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Simple Summary: No soluble biomarker is clinically implemented for patients with Gastrointestinal
Stromal Tumor (GIST). High tissue expression of Programmed Death-Ligand 1 (PD-L1) has been
associated with a poor prognosis in other cancer types. We aimed to investigate the prognostic value
of plasma Programmed Death Protein-1 (PD-1)- and PD-L1 concentrations in patients with GIST.
Sensitive immune-assays were used to determine the plasma PD-1 and PD-L1 concentrations in a
national study, including 157 patients diagnosed with GIST, independent of disease- and treatment
status. Patients with active GIST had significantly higher plasma concentrations of PD-1 and PD-L1
than patients without evidence of disease. Patients with active GIST had the highest plasma con-
centration of PD-L1 and a significantly poorer prognosis than patients with low concentrations of
plasma PD-L1.

Abstract: Background: This study investigates the prognostic value of plasma Programmed Death
Protein-1 (PD-1) and Programmed Death-Ligand 1 (PD-L1) concentrations in patients with Gastroin-
testinal Stromal Tumor (GIST). Methods: Patients with GIST were included (n = 157) from the two
Danish sarcoma centers, independent of disease- and treatment status. The patients were divided
into three subgroups; 1: patients with localized disease who underwent radical surgery; 2: patients
with local, locally advanced, or metastatic disease; and 3: patients without measurable disease who
had undergone radical surgery. Sensitive electrochemiluminescence immune-assays were used to
determine PD-1 and PD-L1 concentration in plasma samples. The primary endpoint was the PFS.
Results: No patients progressed in group 1 (n = 15), 34 progressed in group 2 (n = 122), and three
progressed in group 3 (n = 20). Significantly higher plasma concentrations of PD-1 (p = 0.0023) and
PD-L1 (0.012) were found in patients in group 2 compared to PD-1/PD-L1 levels in postoperative
plasma samples from patient group 1. Patients with active GIST having a plasma concentration
of PD-L1 above the cutoff (225 pg/mL) had a significantly poorer prognosis compared to patients
with plasma PD-L1 concentration below the cutoff. Conclusions: Plasma PD-L1 shows potential as a
prognostic biomarker in patients with GIST and should be further evaluated.
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1. Introduction

Gastrointestinal Stromal Tumor (GIST) is a mesenchymal tumor of the gastrointesti-
nal tract, most commonly located in the stomach [1]. The annual incidence is 10-15 per
million inhabitants, varying with geographic location [2]. Patients with GIST can remain
asymptomatic until the tumor has reached a considerable size, affecting the surroundings
unless the tumor causes gastrointestinal bleeding by ulceration [1]. Mutations in either
tyrosine-protein kinase KIT (KIT) or platelet-derived growth factor receptor A (PDGFRA)
are characteristic of GIST and are harbored by most GIST cells [3]. The mutation status of
KIT and PDGFRA [4,5], together with the tumor location, tumor size, and mitotic count [6],
are prognostic factors and aid in clinical decisions on whether to offer medical oncological
treatment to the patients before and after surgery [7,8]. The medical oncological treatment
comprises tyrosine kinase inhibitors primarily imatinib, and is used in neoadjuvant, adju-
vant, and palliative settings [7,8]. To overcome secondary resistance to TKI treatment, a
hypothetic course of action could be targeting the immune system, which is effective in
other types of cancer, such as lung cancer [9]. Today, however, immune therapy is not used
for treating patients with GIST.

In GIST, two types of infiltrating immune cells are well described: macrophages and
T-cells [10]. Programmed death protein-1 (PD-1) expressing T-cells bind to Programmed
death-ligand 1 (PD-L1) presented on either a tumor cell or an antigen-presenting cell [11].
The activation of this pathway negatively affects the T-cells, leading to T-cell dysfunction or
apoptosis [11], just as tumor cells can avoid undergoing apoptosis when the PD-1/PD-L1
pathway is activated [11].

It has been reported that the tumor expression of PD-L1 is associated with a poor
prognosis for several types of cancer, such as pancreatic cancer [12], gastric cancer [13], hep-
atocellular carcinoma [14], esophageal cancer [15], and renal cell carcinoma [16]. However,
studies investigating the prognostic value of PD-L1 protein expression using tissue from
patients diagnosed with GIST have shown divergent results [17-20].

In a study by Fanale D et al. (2021) [21], patients with untreated, metastatic GIST
(n = 30) harboring a KIT exon 11 aberration were included. In this highly selected cohort,
the plasma concentrations of PD-1 and PD-L1 were evaluated. An association was found be-
tween a shorter progression-free survival (PFS) and plasma concentrations of PD-1 and PD-
L1. This study had a predetermined threshold for PD-1 and PD-L1 plasma concentrations.

To date, no soluble biomarker is used in clinical diagnostic or prognostic decisions
in patients with GIST. Therefore, we aimed to investigate the prognostic value of plasma
PD-1 and PD-L1 concentrations in a nationwide, prospectively included cohort of patients
diagnosed with GIST independently of disease or treatment status.

2. Materials and Methods

This prospective, non-interventional, explorative study aimed to investigate the prog-
nostic value of plasma PD-1 and PD-L1 concentrations in patients with GIST.

The Regional Ethics Committee (H-18029854) and the Head of the Knowledge Center
on Data Protection Compliance (P-2019-706) approved the study. The study was performed
according to the latest revised Helsinki declaration and Danish Legislation. All patients
included in the study provided written informed consent.

2.1. Patients

Patients were included from January 2019 to December 2021 at the Department of
Oncology, Herlev, and Gentofte Hospital, the Department of Oncology, Aarhus University
Hospital, and the Department of Surgery and Transplantation, Rigshospitalet, in Denmark.
The oncological departments included patients with GIST independent of disease- or
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treatment status. All patients with a GIST of >2 cm planned for surgery immediately or
after neoadjuvant treatment were included. Primary tumor size was determined on surgery
tumor specimens for patients undergoing primary surgery or on a CT scan for patients
undergoing surgery after receiving neoadjuvant imatinib. The following patients were
excluded: patients ending adjuvant treatment > two years ago and patients who started
the adjuvant treatment 0-30 months ago.

The patients were divided into three groups depending on disease status: (1) patients
with local disease who underwent radical surgery, (2) patients with local, locally advanced,
microscopic, or macroscopic metastatic disease, and (3) patients without measurable disease
(patients radically resected for localized GIST and in adjuvant treatment or patients in
surveillance after completed adjuvant treatment) (Figure 1). Blood samples were collected
preoperatively and one day postoperatively, and for patients followed at the oncological
departments, collected at inclusion and at times for control CT scans, typically every
third month. The blood samples collected from patients in group 1 were divided into
preoperative (group 1A) and postoperative samples (group 1B).

157 patients
Group 1:
Surgical patients Group 2 & 3:
~ 142 patients
15 patients
Group 2: Group 3:
Group 1A: [patients with local, patients withno
p A Group 1B: locally advanced evidence of
Preoperative Postoperative lor metastatic GIST| disease
122 patients 20 patients
Preoperative: Postoperative: At inclusion: At progression: At inclusion: At progression:
15 samples 15 samples 122 samples 25 samples™ 20 samples 3 samples™

Figure 1. Flow chart of included patients. Group 1: patients with local disease who underwent
radical surgery; group 2: patients with local, locally advanced, microscopic, or macroscopic metastatic
disease, and group 3: patients without measurable disease (patients radically resected for localized
GIST and in adjuvant treatment or patients in surveillance after completed adjuvant treatment).
* Thirty-four patients progressed in total, but only 25 progression samples were available from
21 patients. ** Three patients progressed, and all three had a progression sample available.

2.2. Samples Handling

Blood samples were collected in 3.5 mL sodium citrate tubes and handled through
the Danish CancerBiobank, Bio- and GenomeBank, Denmark. There was a four-hour limit
from blood sampling to centrifugation. The centrifugation was performed at 2000x g or
2500 g for 10 min to isolate plasma. There was a two-hour limit from processing the blood
samples to storage. All samples were handled within 6 h during one working day. The
plasma was stored at —80 °C until use for the study. The plasma had been thawed once
during the storage period.
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2.3. Determination of PD-1 and PD-L1

The PD-1 and PD-L1 analyses were performed using U-PLEX human PD-1 (Epitope 1)
and PD-L1 (Epitope 1) assays from Meso Scale Discovery (Rockville, MD, USA) MESO
QuickPlex SQ reader using electrochemiluminescence according to the descriptions from
the supplier. Initially, 96-well U-PLEX plates were coated with a color-coded linker for
each antibody. The linker and biotinylated capture antibody were coupled through mixing
and incubation at room temperature. A stop solution was added to the mix to stop the
linker-and antibody reaction. The solution was then applied to the plate, shaken for one
hour at room temperature, and washed three times.

The plasma samples were thawed and then centrifuged at 2000 g for 3 min. Fifty
uL of plasma (diluted 1:4) or calibrator standard was added to each well on the plate, and
the plate was incubated at room temperature with shaking for two hours. The plate was
washed three times, and subsequently, detection antibodies conjugated with SULFO-TAG
were added to each well and incubated at room temperature with shaking for one hour.

After washing, MSD GOLD Read Buffer B was added to the plate, catalyzing the
electro-chemiluminescent reaction. The plate was read using the MESO QuickPlex SQ
reader, and emitted light signals were converted to concentrations on the calibration curve
using the built-in software.

Samples with results above the fit curve range (n = 2) were excluded from the
dataset since the calculated concentrations were extrapolated, and data should be used
with caution.

2.4. Data Analysis

Baseline characteristics are presented as numbers with percentages or as medians
with 5% and 95% percentile. Categorical variables were compared by the Student’s t-test,
whereas continuous variables were compared by the Kruskal-Wallis H test. For comparison
of plasma concentrations obtained from one patient at different time points (pre- and post-
operative as well as at inclusion and at progression), we used the non-parametric Wilcoxon
matched pairs signed rank test since the difference in means was not normally distributed.

The primary endpoint was PFS. Progression of GIST was evaluated by the Response
Evaluation Criteria in Solid Tumors 1.1. [22]. Death due to GIST was also interpreted as the
progression of GIST. The cutoff date for data analysis was 1 September 2022.

The Kaplan-Meier method and log-rank test were applied to compare median PFS.
Crude and adjusted hazard ratios (HRs) were estimated using the Cox regression model.
The multivariate analysis included the plasma PD-1 or PD-L1 concentrations (pg/mL), sex,
and age at inclusion.

The patient groups of interest were divided into low or high concentrations based on
the group’s median values of PD-1 or PD-L1. Furthermore, the groups were divided into
quartiles based on the plasma concentrations of PD-1 and PD-L1.

Stata v. 17 was used for data analysis, and Graphpad Prism (version 9) was used
for visualizing median values and changes in PD-1 and PD-L1 values over time. For all
analyses, a significance level of 0.05 was used.

3. Results
3.1. Patient Characteristics

A total of 157 patients were included in this study, 15 patients in group 1, 122 in
group 2, and 20 in group 3 (Figure 1). Table 1 shows patient and disease characteristics
at the time of inclusion for patients. There was an equal distribution of men and women
(49.7% vs. 50.3%). The median age at inclusion was 69 years (20 to 92 years). There was no
statistically significant difference in the age at inclusion between the sexes. In group 1, no
patients progressed or died from GIST during the follow-up period, but in groups 2 and 3,
thirty-four patients and three patients died, respectively. The median follow-up time was
2.37 years.
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Table 1. Patient and disease characteristics at the time of inclusion for patients undergoing radical
surgery (group 1), patients with GIST (group 2), and patients without evidence of disease (group 3).

UrIl,;:r::)tisng Patients with Patients without
Radical Surgery Active GIST Evidence of Disease
Patient Characteristics ) (Group 2) 2, (Group 3) 3, p-Value
(Group 1) *,
n=15 n= 122 n= 020
N, (%) N, (%) N, (%)
Sex
Male 6 (40.0) 65 (53.3) 7 (35.0) 023
Female 9 (60.0) 57 (46.7) 13 (65.0) ’
Age in years
Median (min-max) 73 (44-92) 69 (20-87) 66 (32-81) 0.22
Disease status at inclusion
No evidence of disease 0 (0.0 0(0.0) 20 (100.0)
Local disease 14 (93.3) 10 (8.2) 0 (0.0)
Locally advanced disease 1(6.7) 28 (23.0) 0(0.0)
Microscopic disease 4 0 (0.0) 28 (23.0) 0(0.0)
Metastatic disease 0(0.0) 56 (45.9) 0(0.0)
Treatment at inclusion
No treatment 15 (100.0) <3(L2.5) 8 (40.0)
Adjuvant 0 (0.0) 0 (0.0) 12 (60.0)
Neoadjuvant 0(0.0) 18 (14.8) 0(0.0)
Lifelong 0(0.0) 102 (83.6) 0(0.0)

! Patients planned for radical surgery of GIST. 2 Patients with local, locally advanced, or metastatic disease.
3 Patients radically resected for localized GIST and in adjuvant treatment or patients in surveillance after com-
pleted adjuvant treatment. 4 Patients with microscopic disease after R1 surgery or metastases surgery etc.

3.2. Plasma PD-1 and PD-L1

The sex was not significantly associated with plasma PD-1 concentration (plasma PD-1
concentration for males: median 222 pg/mL, P5: 114 pg/mL, P95: 555 pg/mL; plasma
PD-1 concentration for females: median 186 pg/mL, P5: 95 pg/mL, P95: 540 pg/mL,
p = 0.056) but was significantly associated with plasma PD-L1 concentration (plasma PD-L1
concentration for males: median 178.5 pg/mL, P5: 122 pg/mL, P95: 294 pg/mL; plasma
PD-L1 concentration for females: median 156 pg/mL, P5: 98.4 pg/mL, P95: 261 pg/mL,
p = 0.0068), with males having higher plasma concentrations. This was tested using the
Kruskal-Wallis test. However, the proportional risks assumption was still fulfilled in the
overall model used in the multivariate analysis. Age at inclusion was not associated with
the plasma PD-1 or PD-L1 level.

Patients with local, locally advanced, or metastatic GIST (group 2) had significantly
higher median concentrations of both plasma PD-1 and plasma PD-L1 than patients that had
undergone radical surgery (group 1B) (Table 2 and Figure 2). Furthermore, after stratifying
on the disease status, we found a significant difference in the plasma concentration of PD-1
(p = 0.033) but not for PD-L1 (p = 0.098) (Table 2).

The plasma PD-1 and PD-L1 concentrations were not found to have prognostic value
in either the univariate- or multivariate analyses within group 2 patients, Table 3. Sex or
age at inclusion alone did not significantly impact the time to progression of GIST (p = 0.86
and p = 0.14, respectively). Figure 3 shows the Kaplan—-Meier plots of PFS for patients
in group 2, stratified by the PD-1 and PD-L1 quartile concentrations. Patients in group 2
with the highest plasma concentration of PD-L1 (>225 pg/mL corresponding to patients
with a plasma concentration of PD-L1 in the top quartile) had the shortest PFS (HR: 2.13,
95% CI 1.05-4.31, p = 0.036). This was confirmed in a multivariate analysis, including
age at inclusion and sex (HR: 2.28, 95% CI 1.12-4.65, p = 0.023). No such association
was found for the plasma concentration of PD-1 (HR: 1.70, 95% CI 0.79-3.64, p = 0.17).
Since group 2 includes patients with local, locally advanced, micro-, and macro metastatic
disease, another multivariate analysis, including disease status, was also performed. The
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results from the multivariate analysis did not change significantly when including disease
status (PD-L1: HR: 2.24, 95% CI 1.09-4.59, p = 0.028; PD-1: HR: 1.95, 95% CI 0.90-4.19, p =
0.088).

Table 2. Plasma PD-1 and PD-L1 concentrations stratified on the patients” disease statuses.

PD-1, pg/mL PD-L1, pg/mL
Disease Status ; -
Median (P5-P95) p-Value Median (P5-P95) p-Value
Group 2 202.0 (110.0-540.0) 0.0023 * 179.0 (107.0-294.0) 0.012 *

No evidence of disease 1, n =15
Local disease 2, n = 10
Locally advanced disease
n=28
Microscopic disease 2 n=28
Metastatic disease 2, 1 = 56

131.0 (92.5-863.0) 144.0 (111.0-228.0)
207.0 (93.2-396.0) 190.0 (120.0-380.0)
2
’ 208.5 (107.0-555.0) 0.033 173.5 (98.4-249.0) 0.098
208.5 (142.0-726.0) 177.0 (102.0-265.0)
189.5 (102.0-540.0) 183.5 (115.0-332.0)

! Postoperative samples from patients radically resected of GIST (group 1B), 2 Patients in group 2 * This group
is compared with the postoperative samples from patients radically resected of GIST (group 1B) Abbreviations:
PD-1: Programmed death protein-1; PD-L1: Programmed Death-Ligand 1; P5: the 5th percentile; P95: the
95th percentile.
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Figure 2. The plot visualizes the plasma concentration of PD-1 and PD-L1 in the group of postopera-
tive samples from patients that had undergone radical surgery (group 1B) and the group of patients
with local, locally advanced, or metastatic GIST (group 2). The horizontal lines mark the median
values in the two groups. Abbreviations: PD-1: Programmed death protein-1; PD-L1: Programmed
Death-Ligand 1.

Table 3. Univariate and multivariate analysis of the plasma PD-1 and PD-L1 concentrations * at the
time of inclusion for patients with GIST (group 2).

Univariate Analysis Multivariate Analysis **

HR 95% CI p-Value HR 95% CI p-Value
PD-1 1.48 0.75-2.93 0.26 1.55 0.78-3.10 0.21
PD-L1 1.70 0.86-3.38 0.13 1.80 0.90-3.60 0.095

* Group 2 was divided into low or low concentrations based on the median values of PD-1 or PD-L1 in group 2.
** The multivariate analysis included sex and age at inclusion. Abbreviations: HR: Hazard ratio; CI: Confidence
interval; PD-1: Programmed death protein-1; PD-L1: Programmed Death-Ligand 1.
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Figure 3. Kaplan—-Meier plots for PFS from the time for inclusion of patients in group 2. (A) The pa-
tients in group 2 were stratified into four groups (Q1-Q4) based on the PD-1 concentration in group 2.
PD-1Q1: <162 pg/mL; PD-1 Q2: > 162 pg/mL, <202 pg/mL; PD-1 Q3: > 202 pg/mL, <258 pg/mL;
PD-1 Q4: > 258 pg/mL. (B) The patients in group 2 were stratified into four groups (Q1-Q4) based
on the PD-L1 concentration PD-L1 in group 2. PD-L1 Q1: 149 pg/mL; PD-L1 Q2: > 149 pg/mL,
<179 pg/mL; PD-L1 Q3: > 179 pg/mL, <225 pg/mL; PD-L1 Q4: > 225 pg/mL. Abbreviations: PD-1:
Programmed death protein-1; PD-L1: Programmed Death-Ligand 1.

For patients with blood samples available from the time of inclusion and time of
progression (n = 21), the plasma PD-1 and PD-L1 concentrations from the two-time points
were compared (Table 4). The median plasma concentration of PD-L1 was higher at
progression than at the time of inclusion, and the difference pointed towards a tendency
(p = 0.062). No such relation was found regarding the plasma PD-1 concentration. Figure 4
illustrates the plasma concentrations of PD-1 (Figure 4A) and PD-L1 (Figure 4B) over time
for the 21 patients having an available blood sample collected at progression. Four patients
had a second progression sample, and three had a third progression sample available
(Figure 4).
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Table 4. Plasma PD-1 and PD-L1 concentrations at the time of inclusion compared to the first time of
progression for patients with an available blood sample at the time of progression.

Blood Sample at the Time  Blood Sample at the Time
of Inclusion (n = 21) of Progression (n = 21)
Median (P5-P95) Median (P5-P95) p-Value
PD-1, pg/mL 190.0 (95.0-314.0) 188.0 (93.4-384.0) 0.56
PD-L1, pg/mL 163.0 (103.0-234.0) 186.0 (108.0-313.0) 0.062

Abbreviations: P5: the 5th percentile; P95: the 95th percentile; PD-1: Programmed death protein-1; PD-L1:
Programmed Death-Ligand 1.
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Figure 4. The plots visualize the PD-1 (A) and PD-L1 (B) concentrations at the time of inclusion and
at the time of progression for the 21 patients having an available progression sample. In Figure 4A,
one patient’s samples were removed since they were outliers (plasma concentration of PD-1 at the
inclusion of 726 pg/mL and 643 pg/mL at progression). In Figure 4B, one patient’s samples were
removed since the progression sample was an outlier (plasma concentration of PD-L1 at the inclusion
of 215 pg/mL and 751 pg/mL at progression). The outliers in Figure 4A,B were removed since they
made it difficult to visualize the other patients’ results. Abbreviations: PD-1: Programmed death
protein-1; PD-L1: Programmed Death-Ligand 1.

The plasma PD-1 concentration was found to be significantly lower postoperative
compared to preoperative, p = 0.024 (Table 5 and Figures 5 and 6). No such relation was
found for the plasma PD-L1 concentration.

Table 5. Plasma PD-1 and PD-L1 concentrations pre- (group 1A) vs postoperative (group 1B) in
patients undergoing radical resection for GIST.

Preoperative (Group 1A),
n=15

Postoperative (Group 1B),
n=15

Median (P5-P95) Median (P5-P95) p-Value
PD-1, pg/mL 166.5 (73.5-1105.0) 131.0 (92.5-863.0) 0.024
PD-L1, pg/mL 133.0 (96.4-242.0) 144.0 (111.0-228.0) 0.79
Abbreviations: P5: the 5th percentile; P95: the 95th percentile; PD-1: Programmed death protein-1;

PD-L1: Programmed Death-Ligand 1.
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Figure 5. The plot visualizes the plasma concentrations of PD-1 and PD-L1 in the pre- (group 1A) and
postoperative (group 1B) samples from patients undergoing radical surgery (n = 15). The horizontal
lines mark the median values in the two groups.
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Figure 6. The plot visualizes the plasma concentrations of PD-1 (A) and PD-L1 (B) in the pre-
(group 1A) and postoperative (group 1B) samples from patients undergoing radical surgery (n = 15).
In Figure 6A, one patient’s samples were removed since they were outliers (plasma concentration of
PD-1 preoperative of 1105 pg/mL and postoperative 863 pg/mL) and made it difficult to visualize
the other patients’ results.

4. Discussion

In this study, we evaluated soluble PD-1 and PD-L1 in blood samples from a unique
cohort of 157 patients with GIST to explore the prognostic potential of these biomarkers.

Our study showed that patients with local, locally advanced, or metastatic GIST
had significantly higher plasma concentrations of PD-1 and PD-L1 than patients without
evidence of disease after radical resection of GIST. The plasma concentration could not
distinguish patients with local, locally advanced, micro-, or macro-metastatic disease
from each other. Furthermore, we found that PD-L1 plasma concentration could hold a
prognostic value in patients with an active GIST, as the patients with the highest plasma
concentrations of PD-L1 (>225 pg/mL) had a poorer prognosis compared to patients
having a lower plasma PD-L1 concentration (<225 pg/mL). No such relation was found
for plasma PD-1 concentrations. Moreover, a significantly lower plasma concentration of
PD-1 postoperative than preoperative was found for patients undergoing radical resection.

In several types of cancer, a high PD-L1 tumor expression in tissue is associated with a
poor prognosis [12-16]. Several studies have investigated the association between PD-L1
expression in GIST tumor specimens and prognosis (Table 6). The results point in different
directions regarding the impact of PD-L1 expression on the prognosis. Additionally, the
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relation between the PD-L1 expression and the number of CD8+ T-cells diverges between

the studies.

Table 6. Studies investigating PD-L1 expression in Gastrointestinal Stromal Tumor (GIST) specimens.

Study Study
Characteristics By Bertucci F. et al. [17] By Blakely A.M. et al. [19] By Zhao R. et al. [18] By Sun X. et al. [20]
Year 2015 2018 2019 2021
Study type Retrospective study Retrospective study Retrospective study Retrospective study
Tumor specimens from
159 patients resected for Tumor specimens from Tumor specimens from Tumor specimens from
Patients localized GIST 127 pec 238 patients undergoing 507 patients undergoing
. .. patients’ GISTs . -
without receiving resection of GIST radical surgery
adjuvant imatinib
Type of
Material used for the Tissue Tissue microarrays Tissue Tissue microarrays

PD-L1 analysis

Method for
PD-L1 analysis

GIST PD-L1
expression rate
PD-L1
expression was
associated with a
poor prognosis

PD-L1
expression
associated with

Relation
between CD8+
T-cells and
PD-L1
expression

Whole-genome DNA
microarrays (Affymetrix
U133 Plus 2.0 and
Agilent 44K)

A high mRNA PD-L1
expression was associated
with low-risk GIST
according to AFIP
criteria [6]. A high mRNA
PD-L1 expression was also
related to patients without
metastatic relapse.

Patients with a high PD-L1
expression had a
significantly higher CD8+
T-cell metagenes.

IHC

69%

Yes

A high PD-L1 expression
was associated with a higher
mitotic count and increasing

tumor size.

The percentage of CD8+
T-cells was inversely related
to the PD-L1 expression.

Real-time RT-PCR

Yes

A high PD-L1 expression
was associated with a
higher relapse rate of GIST.
A significantly lower
PD-L1 expression was
found in patients with
very low-, low-, or
intermediate-risk GIST
compared to high-risk
according to NIH
consensus criteria [23].

The percentage of CD8+
T-cells was inversely
related to the
PD-L1 expression.

IHC

46%

A high PD-L1 expression
was associated with a
lower mitotic count and
smaller tumor size.

PD-L1 expression was
associated with a high
number of CD8+ T-cells

Abbreviations: PD-L1: Programmed Death Ligand-1; IHC: Immunohistochemistry; RT-PCR: Reverse
Transcription-Polymerase Chain Reaction; AFIP: the Armed Forces Institute of Pathology criteria [6];
NIH: National Institute of Health consensus criteria [23].

One study by Fanale D et al. [21] investigated the prognostic value of the plasma con-
centrations of PD-1 and PD-L1 in untreated patients with metastatic GIST (n = 30), harboring
a KIT exon 11 aberrations using a customer-developed enzyme-linked immunosorbent as-
says (ELISAs). Receiver Operating Characteristics curves were used to determine threshold
concentrations for each marker to separate patients with a median PFS< and >36 months
(short- and long-term survivors). At the best concentrations’ threshold for PD-1 (8.1 ng/mL)
and PD-L1 (0.7 ng/mL), the Area Under the Curve was 0.968 (p < 0.001) and 1.0 (p < 0.001),
respectively. The study showed that patients with plasma concentrations of the markers
below the predetermined threshold had about 20 months longer median PES than patients
with plasma concentrations above the threshold. In our study, the prognostic value of
plasma PD-1 and PD-L1 concentrations were investigated in a clinical setting in a high num-
ber of unselected patients with GIST. We found lower plasma concentrations of both PD-1
and PD-L1 compared to Fanale D et al. This may be due to calibration differences between
our commercial assay and the in-house assays used in the study by Fanale D et al. [21].
Furthermore, the patients in the study by Fanale et al., had not yet started oncological
treatment with imatinib, whereas most patients in our study with active GIST were in
oncological treatment, which can affect the results. The two studies also differ in the
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strategy of choosing cutoff PD-1 and PD-L1 plasma concentrations. Fanale et al. searched
for the optimal cutoff, whereas we explored whether higher concentrations had a different
prognosis than a lower concentration based on the median and quartile values.

Since patients in lifelong treatment with TKIs eventually acquire secondary resis-
tance [24], targeting the immune system could be a possible course of action. To our
knowledge, three studies of checkpoint inhibitors in patients with GIST have been per-
formed with published and, unfortunately, not convincing results (Table 7). These studies
reported a median PFS between 1.5 to 2.9 months [25,26] for patients with GIST and a
6-month non-progression rate of 11% [27]. The median PFS is therefore significantly lower
than the median PFS of 4.8 months for third-line treatment with regorafenib in patients
with GIST [28].

Table 7. Studies investigating treatment with checkpoint inhibitors in patients with GIST.

Study Study
Characteristics By D’Angelo SP et al. [25] and an Expansion .
By Toulmonde M. et al. [27] Cohort by Chen J.L. et al. [29] By Singh A.S. et al. [26]
Year 2017 2018 2022
Study type Open-label phase II stud Randomized phase II stud Open-label, randomized,
yiyp P P y P y phase II study
Patients with advanced or
) I’at{ents Patients with sarcoma, including GIST Patients with sarcoma, including GIST (1 = 18) metastatic GIST Prev%ot'lsly
investigated (n=10) progressed on imatinib
(n=36)
Treatment Pembrolizumab + cyclophosphamide Nivolumab vs. Nivolumab + Ipilimumab Nivolumab vs.
investigated yeophosp ’ P Nivolumab + Ipilimumab
Prlma'ry The 6—mqnth The 6-month response rate The objective r(e)zsponse
endpoint non-progression rate rate > 15%
The median PFS was 1.5 (Nivolumab) and The median .PFS was
. - 2.7 months (Nivolumab)
- R . . 2.9 months (Nivolumab + Ipilimumab).
Limited activity in patients with GIST Patients with GIST responded poorlv to and 1.9 months
Results with a 6-month non-progression P poorty (Nivolumab + Ipilimumab).

of 11.1%

Nivolumab (1 of 9 patients).
The 6-month response rate was 0% in both

The primary endpoint was
not met in either

treatment arms.
treatment group.

Several ongoing studies are investigating checkpoint inhibitors alone or in combination
with TKIs [30] in patients with GIST. The combination treatment is theoretically a promising
approach since patients continue progressing beyond several lines of TKI treatment, and
imatinib also has an immunologic effect [31]. Imatinib acted on dendritic cells in vitro
and led to NK-cell activation and an increased IFNYy secretion by NK-cells [31]. A study
investigating IFNYy as a prognostic marker found that GIST patients who had an increased
IENy two months after treatment start with imatinib (immunologic responders) had a
significantly longer PFS [32]. In vitro, IFNYy upregulates PD-L1 on tumor cells [18]. This
could suggest that the combination of imatinib and a checkpoint inhibitor is a promising
treatment strategy.

GISTs have a low CD8+ /regulatory T-cell ratio, leading to immunosuppression [10]
and increasing the chance of tumor cell survival. In mouse models, imatinib reduced the
expression of the immunosuppressive enzyme indoleamine 2,3-dioxygenase (IDO), leading
to increased CD8+ T-cells in the tumor [33] and thereby an increased chance of CD8+ T-cell
attack of tumor cells. Furthermore, imatinib induced apoptosis in the regulatory T-cells in
the tumor, leading to an increased CD8+ /regulatory T-cell ratio [33], which is desirable in
the oncological treatment of GIST.

One of the strengths of this study is the magnitude of the cohort with GIST patients
included independent of disease- and treatment status, leading to a unique patient material.
Furthermore, this is a national study. In Denmark, the treatment of GIST patients is stan-
dardized across the country. By having a national cohort, selection bias is minimized, which
improves generalizability. Additionally, all samples were handled and stored according
to national guidelines in Danish CancerBiobank. All samples were analyzed in one batch,
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excluding variation over time. Despite the strengths, we do face some limitations. The
postoperative samples were taken 24 h after surgery. Therefore, one could question if this
could represent a patient without evidence of disease. Furthermore, the trauma of under-
going surgery could affect concentration. Moreover, patients were included at different
time points during the treatment course, which makes data interpretation challenging.

5. Conclusions

In this national prospective study, the prognostic value of plasma PD-1 and PD-L1
concentrations were investigated in patients with GIST independent of disease and treat-
ment status. We found that patients with active GIST have significantly higher plasma PD-1
and PD-L1 concentrations than patients without evidence of disease. Patients with active
GIST with a plasma concentration of PD-L1 above the cutoff had a significantly poorer
prognosis than those with plasma PD-L1 concentrations below the cutoff. Plasma PD-L1
shows potential as a prognostic biomarker in patients with GIST and should be further
evaluated.

Author Contributions: Conceptualization, CM.B., E.H., A.K.-H. and N.A.-P.; Data curation, CM.B,,
A K.-H. and N.A.-P; Formal analysis, C.M.B. and N.A.-P.; Funding acquisition, C.M.B. and A.K.-H.;
Investigation, CM.B., N.J., Pd.H., L.P, PB.R.,, AK.-H. and N.A.-P; Methodology, CM.B., EH., HJ. M.,
B.S.-P,, A.K.-H. and N.A.-P; Project administration, C.M.B., E.H., A K.-H. and N.A.-P.; Resources,
H.J.M. and B.S.-P,; Supervision, E.H., A.K.-H. and N.A.-P; Validation, C.M.B. and N.A.-P.; Visualiza-
tion, CM.B., E.H., A K.-H. and N.A.-P.; Writing—original draft, C.M.B. and N.A.-P,; Writing—review
& editing, CM.B., EH.,NJ., H].M.,, BS.-P,, Pd.H., L.P, PB.R., AK.-H. and N.A.-P. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Candys Foundation, grant number 2019-332, the Danish
Cancer Society, grant number R248-Ai4683, and the APC was funded by the Department of Oncology,
Copenhagen University Hospital, Herlev and Gentofte Hospital.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Regional Ethics Committee (H-18029854) on the 4 December 2018.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and analyzed in this study are not publicly
available. This is in accordance with the rules concerning processing personal data described in the
EU General Data Protection Regulation (GDPR) and the Danish Data Protection Act. However, should
a researcher be interested in our data, they are welcome to contact us and collaborate. The data can be
requested from the corresponding author, charlotte.margareta.brinch@regionh.dk, Herlev & Gentofte
Hospital, Borgmester Ib Juuls Vej 1, 2730 Herlev, Denmark.

Acknowledgments: We would like to acknowledge the nurses from the Department of Surgery
and Transplantation at Rigshospitalet, Copenhagen, Denmark, for handling the logistics at their
department during the study. The Danish CancerBiobank is acknowledged for biological material
and data regarding handling and storage.

Conflicts of Interest: The authors declare no conflict of interest.

1. Miettinen, M.; Lasota, J. Gastrointestinal stromal tumors (GISTs): Definition, occurrence, pathology, differential diagnosis and
molecular genetics. Pol. J. Pathol. 2003, 54, 3-24. [PubMed]

2. Sereide, K.; Sandvik, O.M.; Sereide, J.A.; Giljaca, V.; Jureckova, A.; Bulusu, V.R. Global epidemiology of gastrointestinal stromal
tumours (GIST): A systematic review of population-based cohort studies. Cancer Epidemiol. 2016, 40, 39—-46. [CrossRef] [PubMed]

3.  Corless, C.L.; Fletcher, J.A.; Heinrich, M.C. Biology of gastrointestinal stromal tumors. J. Clin. Oncol. 2004, 22, 3813-3825.

[CrossRef] [PubMed]

4.  Singer, S.; Rubin, B.P,; Lux, M.L.; Chen, C.-J.; Demetri, G.D.; Fletcher, C.D.; Fletcher, J.A. Prognostic Value of KIT Mutation Type,
Mitotic Activity, and Histologic Subtype in Gastrointestinal Stromal Tumors. J. Clin. Oncol. 2002, 20, 3898-3905. [CrossRef]

[PubMed]

5. Gastrointestinal Stromal Tumor Meta-Analysis Group. Comparison of two doses of imatinib for the treatment of unresectable or
metastatic gastrointestinal stromal tumors: A meta-analysis of 1640 patients. ]. Clin Oncol. 2010, 28, 1247-1253. [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/12817876
http://doi.org/10.1016/j.canep.2015.10.031
http://www.ncbi.nlm.nih.gov/pubmed/26618334
http://doi.org/10.1200/JCO.2004.05.140
http://www.ncbi.nlm.nih.gov/pubmed/15365079
http://doi.org/10.1200/JCO.2002.03.095
http://www.ncbi.nlm.nih.gov/pubmed/12228211
http://doi.org/10.1200/JCO.2009.24.2099

Cancers 2022, 14, 5753 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Miettinen, M.L.J. Gastrointestinal stromal tumors: Pathology and prognosis at different sites. Semin. Diagn. Pathol. 2006, 23,
70-83. [CrossRef]

Casali, P.G.; Blay, ].Y.; Abecassis, N.; Bajpai, J.; Bauer, S.; Biagini, R.; Bielack, S.; Bonvalot, S.; Boukovinas, I.; Bovee, ] VM.G; et al.
Gastrointestinal stromal tumours: ESMO-EURACAN-GENTURIS Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2021, 33, 20-33. [CrossRef]

National Comprehensive Cancer Network. NCCN Guidelines Version 2022.1 Gastrointestinal Stromal Tumors (GIST). 2022.
Available online: https://www.nccn.org/professionals/physician_gls/pdf/gist.pdf (accessed on 10 October 2022).

Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2016, 375, 1823-1833.
[CrossRef]

Van Dongen, M.; Savage, N.D.; Jordanova, E.S.; Briaire-de Bruijn, L.H.; Walburg, K.V.; Ottenhoff, T.H.; Hogendoorn, PC.W.; van
der Burg, S.H.; Gelderblom, H.; van Hall, T. Anti-inflammatory M2 type macrophages characterize metastasized and tyrosine
kinase inhibitor-treated gastrointestinal stromal tumors. Int. J. Cancer 2010, 127, 899-909. [CrossRef]

Ostrand-Rosenberg, S.; Horn, L.A.; Haile, S.T. The Programmed Death-1 Immune-Suppressive Pathway: Barrier to Antitumor
Immunity. J. Immunol. 2014, 193, 3835-3841. [CrossRef]

Hu, Y,; Chen, W.; Yan, Z.; Ma, J.; Zhu, E,; Huo, ]J. Prognostic value of PD-L1 expression in patients with pancreatic cancer: A
PRISMA-compliant meta-analysis. Medicine 2019, 98, €14006. [CrossRef] [PubMed]

Gu, L,; Chen, M.; Guo, D.; Zhu, H.; Zhang, W.; Pan, J.; Zhong, X.; Li, X,; Qian, H.; Wang, X. PD-L1 and gastric cancer prognosis: A
systematic review and meta-analysis. PLOS ONE 2017, 12, e0182692. [CrossRef] [PubMed]

Gao, X.-5.; Gu, X,; Xiong, W.; Guo, W.; Han, L.; Bai, Y.; Peng, C.; Cui, M.; Xie, M. Increased programmed death ligand-1 expression
predicts poor prognosis in hepatocellular carcinoma patients. OncoTargets Ther. 2016, 9, 4805-4813. [CrossRef] [PubMed]
Ohigashi, Y.; Sho, M.; Yamada, Y.; Tsurui, Y.; Hamada, K.; Ikeda, N.; Mizuno, T.; Yoriki, R.; Kashizuka, H.; Yane, K; et al. Clinical
Significance of Programmed Death-1 Ligand-1 and Programmed Death-1 Ligand-2 Expression in Human Esophageal Cancer.
Clin. Cancer Res. 2005, 11, 2947-2953. [CrossRef]

Tacovelli, R.; Nolg, E; Verri, E.; Renne, G.; Paglino, C.; Santoni, M.; Cossu Rocca, M.; Giglione, P.; Aurilio, G.; Cullura, D.; et al.
Prognostic Role of PD-L1 Expression in Renal Cell Carcinoma. A Systematic Review and Meta-Analysis. Target. Oncol. 2016, 11,
143-148. [CrossRef] [PubMed]

Bertucci, F; Finetti, P; Mamessier, E.; Pantaleo, M.A.; Astolfi, A.; Ostrowski, J.; Birnbaum, D. PDL1 expression is an independent
prognostic factor in localized GIST. Oncolmmunology 2015, 4, €1002729. [CrossRef] [PubMed]

Zhao, R,; Song, Y.; Wang, Y,; Huang, Y.; Li, Z.; Cui, Y.; Yi, M,; Xia, L.; Zhuang, W.; Wu, X. PD-1/PD-L1 blockade rescue exhausted
CD8+ T cells in gastrointestinal stromal tumours via the PI3K/Akt/mTOR signalling pathway. Cell Prolif. 2019, 52, e12571.
[CrossRef] [PubMed]

Blakely, A.M.; Matoso, A.; Patil, P.A.; Taliano, R.; Machan, J.T.; Miner, T.J.; Lombardo, K.; Resnick, M.B.; Wang, L.-]. Role of
immune microenvironment in gastrointestinal stromal tumours. Histopathology 2018, 72, 405-413. [CrossRef]

Sun, X,; Shu, P; Fang, Y.; Yuan, W.; Zhang, Q.; Sun, J.; Fu, M.; Xue, A.; Gao, X.; Shen, K; et al. Clinical and Prognostic Significance
of Tumor-Infiltrating CD8+ T Cells and PD-L1 Expression in Primary Gastrointestinal Stromal Tumors. Front. Oncol. 2021,
11,789915. [CrossRef]

Fanale, D.; Incorvaia, L.; Badalamenti, G.; de Luca, I.; Algeri, L.; Bonasera, A.; Corsini, L.R.; Brando, C.; Russo, A
Iovanna, J.L.; et al. Prognostic Role of Plasma PD-1, PD-L1, pan-BTN3As and BTN3A1 in Patients Affected by Metastatic
Gastrointestinal Stromal Tumors: Can Immune Checkpoints Act as a Sentinel for Short-Term Survival? Cancers 2021, 13, 2118.
[CrossRef]

Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S,;
Mooney, M.; et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. ]. Cancer 2009,
45,228-247. [CrossRef] [PubMed]

Fletcher, C.D.; Berman, J.J.; Corless, C.; Gorstein, F; Lasota, J.; Longley, B.; Miettinen, M.; O’Leary, T.J.; Remotti, H,;
Rubin, B.P; et al. Diagnosis of gastrointestinal stromal tumors: A consensus approach. Hum. Pathol. 2002, 33, 459—465. [CrossRef]
[PubMed]

Napolitano, A.; Vincenzi, B. Secondary KIT mutations: The GIST of drug resistance and sensitivity. Br. J. Cancer 2019, 120, 577-578.
[CrossRef] [PubMed]

D’Angelo, S.P.; Mahoney, M.R,; van Tine, B.A.; Atkins, J.; Milhem, M.M.; Jahagirdar, B.N.; Antonescu, C.R.; Horvath, E.; Tap,
W.D,; Schwartz, G.K.; et al. Nivolumab with or without ipilimumab treatment for metastatic sarcoma (Alliance A091401): Two
open-label, non-comparative, randomised, phase 2 trials. Lancet Oncol. 2018, 19, 416-426. [CrossRef] [PubMed]

Singh, A.S.; Hecht, ].R.; Rosen, L.; Wainberg, Z.A.; Wang, X.; Douek, M.; Hagopian, A.; Andes, R.; Sauer, L.; Brackert, S.R; etal. A
Randomized Phase II Study of Nivolumab Monotherapy or Nivolumab Combined with Ipilimumab in Patients with Advanced
Gastrointestinal Stromal Tumors. Clin. Cancer Res. 2022, 28, 84-94. [CrossRef]

Toulmonde, M.; Penel, N.; Adam, ]J.; Chevreau, C.; Blay, J.Y.; Le Cesne, A.; Bompas, E.; Piperno-Neumann, S.; Cousin, S.;
Grellety, T.; et al. Use of PD-1 Targeting, Macrophage Infiltration, and IDO Pathway Activation in Sarcomas: A Phase 2 Clinical
Trial. JAMA Oncol. 2018, 4, 93-97. [CrossRef]


http://doi.org/10.1053/j.semdp.2006.09.001
http://doi.org/10.1016/j.annonc.2021.09.005
https://www.nccn.org/professionals/physician_gls/pdf/gist.pdf
http://doi.org/10.1056/NEJMoa1606774
http://doi.org/10.1002/ijc.25113
http://doi.org/10.4049/jimmunol.1401572
http://doi.org/10.1097/MD.0000000000014006
http://www.ncbi.nlm.nih.gov/pubmed/30653106
http://doi.org/10.1371/journal.pone.0182692
http://www.ncbi.nlm.nih.gov/pubmed/28796808
http://doi.org/10.2147/OTT.S110713
http://www.ncbi.nlm.nih.gov/pubmed/27536144
http://doi.org/10.1158/1078-0432.CCR-04-1469
http://doi.org/10.1007/s11523-015-0392-7
http://www.ncbi.nlm.nih.gov/pubmed/26429561
http://doi.org/10.1080/2162402X.2014.1002729
http://www.ncbi.nlm.nih.gov/pubmed/26155391
http://doi.org/10.1111/cpr.12571
http://www.ncbi.nlm.nih.gov/pubmed/30714229
http://doi.org/10.1111/his.13382
http://doi.org/10.3389/fonc.2021.789915
http://doi.org/10.3390/cancers13092118
http://doi.org/10.1016/j.ejca.2008.10.026
http://www.ncbi.nlm.nih.gov/pubmed/19097774
http://doi.org/10.1053/hupa.2002.123545
http://www.ncbi.nlm.nih.gov/pubmed/12094370
http://doi.org/10.1038/s41416-019-0388-7
http://www.ncbi.nlm.nih.gov/pubmed/30792534
http://doi.org/10.1016/S1470-2045(18)30006-8
http://www.ncbi.nlm.nih.gov/pubmed/29370992
http://doi.org/10.1158/1078-0432.CCR-21-0878
http://doi.org/10.1001/jamaoncol.2017.1617

Cancers 2022, 14, 5753 14 of 14

28.

29.

30.

31.

32.

33.

Demetri, G.D.; Reichardt, P.; Kang, Y.-K,; Blay, J.-Y.; Rutkowski, P.; Gelderblom, H.; Hohenberger, P.; Leahy, M.; Von Mehren,
M.; Joensuu, H.; et al. Efficacy and safety of regorafenib for advanced gastrointestinal stromal tumours after failure of imatinib
and sunitinib (GRID): An international, multicentre, randomised, placebo-controlled, phase 3 trial. Lancet 2013, 381, 295-302.
[CrossRef]

Chen, J.L.; Mahoney, M.R.; George, S.; Antonescu, C.R; Liebner, D.A.; van Tine, B.A.; Milhem, M.M.; Tap, W.D; Streicher, H;
Schwartz, G.K,; et al. A multicenter phase II study of nivolumab +/- ipilimumab for patients with metastatic sarcoma (Alliance
A091401): Results of expansion cohorts [Abstract]. J. Clin. Oncol. 2020, 38, 11511. [CrossRef]

Roulleaux Dugage, M.; Jones, R.L.; Trent, J.; Champiat, S.; Dumont, S. Beyond the Driver Mutation: Immunotherapies in
Gastrointestinal Stromal Tumors. Front. Immunol. 2021, 12, 715727. [CrossRef]

Borg, C.; Terme, M.; Taieb, J.; Ménard, C.; Flament, C.; Robert, C.; Maruyama, K.; Wakasugi, H.; Angevin, E.; Thielemans, K.; et al.
Novel mode of action of c-kit tyrosine kinase inhibitors leading to NK cell-dependent antitumor effects. J. Clin. Investig. 2004,
114, 379-388. [CrossRef]

Menard, C.; Blay, ].Y.; Borg, C.; Michiels, S.; Ghiringhelli, F.; Robert, C.; Nonn, C.; Chaput, N.; Taieb, ].; Delahaye, N.E,; et al.
Natural killer cell IFN-gamma levels predict long-term survival with imatinib mesylate therapy in gastrointestinal stromal
tumor-bearing patients. Cancer Res. 2009, 69, 3563-3569. [CrossRef] [PubMed]

Balachandran, V.P,; Cavnar, M.].; Zeng, S.; Bamboat, Z.M.; Ocuin, L.M.; Obaid, H.; Sorenson, E.C.; Popow, R.; Ariyan, C,;
Rossi, E; et al. Imatinib potentiates antitumor T cell responses in gastrointestinal stromal tumor through the inhibition of Ido.
Nat. Med. 2011, 17, 1094-1100. [CrossRef] [PubMed]


http://doi.org/10.1016/S0140-6736(12)61857-1
http://doi.org/10.1200/JCO.2020.38.15_suppl.11511
http://doi.org/10.3389/fimmu.2021.715727
http://doi.org/10.1172/JCI21102
http://doi.org/10.1158/0008-5472.CAN-08-3807
http://www.ncbi.nlm.nih.gov/pubmed/19351841
http://doi.org/10.1038/nm.2438
http://www.ncbi.nlm.nih.gov/pubmed/21873989

	Introduction 
	Materials and Methods 
	Patients 
	Samples Handling 
	Determination of PD-1 and PD-L1 
	Data Analysis 

	Results 
	Patient Characteristics 
	Plasma PD-1 and PD-L1 

	Discussion 
	Conclusions 
	References

