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Introduction

Summary

Individually, tissue and soluble markers involved in the programmed cell
death protein 1/programmed death-ligand (PD-1/PD-L) axis have been
described as biomarkers with clinical value in classical Hodgkin lymphoma
(cHL). In the context of the success of immune checkpoint blockade ther-
apy in cHL, it is interesting to discover whether plasma levels of proteins
in the PD-1/PD-L axis are a reflection of expression by the corresponding
tissue. Paired tissue and plasma samples of cHL patients were collected and
analysed for PD-1, PD-L1 and PD-L2 levels. In addition, vascular endothe-
lial growth factor (VEGF) and CD83, molecules regarded to influence the
expression of PD-1, PD-L1 and/or PD-L2, were included. PD-L1 was
upregulated in the plasma of cHL patients compared to healthy controls
and correlated well with several clinical parameters. Strong PD-L1 expression
in the tumour microenvironment contributed to high soluble (s)PD-L1
levels, although there was no direct correlation between plasma PD-LI
levels and total expression of PD-L1 in corresponding cHL tissue. Interest-
ingly, we observed a positive correlation between VEGF and PD-1 levels in
both tissue and plasma. In conclusion, although PD-L1 is a promising sol-
uble biomarker in cHL, its levels do not reflect the total tissue expression.
Future studies focusing on PD-L1 as a predictor for immune checkpoint
treatment response, should include both biopsy and plasma samples.

Keywords: Hodgkin lymphoma, immune checkpoint, PD-1, PD-L1, plasma
biomarkers, VEGF.

B symptoms and a high International Prognostic Score
(IPS).” In addition, high proportions of PD-1+ tumour-infil-

In recent years, drugs that block programmed cell death-1
(PD-1) have shown high efficacy in relapsed and refractory
classical Hodgkin lymphoma (cHL) patients, with overall
response rates of 65-87%." Programmed death-ligand (PD-L)1
and PD-L2 are often overexpressed by the cHL tumour cells,
called Hodgkin-Reed Sternberg (HRS) cells, due to amplifica-
tion of the 9p24-1 genomic region. There is also expression
of these molecules on immune cells such as tumour associ-
ated macrophages (TAMs).>™

Several studies have investigated the clinical value of mole-
cules involved in the PD-1/PD-L axis in primary cHL
patients. In HL tissue, high expression of PD-L1 on HRS
cells has been associated with advanced stage of the disease
and worse prognosis.>® High proportions of PD-L1+ TAMs
in the HL tumour microenvironment (TME) were more
prevalent in patients with low serum albumin, bulky disease,
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trating lymphocytes and the presence of PD-L1+ TAMs in
the TME have been associated with inferior outcome.>”
Interestingly, upon relapse after standard first-line treatment,
the percentage of PD-1+ tumour- infiltrating lymphocytes,
PD-L1+ TAMs and PD-L1+ HRS cells were significantly
increased in comparison to primary biopsies.® Moreover,
upon progression on PD-1 blockade treatment, the number
of PD-1+ T cells was higher and the number of PD-L1+
TAMs was lower, whereas expression of PD-L1 by HRS cells
seemed unaffected compared to pre-treatment tissue sam-
ples.’

Besides being expressed on the cell membrane PD-1, PD-
L1 and PD-L2 can also be present as soluble proteins in the
blood.'® This suggests that blood could be used as a surro-
gate for tissue to determine expression of these molecules.
The advantages of using blood-based compared to tissue
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biomarkers are the non-invasive collection method, the
opportunity to obtain sequential samples for treatment
response and the possibility of identifying relapses at an early
time point. Indeed, higher levels of soluble (s)PD-L1 were
observed in patients with cHL compared to controls.'"'* Ele-
vated levels of sPD-L1 at diagnosis were significantly associ-
ated with B symptoms, advanced disease stage, bulky disease,
high erythrocyte sedimentation rate and low serum albu-
min."? Patients with higher levels of sSPD-L1 had significantly
shorter progression-free survival (PFS) compared to those
with low levels of sPD-L1.!' In contrast, no association was
found between clinical parameters and sPD-1."° Although
both tissue expression and soluble levels have shown a prog-
nostic impact for the proteins of the PD-1/PD-L axis, the
correlation between soluble levels and tissue expression was
not studied in paired tissue and plasma.

The levels of PD-1, PD-L1 or PD-L2 are regulated by
VEGF and possibly linked to CD83. VEGF induced PD-1
expression on CD8+ T cells in mouse models of colon can-
cer.'* In HL, VEGF is expressed by both HRS cells and
TAMs." High VEGF levels have been implicated in HL pro-
gression and correlated with high PD-L1 and PD-L2 expres-
sion by HRS cells.'>'” CD83 plays a role in antigen
presentation and cellular interaction following lymphocyte
activation. CD83 is frequently expressed by HRS cells, which
can lead to expression of CD83 on T cells via trogocyto-
sis.'®!® CD83+ CD4+ T cells showed a significantly higher
expression of PD-1 compared to CD83— CD4+ T cells in a
co-culture model of a CD83+ HL cell line with T cells. This
suggests, a possible co-regulation of these molecules,
although a direct causal relation has not been proven."”

Although membrane bound and soluble PD-1, PD-L1 and
PD-L2 have been studied individually, it is currently
unknown which biomarker is the most promising and
whether the immune checkpoint levels in the blood of cHL
patients can be used as a surrogate for expression of these
molecules by the tumour and infiltrating immune cells. This
study, for the first time, addresses this association by com-
paring the soluble immune checkpoint levels in paired tissue
and plasma samples in newly diagnosed cHL patients.

Materials and methods

Patient inclusion and characteristics

Plasma was collected from cHL patients in the University
Medical Center Groningen (UMCG) between January 2006
and June 2011.%° In total, 69 newly diagnosed patients were
included. Patient characteristics are summarised in Table I
Median age of the patients was 37 years (range 16-66) and
there were slightly more females (57%) than males. Most
patients had the nodular sclerosis subtype (65%) and early
stage disease (stage I-II) (64%). Metabolic tumour volume
(MTV) was determined as described previously?® and could
be obtained for 40 patients. This cohort and data on MTV,
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soluble thymus- and activation-regulated chemokine
(STARC) and sCD163 have been published previously.?**
Healthy controls were selected from a previously published
age and gender-matched cohort.”® Patients were compared
with 26 controls [median age 30 years (range 21-61), 59%
females]. Permission for this study was obtained from the
institutional review board of the UMCG and all participating
patients and healthy controls signed informed consent.

Immunohistochemistry

Formalin fixed paraffin embedded (FFPE) tissue samples
could be retrieved from 26 patients that were representative
of the total patient group of 69 (Table I). Immunohisto-
chemistry (IHC) for PD-1 (clone: NAT105; Ventana Medical
Systems; AZ, USA) and PD-L1 (clone: E1L3N; Cell Signaling
Technology; MA, USA) was performed using an automated
cell stainer (Ventana Benchmark Ultra; Ventana Medical Sys-
tems). ITHC for TARC, CD163, PD-L2, VEGF and CD83 were
performed according to standard laboratory procedures.
Briefly, slides were deparaffinised with xylene and heat
induced-antigen retrieval was performed using a 10 mM
citrate buffer at pH 6-0 (for TARC and CD163), a 1 mM
ethylene diamine tetracetic acid (EDTA) buffer at pH 8-0
(for CD83 and VEGF) or a 10 mM tris-hydroxymethyl-ami-
nomethane (Tris)/1 mM EDTA buffer at pH 9-0 (for PD-
L2). Primary antibodies were used against TARC (polyclonal;
1:50; R&D Systems; MN, USA), CD163 (clone: 10D6; 1:100;
Leica Biosystems; Wetzlar Germany), PD-L2 (clone: D7U8C;
1:50; Cell Signaling Technology), CD83 (clone: F5, sc-55535;
1:50; Santa Cruz Biotechnology; TX, USA) or VEGF (poly-
clonal; RB-9031-R7 1:2; ThermoFisher Scientific; MA, USA).
Primary antibodies were detected using appropriate sec-
ondary and tertiary horseradish peroxidase (HRP) conjugated
antibodies and visualised with diaminobenzidine (DAB).
TARC and CD163 were included as markers for tumour cells
and TAMs respectively.

Staining of HRS cells and TME was evaluated manually by
an experienced haematopathologist (AD). HRS cell positivity
for TARC, PD-L1, PD-L2, CD83 and VEGF was scored as
negative (<25% of tumour cells positive), heterogeneous
(25-75% of tumour cells positive) or positive (>75% of
tumour cells positive). The TME was scored as negative (—),
positive (+) or strong positive (++). Next, slides were
scanned by a Hamamatsu NanoZoomer 2.0 HT slide scanner
(Hamamatsu City, Japan) at 40x magnification and the per-
centage of positive pixels was determined using the positive
pixel count algorithm in the Aperio ImageScope program
(version 11). Areas with only necrosis, sclerosis or other
technical artefacts (e.g. tissue folding) were excluded from
the analysis. For the positive pixel count algorithm, a hue
value of 0-1 and a hue width of 0-5 were used. A colour sat-
uration threshold of 0-04 was used. For PD-1, the intensity
threshold was set at 125 to exclude non-specific background
staining, for the other analyses 220 was used. The number of

© 2021 The Authors. British Journal of Haematology published by British Society for 507
Haematology and John Wiley & Sons Ltd.. British Journal of Haematology, 2021, 193, 506-514



J. Veldman et al.

Table 1. Patient characteristics.

Plasma cHL FFPE cHL
patients patients
(n=69) (n = 26)
Characteristics n (%) n (%)*
Median age (range) 37 (16-66) 33 (16-60)
Female 39 (57) 16 (62)
Histology
NS 45 (65) 17 (65)
MC 7 (10) 4 (15)
LR 4 (6) 1(4)
cHL NOS 13 (19) 4 (15)
Ann Arbor stage
I-I (early stage) 44 (64) 17 (65)
M-IV (advanced stage) 25 (36) 9 (35)
B-symptoms present 27 (39) 12 (46)
Bulky disease 22 (32) 9 (35)

cHL, classical Hodgkin lymphoma; FFPE, formalin fixed paraffin
embedded; NS, Nodular sclerosis; MC, mixed cellularity; LR, lym-
phocyte rich; NOS, not otherwise specified.

*FFPE samples were available for 26 of 69 patients.

positive pixels was divided by the total number of pixels
(negative and positive) in the analysed area, and multiplied
by 100, to obtain the percentage of positive pixels.

Enzyme-linked immunosorbent assay

Levels of sTARC, sCD163, sPD-1, sPD-L1, sPD-L2, sVEGF
(R&D systems) and sCD83 (Sino Biological; Beijing, China)
were measured with a sandwich enzyme-linked immunosor-
bent assay (ELISA), according to the manufacturer’s instruc-
tions.

Statistical analysis

We used non-parametric tests for analysis because of the
skewed distribution of the biomarker levels in the plasma
samples. Differences between two groups were evaluated
by a two-tailed Mann-Whitney U test. To determine lin-
ear correlation coefficients (rho) between two different
markers, a Spearman’s rank correlation test was used.
The correlation was considered strong when the rho
value was >0-7, moderate when the rho value was
between 0-5 and 0-7 and weak when the rho value was
between 0-3 and 0-5. Rho values below 0-3 were consid-
ered as not or very weakly correlated. Bonferroni multi-
ple testing correction was performed on analyses
concerning our main research questions and a statistically
significant difference was considered when the P value
was <0-01. For all secondary or explorative analyses
P <0-05 was considered significant. Statistical analyses
were performed using GraphPad Prism, version 8.04
(GraphPad Software, San Diego, CA, USA).

Results

Expression of PD-L1, PD-L2 and PD-1 in cHL tissue

Expression of molecules involved in the PD-1/PD-L axis
was analysed on FFPE tissue of 26 cHL patients (Fig 1A—
D). Expression of PD-L1 and PD-L2 in at least 25% of
the HRS cells was observed in 10 out of 26 (38%) and
eight of 26 (31%) of cases respectively (Table SI). Half
of the PD-L1 positive cases also expressed PD-L2. Over-
all, PD-L1 and/or PD-L2 positivity in HRS cells was
observed in 13 of 26 (50%) cases. Expression of PD-L1
and PD-L2 was observed in the TME in 18 of 26 (69%)
and 15 of 26 (58%) of cHL cases, most likely expressed
by TAMs. Combined, PD-L1 and PD-L2 expression in
HRS cells and/or TAMs was observed in 22/26 (85%)
and 19 of 26 (73%) of cHL cases respectively. PD-1 was
solely expressed in the TME and the number of positive
cells was in general low. PD-1 expression was rarely pre-
sent in the T cells directly rosetting around HRS cells.
Total positivity scores for PD-L1, but not PD-L2, defined
by the positive pixel count algorithm showed a moderate
correlation with both the tumour cell marker TARC and
the TAM marker CD163 (P = 0-0042, rho = 0-611 and
P =0-0012, rho = 0-5992 respectively) (Figure S1). The
total percentage PD-L1 in the tissue correlated weakly
with the percentage PD-L2 (P = 0-04, rho = 0-4052), but
both were not correlated with the percentage PD-1
(Fig 1E).

Plasma levels of PD-L1, PD-L2 and PD-1 in cHL
patients

Plasma of 69 cHL patients and 26 healthy controls was anal-
ysed for soluble levels of PD-L1, PD-L2 and PD-1 (Fig 2A).
Levels of sPD-L1, were significantly higher in cHL patients
compared to controls (P < 0-0001). There was no significant
difference between sPD-1 or sPD-L2 levels in patients com-
pared to controls. Levels of soluble markers were compared
with clinical characteristics. Significantly higher levels of
sPD-L1 were observed in patients with advanced stage disease
(P =0-0412), B symptoms (P =0-0152), high IPS
(P =0-0012) and low albumin levels (P = 0-0004), but not
with bulky disease (Figure S2). sPD-L1 levels were also mod-
erately correlated with MTV (P = 0-0001, rho = 0-5813).
Both sPD-1 and sPD-L2 were not significantly associated
with clinical characteristics (Table SII). In addition, sPD-L1
had a weak correlation with sTARC (P = 0-0045,
rho = 0-3504) and sPD-L2 with sCDI163 (P = 0-026,
rho = 0-2782) (Figure S3). No significant correlations were
observed when sPD-1, sPD-L1 and sPD-L2 were correlated
with each other (Fig 2B). Together, these results indicate that
PD-L1 of the PD-1/PD-L axis proteins is the most promising
soluble biomarker for cHL.
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Fig 1. Representative examples of the immunohistochemical staining of thymus- and activation-regulated chemokine (TARC), CD163, pro-
grammed cell death protein 1 (PD-1), programmed death-ligand (PD-L1) and PD-L2. (A) A representative case staining positive for TARC in the
Hodgkin-Reed Sternberg (HRS) cells and a representative case showing CD163 staining in the tumour associated macrophages (TAMs). (B) A
representative case with (left panel) and without (right panel) PD-1+ cells in the rosettes. (C) A representative case staining positive for PD-L1 in
the HRS cells, but not in the tumour microenvironment (TME) (left panel) and a case without PD-L1 staining in the tumour cells, but with PD-
L1 positive cells in the TME (right panel). (D) A representative case with (left panel) and without (right panel) PD-L2 staining in the HRS cells.
(E) Correlations between the percentages of positive pixels of PD-1 with both PD-L1 and PD-L2 and between PD-L1 and PD-L2. The correlation
analyses were performed using a Spearman’s rank correlation test. A P value <0-05 was considered to be statistically significant. [Colour figure

can be viewed at wileyonlinelibrary.com]

Tissue expression versus plasma levels

To determine if plasma levels of soluble markers were repre-
sentative of the expression in the paired tissues, both total
percentage of positive pixels and manual THC evaluation
results were used to compare with plasma levels (Table SI).
As a control, we also evaluated the percentage of positive
pixels for the tumour cell specific marker TARC, and the
TAM marker CD163. There was a strong correlation between
the percentage of TARC in the tissue and sTARC levels
(P < 0-0001, rho = 0-7209), while tissue and plasma levels
for CD163 and PD-L1 were not correlated (Fig 3A). To cor-
rect for complete tumour volume in the patient, we also cal-
culated the staining area relative to the MTV. This clearly
improved the correlation for TARC (P < 0-0001,
rho = 0-9142) and for CD163 (P = 0-0023, rho = 0-701).
However, correction for MTV did not yield significant results
for PD-L1 (Fig 3B). No significant correlations were found
for PD-L2 or PD-1 (Table SIII). For PD-L1, manual IHC
results showed that tumour cell positivity did not correspond
with high sPD-L1 levels (Fig 3C). In contrast, strong TME

© 2021 The Authors. British Journal of Haematology published by British Society for

positivity was associated with higher sPD-L1 levels (Fig 3D).
Interestingly, cases with strong positivity for PD-L1 in the
TME were usually negative for PD-L1 in HRS cells (Fig 3E).
No association was found for PD-L2 (data not shown),
which was also expressed in HRS cells and TME.

The effect of VEGF and CD83 on the PD-1/PD-L axis

Expression of VEGF by HRS cells was observed in 20 of 26
(77%) cases and in the TME in all 26 (100%) cases (Fig 4A).
HRS cells expressed CD83 in 22 of 26 (85%) cases and CD83
was almost exclusively expressed by HRS cells (Fig 4B). In
plasma, the levels of both sVEGF and sCD83 were signifi-
cantly increased in cHL patients compared to healthy con-
trols (P = 0-0001 and P < 0-0001 respectively) (Fig 4C). To
support a possible link between VEGF or CD83 and the PD-
1/PD-L axis, we correlated levels of these two proteins to
PD-1, PD-L1 and PD-L2. A borderline significant association
was observed between the percentage of tissue staining posi-
tive for VEGF and PD-1 (P = 0-0740; rho = 0-3563) and a
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Fig 2. Comparison of plasma levels of programmed cell death protein 1 (PD-1), programmed death-ligand (PD-L)1 and PD-L2 between classical
Hodgkin lymphoma patients and healthy controls. Plasma levels of (A) soluble (s)PD-1 (ng/ml) (left panel), PD-L1 (pg/ml) (middle panel) and
sPD-L2 (ng/ml) (right panel) were compared between patients and controls using a Mann-Whitney U test and used a P value of <0-01 as the
cut-off for significance. (B) Pairwise correlations between the levels of sPD-1, sPD-L1 and sPD-L2 using a Spearman’s rank correlation test with a

P value cut-off of <0-05 for significance.

significant correlation was found between sPD-1 and sVEGF
in plasma (P = 0-0072, rho = 0-3722), although both correla-
tions were weak (Fig 4D). Additional correlation analyses
performed, including all CD83 analyses, were not significant
(Table SIV).

Discussion

Immune checkpoint blockade therapy is extremely successful
in relapsed and refractory HL patients, with high overall
response rates. However, complete responses are scarce (9—
22%) and median PFS is limited (11-15 months).! It is,
therefore, important to identify patients who would benefit
from this treatment at an early stage. Both tissue and soluble
markers involved in the PD-1/PD-L axis have been associated
with HL disease activity.>>”'"!*> As the availability of tissue
biopsies, especially at relapse, is often limited, the use of
blood-based biomarkers to predict treatment response would
be more broadly applicable, cost effective and patient
friendly. Therefore, this study aimed to investigate if soluble
proteins involved in the PD-1/PD-L axis were representative
of tissue expression.

We showed that plasma sPD-L1 is the most promising
biomarker to accurately reflect cHL disease activity. sPD-L1
levels were significantly higher in cHL patients compared to
controls and the levels were associated with several clinical
parameters, confirming the results described previously by da
Silva et al. in a smaller cohort of patients.'> Although sPD-

L1 was associated with several adverse prognostic markers in
our cohort, we were unable to determine the prognostic
value of sPD-L1 levels on PFS as described previously,'! due
to a limited number of relapses. In contrast, sPD-L2 and
sPD-1 were not upregulated in cHL patients and were not
associated with clinical characteristics. In tissue, PD-L1
expression was observed in HRS cells and/or TME in the
majority of cases. PD-L1 expression on >25% of HRS cells
was observed in 38% of cases, which is comparable to studies
by Hollander et al.>® but lower in comparison to other stud-
ies.'”?? This might be due to the use of different cut-off val-
ues to define PD-L1 positivity on HRS cells. Interestingly,
PD-L1 expression in the TME and not in the HRS cells con-
tributed to high sPD-L1 levels. Despite this positive associa-
tion, we did not observe a direct correlation between sPD-L1
levels and the percentage of positive pixels for PD-L1 in total
tissue. This is probably due to the major contribution of PD-
L1 positive macrophages to soluble PD-L1 levels; these cells
are not always tumour specific and can also be found in
other tissues. Interestingly, the levels of sTARC, a well-known
blood-based biomarker for HL,>*>**> did show a strong cor-
relation with the percentage of pixels positive for TARC,
both with and without adjustment for MTV. In addition, for
CD163, described previously as a disease response biomarker

in HL by some studies,*"*°

a strong correlation was observed
between the MTV-adjusted percentage of pixels staining posi-
tive for CD163 and the levels observed in plasma, validating

the approach as correct.
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Fig 3. Comparison between tissue expression and plasma levels. (A) The percentage of positive pixels for thymus- and activation-regulated che-
mokine (TARC), CD163 and programmed death-ligand 1 (PD-L1) in tissue of classical Hodgkin lymphoma patients was correlated with the levels
of soluble (s)TARC, sCD163 and sPD-LI in the plasma using a Spearman’s rank correlation test. (B) Correlation between the metabolic tumour
volume (MTV) adjusted pixel percentages of TARC, CD163 and PD-L1 with the plasma levels of STARC, sCD163 and sPD-L1 using a Spear-
man’s rank correlation test. For A and B, a P value of <0-01 was considered to be statistically significant. (C) Hodgkin Reed-Sternberg (HRS) cells
in each case were scored as negative (<25%) or positive (25% or above) for PD-L1 and divided in groups accordingly. Levels of sPD-L1 in the
negative and positive group are displayed. (D) The tumour microenvironment (TME) of each case was scored as negative (—), positive (+) or
strong positive (++) for PD-L1 and divided in groups accordingly. Levels of sPD-L1 in each group are displayed. (E) The evaluation of the HRS
cells and TME were combined and divided in four groups: HRS-TME- (group 1); HRS+TME— (group 2); HRS—TME+ (group 3) and
HRS+TME+ (group 4). In red cases with a strong positive (++) TME are indicated. Two groups were compared using a Mann-Whitney U test.
For C, D and E, a P value of <0-05 was considered to be statistically significant. [Colour figure can be viewed at wileyonlinelibrary.com]

Two molecules, VEGF and CD83, have recently been VEGF, PD-L1 and PD-L2, as described by Koh et al., could
described that might influence the expression of PD-1, PD- not be confirmed. This might be explained by the differences
L1 and PD-L2. In this study we confirmed the increased in the approaches, being limited to the expression of VEGF
levels of both sVEGF and sCD83 in cHL patients compared and PD-1 ligands in HRS cells or, as in our study, in total
to controls."®'>?” The positive correlation between VEGF tissue sections including the TME."” For CD83 we confirmed
and PD-1 in both tissue and plasma supports the in vitro the expression by HRS cells in the majority of cases (>25%
experiments showing that VEGF induced PD-1 expression on in 85% of cases)."” Previously, it was also described that
CD8+ T cells.'"* The previously observed association between CD83+ CD4+ T cells expressed higher levels of PD-1

Fig 4. Effect of vascular endothelial growth factor (VEGF) and CD83 on the programmed cell death protein 1/programmed death-ligand (PD-1/
PD-L) axis. (A) Representative cases staining positive (left panel) and negative (right panel) for VEGF in the Hodgkin Reed-Sternberg (HRS)
cells. (B) Representative cases staining positive (left panel) and negative (right panel) for CD83 in the HRS cells. (C) Plasma levels of soluble (s)
VEGF (pg/ml) (left panel) and sCD83 (ng/ml) (right panel) were compared between patients and controls using a Mann-Whitney U test. (D)
Correlation of VEGF and PD-1 in both tissue (left panel) and plasma (right panel) using a Spearman’s rank correlation test. A P value of <0-05
was considered to be statistically significant. [Colour figure can be viewed at wileyonlinelibrary.com]
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compared to CD83— CD4+ T cells upon in vitro co-culture
of HL cell lines and T cells, suggesting a role of CD83 in up
regulating PD-1. However, we did not find a correlation in
HL tissue, probably due to of the low number of CD83+ cells
present in the TME. Taken together, this points towards a
role for VEGF, but not CD83, in regulating the PD-1/PD-L
axis.

Some limitations of our present study include its explora-
tory nature and the low number of matched tissue and
plasma samples. Future studies are warranted to confirm our
findings. Those studies should include both tissue biopsies
and plasma samples to assess which biomarker most accu-
rately predicts response to immune checkpoint blockade
treatment. The most promising markers, based on our data,
are TARC and PD-L1. TARC can be used as a response mar-
ker and an indication of the tumour load. In addition, it
would be interesting to monitor soluble PD-L1 levels during
immune checkpoint inhibitor treatment and compare this
with the predictive value of PD-L1 expression status in tissue
biopsies obtained before the start of treatment, especially
focusing on TME positivity.

In conclusion, both tissue and plasma PD-L1 levels are
promising cHL biomarkers. Although strong TME positivity
for PD-L1 seems to be the main contributor to high sPD-L1
levels, we could not find a direct correlation between the
total levels in the tissue and plasma. Interestingly, VEGF
levels correlated with the PD-1 levels in both tissue and
plasma, supporting a potential role for VEGF in regulating
PD-1. Future studies should focus on identifying biomarkers
that accurately predict immune checkpoint blockade treat-
ment response, including relapse biopsy samples.
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