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Abstract

To date, no research evaluating the predictive capabilities of soluble programmed cell
death-ligand 1 (sPD-L1) in thyroid cancer patients has been performed. We aimed to
investigate the prognostic significance of sPD-L1 expression in papillary thyroid cancer
(PTC) and to evaluate the association between sPD-L1 levels with tumoural PD-L1
expression and patient outcomes. Pre-treatment levels of serum and plasma sPD-L1 were
measured by ELISA in 101 PTC patients. Tissue microarrays were stained with an anti-
PD-L1 antibody, clone SP263 (Ventana). The median serum sPD-L1 concentration in PTC
patients was significantly higher compared to healthy controls (P =0.028). An increased
incidence of extrathyroidal extension was significantly associated with an elevated serum
sPD-L1 level (P=0.015). Patients with high serum sPD-L1 levels had significantly shorter

median disease-free survival (DFS) as compared to those with low sPD-L1 levels (P=0.011).

Following multivariate analysis, serum sPD-L1 was the only statistically significant
predictor for DFS. Patients with both positive serum and tumoural PD-L1 expression had
a significantly shorter DFS than those in any other subgroup (P =0.007). Our study is the
first to confirm that sPD-L1 concentration is significantly associated with patient outcome
in PTC. Soluble PD-L1 may provide clinicians with a non-invasive biomarker that can
lessen dependence on tissue biopsies and diagnose aggressive thyroid cancers at a more
treatable stage.
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Introduction

Thyroid gland carcinoma is the most common endocrine
malignancy, irrespective of ethnicity or geographic
location, accounting for approximately 90% of endocrine
cancers and 2.1% of all cancer diagnoses worldwide (1, 2).
Differentiated thyroid cancers (DTC; both papillary (PTC)
and follicular (FTC) histologies), derived from thyroid

follicular cells, are the most common subtype, accounting
for approximately 90% of all newly diagnosed cases (2).
Standard of care for these patients typically involves
surgical resection and suppression of thyroid-stimulating
hormone (TSH) via levothyroxine, with additional
consideration for adjuvant radioactive iodine (RAI)
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treatment to ablate residual thyroid tissue and eradicate
any suspected micrometastases or recurrent disease (1).
However, despite initial treatment, approximately 30%
of patients experience a clinically significant recurrence
throughout their lifetime (3). Moreover, 5-15% of patients
with metastatic disease will become refractory to RAI,
which is associated with a 10-year survival rate of only
10% (4, 5). As mortality rates remain high for patients
with advanced or metastatic DTC, continued research
exploring novel molecular-based biomarkers that can
enhance the capabilities of standard clinicopathological
staging, influence treatment direction and optimise
patient benefit from novel anti-tumour agents is vital.

Programmed cell death 1 (PD-1) is an immune
checkpoint receptor inducibly expressed on activated
T, B and natural killer (NK) cells (6). PD-1 interacts
with two ligands, programmed cell death-ligand 1
(PD-L1/B7H1/CD274) and programmed cell death-ligand
2 (PD-L2/B7DC/CD273) (7). PD-L1 is expressed on specific
tumour and immune cells, including activated B and T
cells, dendritic cells (DCs) and macrophages, whilst
PD-L2 expression is limited to macrophages and DCs.
PD-1/PD-L1 interactions impede T cell proliferation,
survival and effector functions and promote the
differentiation of CD4+ T cells into regulatory T cells
(Tregs), ultimately protecting the tumour from immune-
mediated rejection. We have recently completed a meta-
analysis confirming that elevated tumour PD-L1 is a
prognostic indicator for reduced DFS in patients with
non-medullary thyroid carcinoma (8).

Checkpoint inhibitors targeting the PD-1/PD-L1
signalling pathway have produced impressive responses
in select patients across several tumour types, including
advanced melanoma, non-small-cell lung carcinoma and
renal cell cancer (RCC) (9). Despite these encouraging
results, only a fraction of patients currently benefit from
checkpoint blockade therapy (10). Primary resistance to
anti-PD-1/PD-L1 therapies has been reported to affect
up to 60% of patients (11). Moreover, such treatments
are expensive and broad prescription in the absence
of predictive biomarkers is unlikely to be financially
sustainable (12, 13). Identifying responders and non-
responders prior to the commencement of treatment
would considerably reduce patient exposure to avoidable
toxicities, and the financial burden of these therapies on
healthcare systems.

Elevated sPD-L1 has recently been identified as a
poor prognostic factor in several cancer types, including
multiple myeloma, diffuse large B-cell lymphoma
(DLBCL), RCC, hepatocellular, lung and gastric cancer
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(14, 15, 16, 17, 18, 19). However, to date, the prognostic
value of sPD-L1 in thyroid cancer remains to be
investigated. We therefore aimed to investigate the
prognostic value of soluble PD-L1 in patients with PTC
and to evaluate the association between serum and plasma
sPD-L1 levels with tumoural PD-L1 expression.

Materials and methods
Patient characteristics

Ethics approval was obtained from the South West Sydney
Local Health District Human Research Ethics Committee
via the Centre for Oncology Education and Research
Translation (CONCERT) Biobank, Australia/TCRC/3/02-
03-2015 (HREC/13/LPOOL/449, HREC/14/LPOOL/152
and HREC/13/LPOOL/158) (20, 21).

Between December 2012 and March 2017, serum
and plasma samples of 101 patients with confirmed
PTC presenting at Liverpool Hospital were included into
our study. All patients provided their written informed
consent prior to study inclusion. Clinical characteristics
were obtained retrospectively. All patients were followed
up for survival status until March 2018.

The following clinical factors of PTC patients
were examined: age, sex, tumour stage (AJCC/UICC
classification 7th edition), tumour size, capsular invasion,
extrathyroidal extension, lymphovascular
multicentricity, presence of concurrent lymphocytic
thyroiditis and lymph node metastasis.

DES was defined as the period between completion
of primary treatment and detection of residual disease,
recurrent disease or death. An excellent response (absence
of persistent tumour) following initial therapy was
defined as (1) no clinically detectable thyroid cancer, (2)
no imaging evidence of tumour by RAI imaging and/or
neck ultrasound (US) or (3) low serum thyroglobulin (Tg)
during TSH suppression (Tg <0.2ng/mL) or following
stimulation (Tg <1ng/mL) with negative thyroglobulin
antibodies. The patients that did not experience tumour
persistence were censored at the last follow-up contact.

invasion,

Blood sampling

Patient blood samples were collected from each subject by
CONCERT Biobank staff prior to surgery in vacutainer tubes
containing EDTA for plasma or non-additive vacutainers
for serum specimens. Specimens were centrifuged at 600g
for 20min at room temperature to separate plasma from
whole blood. Serum tubes were centrifuged at 3000g for
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10min at 4°C. Serum and plasma samples were stored as
500uL aliquots at —80°C until analysis. Peripheral blood
samples obtained from healthy controls were collected
in the same manner. Healthy controls were defined as
volunteers with no active medical conditions.

sPD-L1 ELISAs

Soluble PD-L1 (sPD-L1) was quantified usinga commercially
available ELISA (PDCD1LG1 ELISA kit, USCN Life Science,
Wuhan, China) according to the manufacturers protocol.
The minimum detectable concentration of sPD-L1 was
0.052ng/mL in serum and 0.014ng/mL in plasma, and
the detection range was 0.156-10ng/mL. Fach sample
was analysed in duplicate. The intra- and interassay
coefficients of variation were below 20%.

Immunohistochemistry

Small core biopsies (approximately 0.6mm in diameter)
from formalin-fixed paraffin-embedded (FFPE) tissues with
a confirmed diagnosis of PTC were used to construct tissue
microarrays. Sections were stained with anti-PD-L1 (clone
SP263) rabbit monoclonal primary antibody (Ventana
Medical Systems, Tucson, AZ, USA) on the Ventana
BenchMark Ultra automated staining platform using the
OptiView Detection Kit. Specimens were given a score of
3 if >50% tumour cells are PD-L1 positive; 2 if >5% but
<50% tumour cells are PD-L1 positive; 1 if >1% but <5%
of tumour cells are PD-L1 positive and 0 if <1% tumour
cells express PD-L1. PD-L1 status was considered positive
when >1% of tumour cells demonstrated membranous
staining (score 1, 2 or 3). Fach slide was reviewed by two
investigators who were blinded to clinical outcome.

Statistical analyses

Correlations were analysed using the Pearson’s chi-
squared test, Fisher’s exact test, Mann-Whitney test
or Spearman’s rank correlation test. Regarding DES,
receiver-operating characteristic (ROC) curve analysis
was performed to determine the optimal cut-off value for
sPD-L1 concentration. Survival curves were plotted using
the Kaplan-Meier method and compared using the log-
rank test. A Cox regression model was used to perform
multivariate analyses that included all clinicopathological
features as covariates. A two-sided P<0.05 was considered
statistically significant. All statistical analyses were
performed using GraphPad Prism v.7.0d and SPSS software
(version 22).

sPD-L1 predicts survival in 8.7 1042

papillary thyroid cancer

Results
Patient characteristics

Table 1 summarises the characteristics of the cohort. The
median age was 47 years, and majority of cases were female.
Twelve patients were treated with hemithyroidectomy
and the remaining 89 patients with total thyroidectomy.

Table 1 Summary of patient characteristics.

Number of patients

Patient characteristics

(n=101)

Age

Median (range) 47.0 (20-80)

<55 72 71.30%

>55 29 28.70%
Sex

Male 29 28.70%

Female 72 71.30%
TNM stage

I 74 73.30%

Il 5 5.00%

1 16 15.80%

IVa 6 5.90%

Vb 0 0.00%
Tumour size

Median (range) 1.1 (0.05-7.0)

<2cm 77 76.20%

>2cm 24 23.80%
Multifocality

Present 36 35.60%

Absent 65 64.40%
Extrathyroidal extension

Present 23 22.80%

Absent 78 77.20%
Lymphovascular invasion

Present 24 23.80%

Absent 77 76.20%
Capsular invasion

Present 13 12.90%

Absent 88 87.10%
Lymph node metastases

Present 48 47.50%

Absent 53 52.50%
Concurrent Hashimoto's thyroiditis

Present 35 34.70%

Absent 66 65.30%
PTC subtype

CPTC 76 75.20%

FVPTC 12 11.90%

PTC/FTC 7 6.90%

Diffuse sclerosing variant 2 2.00%

Oncocytic variant 2 2.00%

Solid variant 1 1.00%

PTC/MTC 1 1.00%
Treatment

Hemithyroidectomy 12 11.90%

Total thyroidectomy 89 88.10%
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Histologically, the majority of patients (75.2%) were
diagnosed with classic form PTC (CPTC).

Serum sPD-L1 level is increased in PTC patients

The median serum sPD-L1 concentration in the
healthy cohort and PTC patients was 0.37ng/mL (range
0.30-0.79, mean 0.44+0.17) and 0.48ng/mL (range
0.05-4.91, mean 0.65%0.77), respectively. Soluble levels
of PD-L1 in the serum of PTC patients were significantly
higher when compared with levels identified in healthy
individuals (P=0.028, Fig. 1). Ten (9.9%) of the PTC
patients had serum sPD-L1 levels below the detection
range (0.156-10ng/mL).

Plasma sPD-L1 level is lower than serum sPD-L1 in
PTC patients

The median plasma sPD-L1 concentration in PTC patients
was 0.21ng/mL (range 0.01-1.71, mean 0.30£0.25), whilst
the median plasma sPD-L1 levels in the healthy cohort
was 0.19ng/mL (range 0.08-0.82, mean 0.30+0.23).
No significant difference between plasma sPD-L1 levels
in PTC patients and healthy individuals was observed
(P=0.9273, Fig. 1). The median level of serum sPD-L1 was
significantly higher than plasma sPD-L1 levels (0.48 ng/mL
vs 0.21ng/mL, P<0.0001). No significant correlation

A 6; B 3;

p=0.028

N

Serum sPD-L1 (ng/mL)
w

Plasma sPD-L1 (ng/mL)
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was observed between serum and plasma sPD-L1 levels
(Supplementary Fig. 1, see section on supplementary data
given at the end of this article; r=0.136, P=0.176).

Cut-off value for sPD-L1

There is currently no defined cut-off value to distinguish
between high and low sPD-L1 levels in patients with
cancer. Prior studies exploring the prognostic capabilities
of sPD-L1 concentration have used the median sPD-L1
level in the analysed cancer patient cohort (22), median
sPD-L1 level in a corresponding healthy cohort or ROC
curve models (23, 24) to establish a cut-off value. We
therefore used both the median serum and plasma
sPD-L1 value in the healthy cohort (0.37ng/mL and
0.19ng/mlL, respectively), and the median serum and
plasma sPD-L1 value in the PTC patient cohort (0.48ng/mL
and 0.21ng/mlL, respectively) as the cut-off value to
determine if patients had high or low sPD-L1 levels.
Additionally, ROC curves were generated to determine
the optimal sPD-L1 cut-off value for determining DFS
(Supplementary Fig. 2).

Serum sPD-L1 level correlated with
clinicopathological features of PTC

The associations between the serum and plasma levels
of sPD-L1 and the clinicopathological features of the

Figure 1

Serum (A) and plasma (B) sPD-L1 levels in PTC
patients and healthy individuals. The dashed line
represents the detection limit of the ELISA

PTC patients  Healthy controls PTC patients

(0.156 ng/mL). The horizontal lines signify the

Healthy controls medians.
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patients are summarised in Table 2 and Supplementary
Table 1. No correlations were noted between sPD-L1
level and age, TNM stage, multifocality, lymphovascular
invasion, capsular invasion, lymph node metastasis or
concurrent Hashimoto’s thyroiditis. However, presence
of extrathyroidal extension was significantly associated
with an increase in serum sPD-L1 level (Table 2; P=0.015).
Moreover, male patients were more likely to present with
elevated serum sPD-L1 levels (Supplementary Table 1;
P=0.047).

DFS curves using median sPD-L1 as the
cut-off value

At a median follow-up time of 16 months (range
1-60 months), disease progression occurred in 20 patients

sPD-L1 predicts survival in 8.7 1044
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at a median of 13 months (range 2-39 months). On
univariate analysis, patients with high serum sPD-L1 levels
demonstrated a significantly shorter DFS compared with
those with low sPD-L1 levels; this was significant when
using both the median cut-off value from the healthy
cohort (Fig. 2; 14 months vs 21.5 months, P=0.014) as
well as the median cut-off value from the patient cohort
(Fig. 2; 14 months vs 22 months, P=0.011). However,
plasma sPD-L1 was not a significant predictive marker for
DFS using either cut-off value (Fig. 2; P=0.263, P=0.405).

Optimal cut-off for sPD-L1 derived from ROC curve

The optimal cut-off for serum sPD-L1 derived from the
ROC curve was 0.44ng/mL, with an area under the curve
of 0.647 (95% confidence interval: 0.521-0.773, P=0.043,

Table 2 Relationship of serum and plasma sPD-L1 expression to clinicopathological characteristics in 101 PTC cases.

Serum sPD-L1 expression score Healthy cohort cut-off

Plasma sPD-L1 expression Healthy cohort cut-off

Patient characteristics SPD-L1°% (<0.37 ng/mL) sPD-L1"8"(>0.37 ng/mL) Pvalue sPD-L1%(<0.19ng/mL) sPD-L1"&"(>0.19ng/mL) P value
Age

<55 29 43 30 42

>55 12 17 1 10 19 0.653
Sex

Male 8 21 8 21

Female 33 39 0.118 32 40 0.177
TNM stage

1711 33 46 31 48

/v 8 14 0.807 9 13 1
Tumour size

<2cm 32 45 33 44

>2cm 9 15 0.814 7 17 0.339
Multifocality

Present 15 20 18 17

Absent 26 40 0.832 22 44 0.09
Extrathyroidal extension

Present 4 19 7 16

Absent 37 41 0.015 33 45 0.342
Lymphovascular invasion

Present 7 17 12 12

Absent 34 43 0.238 28 49 0.244
Capsular invasion

Present 8 5 3 10

Absent 33 55 0.132 37 51 0.236
Lymph node metastases

Present 19 29 18 30

Absent 22 31 1 22 31 0.69
Concurrent Hashimoto's thyroiditis

Present 12 23 12 23

Absent 29 36 0.395 28 37 0.521
Treatment

Total thyroidectomy 38 51 35 54

Hemithyroidectomy 3 0.351 5 7 1

The median sPD-L1 concentration in the serum (0.37 ng/mL) and plasma (0.19 ng/mL) of the healthy cohort was used as the cut-off value. Bold indicates

statistical significance.
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Figure 2

(A) Kaplan-Meier DFS analysis using the cut-off
point for serum sPD-L1 at 0.48 ng/mL. (B)
Kaplan-Meier DFS analysis using the cut-off point
for serum sPD-L1 at 0.37 ng/mL. (C) Kaplan-Meier

——  plasma sPD-L1'" . . R
DFS analysis using the cut-off point for plasma

——  plasma sPD-L1"e"

0 20 40 60 80 0 20
Time (months)

Supplementary Fig. 2A). This provided positive and
negative predictive values of 75 and 48%, respectively.
For plasma sPD-L1, the optimal cut-off was 0.19ng/mL,
with an area under the curve of 0.564 (95% confidence
interval: 0.435-0.694, P=0.375, Supplementary Fig. 2B).
This provided positive and negative predictive values of
75 and 60%, respectively. Survival analysis revealed that
the patients with high serum sPD-L1 had significantly
shorter DFS compared with those with low sPD-L1 levels
(14 months vs 23 months, P=0.010, Table 3). PTC patients
with high plasma sPD-L1 also showed shorter DFS than
those with low plasma sPD-L1, but the difference was not
significant (15 months vs 19 months, P=0.263).

sPD-L1 is an independent risk factor for DFS in
PTC patients

To further analyse sPD-L1 level as prognostic parameter, a
multivariate Coxregressionmodel was performed. Variables
including age (<55 years vs >55 years), gender (male vs
female), TNM stage (I/II vs III/IV), tumour size (<2cm vs
>2cm), multifocality (present vs absent), extrathyroidal
extension (present vs absent), lymphovascular invasion
(present vs absent), capsular invasion (present vs absent),
lymph node metastasis (present vs absent), concurrent
Hashimoto’s thyroiditis (present vs absent) and treatment
type (total thyroidectomy vs hemithyroidectomy) were
included in the model.

When using the cut-off values derived from the ROC
curves, multivariate analysis confirmed that elevated

Time (months)

T T

sPD-L1 at 0.19 ng/mL. (D) Kaplan-Meier DFS
40 60 80

analysis using the cut-off point for plasma sPD-L1
at 0.21 ng/mL.

serum sPD-L1 levels were significantly associated with
shorter DFS (P=0.017, Table 3). Increased serum sPD-L1
was also significantly associated with a shorter DFS when
the cut-off values from the healthy and patient cohort
were implemented (data not shown). Serum sPD-L1 was
the only remaining patient characteristic predictive of
DFS on multivariate analysis (Table 3).

Correlation between serum and plasma sPD-L1
levels with tumoural PD-L1 expression

Sixty-five of the 101 PTC patients enrolled in our study
had FFPE tissue available for analysis. Of the 65 patients,
30 were considered positive for membranous PD-L1
expression. Representative examples of PD-L1 scoring
are shown in Fig. 3. No significant association was
found between serum (P=0.652) or plasma (P=0.771)
PD-L1 levels and tumoural PD-L1 expression. The 65
patients included were representative of the total cohort
of 101 cases, with significantly decreased DFS observed
in patients with positive serum sPD-L1 concentration
(P=0.039). Tumoural PD-L1 was not a significant
predictive biomarker of DFS in our cohort (11.5 months
vs 16 months, P=0.256).

Sub-analysis was performed to assess the relationship
between tumoural PD-L1 expression, soluble PD-L1 levels
and prognosis. Cases were divided into four groups based
on positive or negative tumoural PD-L1 expression and
high or low serum sPD-L1 (group 1: tumoural PD-L1'°V,
serum sPD-L1% (15 patients); group 2: tumoural
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Table 3 Univariate and multivariate analyses of parameters associated with DFS using the ROC cut-off.
Univariate analysis Multivariate analysis

Patient characteristics Pvalue HR 95% CI Pvalue
Age

<55vs >55 0.46 0.401 0.103-1.563 0.188
Sex

Male vs female 0.038 1.389 0.468-4.122 0.554
TNM stage

I/11vs 1I/IV 0.353 0.534-5.403 0.37
Tumour size

<2cmyvs >2cm 0.471 0.798 0.254-2.503 0.698
Multifocality

Present vs absent 0.571 0.937 0.299-2.939 0.911
Extrathyroidal extension

Present vs absent 0.165 1.516 0.482-4.772 0.477
Lymphovascular invasion

Present vs. absent 0.074 3.241 0.986-10.651 0.053
Capsular invasion

Present vs absent 0.858 3.402 0.774-14.947 0.105
Lymph node metastases

Present vs absent 0.244 1.531 0.435-5.383 0.507
Concurrent Hashimoto's thyroiditis

Present vs absent 0.484 0.46 0.154-1.372 0.163
Treatment

Total thyroidectomy vs hemithyroidectomy 0.374 3.921 0.785-19.581 0.096
Serum sPD-L1'°% (<0.44 ng/mL) ROC

Low vs high 0.010 4.196 1.296-13.590 0.017
Plasma sPD-L1"°% (<0.19 ng/mL) ROC

Low vs high 0.263 1.946 0.599-6.319 0.268

Bold indicates statistical significance.

PD-L1Msh,  serum sPD-L1'°% (14 patients); group 3:
tumoural PD-L1°%, serum sPD-L1Ms8h (17 patients); group
4: tumoural PD-L1M8", serum sPD-L1"&" (19 patients)).
The median serum sPD-L1 value from the PTC patient
cohort (0.48ng/mL) was used as the cut-off on the basis
that it remained the most significant predictive marker on
multivariate analysis. Patients with both positive serum
and tumoural PD-L1 expression had a significantly shorter
DES than those in any other subgroup (Fig. 3; P=0.007).

Discussion

Molecular markers may assist clinicians in more accurately
discriminating between low-, intermediate- and high-risk
DTC (3). Accurate risk prediction would inform therapeutic
decision making, such as surgical extent or treatment
with novel PD-1/PD-L1-targeted immunotherapies. Given
the limited predictive value of PD-L1 expression by IHC,
additional biomarkers are currently being explored (25).
Accumulating evidence suggests that levels of sPD-L1 in
the serum, plasma or both, of cancer patients may predict
certain clinicopathological characteristics, response to

treatment and survival outcomes (14, 15, 17, 18, 19, 22,
24, 26, 27, 28, 29). There are a number of reasons why
sPD-L1 may provide different information and potentially
a broader measure of systemic inflammation state than
tumour PD-L1 levels and these are discussed further below.

In the present study, we investigated both serum and
plasma levels of sPD-L1 in a series of 101 PTC patients
to identify any associations with clinicopathological
characteristics and DFS. Serum sPD-L1 concentrations in
PTC patients were significantly higher when compared
to healthy controls (P=0.029). Elevated levels of sPD-L1
have similarly been reported in patients with advanced
NSCLC, melanoma and gastric cancer (14, 19, 29).
However, lower median levels of sPD-L1 were reported in
patients with hepatocellular carcinoma (HCC) compared
to healthy controls (0.5ng/mL vs 0.78ng/mL; P<0.01)
(17). Recently, Boffa et al. characterised PD-L1 expression
in the peripheral blood of lung cancer patients using
single-cell, automated slide-based digital pathology (30).
Two populations were included as controls; (1) a cohort
of ‘healthy controls’ including volunteers with no active
medical conditions and (2) a second cohort of ‘unhealthy
controls’ comprising patients initially suspected of having
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lung cancer, but were ultimately deemed not to have lung
cancer. Whilst no PD-L1 expression was detected within
peripheral circulating cells associated with malignancy
(CCAMs) in healthy controls, they were detected in
20% of the ‘unhealthy controls’, suggesting that PD-L1
expression may be influenced by a number of additional
factors unrelated to cancer.

In PTC patients, elevated serum sPD-L1 levels were
significantly associated with an increased incidence of
extrathyroidal extension. Furthermore, PTC patients with
higher serum sPD-L1 concentration had a poorer DES
than those with low sPD-L1 levels (P=0.011). Multivariate
analysis confirmed that a higher sPD-L1 level was a
significant independent prognostic factor for reduced DFS
(P=0.020). We went on to establish that the combination
of PD-L1 concentration in both serum and tissue was a
more potent predictor of DFS than either marker alone
(P=0.007). Several studies have similarly observed a
significant association between elevated sPD-L1 levels
and disease progression in other tumour types, including
NSCLC, HCC, biliary tract carcinoma, multiple myeloma
and DLBCL (14, 15, 18, 23, 26). Conversely, no significant
difference in sPD-L1 concentration was detected in the
serum of patients with cervical cancer, patients with
cervical intraepithelial neoplasia (CIN) and healthy
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controls (31). Moreover, higher levels of sPD-L1 were
associated with differentiated cancer, an absence of lymph
node metastasis and improved overall survival in a cohort
of advanced gastric cancer patients (32). Levels of sPD-1
and sPD-L1 were not indicative of an adverse outcome in
a cohort of 41 patients with advanced pancreatic cancer
(pancreatic ductal adenocarcinoma (PDACs): n=40, acinar
cell carcinoma n=1) (22). Membranous PD-L1 has been
reported to be poorly expressed in PDACs; thus, the low
concentration of sPD-L1 in the serum of PDAC patients
may reflect its minimal expression within the tumour
microenvironment.

The exact origin of sPD-L1 in patients with cancer
remains unclear. It has been postulated that circulating
sPD-L1 may arise from intrinsic splicing activities in
tumour cells and the proteolytic cleavage of membrane-
bound PD-L1. Whilst sPD-L1 was detected in the
supernatants of membrane PD-L1+ myeloma cell lines,
it was not observed in the PD-Ll-negative cell lines,
suggesting that cell-surface PD-L1 may be a source of
sPD-L1 (14). The correlation between serum sPD-L1 levels
and PD-L1 expression in the tumour tissue of patients
with nasal natural killer/T cell lymphoma (NNKTL) was
also reported to be statistically significant (24). However,
the tumour may not be the only source of sPD-L1.
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Rossille et al. reported no association between plasma
sPD-L1 and tumoural PD-L1 expression in DLBCL patients
(15). Similarly, no correlation was found between levels of
serum sPD-L1 and tumoural PD-L1 expression in a cohort
of patients with advanced pancreatic cancer (22). We too
established no significant relationship between tumoural
PD-L1 expression and soluble PD-L1 levels in either serum
or plasma. Cumulatively, these results suggest that non-
malignant cells may produce sPD-L1. Soluble PD-L1 was
shown to be secreted from human myeloid dendritic cells
(DCs) in the presence of cytokines and LPS during DC
maturation (29, 33). Moreover, myeloid derived cells have
the capacity to release PD-L1 molecules, whilst T cells,
even when optimally stimulated, only contribute trace
amounts (33). Therefore, sPD-L1 is derived from a range of
sources, both within the tumour and the immune system.

Circulating sPD-L1 retains its ligand-binding
immunoglobulin variable domain (IgV) (33). Binding of
sPD-L1 to PD-1 located on circulating T cells in peripheral
blood may suppress their anti-tumour activity on a
systemic scale. The co-incubation of CD4+ and CD8+ T
lymphocytes with mature DC-derived sPD-L1 has been
shown to promote T cell apoptosis (33). Moreover, it
was recently reported that mesenchymal stromal cells
(MSCs) suppress T cells through the secretion of both
PD-1 ligands PD-L1 and PD-L2 (34). Exposure of MSCs
to the pro-inflammatory cytokines interferon y (IFN-y)
and tumour necrosis factor o (TNF-a) upregulated both
cell surface and secreted forms of these ligands. Blocking
experiments confirmed their role in suppressing T cell
proliferation, interleukin-2 (IL-2) secretion, inducing
hypo-responsiveness and cell death. Thus, soluble
PD-1 ligands play an important role in modulating
T cell behaviour and induction of peripheral tolerance.
Additional research exploring the mechanisms regulating
PD-L1 release will be necessary to further optimise PD-L1
checkpoint immunotherapies.

Blockade of the PD-1/PD-L1 axis has produced clinical
benefits in patients with a variety of cancers (35). The
FDA has approved the anti-PD-1 antibodies nivolumab
and pembrolizumab, as well as the PD-L1 inhibitors
atezolizumab, avelumab and durvalumab, for the
treatment of many diverse cancers, including Merkel cell
carcinoma (MCC), classical Hodgkin lymphoma (cHL),
urothelilal carcinoma, squamous cell carcinoma of the
head and neck (SCCHN), non-small-cell lung carcinoma
(NSCLC), RCC and melanoma (36). Potential applications
of these immune checkpoint antibodies in thyroid cancer
are currently being investigated in a number of ongoing
clinical trials. According to results from the KEYNOTE-028
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trial presented at the 2016 ASCO Annual Meeting,
pembrolizumab has demonstrated promising antitumor
activity with durable responses in patients with advanced
(unresectable and/or metastatic) PTC and FTC (37). Partial
responses at the time of last follow-up were demonstrated
in only 9.1% (2/22) of the cohort. However, 12/22 (54.5%)
patients were able to maintain stable disease for prolonged
periods with no treatment-associated discontinuations
or deaths. In a case study involving a 52-year-old
male with ATC, treatment with the BRAF inhibitor
vemurafenib achieved a mixed response; however, the
incorporation of nivolumab into the treatment regimen
resulted in substantial regression of disease (37). The
patient continued to remain in complete radiographic
and clinical remission 20 months after the initiation of
treatment with nivolumab. Melanoma patients with high
pre-treatment levels of sPD-L1 had an increased likelihood
of progressive disease following treatment by CTLA-4 or
PD-1 blockade (29). The soluble form of PD-1 (sPD-1)
also possesses predictive capabilities in NSCLC (27) and
hepatitis B virus (HBV)-related hepatocellular carcinoma
(HCC) (38) and is currently being investigated in a clinical
trial exploring its use as a response-related biomarker in
advanced melanoma patients (NCT03197636). Further
research will be necessary to elucidate the value of
sPD-L1 asa predictive biomarker of PD-1/PD-L1 checkpoint
blockade in thyroid cancer. By identifying responders and
non-responders prior to the commencement of treatment,
patient exposure to avoidable immune-related toxicities
and the financial burden of these therapies on healthcare
systems would be significantly reduced.

To date, there is a lack of consensus regarding which
blood fraction is best for sPD-L1 analysis. Our findings
demonstrate that levels of sPD-L1 are not consistent
amongst blood fractions collected from patients with PTC,
with levels of sPD-L1 in plasma samples significantly lower
than those in serum samples. Rapid proteolytic degradation
in plasma was observed to occur within minutes of
blood sample collection via endogenous proteases and
peptidases, resulting in preanalytical variability that may
interrupt meaningful data interpretation (39). Mixing of
protease inhibitors with blood immediately during the
blood draw was recommended to immediately minimise
proteolytic degradation. It is important to note that the
instruction manual accompanying the ELISA kit chosen
for our study highly recommended the use of serum
instead of plasma based on their in-house data. However,
a number of prior studies have detected elevated sPD-L1
levels in plasma specimens using the same manufacturer’s
kit (15, 18, 28). This discrepancy may be due to a lack of
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standardisation of protocols regarding sample processing
and protein measurement. Processing of plasma at
the CONCERT Biobank, from which our samples were
obtained, was performed under different conditions to
those recommended from the ELISA kit manufacturer.
Whilst the CONCERT Biobank protocol specifies for
samples to be centrifuged at 600g for 20min at 20°C to
separate plasma, the guidelines from the manufacturer
state samples be centrifuged for 15min at 1000 g at 2-8°C.
Thus, proteolytic activity may have been greater at a
higher temperature, and the centrifugations speed may
not have been optimal to isolate the target protein from
plasma (40).

The expression of PD-L1 evaluated by IHC is currently
the primary biomarker used in determining patient
response to immunotherapy treatment (41). However,
several concerns have been raised regarding its use. To date,
different PD-L1 assays and testing platforms have been
incorporated in numerous studies, with each adopting
varying scoring algorithms and anti-PD-L1 antibodies
(42). Nevertheless, the PD-L1 monoclonal antibodies
SP142, E1L3N, 9A11, SP263, 22c3 and 28-8 were recently
shown to all yield highly concordant results in 30 cases
of NSCLC (43). It was suggested that the discordance seen
between studies is instead likely due to the intratumoral
and temporal heterogeneity of PD-L1 expression and
other assay-specific variables. The incorporation of
additional biomarkers, including tumour mutational load,
the presence and type of tumour-infiltrating immune
cells, additional immune checkpoints and soluble PD-L1
levels may overcome the limitations of PD-L1 testing via
IHC (44, 45).

Whilst our results suggest that sPD-L1 levels are
predictive of DFS in PTC, additional prospective studies
with larger sample sizes should be conducted to validate
these findings. Additionally, whilst ELISA detected total
levels of sPD-L1 in our samples, it was not capable of
establishing the quality of sPD-L1, particularly its PD-1-
binding capacity. Takeuchi et al. recently developed a
novel ELISA system for the detection and quantification
of sPD-L1 which has retained its PD-1-binding capabilities
(bsPD-L1) (46). Whilst the conventional ELISA detected
sPD-L1 in only 10.6% of samples, their new system
could determine levels with much higher sensitivity and
frequency, with bsPD-L1 identified in 29 of the NSCLC
patients (38.6%). Research clarifying its efficacy and
application in other cancer types is warranted.

Our study is the first to confirm that elevated serum
sPD-L1 concentration is significantly associated with DFS
in PTC. Levels of sPD-L1 may provide clinicians with a
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non-invasive biomarker that can lessen dependence on
tissue biopsies and identify aggressive thyroid cancers
at an earlier stage. Serum sPD-L1 may be used to predict
favourable clinical response to PD-1/PD-L1 checkpoint
inhibitors in PTC.
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