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Abstract

Peripheral localisation of papillary thyroid microcarcinoma (PTMC), in comparison with intraparenchymal PTMC (i-PTMC)
is related to some clinicopathological features related with biological aggressiveness, including lymph node metastasis
(LNM). The expression of PD-L1 in tumour cell has been associated with increased tumour survival, progression, and
potentially an aggressive clinical course. This study evaluates the relation between clinicopathological features of PTMC,
including tumour localisation, with PD-L1 immunoexpression. The study included 99 patients with the histological diag-
nosis of PTMC (>5 mm). PD-L1 protein expression was assessed by immunohistochemistry. PTMCs were divided into the
four following groups: G1- peripherally localised PTMC (p-PTMC) with PD-L1 expression; G2—p-PTMC without PD-L1
expression; G3—-i-PTMC with PD-L1 expression and G4-i-PTMC without PD-L1 expression. G1 was the most frequent
(n=46; 46.5%), followed by G4 (n=25; 25.3%) and similar distribution of G3 (n=15; 15.2%) and G2 (n=13; 13.1%).
In comparison with other groups, G1 was significantly associated with classical morphology, invasive growth, lymphatic
invasion (LI), vascular invasion (VI), psammoma bodies, intratumoral fibrosis, PD-L1 positive tumour-infiltrating lympho-
cytes, and multinuclear giant cells (MGCs). G4 more commonly exhibited follicular morphology, expansive/circumscribed
growth, and absence of the following: intratumoural fibrosis, LI, VI, psammoma bodies, PD-L1 positive tumour-infiltrating
lymphocytes, and MGCs. LNMs were significantly more frequent in G1 in comparison with the other groups (p =0.000).
In conclusion, morphology and tumour microenvironment of p-PTMC with PD-L1 expression is different from i-PTMC
without PD-L1 expression. The differences between these two groups of PTMC include clinicopathological features related
with biological aggressiveness such as the occurrence of LNM.
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Introduction

Papillary thyroid microcarcinoma (PTMC) is a size defined

variant of papillary thyroid carcinoma (PTC) with the larg-

est dimension less or equal to 10 mm [1]. PTMC is the most

54 Bozidar Kovacevic common variant of PTC and accounts for almost half of the
bozociti @yahoo.com newly diagnosed PTCs [2, 3]. Most of PTMCs are diagnosed
incidentally after surgery for benign thyroid diseases with
an average prevalence of 71% [4]. PTMC has an excellent
prognosis and disease-specific mortality is reported in less
than 1% of patients [3, 5]. Despite the favourable prognosis,
PTMC may give rise to lymph node metastases (LNM) in
2 to 61.4% of cases, loco-regional recurrences (LRR) may
occur in 2.4% to 8% of cases, whereas distant metastases
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location has been associated with specific clinicopathologi-
cal features such as LRR, LNM, extra-thyroid extension
(ETE), presence of tall cells, infiltrative growth pattern,
significant intratumoural fibrosis (ITF), and Y*** BRAF
mutation [8-11].

Programmed death ligand-1 (PD-L1), also referred
as B7-H1 or CD274, belongs to the family of B7 trans-
membrane proteins or immunoregulatory ligands [12, 13]
expressed on activated T and B lymphocytes, dendritic
cells, and macrophages as well as on healthy cells of dif-
ferent organs and tissues [13, 14]. Binding of PD-L1 to a
programmed cell death protein 1 receptor (PD-1; CD279) is
necessary for the functional activation of the PD-1/PD-L1
signalling pathway, which leads to dysfunction, exhaustion,
anergy, and finally apoptosis of autoreactive and/or reactive
T lymphocytes [15]. Under physiological conditions PD-1/
PD-L1 signalling pathway enables the control of the immune
response and the maintenance of immune homeostasis by
preventing cell or tissue damage caused by a prolonged and/
or intense inflammation or autoimmune reaction [13-15].
As a result of constant activation of oncogenic signalling
pathways, genetic alteration and inflammatory signalling,
tumour cells tend to express PD-L1 [16]. PD-L1 expression
on tumour cells has been associated with inhibition of T cell-
mediated anti-tumour immune response leading to tumour
progression and aggressive clinical course of malignancies
[13, 15]. Expression of PD-L1 has been identified in sev-
eral types of human malignant tumours enabling the use of
immunetherapy targeting the PD-1/PD-L1 pathway [13-15].

PD-L1 expression has been reported in 6.1% to 82.5%
of PTCs [16, 17] but its meaning is still to be defined. Most
studies conclude that PD-L1 expression in PTC is related
to a higher risk of disease recurrence. Other associations of
PD-L1 expression in PTCs have been reported with the pres-
ence of concurrent chronic lymphocytic thyroiditis (CLT)
and YEBRAF mutation [18, 19].

Only a few studies have explored the expression of PD-L1
in tumour and immune cells of PTMCs. Chowdhury et al.
reported membranous and cytoplasmic PD-L1 immunoex-
pression in tumour cells in 52.2% and 61.6% of PTMCs,
respectively [20]. In the study by Aghajani MJ et al., a series
of 75 PTCs including 39 PTMCs, reported cytoplasmic and/
or membranous expression of PD-L1 in 66.7% of cases [21].
In a series of 10 PTCs coexistent with CLT, 2 cases were
PTMCs and both of them disclosed PD-L1 membranous
expression [22].

This study aimed to evaluate the relation between clinico-
pathological features of PTMC, including tumour location
with the expression of PD-L1.

Material and Methods
Patients Selection

Patient selection was done retrospectively from the archive
of the Institute of Pathology and Forensic Medicine of the
Military Medical Academy, Belgrade, Serbia, from Janu-
ary 2013 till December 2018. From the total number of
consecutively diagnosed PTMCs (n=446), PTMCs with
a minimum size of 5 mm were diagnosed in 116 cases
(26%). Finally, the selected group of PTMCs consisted
in 99 patients submitted to total or nearly total thyroidec-
tomy with or without lymphadenectomy. The study did not
include 17 patients with PTMC diagnosed after lobectomy
or patients with tumours with a significant loss of tissue
representation in paraffin blocks. None of the 99 patients
from the selected group had a concomitant PTC larger than
10 mm although some had multifocal disease. None of the
patients were previously treated with immunosuppressive
therapy. The study was approved by the Military Medical
Academy ethics committee.

Clinicopathological Features and Histological
Examination of PTMC

General clinical data such as age, gender, type of surgery,
presence of local and/or distant metastasis were obtained
from the medical records of the patients. Haematoxylin
and eosin-stained (H&E) slides of all cases were reviewed
by two pathologists (BK, SC) and histological parameters
were analysed according to the classification of the World
Health Organization Classification of Tumours of Endo-
crine Organs [1]. The staging of disease was done accord-
ing to the 8th Edition of the AJCC/TNM Staging System
for PTC [23].

The following features were evaluated in each case:
tumour size, presence of LNM (cases were considered
negative for LNM when its presence was excluded after
histological and/or image studies and clinical examina-
tion), presence of distant metastases (evaluated accord-
ing to clinical data from patients records), extra-thyroid
extension (ETE) (absent, minimal/microscopic or gross/
macroscopic), predominant architectural pattern of the
tumour (papillary, follicular, solid, etc.), growth pattern
(infiltrative or expansive/circumscribed), lymphatics inva-
sion (LI), vascular invasion (VI), intratumoural fibrosis
(ITF) (absent/mild or moderate/extended), multifocality/
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intraglandular spread (MFT/IGS), stromal calcification
and psammoma bodies (PBs). Additionally, all PTMCs
were analysed for the presence of tumour-infiltrating lym-
phocytes (TILs) and multinucleated giant cells (MGCs).
LI was defined as a direct permeation of tumour cells
or the presence of viable tumour emboli or PB within
endothelial-lined spaces of peritumoural thyroid tissue or
peri-thyroid fibro-adipose tissue [24]. VI was defined as
a direct permeation of tumour cells through the wall of
vessels with smooth muscle wall and/or with intralumi-
nal erythrocytes as described previously by Mete and Asa
[25]. MFT/IGS was assessed according to methodology
reported by Niemeier et al. [8] Stromal calcification and
PBs were evaluated according to criteria from the study
of Bai et al. [26]. The presence of intratumoral TILs was
graded based on the methodology and recommendations
used in the assessment of TILs in breast cancer as well
as applied in the study of PTCs [27]. According to these
criteria, all tumours were divided into two groups of TILs
rich and TILs poor PTMC. In cases when TILs occupied
10% or more of the tumour stroma, case was considered
as TILs-rich PTMC, otherwise, it was considered as TILs-
poor PTMC [27]. The number of MGCs was determined
semi-quantitatively after analysis of the whole sections
of the tumour as previously published [28]. PTMCs
were divided into tumours without MGCs, tumours with
less than 3 MGCs, and PTMC with 3 or more MGCs
per tumour section [28]. Location of PTMC was classi-
fied according to position of PMTC in relation with the
periphery of the thyroid as peripheral PTMC (p-PTMC)
or intraparenchymal PTMC (i-PTMC). p-PTMCs were
defined as tumours localised just below the peri-thyroid
fibro-adipose tissue, without benign thyroid tissue between
the tumour and the peri-thyroid soft tissue in at least 20%
of the tumour circumference. i-PTMC was defined as
PTMC completely surrounded by benign thyroid tissue
[8, 9]. Presence of CLT in thyroid gland was classified
according to Mizukami’s criteria for CLT and applied in
the study of PD-L1 expression in PTCs [27, 29].

Immunohistochemical Analysis of PD-L1 Expression

Formalin-fixed and paraffin-embedded blocks were cut into
4-um-thick sections, deparaffinized in xylene, and rehy-
drated. PD-L1 staining was performed with an anti-human
PD-L1 rabbit monoclonal antibody (Code M3653; Clone
22C3; Dako; Glostrup, Denmark) in a recommended dilu-
tion (1:50). Antigen retrieval was performed using Envi-
sion FLEX Target Retrieval Solution, Low pH (Code K8005,
Dako, Glostrup, Denmark). Antibody binding was visualized
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using an EnVision™ FLEX+, HRP visualization system
(Code K8012; Dako, Glostrup, Denmark) according to the
manufacturer’s instructions. Human placental tissue was
used as immunohistochemistry-positive control, whereas
PD-L1 expression on tumour-associated macrophages and
TILs were used as an internal positive control.

Immunohistochemical scoring of PD-L1 expression
was performed based on the percentage of stained tumour
cells and staining intensity on tumour cells in a whole sec-
tion of the tumour as described previously in the studies of
Aghajani et al. and Bastman et al. [21, 30].

The immunohistochemical expression of PD-L1 was
evaluated according to the membranous and/or cytoplasmic
intensity of reaction on tumour cells, semi-quantitatively as a
0-negative reaction, 1+ weak reaction, 24+ moderate reaction,
and 3+ intense reaction. According to the percentage of posi-
tive tumour cells, the results were evaluated through the five
following groups: (1) (< 1% of cells); (2) (1-10% of cells);
(3) (11-33% of cells); (4) (34-66% of cells); (5) (67-100%
of cells). Histiocytes with PD-L1 staining were not included
in the evaluation of PD-L1 expression. Tumour stratification
according to the level of expression PD-L1 was performed
using the Allred score (AS). AS was derived from summing
up the percentages of positive cells and the intensity of posi-
tively stained cells. Tumours with AS <2 were considered
negative, tumours with AS 3 and 4 were considered focally/
moderate positive, and tumours with AS >4 were considered
PTMCs with a diffuse expression of PD-L1 [21, 30]. PD-L1
expression was also evaluated in adjacent apparently normal
thyroid cells, TILs, MGCs, and tumour histiocytes.

PTMCs were divided into four groups: group 1 (G1)
included p-PTMCs with PD-L1 expression of any type
(focal/moderate and diffuse). Group 2 (G2) included
p-PTMCs without PD-L1 expression on tumours cells.
Group 3 (G3) encompassed i-PTMCs with any type of
PD-L1 expression, and Group 4 (G4) included i-PTMCs
without PD-L1 expression on tumour cells.

Statistical Analysis

Complete statistical analysis of data was done with the sta-
tistical software package, SPSS Statistics 18.

Most of the variables were presented as frequency of cer-
tain categories, while statistical significance of differences
was tested with the Chi square test (F test in case of expected
frequencies < 5).

In case of continuous data, variables were presented as
mean value + standard deviation (SD), minimal and maximal
values. Spearman correlation analysis was used to establish
the relationship between parameters. All the analyses were
estimated at minimal p < 0.05 level of statistical significance.
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Results
Clinicopathological features of PTMCs

In the selected series of 99 PMTCs, the patients had a mean
age of 49 + 14.4 years (ranging from 19 to 85 years). There
were 22 males (22.2%) and 77 females (77.8%). The mean
tumour size was 7.6 + 1.5 mm. Cervical LNMs were present
in 30 cases (30.3%), including 15 cases with LNMs in the
central neck compartment and 15 cases with lateral cervical
LNMs, whereas in 69 cases (69.7%) there was no histologi-
cal, ultrasonographic or clinical evidence of cervical LNM.
None of the cases had documented distant metastases. Gross
ETE was detected in 3 cases (3%), microscopic ETE was
present in 46 cases (46.5%), whereas ETE was not detected
in 50 cases (50.5%). LI was detected in 64 cases (64.6%),
whereas in 35 cases (35.4%) LI was not found. Invasion
of the lymphatic vessel with only viable tumour emboli
was wound in 43 cases (67.2%), PB within intraparenchy-
mal lymphatics was found in 8 cases (12.5%) and 13 cases
(20.3%) disclosed both of these morphological features.
VI was present in 15 cases (15.2%), whereas in 84 cases
(84.8%) was not found. Most of the cases (n=9; 60.0%)
disclosed one focus of angioinvasion, 5 cases had two foci
(33.3%) and one case had three foci (6.7%) of angioinvasion.
The relation between clinicopathological features of PTMC
and tumour location are summarised in Table 1. Association
between LI, VI and presence of LNM in PTMC with distinct
locations is described in Table 2.

Association of Clinicopathological Features
of PTMCs with PD-L1 Expression

The focal expression of PD-L1 was observed in 32 cases
(32.3%), diffuse expression was observed in 29 cases
(29.3%) (total number of PTMCs with PD-L1 expres-
sion=61.6%) and PD-L1 expression was not detected in 38
cases (38%). The mean value of the AS in analysed PTMC
was 3.03 +2.04. Figure 1 demonstrated the expression of
PD-L1 in PTMC tumour cells, as well as in immune cells.

PD-L1 expression in tumour cells was significantly asso-
ciated with PTMC staging (p=0.011), presence of LNM
(p=0.002), classical architectural pattern (p =0.031), inva-
sive growth (p =0.000), LI (p =0.001), stromal calcifica-
tion (p =0.049) and p-PTMC localisation (p =0.000). The
relation between clinicopathological features of PTMC and
PD-L1 expression is presented in Table 3.

Expression of PD-L1 was also observed in>3 TILs per
high power field in 78 cases (78.8%). The PD-L1 positive
TILs occurred more often in TIL-rich PTMCs than in TIL-
poor PTMCs (p=0.288; p=0.004) and in PTMCs with
more than 3 MGCs in comparison with PTMCs with less

than 3 MGCs (p=0.272; p=0.007). Besides tumour cells
and TILs, PD-L1 expression was consistently expressed in
tumour histiocytes as well as in MGCs.

PD-L1 expression in PTMC tumour cells significantly
correlated with the presence of CLT (p=0.210; p=0.037).
In 5 patients (5.05%) with CLT, PD-L1 expression was
observed in benign thyrocytes with weak to moderate mem-
branous and/or cytoplasmic expression. PD-L1 expression
was not disclosed in benign cells in 58 cases (58.58%). In 36
cases (36.36%), the expression of PD-L1 in non-neoplastic
cells was weak, nonspecific, and was detected on individual
cells or small groups of thyrocytes. This nonspecific reaction
was always detected in thyrocytes in close proximity to lym-
phocytes (regardless of CLT presence) near to the infiltrative
edge of the tumour or away from PTMC.

Relation Between the Clinicopathological Features
of PTMC, Tumour Location and PD-L1 Expression

PD-L1 was more often expressed in p-PTMCs in compari-
son with i-PTMCs (p=0.000).Therefore, we hypothesized
that p-PTMCs with PD-L1 expression are morphologi-
cally different from i-PTMCs without PD-L1 expression.
This hypothesis was tested after dividing PTMC into four
groups as abovementioned. It was observed that G1 group
(PD-L1 positive p-PTMC) was the most frequent (n =46;
46.5%), followed by G4 group (PD-L1 negative i-PTMC)
(n=25; 25.3%) and, similar frequencies were observed for
groups G3 (PD-L1 positive i-PTMC) (n=15; 15.2%) and
G2 (PD-L1 negative p-PTMC) (n=13; 13.1%). G1 group is
characterised by classical architectural pattern (p=0.000),
invasive growth (p =0.000), presence of LI (p =0.000), pres-
ence of VI (p=0.002), presence of PBs (p =0.002), moder-
ate/extended ITF (p=0.002), presence of PD-L1 positive
TILs (p=0.019), and a larger number of MGCs (p =0.024).
Most importantly, G1 group exhibited a statistically sig-
nificant association with the presence of LNM (p =0.000).
Unlike G1 group, G4 group more commonly exhibited fol-
licular architectural pattern, expansive/circumscribe growth,
absent/mild ITF, absence of LI, absence of VI, as well as
PBs, PD-L1 positive TILs, and MGCs. None of the PTMC
cases from G4 group showed LNMs. Table 4 summarises
clinicopathological features of different PTMC groups.

Discussion

This study demonstrates that peripheral location of PTMCs
is related to specifical clinicopathological features, some of
those associated previously with biological aggressiveness,
which is in line with the previous reports [8—11]. Recently,
Tallini et al. [11] reported that p-PTMCs with >5 mm size
are morphologically different from i-PTMC, more frequently
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Table 1 Relation between

clinicopathological features of
PTMCs and tumour location

@ Springer

Case features Total (%) PTMC location P value
Intraparenchymal Peripheral
n=40 (40.4%) n=59 (5§9.6%)

Gender
Female 77 (77.8) 33 (42.9) 44 (57.1) 0.494*
Male 22 (22.2) 7(31.8) 15 (68.2)

Age
<55 years 65 (65.7) 25 (38.5) 40 (61.5) 0.742%
> 55 years 34 (34.3) 15 (44.1) 19 (55.9)

Stage grouping
1 92 (92.9) 39 (42.4) 53 (57.6) 0.236°
I 7(7.1) 1(14.3) 6 (85.7)

pT
Tla 96 (97.0) 39 (40.6) 57 (59.4) 1.000°
T3b 3(3.0) 1(33.3) 2 (66.7)

pN
NO 69 (69.7) 38 (55.1) 31 (44.9) 0.000P
Nlaand N1b 30 (30.3) 2(6.7) 28 (93.3)

ETE
Gross 3(3.0) 1(33.3) 2 (66.7) 0.000P
Microscopic 46 (46.5) 3(6.5) 43 (93.5)
Absent 50 (50.5) 36 (72.0) 14 (28.0)

MTF/IGS
Present 82 (82.8) 31(37.8) 51(62.2) 0.376%
Absent 17 (17.2) 9 (52.9) 8 (47.1)

Morphology
Classic 55 (55.6) 12 (21.8) 43 (78.2) 0.000"
Follicular 38 (38.4) 23 (60.5) 15 (39.5)
Solid 6 (6.1) 5(83.3) 1(16.7)

Growth pattern
Infiltrative 72 (72.7) 19 (26.4) 53 (73.6) 0.000*
Expansive/circumscribed 27 (27.3) 21 (77.8) 6(22.2)

LI
Present 64 (64.6) 11 (17.2) 53 (82.8) 0.000*
Absent 35(35.4) 29 (82.9) 6(17.1)

VI
Present 15 (15.2) 0(0.0) 15 (100.0) 0.001*
Absent 84 (84.8) 40 (47.6) 44 (52.4)

Psammoma bodies
Present 46 (46.5) 10 21.7) 36 (78.3) 0.001*
Absent 53 (53.5) 30 (56.6) 23 (43.4)

ITF
Moderate/extended 59 (59.6) 15 (25.4) 44 (74.6) 0.001?
Absent/mild 40 (40.4) 25 (62.5) 15 (37.5)

Stromal calcification
Present 33(33.3) 11 (33.3) 22 (66.7) 0.426*
Absent 66 (66.7) 29 (43.9) 37 (56.1)

TILs
Poor PTMC 69 (69.7) 32 (46.4) 37 (53.6) 0.066*
Rich PTMC 30 (30.3) 8 (26.7) 22 (73.3)

MGC
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Table 1 (continued) Case features Total (%) PTMC location P value
Intraparenchymal Peripheral
n=40 (40.4%) n=59 (5§9.6%)
Absent 45 (45.5) 27 (60.0) 18 (40.0) 0.001°
<3 20 (20.2) 5(25.0) 15 (75.0)
>3 34 (34.3) 8 (23.5) 26 (76.5)
CLT
Present 30(20.2) 6(15.0) 14(23.7) 0.4207
Absent 69(79.8) 34(85.0) 45(76.3)

pT pathological T stage, pN pathological N stage, ETE extra-thyroid extension, MTF/IGS multifocality/
intraglandular spread, LI lymphatic invasion, VI vascular invasion, ITF intratumoural fibrosis, 7/Ls tumour-
infiltrating lymphocytes, MGCs multinucleated giant cells, CLT Chronic lymphocytic thyroiditis

# Pearson’s chi-square (x2); ®Fisher exact probability test

Statistically significant results are in bold

Table 2 Association between lymphatic and vascular invasion and presence of lymph node metastases in papillary thyroid microcarcinomas with

distinct location

PTMC Cases Total (%) LI p VI p
Absent total (%) Present total (%) Absent total (%) Present total (%)

i-PTMC
Without LNM 38 (95.0) 29 (76.3) 9 (23.7) 0.071* 38 (100.0) 0(0.0) -
With LNM 2 (5.0) 0(0.0) 2 (100) 2 (100.0) 0(0.0)

p-PTMC
Without LNM 31 (52.5) 6(19.4) 25 (80.6) 0.025* 24 (77.4) 7 (22.6) 0.597*
With LNM 28 (47.5) 0(0.0) 28 (100) 20 (71.4) 8 (28.6)

i-PTMC intraparenchymal papillary thyroid microcarcinoma, p-PTMC peripheral papillary thyroid microcarcinoma, LNM lymph node metasta-

ses, LI lymphatic invasion VI vascular invasion
Fisher exact probability test
Statistically significant results are in bold

give rise to LNM, disclosed classical architectural pattern,
invasive growth, PBs, and ITF which are data consistent
with the results of the present study. In the same study from
Tallini et al. [11], PTMCs with the >5 mm size were more
frequently localised in the "subcapsular” region, suggest-
ing that peripheral location may be modulating tumour
growth and survival. Features associated with peripheral
PTMC location partially overlap those of the classic type
PTC whereas those related with the i-PTMC approach those
of the encapsulated/circumscribed follicular variant PTC or
even the NIFT-P.

In the present study, p-PTMC disclosed more often both
gross and microscopic ETE, something that may be due only
because of proximity to extra-thyroid tissues. The unusual
finding of one i-PTMC case with gross ETE was the result
of the applied methodology. This case was 10 mm in size
with elongated shape and intrathyroidal position that makes
"subcapsular" part of it occupied less than 20% of tumour
circumference which classified it as i-PTMC.

Further, due to lymphatic vessel density and size at the
thyroid periphery and in peri-thyroid soft tissue, p-PTMCs
with infiltrative growth also have the possibility of having
early access to lymphatics that is associated with lympho-
genic IGS and LNM [8, 24, 31, 32]. The presence of LI and
VI was reported in a wide range of PTMCs, from 2.5% to
67% [9-11, 33-36], probably as the result of the difficulty
to identify lymphatic invasion, differences in applied criteria
for the assessment of LI and VI, and different inclusion of
either i-PMTC or p-PTMC in the study series. In the pre-
sent series, LI and VI was more frequent in p-PTMCs than
in i-PTMC:s, in accordance with previous results [10, 11].
Additionally, the presence of LI in p-PTMCs was related
with the presence of LNM. Although the results of some
studies suggest an association between LI of PTMC and
PTC and the LNM [24, 34-37], there is general agreement
that only the blood vessel invasion has a prognostic value
[38]. Vascular and lymphatic endothelial cells immunohis-
tochemical markers were not used in this study to prevent
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Fig. 1 The PD-L1 immunoex-
pression in tumour and immune
cells of PTMC. a PTMC
without expression for PD-L1
and multinuclear giant cells
with PD-L1 expression (posi-
tive internal control). b The
focus of PTMC cells with weak
membrane and/or cytoplasmic
expression of PD-L1. ¢ PTMC
with a focal weak to moderate,
membrane and/or cytoplasmic
expression of PD-L1. In the
papillary stroma is noticeable
presence of PD-L1 positive
lymphocytes. d PTMC with dif-
fuse membranous and/or cyto-
plasmic expression of PD-L1
with weak to moderate intensity.
e and f The area of tumour cells
with an intensive expression of
PD-L1 (membrane and cyto-
plasmic reaction). a—e PD-L1
immunohistochemical staining,
scanned at magnification X 400

misinterpretation of LI from its histological mimics [36, 39]
constituting a limitation.

In this series, a higher percentage of MTF/IGS was
found in PTMCs than the one previously reported by sev-
eral groups [4-6, 10, 11]. The possible causes of these dif-
ferences are related to the methodology, as similar results
were obtained in the series of aggressive PTMCs reported
by Niemeier et al. [8]. The selected cases included in this
study consisted of PTMCs of larger size that could influence
the frequency of multiple thyroid involvement and a separa-
tion of multicentricity from IGS was not performed. As Tal-
lini et al. [11] reported, the present series also disclose that
p-PTMC had a higher frequency of MTF/IGS than i-PTMCs
within the group of PTMCs with size >5 mm.

Because of the benign biological behaviour of PTMC
[1-7], most of the earlier studies of PD-L1 expression in
PTC did not include or did not specify a group of PTMC in
their analysis [16, 17, 27, 30, 40-43]. It is generally accepted
that a wide variability of reported PD-L1 expression in PTC
is caused by different applied methodologies [16]. Using the
previously described methodology [21] herein is reported
PD-L1 expression in 61.6% of PTMC which is in accord-
ance with the results of earlier studies [20, 21]. As reported
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by other authors, this work reports an association of PD-L1
expression in PTMC with invasive tumour growth [21, 41],
LI [21], ETE [21, 42], LNM [42], and higher disease stage
[20]. However, these findings have not been confirmed in
meta-analyses [18, 19]. The current findings establishing
an association between PD-L1 expression in PTMC and
the presence of LNM are different from earlier published
results [16, 17, 20-22, 27, 40-43]. However, Aghajami
et al. reported, significant increase in the incidence of LNM
in PD-L1 positive PTC with low CD8+ T cells infiltration
[21], whereas Bastman et al. reported that PD-L1 expression
by tumour cells and associated immune cells was higher in
patients with LNM [30]. In addition, Ulisse et al. reported
a statistically significant association between high levels of
PD-L1 mRNA and LNM, ETE, and disease-free survival
[44]. By all means, the metastatic potential of PTMC is mul-
tifactorial and linked to different molecular, immunological,
and clinicopathological features [2, 8, 21, 26], which in our
study partially correlate with the p-PTMC phenotype.

The association of PD-L1 expression in PTC with dis-
ease recurrence has been confirmed by two recent meta-
analyses [18, 19]. In this series, the significance of PD-L.1
expression in disease recurrence was not evaluated due to
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Ta.bI.e 3 Relatiqn between Case features Total (%) PD-LI1 expression in PTMCs P value
clinicopathological features of
PTMCs and PD-L1 expression Negative Focal positive  Diffuse positive
n=38 384%) n=32(32.3%) n=29(29.3%)
Gender
Female 77(77.8) 30 (39.0) 25 (32.5) 22 (28.6) 0.954*
Male 22(22.2) 8364 7 (31.8) 7 (31.8)
Age
<55 years 65 (65.7) 24 (36.9) 23 (35.4) 18 (27.7) 0.664*
> 55 years 34 (343) 14412 9 (26.5) 11 (32.4)
Stage grouping
1 92(92.9) 38(41.3) 30 (32.6) 24 (26.1) 0.011°
II 7(7.1) 0(0.0) 2 (28.6) 5(71.4)
pT
Tla 96 (97.0) 38 (39.6) 31(32.3) 27 (28.1) 0.192°
T3b 33.0) 0(0.0) 1(33.3) 2 (66.7)
pN
NO 69 (69.7) 34 (49.3) 20 (29.0) 15 (21.7) 0.002°
Nlaand N1b 30 (30.3) 4(13.3) 12 (40.0) 14 (46.7)
ETE
Gross 33.0) 0(0.0) 1(33.3) 2 (66.7) 0.002"
Microscopic 46 (46.5) 10 (21,7) 20 (43.5) 16 (34,8)
Absent 50 (50.5) 28 (56,0) 11 (22,0) 11 (22,0)
Localisation 0.000*
Intraparenchymal 40 (40.4) 25(62.5) 8 (20.0) 7(17.5)
Peripheral 59 (59.6) 13 (22.0) 24 (40.7) 22 (37.3)
MTF/IGS
Present 82 (82.8) 30(36.6) 27 (32.9) 25 (30.5) 0.794°
Absent 17(17.2) 8(47.1) 5(29.4) 4(23.5)
Morphology
Classic 55(55.6) 15(27.3) 21(38.2) 19 (34.5) 0.031°
Follicular 38 (38.4) 20(52.6) 11 (28.9) 7 (18.4)
Solid 6 (6.1) 3 (50.0) 0(0.0) 3 (50.0)
Growth pattern
Infiltrative 72(72.7) 19 (26.4) 29 (40.3) 24 (33.3) 0.000"
Expansive/circumscribed 27 (27.3) 19 (70.4) 3(11.1) 5(18.5)
LI
Present 64 (64.6) 16 (25.0) 27 (42.2) 21 (32.8) 0.001°
Absent 35(354) 22(62.9) 5(14.3) 8(22.9)
VI
Present 15(15.2) 2(13.3) 8 (53.3) 5(33.3) 0.063"
Absent 84 (84.8) 36(42.9) 24 (28.6) 24 (28.6)
Psammoma body
Present 46 (46.5) 13 (28.3) 19 (41.3) 14 (30.4) 0.107*
Absent 53(53.5) 25@7.2) 13 (24.5) 15 (28.3)
ITF
Moderate/extended 59 (59.6) 17 (28.8) 23 (39.0) 19 (32.2) 0.052%
Absent/mild 40 (40.4) 21 (52.5) 9 (22.5) 10 (25.0)
Stromal calcification
Present 33(33.3) 13(394) 15 (45.5) 5(5.2) 0.049"
Absent 66 (66.7) 25 (37.9) 17 (25.8) 24 (36.4)
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Table 3 (continued) Case features Total (%) PD-LI1 expression in PTMCs P value
Negative Focal positive  Diffuse positive
n=38 384%) n=32(32.3%) n=29(29.3%)
TILs
Poor PTMC 69 (69.7) 30 (43.5) 20 (29.0) 19 (27.5) 0.277°
Rich PTMC 30(30.3) 8(26.7) 12 (40.0) 10 (33.33)
PDL1 +TILs
Present 78 (78.8) 25 (32.1) 31 (39.7) 22 (28.2) 0.006"
Absent 21(21.2) 13(61.9) 14.8) 7 (33.3)
MGC
Absent 45 (45.5) 21 (46.7) 11 (24.4) 13 (28.9) 0.174°
<3 20(20.2) 8(40.0) 9 (45.0) 3(15.0)
>3 34 (34.3)  9(26.5) 12 (35.3) 13 (38.2)
CLT
Present 20(92.9) 4(20.0) 7 (35.0) 9 (45.0) 0.112°
Absent 79 (7.1) 34 (43.0) 25 (31.6) 20 (25.2)

pT pathological T stage, pN pathological N stage, ETE extra-thyroid extension, LI/ lymphatic invasion, VI
vascular invasion, ITF intratumoural fibrosis, TILs tumour-infiltrating lymphocytes, PDLI+TILs PD-L1
positive tumour-infiltrating lymphocytes, MGC multinucleated giant cell, CLT Chronic lymphocytic thy-

roiditis

*Pearson’s chi-square (x2); PFisher exact probability

Statistically significant results are in bold

short follow-up of the patients and/or unavailability of clini-
cal information, which is the main limitation of the study.
Being that LRR of PTMCs has shown to be related to LNM
and ETE [3-5] it may be assumed that PD-L.1 expression in
PTMC can influence the clinical course of the disease.

According to the herein reported findings and those
reported by other authors, CLT is well recognised as an
immunological/inflammatory microenvironment that has an
influence on PD-L1 expression, not only in tumour cell but
also in benign thyroid tissue and immune cells [17, 19-22,
27, 41].

In the present study, p-PTMC expressed PD-L1 more
often when compared to i-PTMC, supporting the idea
that different microenvironment are developing for each
tumour depending on their location. This observation is
supported by the concentration of features related with
biological aggressiveness in p-PTMC with PD-L1 expres-
sion (G1 group). In addition, G1 group revealed significant
differences in the number of PD-L1 positive TILs which
can also modulate the anti-tumour immune response by
activating PD-1/PD-L1 pathway [45]. Furthermore, G1
group had a significantly higher number of MGCs whose
pro-tumorigenic role in PTC has been already demon-
strated [28, 46]. The significant ITF also contributed to
the different microenvironment of this p-PTMC group. The
cancer-associated fibroblasts (CAF), as one of the main
cells of the tumour microenvironment, display diverse
immunomodulating functions. By current consensus,
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CAFs have predominant immuno-suppressive effects by
reducing anti-tumoural T cells function [47]. The presence
of ITF in PTMC is related to the larger tumour diameter,
invasive growth, and the development of LNM [33, 48],
suggesting active participation of ITF in PTMC progres-
sion. Recently, Inoue C et al. have detected the potential
of CAF to induce PD-L1 expression on lung adenocar-
cinomas cells [49]. Additionally, the potential of PTMC
to express PD-L1 probably enables tumour survival and
long-standing evolution. Thus, it provides the necessary
time for the development of ITF and PB, more commonly
observed in PD-L1 positive p-PTMC. Morphological
features of p-PTMCs in the current study are consistent
with the previously described morphology of Y¢®EBRAF
mutated PTMC [9, 11, 39] that also overlaps with the clas-
sic morphology of PTC as stated above. Being that PD-L1
expression is significantly associated with Y®*°EBRAF
mutation status in PTC [20, 21, 48], here it is assumed
that this association also applies to PTMC. Future studies
are necessary for clarifying the association of Y**°EBRAF
mutation and immunosuppressive microenvironment of
PTMC, as well as to define the impact of PD-L1 expres-
sion in the clinical course of PTMC.

In conclusion, p-PTMCs are morphologically differ-
ent from i-PTMC and more commonly related to clinico-
pathological features previously associated with biological
aggressiveness. Apart from morphology, p-PTMCs display
different tumour microenvironment including the higher
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Table 4 Clinicopathological features of PTMCs with different location and PD-L1 expression

Case features Total (%) PTMC Groups P value

Group 1 Group 2 Group 3 Group 4
n=46 (46.5%) n=13 (13.1%) n=15(15.2%) n=25(25.3%)

Gender
Female 77 (77.8) 34 (44.2) 10 (13.0) 13 (16.9) 20 (26.0) 0.802%
Male 22 (22.2) 12 (54.5) 3 (13.6) 209.1) 5(22.7)

Age
<55 years 65 (65.7) 31 (47.7) 9 (13.8) 10 (15.4) 15 (23.1) 0.937*
>55 years 34 (34.3) 15 (44.1) 4(11.8) 514.7) 10 (29.4)

Stage grouping
I 92 (92.9) 40 (43.5) 13 (14.1) 14 (15.2) 25 (27.2) 0.164%
I 7(7.1) 6 (85.7) 0(0.0) 1(14.3) 0(0.0)

pT
Tla 96 (97.0) 44 (39.6) 13 (32.3) 14 (28.1) 25 (26.0) 0.725*
T3b 33.0) 2 (66.7) 0(0.0) 1(33.3) 0(0.0)

pN
NO 69 (69.7) 22 (31.9) 9 (13.0) 13 (18.8) 25 (36.2) 0.000*
Nlaand N1b 30 (30.3) 24 (80.0) 4(13.3) 2(6.7) 0(0.0)

ETE
Gross 33.0) 2 (66.7) 0(0.0) 1(33.3) 0(0.0) 0.000*
Microscopic 46 (46.5) 34 (73.9) 9 (19.6) 2(4.3) 1(2.2)
Absent 50 (50.5) 10(20.0) 4(8.0) 12 (24.0) 24 (48.0)

Multifocality
Present 82 (82.8) 40 (48.8) 11(13.4) 12 (14.6) 19 (23.2) 0.6438*
Absent 17 (17.2) 6 (35.3) 2(11.8) 3(17.6) 6 (35.3)

Morphology
Classic 55 (55.6) 34 (61.8) 9 (16.4) 6 (10.9) 6 (10.9) 0.000*
Follicular 38 (38.4) 12 (31.6) 3(7.9) 6 (15.8) 17 (44.7)
Solid 6 (6.1) 0(0.0) 1(16.7) 3 (50.0) 2(33.3)

Growth pattern
Infiltrative 72 (72.7) 43 (59.7) 10 (13.9) 10 (13.9) 9 (12.5) 0.000*
Expansive/circumscribed 27 (27.3) 3(11.1) 3(11.1) 5(18.5) 16 (59.3)

LI
Present 64 (64.6) 43 (67.2) 10 (15.6) 5(7.8) 6(9.4) 0.000*
Absent 35(35.4) 3(8.6) 3(8.6) 10 (28.6) 19 (54.3)

VI 0.004*
Present 15(15.2) 13 (86.7) 2(13.3) 0(0.0) 0(0.0)
Absent 84(84.8) 33 (39.3) 11 (13.1) 15 (17.9) 25 (29.8)

Psammoma body
Present 46 (46.5) 27 (58.7) 9 (19.6) 6 (13.0) 4(8.7) 0.002%
Absent 53 (53.5) 19 (35.8) 4(7.5) 9 (17.0) 21 (39.6)

ITF
Present 59 (59.6) 36 (61.0) 8 (13.6) 6(10.2) 9 (15.3) 0.002*
Absent 40 (40.4) 10 (25.0) 5(12.5) 9(22.5) 16 (40.0)

Stromal calcification
Present 33 (33.3) 16 (48.5) 6(18.2) 4(12.1) 7(21.2) 0.661*
Absent 66 (66.7) 30 (45.5) 7 (10.6) 11 (16.7) 18 (27.3)

TILs
Poor PTMC 69 (69.7) 28 (40.6) 9 (13.0) 11 (15.9) 21 (30.4) 0.243*
Rich PTMC 30 (30.3) 18 (60.0) 4(13.3) 4(13.3) 4(13.3)
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Table 4 (continued)

Case features Total (%) PTMC Groups P value
Group 1 Group 2 Group 3 Group 4
n=46 (46.5%) n=13 (13.1%) n=15(15.2%) n=25 (25.3%)
PDL1+TILs
Present 78 (78.8) 42 (53.8) 8(10.3) 11 (14.1) 17 (21.8) 0.019*
Absent 21 (21.2) 4(19.0) 5(23.8) 4 (19.0) 8(38.1)
MGC
Absent 45 (45.5) 14 (31.1) 4(8.9) 10 (22.2) 17 (37.8) 0.024*
<3 20 (20.2) 11 (55.0) 4 (20.0) 1(5.0) 4(20.0)
>3 34 (34.3) 21 (61.8) 5(14.7) 4(11.8) 4(11.8)
CLT
Present 20 (92.9) 12 (60.0) 2 (10.0) 4(20.0) 2 (10.0) 0.265%
Absent 79 (7.1) 34 (43.0) 11 (13.9) 11(13.9) 23 (29.1)

Group 1 peripherally localised PTMC with PD-L1 expression; Group 2 peripherally localised PTMC without PD-L1 expression; Group 3 intra-
parenchymal PTMC with PD-L1 expression; Group 4 intraparenchymal PTMC without PD-L1 expression, pT pathological T stage, pN patho-
logical N stage, ETE extra-thyroid extension; MTF/IGS multifocality/intraglandular spread, LI lymphatic invasion, VI vascular invasion, ITF
intratumoural fibrosis, 77Ls tumour-infiltrating lymphocytes, MGCs multinucleated giant cells, CLT Chronic lymphocytic thyroiditis

#Fisher exact probability test

Statistically significant results are in bold

potential of tumour cells to express PD-L1, which might
enable tumour survival and progression including the devel-
opment of LNM.
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