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Abstract

Immune checkpoint inhibitor therapies targeting PD-L1/PD-1 have been shown to be effective in treating several types of human
cancer. In papillary thyroid carcinoma (PTC), little is known about the expression of PD-L1/PD-1 in the tumor microenvironment
or its potential correlation with BRAF V600E mutation status. In this study, we examined the expression of PD-L1, PD-1, and
BRAF V600E in PTC by immunohistochemistry and investigated the clinical significance of expression status. We studied the
expression of PD-L1, PD-1, and BRAF V600E by immunohistochemical staining in 110 cases of PTC with a diameter > 1 cm.
Cases with a background of chronic lymphocytic thyroiditis (CLT) were excluded, as differentiating lymphocytes in the context
of CLT from tumor-infiltrating lymphocytes (TILs) is difficult. We classified PD-L1+/PD-1+ expression as type 1 (41%), PD-L1
—/PD-1- as type 2 (17%), PD-L1+/PD-1— as type 3 (5%), and PD-L1—/PD-1+ as type 4 (37%). Significant correlations were
found between expression of BRAF V600E and that of PD-L1 and PD-1. The positive correlation observed between expression
of BRAF V600E and PD-L1/PD-1 suggests that immunotherapies targeting PD-L1/PD-1 might be effective for PTC patients

with the BRAF V600E mutation, which are refractory to radioiodine therapy.
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Introduction

Thyroid cancer is the most common endocrine malignancy,
and it accounts for the majority of endocrine cancer deaths.
Papillary thyroid carcinoma (PTC) accounts for approximately
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90% of thyroid cancers, and more than 10% of patients with
PTC develop cancer recurrence or distant metastasis, and
cancer-related death may occur [1, 2]. In the past decade, sig-
nificant progress has been made in identifying the molecular
changes responsible for PTC development and invasiveness.
The RET-RAS-RAF-MEK-ERK (mitogen-activated protein
kinase) pathway is the most widely accepted signaling path-
way responsible for thyroid tumorigenesis and invasiveness, in
which the BRAF V600E mutation plays a prominent role,
resulting in overactivity of downstream signaling [3-5].
Human cancers harbor numerous genetic and epigenetic
alterations, generating neoantigens that are potentially recog-
nizable by the immune system [6]. Programmed death 1 (PD-
1) is a key immune checkpoint receptor, mainly expressed by
activated T cells, and it mediates immunosuppression [7]. PD-
L1 (B7-H1) is the ligand of PD-1, of which the expression is
greatly increased on some tumor cells. Inhibition of the inter-
action between PD-1 and PD-L1 can enhance T cell responses
in vitro and mediate preclinical antitumor activity [7—-10].
Clinical trials using anti-PD-1 or anti-PD-L1 antibodies to
treat patients with cancers, such as melanoma, nonsmall cell
lung carcinoma, renal cell carcinoma, prostatic carcinoma,
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and colorectal carcinoma, have provided encouraging results
[10—15]. Furthermore, patients with PD-L1-positive tumors
had an objectively better response to anti-PD-1 treatment than
patients with PD-L1-negative tumors [14]. A positive re-
sponse to immunotherapy usually relies on dynamic interac-
tions between tumor cells and immunomodulators inside the
tumor microenvironment, which plays an important role in
dampening or enhancing immune responses [16, 17]. Teng
et al. classified tumors into four groups on the basis of their
PD-L1 status and presence or absence of the tumor-infiltrating
lymphocytes. Different types of immunotherapeutic ap-
proaches might have to be applied to different groups of tu-
mors [16].

Surgery and postoperative radioiodine therapy are the basic
treatments for most patients with differentiated thyroid carci-
noma. However, a subset of PTC patients does not respond to
radioiodine therapy. The incidence of radioiodine-refractory
PTCs is higher in tumors with the BRAF V600E mutation
[18, 19]. For PTC patients who failed to respond to
radioiodine therapy, it is important to develop novel treatment
modalities. Little is known regarding PD-L1/PD-1 expression
status in PTC cases, especially taking into account the BRAF
mutation status [20-24]. Therefore, examining the relation-
ship between BRAF V600E status and PD-L1/PD-1 expres-
sion is of great significance, as this might be used to select
candidates for immunotherapy. Furthermore, it has been re-
ported that combining BRAF inhibitors and anti-PD-L1 anti-
body therapies improves tumor regression and antitumor im-
munity in melanoma cell lines as well as in an immunocom-
petent murine model of anaplastic thyroid carcinoma [25, 26].
This indicates that combination approaches may be potential
avenues to increase antitumor efficacy. Some PTC cases har-
bor a background of chronic lymphocytic thyroiditis (CLT). In
these cases, differentiating CLT from tumor-infiltrating lym-
phocytes (TILs) is difficult, as conceivably changes in immu-
nomodulatory receptor expression may overlap and thus com-
plicate the results. The purpose of the present study is to clar-
ify in PTC lacking a CLT background the expression status of
BRAF V600E, PD-L1, and PD-1 and the clinical significance
of BRAF V600E, PD-L1, and PD-1 expression and classify
microenvironment in PTC and its correlation with BRAF
V600E status.

Materials and methods

Patients and specimens

We reviewed the records of patients with a diagnosis of PTC
who underwent surgical treatment at Peking University
Cancer Hospital, Beijing, China. Patients with a background

of CLT or Hashimoto’s disease were excluded from this study.
Tumor-bearing thyroid tissues with only a small or focal
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lymphocytic reaction were not regarded as CLT specimens
in the present study (Fig. 1a, b), since they represented types
of nonspecific thyroiditis but not autoimmune thyroiditis.
Patients with microcarcinoma were excluded from this study
because they have a much better clinical outcome than pa-
tients with other types of PTC, as noted in our earlier study
[27], and may not need additional treatment. In total, 110
patients were enrolled, consisting of 79 females and 31 males.
All patients had no evidence of distant metastasis at surgery.

This study was approved by the ethics committee of Peking
University Cancer Hospital & Institute.

Histological examination

Ninety cases of conventional-type PTC, 18 cases of follicular
variant of PTC, one case of a solid variant, and one case of a
tall cell variant were selected (n=110). All sections were
stained with hematoxylin and eosin and independently
reviewed by two pathologists, YB and DN, to examine the
presence of psammoma bodies, stromal calcification, bone
formation within the tumor mass, tumor extrathyroidal inva-
sion, and tumor multifocality. The definition of psammoma
bodies, stromal calcification, and bone formation has been
described in detail in our earlier study [28]. Psammoma bod-
ies, stromal calcification, and bone formation were encoun-
tered in 49, 52, and 3% of the samples, respectively.

The pT, pN, and stage grouping were classified according
to the cancer staging guidelines in the seventh edition of the
American Joint Committee on Cancer.

Immunohistochemical analysis

We stained formalin-fixed, paraffin-embedded (FFPE) whole-
tissue 4-pm sections from 110 cases of PTC, including tumor
center and tumor invasion front, for BRAF V600E, PD-L1,
and PD-1. Two pathologists (YB and DN) independently eval-
uated all stained sections.

Immunohistochemical staining using a BRAF V600E
mutation-specific antibody (VE1) identifies the BRAF
V600E gene mutation specifically and sensitively according
to previous studies [29-31]. Mouse monoclonal anti-VE1 pri-
mary antibody (Ventana Medical Systems, Oro Valley, AZ,
USA) was used in a working dilution on the Benchmark XT
platform (Ventana Medical Systems). Staining was visualized
using the ultraView Universal DAB Detection Kit (Ventana
Medical Systems). Prevalidated VE1-positive and VEI1-
negative PTC specimens were used as positive and negative
controls, respectively. The immunoreactivity of VE1 was
evaluated as positive if unequivocal diffuse cytoplasmic stain-
ing of tumor cells was identified [29-32]. Focal staining, any
type of isolated nuclear staining, and weak staining of single
interspersed cells were evaluated as negative.
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Fig. 1 a Papillary thyroid carcinoma (PTC) with papillary structures and
typical nuclear features of PTC (x100). b Focal lymphocytic infiltration
was noted in the background of PTC, which should not be regarded as
chronic lymphocytic thyroiditis (x100). ¢ BRAF V600E was strongly and
diffusely expressed on the tumor cell cytoplasm (x100). d Mild but

PD-L1 staining was performed with an anti-human PD-L1
rabbit monoclonal antibody (SP142; Zhongshan Golden

diffuse expression of BRAF V60OE was observed on the PTC (x100). e
PD-L1 was unequivocally expressed on the tumor cell membrane and in
part of the cytoplasm (x100). f PD-1 expression on tumor-infiltrating
lymphocytes was identified in the tumor stroma (x100)

Bridge Biotechnology, Beijing, China) in a working dilution
on an automated staining platform (BOND-III, Leica
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Biosystems Ltd., Newcastle, UK) using a Bond Polymer
Refine Detection kit (Leica Biosystems Ltd., Newcastle,
UK) according to the manufacturer’s instructions. Primary
antibody was replaced with phosphate-buffered saline in the
control sections to verify immunostaining specificity. Staining
of 5% or more tumor cells was considered as positive and of
less than 5% cells as negative [33].

For PD-1, antigen retrieval was carried out in a PTLink
machine (Dako) after deparaffinization and rehydration of
the FFPE sections. Subsequently, the sections were incubated
in 3% H,0, solution at room temperature for 10 min to block
endogenous peroxidase activity. Sections were then incubated
with mouse anti-PD-1 monoclonal antibody in a working di-
lution (UMAB199; Zhongshan Golden Bridge
Biotechnology, Beijing, China) at 37 °C for 15 min, followed
by incubation with anti-mouse I[gG-HRP conjugate (EnVision
FLEX/HRP; Dako) at room temperature for 25 min. Antibody
binding was visualized using an EnVision FLEX DAB
CHROMOGEN kit (Dako) according to the manufacturer’s
instructions. As negative control, primary antibodies were re-
placed with phosphate-buffered saline. Immunostaining of
PD-1 was scored as positive when in a hot spot inside the
tumor, or in the tumor invasive front, 3 or more TIL/high
power field (HPF) were identified, using an Olympus BX43
microscope.

Statistical analysis

Data analysis was performed using SPSS 17.0 statistical soft-
ware. Time-independent and categorical data were evaluated
using the chi-squared test, continuity correction, or Fisher’s
exact probability test as appropriate. Statistical significance
was defined as P < 0.05.

Results

Immunohistochemical expression of BRAF V600E,
PD-L1, and PD-1 in papillary thyroid carcinoma
without a background of CLT

VE] staining was considered positive and was diffuse with
either strong, moderate, or weak intensity (Fig. 1c, d) in 76%
of PTC cases. Even tumors with weak diffuse staining have
been shown to harbor the BRAF V600E gene mutation [29].
PD-L1 expression was located on the plasma membrane of
tumor cells, with or without cytoplasmic staining. The staining
pattern was either diffuse or focal (Fig. 1e). Strong staining on
histiocytes inside the glandular lumina and in the fibrous stro-
ma of PTC was not considered as positive. In six out of 18
follicular variant cases, the staining was focal. In the solid-
type variant, the staining was diffuse, and the tall cell variant
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was negative. PD-L1 expression was considered positive in
46% of all PTC cases.

Expression of PD-1 on TILs was found both in the tumor
center and in the invasive front of the tumor in 78% of PTC
cases (Fig. 1f).

Clinicopathological correlation of BRAF V600E, PD-L1,
and PD-1 expression

BRAF V600E expression was not significantly correlated
with the clinicopathological parameters patient age, gender,
tumor size, extrathyroidal invasion, pT, pN, stage grouping,
the presence of psammoma bodies, stromal calcification, bone
formation, and tumor multifocality (data not shown).

PD-L1 expression significantly correlated with the absence
of psammoma bodies (P = 0.007), but not with the other clin-
icopathological parameters (Table 1). Expression of PD-1 sig-
nificantly correlated with small tumor size and absence of
stromal calcification (P =0.022 and 0.010, respectively), but
not with the other clinicopathological parameters (Table 2).

The correlation between BRAF V600E, PD-L1,
and PD-1 expression

BRAF V600E expression was correlated with both PD-L1
and PD-1 expression (P =0.004 and 0.001, respectively)
(Tables 1 and 2, Fig. 2a, b). PD-L1 expression correlated sig-
nificantly with that of PD-1 (P =0.005) (Fig. 2c¢).

Classification of tumor microenvironments based
on PD-L1 andPD-1 expression

PD-L1 and PD-1 expression in the tumor microenvironment
was classified as type 1 (PD-L1+/PD-1+, 41%), type 2 (PD-
L1-/PD-1-, 17%), type 3 (PD-L1+4/PD-1—, 5%), and type 4
(PD-L1—/PD-1+, 37%). BRAF V600E expression, the pres-
ence of psammoma bodies, and stromal calcification were
significantly different between the four types. The BRAF
V600E was positive in 89% of type 1, 37% of type 2, 80%
of type 3, and 78% of type 4, respectively (P=0.001).
According to type, psammoma bodies were found in 33, 47,
40, and 68% of types 1, 2, 3, and 4, respectively (P=0.013),
while for stromal calcification, this was 47, 79, 60, and 44%,
respectively (P =0.065). In 8% of the 83 BRAF V600E-
positive cases, PD-L1—/PD-1— (type 2) expression was found.

Discussion

We studied immunohistochemical expression status of both
PD-L1 and PD-1 in a large number of human PTC cases.
Expression of PD-L1 and PD-1 and BRAF status have been
studied in follicular cell-derived thyroid carcinomas, as listed
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Table 1 The correlation between the PD-L1 expression and other clin-
icopathological parameters in papillary thyroid carcinoma without back-
ground lymphocytic thyroiditis

PD-L1 P value
+51 (46%) —59 (54%)

Age
<45 years 25 (49%) 33 (56%) 0.469
>45 years 26 (51%) 26 (44%)

Gender
Female 41 (80%) 38 (64%) 0.063
Male 10 (20%) 21 (36%)

Tumor size
<2cm 36 (%) 36 (61%) 0.199
>2 and <4 cm 11 (%) 21 (36%)
>4 cm 4 (%) 2 (3%)

Extrathyroidal invasion
- 6 (%) 14 (24%) 0.105
+ 45 (%) 45 (76%)

pT
b 5 (%) 12 (20%) 0.345
2 2 (%) 2 3%)
3 44 (%) 44 (75%)
4a 0 1 (2%)

pN
0 18 (35%) 21 (36%) 0.536
la 20 (39%) 18 (31%)
1b 13 (26%) 20 (34%)

Stage grouping
1 3 (6%) 10 (17%) 0.271
I 1 2%) 1 (2%)
11 35 (69%) 32 (54%)
IVA 12 (24%) 16 (27%)

Psammoma body
- 33 (65%) 23 (39%) 0.007
+ 18 (35%) 36 (61%)

Stromal calcification
- 26 (51%) 27 (46%) 0.585
+ 25 (49%) 32 (54%)

Bone formation
- 50 (98%) 57 (97%) 0.646
+ 1 2%) 2 (3%)

Multifocality
Unifocal 35 (69%) 40 (68%) 0.926
Multifocal 16 (32%) 19 (32%)

BRAF V600E
- 6 (12%) 21 (36%) 0.004
+ 45 (88%) 38 (64%)

in Table 3. Bastman et al. found in 92 cases of differentiated
thyroid carcinoma expression of PD-L1/PD-1 mRNA; PD-L1

expression was higher in patients with nodal metastases [24].
This is different from our findings, most likely due to meth-
odological differences. They also found no association of the
BRAF V600E mutation with immunohistochemical expres-
sion of PD-L1, but on a small cohort of 22 advanced pT4
cases. Ahn et al. found PD-L1 expression in approximately
6% of PTCs, without correlation with PD-L1 status or
oncogen mutation profile [21]. We found much more frequent
expression of PD-L1 (46%) in PTCs, positively correlated
with the expression of BRAF V600E and PD-1. The data of
Ahn et al. should be interpreted with caution, since they used
tissue microarrays which may not be representative of the
whole tumor.

In recent years, a novel antibody specifically recognizing
the BRAF V600E protein (clone VE1) has become available.
Its specificity and sensitivity toward the BRAF V600E protein
has been verified in many series of tumors, including in mel-
anoma and PTC [29-31], and immunohistochemical staining
with this antibody can be used as a surrogate for detection of
the BRAF V600E mutation. We used this antibody to detect
the BRAF V600E protein in PTC by immunohistochemistry,
and our results were in accordance with those of Angell et al.
[36] in that expression of BRAF V600E was associated with
increased PD-L1 expression. We also found expression of
BRAF V600E and PD-1 to be positively correlated. This pro-
vides a molecular basis for immunotherapy, targeting PD-L1/
PD-1, for the subset of PTC patients who are refractory to
radioiodine therapy. It should be noted that our cases were
mostly conventional PTCs, and the correlation between
BRAF V600E and PD-L1/PD-1 in specific PTC variants
should be investigated in larger case series. We found expres-
sion of PD-L1 to be correlated with the absence of psammoma
bodies, and of PD-1 with small tumor size and absence of
stromal calcification. Stromal calcification arises by deposi-
tion of calcium phosphate in the fibrous stroma. The forma-
tion of both psammoma bodies and stromal calcification re-
quires a certain amount of time. That PD-L1 is more often
expressed in the absence of psammoma bodies, and PD-1
more often in the absence of stromal calcification, suggests
that expression of PD-L1 and PD-1 is associated with a short
clinical course and both may be involved in tumor growth, as
has been shown in ovarian cancer [37].

A previous study has classified the tumor microenviron-
ment into four groups based on PD-L1 expression and the
presence of TILs [16]. Type 1 is PD-L1-positive in the pres-
ence of TILs which drives adaptive immune resistance, type 2
is PD-L1-negative in the absence of TIL which indicates im-
mune ignorance, type 3 is PD-L1-positive in the absence of
TILs indicating intrinsic induction, and type 4 is PD-L1-
negative in the presence of TILs indicating the role of other
suppressors in promoting immune tolerance. Patients with a
type 1 tumor are most likely to benefit from single agent anti-
PD-1/L1 blockage. In patients with a type 2 tumor, single
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Table 2 The correlation between the PD-1 expression and other clini-
copathological parameters in papillary thyroid carcinoma without back-
ground chronic lymphocytic thyroiditis

PD-1 P value
+ 86 (78%) —24 (22%)

Age
<45 years 44 (51%) 14 (58%) 0.534
>45 years 42 (49%) 10 (42%)

Gender
Female 61 (71%) 18 (75%) 0.695
Male 25 (29%) 6 (25%)

Tumor size
<2cm 59 (69%) 13 (54%) 0.022
>2and <4 cm 25 (29%) 7(29.)
>4 cm 2 (23%) 4 (17%)

Extrathyroid invasion
- 16 (19%) 4 (17%) 0.828
+ 70 (81%) 20 (83%)

pT
b 13 (15%) 4 (17%) 0.193
2 4 (5%) 0
3 69 (80%) 19 (79%)
4a 0 1 (4%)

pN
0 31 (36%) 8 (33%) 0.647
la 31 (36%) 7 (29%)
1b 24 (28%) 9 (38%)

Stage grouping
1 9 (11%) 4 (17%) 0.668
I 2 (2%) 0
111 54 (63%) 13 (54%)
IVA 21 (24%) 7 (29%)

Psammoma body
- 43 (50%) 13 (54%) 0.718
+ 43 (50%) 11 (48%)

Stromal calcification
- 47 (55%) 6 (25%) 0.010
+ 39 (45%) 18 (75%)

Bone formation
- 84 (98%) 23 (96%) 0.624
+ 2 (2%) 1 (4%)

Multifocality
Unifocal 59 (69%) 16 (67%) 0.857
Multifocal 27 (31%) 8 (33%)

BRAF V600E
- 14 (16%) 13 (54%) 0.001
+ 72 (84%) 11 (46%)

agent checkpoint blockage would most likely not be success-
ful, given the absence of pre-existing T cells, and combination
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Fig.2 a The correlation between BRAF V600OE and PD-L1 expression. b
The correlation between BRAF V600E and PD-1 expression. ¢ The
correlation between PD-L1 and PD-1 expression

therapies for this group should therefore be designed to bring
T cells into tumors, such as a combination of anti-CTLA4 and
anti-PD-1. For type 3 patients, a similar approach to that used
for type 2 patients might be employed to recruit lymphocytes
into tumors. For patients with a type 4 tumor, other
immunosuppressor pathways such as metabolites and non-T
cell effector strategies might be considered. The expression of
PD-1 in TILs provides a more direct indicator of the tumor
immunosuppression status. Therefore, we classified the tumor
microenvironment into four groups, according to the expres-
sion of PD-L1 in tumor cells and the expression of PD-1 in the
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TILs, which might direct immunotherapy approaches more
effectively. We found low incidence of BRAF V600E expres-
sion in PD-L1—/PD-1- presumably immune ignorant tumors,
and lack of psammoma bodies in PD-L1+/PD-1+ presumably
immune-resistant tumors, which may help to improve the pre-
diction of the efficacy of anti PD-L1/PD-1 immunotherapy.
In conclusion, we found that immunohistochemical expres-
sion of BRAF V600E was correlated with that of both PD-L1
and PD-1 in this series of PTC (of >1 c¢cm and without a
background of lymphocytic thyroiditis). Some distinctive
pathological features in PTC, including psammoma bodies
and stromal calcification, were predictive of PD-L1 or PD-1
expression. Furthermore, patterns of PD-L1 and PD-1 expres-
sion might be helpful to predict antitumor efficacy of immu-
notherapy targeting PD-L1/PD-1 in a subset of PTC patients.
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