Positivity for PD-L1
(clone EIL3N) and IDOI1 was detected in 7/28 (25%)
and 2/28 (7.1%) respectively of a series of PDTCs (50).
Positivity for PD-L1 using different antibodies (clones
SP142, 5H1, E1L3N, SP142, E1L3N, 22C3, 22C3, SP263
and SP263 respectively) was detected in 2/9 (22.2%) (47),
3/13 (23.1%) (51), 14/49 (28.6%) (52), 6/8 (75%) (53), 13/16
(81.2%) (54), 1/1 (100%) (55), 1/1 (100%) (56), 1/1 (100%) (22),
1/1 (100%) (57), 10/10 (100%) (28) of the ATCs but in none

of the 6 (0%) PDTCs studied by Ahn er al (47). Mutation
load or tumor mutational burden (TMB) represents the
amount of somatic coding, base substitution and indel
mutations per megabase of genome studied in each tumor,
and high TMB is considered a new biomarker of sensitivity
to ICIs (34). It has been postulated that a greater number of
mutations would imply more neoantigens and consequently
more targets for activated immune cells, which is why these
tumors are good candidates for immune checkpoint inhibitor
therapy (21,58-60). In human carcinogenesis, high TMB is
mainly related to germline or somatic alterations in the DNA
MMR complex (61-63), related to defects in genes involved
in the recognition and removal of errors during lagging- and
leading-strand DNA replication such as POLD] and POLE
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Figure 3. Poorly differentiated thyroid carcinoma (Hiirthle cell variant; case 19). (A) H&E staining. (B) Strong positivity for PD-L1 (arrows). (C) Tumor cells
were negative for MLHI, but positivity was observed in stromal cells, endothelial cells (arrows) and lymphocytes (arrowheads) (internal control). (D) Strong
positivity for p53. Magnification, x400. H&E, hematoxylin and eosin; PD-L1, programmed death ligand 1; MLH1, mutL homolog 1.

genes, respectively (64-66), and/or related to loss of function
mutations in the TP53 gene (67), and other alterations (68,69).
ATCs are tumors with a high mutational load (37), usually
accompanied by mutations of the TP53 gene (31,37), which
in our series was detected in 73.3% of ATCs. In the tumor of
one of the patients in our series (case 15) (Fig. 5), the ATC
areas showed the highest positivity for PD-L1, positivity for
p53 and loss of expression of MLH1 and PMS2, while the
areas of PDTC showed negativity for PD-L1, a wild type
pattern for p53 and conservation of the protein expression
of the MMR genes. On the other hand, in the other tumor
combining anaplastic and poorly differentiated areas (case 6)
(Fig. 4), the expression of PD-L1 was limited to the ATC
areas without detecting alterations related to p53 or the MMR
genes in any of the different tumor areas. Interestingly, the
only PDTC case with PD-L1 expression (case 19) (Fig. 3),
also showed positivity for p53, but loss of MLH1 and PMS2
expression, fitting with the proposed hypermutator role of
the MLH mismatch-repair genes reported in ATCs (37). In
colorectal cancer, a significantly higher expression of PD-L1
was detected in tumors exhibiting MMR deficiency and
BRAF mutation (40); this also agrees with the data from our
series since BRAF mutation is commonly an early event in
the progression from conventional (BRAF-like) PTC to ATC.
BRAFYS°E mutation does not participate, however, in the
development of the PDTC defined by the Turin criteria (31).
Our study evidenced significant differences in TME
between the ATC and PDTC groups (Table II). Similar
to our data, a recent study using fluorescence multiplex
immunohistochemistry found significant differences between
ATC and advanced DTC in relation to PD-L1 expression
and lymphoid infiltration (70). We found an exclusive

presence of CD3* CD8* (cytotoxic) T lymphoid population
and S100* dendritic cells infiltrating the tumor cells, with
a minority of helper (CD4*) T lymphocytes at the interface
of the tumor/normal thyroid tissue in all ATCs but in only
one case (case 19) of PDTC. The role of TILs in PTC is
controversial since its association with both a favorable (71)
and an unfavorable (72,73) prognosis has been described.
More specifically, a protumorigenic role of FoxP3* regulatory
T cells (Treg) in DTC has been demonstrated while CD8* T
cells develop an antitumor function (73,74). In fact, exhausted
PD-1* CD8* T lymphocytes appeared to be a marker of bad
prognosis and immunosuppression in DTC (73,74). In PTCs,
S100* dendritic cells were more numerous when compared to
normal thyroid tissue (75), and CD1a* dendritic cell density was
associated with better disease-free survival (71). Significant
differences between ATCs and PDTCs were also observed in
our series in relation to tumor infiltration by TAMs using a
histiocytic pan-marker (CD68) as well as CD163, a member
of a scavenger receptor cysteine-rich superfamily restricted to
the monocyte/macrophage lineage (histiocytic differentiation).
Our data confirmed previous observations indicating the
over-representation of pro-tumor TAMs in ATC and in
advanced DTCs (71). Our images also strongly support the
existence of a very dense network of interconnected CD163*
macrophages in direct contact with intermingled cancer
cells that may trap cells in the tumor stroma (76), where they
correlate with poorer survival (71). Compared with type 1
inflammatory macrophages, type 2 suppressor macrophages
(CD163*) promote invasiveness of human TC cell lines (77)
and have also been associated with a worse prognosis in
cancers of other locations (78,79). Our findings are consistent
with a relationship between high TMB of ATC, expression
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Figure 4. ATC with poorly differentiated areas (case 6). (A) Transition between poorly differentiated areas (arrows) and ATC areas (magnification, x200).
Higher magnification shows (B) a poorly differentiated area with a focus of necrosis (asterisks) and (C) another ATC area. (D) Poorly differentiated areas
were negative for PD-L1, with (E) positivity for PD-L1 only observed in ATC areas. MLHI1 protein expression was detected in both (F) poorly differentiated
and (G) ATC areas. (H) A higher density of CD8* lymphocytes was observed in ATC areas than in poorly differentiated areas. (I) CD163* macrophages were
only found in the ATC areas of the tumor. Magnification, x400. ATC, anaplastic thyroid carcinoma; H&E, hematoxylin and eosin; PD-L1, programmed death

ligand 1; MLH1, mutL homolog 1.

of neoantigens and changes in the immune system (PD-L1
expression and changes in TME).

In a recent meta-analysis the association of PD-L1 and
disease-free survival (DFS) remained strong in PTC when
compared with dedifferentiated thyroid carcinomas (ATC and
PDTC) in which a significant association with PD-L1 was not

confirmed (20). In another PDTC series, PD-L1 expression
was significantly associated with tumor size and multifocality
as well as with a non-significant trend towards older age,
metastasis, an increased number of CD8" T cells and decreased
disease-free and overall survival (50). In our series we found
a significantly higher expression of PD-L1 in TILs and TAMs
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Figure 5. ATC with poorly differentiated areas (case 15). (A) Transition between poorly differentiated areas (asterisks) and ATC areas (arrows) (magnification,
x200). Morphological differences between (B) poorly differentiated and (C) ATC areas at a higher magnification (magnification, x400). (D) PD-L1 expression
was only detected in the ATC areas (arrows), but not in the poorly differentiated component (asterisks) (magnification, x200). (E) ATC cells showed strong
and diffuse positivity for PD-L1 (magnification, x400). MLH1 expression at magnification (F) x200 and (G) x400 was found in the poorly differentiated
areas (asterisk), but not in the ATC areas (arrows). CD163* macrophages were not detected in (H) the poorly differentiated areas, but were heavily detected in
(I) the ATC areas (magnification, x400). ATC, anaplastic thyroid carcinoma; H&E, hematoxylin and eosin; PD-L1, programmed death ligand 1; MLHI, mutL

homolog 1.

in ATC group when compared to the same expression in the
PDTC group (P=0.0001). We also found a trend towards worse
survival in ATC with PD-L1 expression in tumor cells, but the
figures did not reach statistical significance, probably due to
the limited number of cases (Fig. 1B). No trend, however, was
evidenced when evaluating PD-L1 expression in TILs and
TAMs. A meta-analysis of non-medullary TC comprising

721 positive studies showed an association between PD-L1
expression and disease recurrence (49). PD-L1 up-regulation
has recently been associated with poor disease-specific survival
in patients with ATC or advanced DTC (43). This association
between PD-L1 expression and a poor prognosis has also
been confirmed in other tumors from different locations such
as head and neck (80), breast (81), kidney (81,82), urothelial
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carcinoma (83), non-small cell lung cancer (84), colorectal
cancer (85), and other solid tumors (81,86).

Although this study has several limitations such as its
retrospective nature and the limited number of the sample,
which could lead to selection biases, there are invaluable
data in relation to immunotherapy. In fact, we can conclude
that PD-L1 expression and tumor infiltration by CD3*CD8*
T lymphocytes, S100* dendritic cells and CD68*CD163*
macrophages is common in ATC but rare in PDTC. Our
findings also suggest that microsatellite instability may also
play a role in both TME as well as in the identification of
immunotherapy candidates among PDTC patients.
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