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Abstract.

BACKGROUND: Programmed cell death receptors and ligands in cancer tissue samples are established companion diag-
nostics for immune checkpoint inhibitor (ICI) therapies.

OBJECTIVE: To investigate the relevance of soluble PD-1, PD-L1 and PD-L2 for estimating therapy response and prognosis
in non-small cell lung cancer patients (NSCLC) undergoing platin-based combination chemotherapies.

METHODS: In a biomarker substudy of a prospective, multicentric clinical trial (CEPAC-TDM) on advanced NSCLC
patients, soluble PD-1, PD-L1 and PD-L2 were assessed in serial serum samples by highly sensitive enzyme-linked
immunosorbent assays and correlated with radiological response after two cycles of chemotherapy and with overall survival
(0S).

RESULTS: Among 243 NSCLC patients, 185 achieved response (partial remission and stable disease) and 58 non-response
(progression). The distribution of PD-1, PD-L1 and PD-L2 at baseline (C1), prior to staging (C3) and the relative changes
(C3/C1) greatly overlapped between the patient groups with response and non-response, thus hindering the discrimination
between the two groups. None of the PD markers had prognostic value regarding OS.

CONCLUSIONS: Neither soluble PD-1, PD-L1 nor PD-L2 did provide clinical utility for predicting response to chemother-
apy and prognosis. Studies on the relevance of PD markers in ICI therapies are warranted.
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Main messages:

1. Soluble PD-1, PD-L1 and PD-L2 were assessed in serial blood samples of patients with non-small
cell lung cancer undergoing platin-based combination chemotherapy at baseline and at time of
first radiologic staging for estimating their power for predicting therapy response and overall
prognosis.

2. Neither sPD-1, sPD-L1 nor sPD-L2 provide clinical utility for predicting response to chemother-
apy and overall prognosis.

3. Further studies on cancer patients receiving PD-1- or PD-L1-inhibiting therapies are warranted
to elucidate the programmed cell death biomarker utility in this specific setting.

1. Introduction

Lung cancer is the second most common solid tumor and the first when mortality is considered
for both genders together. In 2020, approximately 2.2 million patients were newly diagnosed with
lung cancer [1]. Lung cancer can histologically be divided into two main subtypes, non-small-cell
Iung cancer (NSCLC) and small-cell lung cancer (SCLC) [2]. Classification is a prerequisite for
therapy regimen assignment which is highly depending on the subtype. Both subtypes rarely show
symptoms in early stages leading to the majority of cases being diagnosed in advanced stages III and
IV [2, 3]. Tumor resection is the first line therapy in early-stage lung cancer, whereas later stages are
treated by radiochemotherapy. Chemotherapeutic regimens usually consist of a doublette platinum-
drug combination. The selection of the therapeutics is based on various prerequisites including general
healthy status, tumor stage, contraindications and comorbidities [2, 3]. Lately, immune checkpoint
inhibitor (ICI) therapies and targeted tyrosine kinase inhibitor (TKI) therapies have been introduced in
the treatment schedule of late-stage lung cancers. While raising the hope for prolonged progression free
and overall survival, their application is limited to specific study populations with the eligible targets
[4, 5]. In any case, the identification of indicative biomarkers for patients who respond to treatment and
can benefit from targeted therapies is crucial [3]. This is often assessed through tissue diagnostics prior
to therapy and radiological exams during therapy. Alternatively, serial measurements of blood-based
biomarkers provide information on the biochemical response to treatment [6-9].

In NSCLC, several biomarkers are used in the context of differential diagnosis, monitoring of therapy
response and early recurrence detection, including CYFRA 21-1, CEA and SCC [6, 10]. Apart from
these markers, there is a need for new biomarkers that complement the established ones and improve
the diagnostic power, e.g. for predicting and monitoring response to conventional chemotherapies
as well as novel ICI and TKI therapies. Programmed cell death protein (PD-1) and its two ligands
(PD-L1 and PD-L2) play a pivotal role in modulating immune response. Whereas the receptor PD-1
is expressed on the surface of activated T-cells, B-cells, myeloid cells and macrophages, the ligands
are found on a variety of hematopoetic and non-hematopoetic cells [11-14]. Their interaction leads
to decreased cytokine production, including INF-y, TNF-a and IL-2, as well as cell cycle arrest [15,
16]. Currently, the expression of PD-L1 is measured in tumor tissue to identify patients who will
benefit more from ICI therapies. In some cases, surface and shed protein markers correlate with each
other, and soluble protein markers are used as surrogate markers of cellular expression. For example,
high levels of soluble transferrin receptor (STFR) are detected in patients with iron deficiency, as a
surrogate of the TFR status on red blood cells [17]. Likewise, it is hypothesized that the dynamics of
soluble PD-L1 as well as of PD-1 and PD-L2 during the course of ICI therapy will be informative for
the responsiveness of the patient [18-22]. Moreover, it remains unclear, whether soluble programmed
cell death markers are also clinically meaningful markers for monitoring of response to conventional
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chemotherapies or for post-therapy surveillance [18, 23]. As a first step, the objective of this biomarker
substudy is to investigate the predictive and prognostic potential of soluble PD-1, PD-L1 and PD-L.2
in patients undergoing chemotherapy. This will be followed later by ICI treatment studies.

2. Patients and methods
2.1. Patients

The present study utilized biobanked serum samples were used that were prospectively collected
in the multicentric CEPAC-TDM biomarker substudy at different study sites in Germany, Austria,
and Switzerland. The substudy in NSCLC patients was part of an open-label, randomized study of
individualized, pharmaco-kinetically (PK)-guided dosing of paclitaxel which was combined with a
platin component (carboplatin or cisplatin). The Central European Society of Anticancer Drug Research
(CESAR) organized this study in collaboration with Saladax Biomedical Inc. The clinical endpoints
of the clinical CEPAC-TDM trial were published by Joerger et al. 2016 [24]. The study was approved
by the respective institutional review boards (IRB-Nr 576/2010 AMGI1 Eberhard-Karls-University
Tubingen, Germany; EKSG 11/011 SG 323/10 St. Gallen, Switzerland) and conducted following the
Declaration of Helsinki and Good Clinical Practice guidelines. Every enrolled patient signed informed
consent prior to all study-related procedures and analyses.

All processes, such as the clinical documentation and the radiological response assessment by
computed tomography (CT) after two therapy cycles were parts of the clinical trial and were closely
monitored by CESAR study staff. In the biomarker substudy, the evaluation of the response before
cycle 3 according to the RECIST-criteria, as well as the overall survival (OS), were considered as
outcome endpoint.

2.2. Blood samples and methods

Venous blood samples were collected in serum-gel monovettes (7.5 ml, Sarstedt, Nirmbrecht, Ger-
man) at the following timepoints: prior to the chemotherapeutic cycles 1, 2 and 3 (C1, C2, C3), and at
the end of the treatment (EoT). After clotting for at least 30 minutes at room temperature, the super-
natant was separated by centrifugation at 2000 x g at 10°C within one to two hours after venepuncture.
The serum was aliquoted a 500 w1, pseudonomized, transferred to a central biobank, and stored at
-80°C until analysis at the Munich Biomarker Research Center of the Institute of Laboratory Medicine
at the German Heart Centre Munich of the Free State of Bavaria at the Technical University Munich.

Soluble biomarkers PD-1, PD-L1 and PD-L.2 were measured applying self-developed and validated
enzyme-linked immunosorbent assays (ELISA) as described in Kriiger et al [25, 26]. Recombinant
protein standards, controls and respective antibodies were bought from R&D Systems (Human
PD-1 DuoSet® ELISA: DY 1086/ Human PD-L1 DuoSet® ELISA: DY 156/ Human PD-L2/B7-DC
DuoSet® ELISA: DY 1224, all: R&D Systems, Inc., Minneapolis, USA). An eight-point recombinant
protein standard curve (range: 0.0073 ng/ml to 30 ng/ml) was used for quantification in all three assays.
The ELISA plates were read on the Meso Quickplex SQ 120 analytical platform which operates on
electrochemiluminescence (Meso Scale Discovery, LLC., Rockville, USA). In all plates, a single
measurement of samples was conducted, and additional two-level serum controls were included. Final
crossplate checks with three to five samples of each plate were performed to enssure high quality of data.

2.3. Statistical analyses

The pseudonymized results of the lab analyses were transferred to the CESAR study center in Vienna,
where they were matched with the pseudonymized clinical data. Then the pseudonymization codes
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Table 1

Patient characteristics

Patient Characteristic Patients (N =243)
Age [years]
<65 108
>=65 135
Min : Max 40:77
Median 63
Gender
Female 90
Male 153
Smoking status
Current Smoker 93
Former Smoker 124
Never Smoked 26
Stage at study entry
111B 38
v 205
Tumor histology
Non-Squamous Adenocarcinoma 186
Squamous Cell Carcinoma 57
ECOG at study entry
0 127
1 84
2 10
NA 22
Study arm
BSA* 121
PK* 122
Study drug
Carboplatin 200
Cisplatin 43
Prior adjuvant chemotherapy
Yes 23
No 220

*Standard body surface area (BSA); *pharmacokinetic (PK).

were replaced by random numbers for anonymization. The anonymized data were transferred to the
Center for the Evaluation of Biomarkers (CEBIO) GmbH for independent statistical evaluation. The
data was checked for completeness and plausibility.

The study objectives were to investigate the relevance of the soluble biomarkers, PD-1, PD-L1 and
PD-L2, for therapy response prediction and estimation of prognosis regarding OS. Evaluation of the pre-
diction of therapy response assessed by computed tomography (CT) before cycle 3 was done by logistic
regression analysis. Furthermore, the areas under the curve (AUC) of receiver operating characteristics
(ROC) curves were calculated to discriminate patients with progressive disease (PD; non-responders)
from responding patients, including those with stable disease (SD) or partial remission (PR). Regarding
prognosis, the pretherapeutic biomarker values were evaluated using Kaplan-Meier curves. Statistical
evaluations were conducted using of R-software version 4.2.2 (https://www.r-project.org/).
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3. Results
3.1. Patient characteristics
In total N=266 patients enrolled in the biomarker substudy, of which N=243 were eligible for

statistical analysis providing baseline samples and N =233 of them also for relative change in biomarker
concentrations (Fig. 1). Patients presented with a median age of 63 years (range 40 to 77 years of

Patients included in the
CEPAC-TDM Study

N=365
Excluded: N=99
. *  No participation in
" Biomarker Substudy
*  No pre-therapeutic
v sample available

Patients eligible for the
Biomarker Substudy

N=266

Excluded: N=23

*  Missing pre-
therapeutic data
(N=9)

*  Missing treatment
response information

\ 4

\ 4
Patients eligible for

treatment response
analysis at baseline

N=243
Excluded: N=10
~ *  Missing data for
" timepoint 3_1 and no
suitable alternative
v available

Patients eligible for
treatment response
analysis including relative
change in concentrations

Fig. 1. Decision tree outlining included samples in the analysis for prediction of response in the programmed cell
death markers. The depicted decision trees illustrate the process of sample inclusion for analyzing the predictive potential
of response to therapy. The decision tree for pre-therapeutic study samples is shown on the left (A) and the one for the relative
concentration change between baseline and the end of treatment cycle two—on the right (B).
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Table 2
Distribution of the measured PD-1, PD-L1 and PD-L2 concentration across the study population

Marker PD-1 PD-L1 PD-L2
Timepoint Pre-therapy End of C2 Pre-therapy End of C2 Pre-therapy End of C2
N 243 164 243 165 243 165
Median 0.12 0.12 0.0073 0.0073 0.61 0.64
Mean 0.45 0.27 0.0093 0.0099 0.92 1.15
5th percentile 0.048 0.04 0.0073 0.0073 0.22 0.25
95th percentile 0.74 0.63 0.020 0.019 1.81 1.66
Minimum 0.023 0.012 0.0073 0.0073 0.029 0.071
Maximum 30.00 8.33 0.12 0.17 19.21 30.00
N>ULOQ 1 0 0 0 0 1
N<LLOQ 0 0 222 135 0 0

C2: Therapy Cycle 2, ULOQ: Upper limit of quantification, LLOQ: Lower limit of quantification. Units for all markers
[ng/ml], except for N.

age). 217 (89%) of the patients in the study population had a history of smoking and 205 (84%) were
diagnosed with stage I'V disease. 186 study participants presented with non-squamous adenocarcinomas
and 57 with squamous cell carcinomas. All patients were treated with a combination of paclitaxel
and either carboplatin (N=200) or cisplatin (N=43) in a standard body surface area (BSA)- or a
pharmacokinetic (PK)-guided dosing scheme. The characteristics of the cohort are summarized in
Table 1. Response to therapy was assessed at staging, which took place after the second treatment cycle
was completed and before the third treatment cycle started. At staging, 86 patients achieved partial
remission (PR), 99 stable disease (SD) and 58 experienced progressive disease (PD) in radiological
CT exams.

3.2. Distribution of programmed cell death markers in response groups

An overview over the measured biomarker concentrations for the three biomarkers is provided
in Table 2. The distribution of PD-1, PD-L.1 and PD-L2 before the start of the chemotherapy (C1)
exhibited significant overlap between patients with a response (SD+PR) and no response (PD), as
depicted in the density plots (Fig. 2). Similarly, at time of CT-based staging prior to cycle 3 (C3),
no discrimination between responders and non-responders was possible by PD-1, PD-L1 and PD-
L2 biomarkers. Finally, the relative change between C1 and C3 (C3/C1) was not different between
responders and non-responders for any marker (Fig. 2, Table 2).

3.3. Discrimination between response groups

When calculating the ROC curves, AUCs for PD-1 and PD-L1 before the start of the therapy (0.52
and 0.51), at staging, and for relative changes from C1 to C3 (0.55 and 0.58) remained below 0.6,
indicating no discrimination between responders and non-responders. For PD-L2, the AUCs were
found to be 0.61 for the pre-treatment value and 0.66 for the relative change from C1 to C3, still
indicating poor discrimination between response groups (Fig. 3).

3.4. Estimation of prognosis

Prognosis is assessed for OS by Kaplan-Meier curves. The measured concentrations of the cohort
were divided into quartiles to test whether the median or any quartile is suitable for distinguishing
prognostically different groups. However, there was no prognostically significant difference between
the groups for either the pretherapeutic values or the values at C3 of all PD markers (Fig. 4).
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Fig. 2. Distribution of PD-1, PD-L1 and PD-L2 at baseline (C1), staging (C3) and relative changes between C1 and
C3. Density plots visualize the distribution of the measured PD-1, PD-L1 and PD-L2 concentrations in the cohorts of patients
with response (stable disease and partial remission; red) and progression at the time of first radiological exam. PD-1, PD-L1
and PD-L2 were assessed before the start of therapy (A, D, G) and prior to treatment cycle 3, at time of the first radiological
exam (B, E, H). Additionally, the relative change from baseline to cycle 3 was evaluated (C, F, ).

4. Discussion

In the present study, the immune checkpoint biomarkers PD-1, PD-L1 and PD-L2 in the blood
of NSCLC patients who underwent systemic platinum-based combination chemotherapy proved to
be ineffective for predicting therapy response or estimating prognosis. While the results may appear
disappointing at first glance, they are well explainable. Platinum and its derivates alkylate DNA,
forming cross links between the DNA-strands and thereby inhibiting DNA replication [27]. Often, its
combination partners in lung cancer are taxanes that target and stabilize microtubules, impairing cell
division and proliferation [28]. The cytostatic and cytotoxic effects of platins or taxanes are different
from the novel concept of ICI therapies. These concepts are based on the fact that some tumors
develop specific escape mechanisms, such as the silencing of tumor-infiltrating lymphocytes (TILs)
via the programmed cell death receptors/ligands, CTLA-4 or similar systems [15]. PD-L1 is expressed
on tumor cells and bind to its PD-1 receptor on TILs, thereby turning off their tumor-specific activity
[29, 30]. ICI drugs, such as PD-1 or PD-L1 inhibitors interrupt this interaction leading to a reactivation
of TILs and often to a sustainable antitumor efficacy [31]. One of the companion diagnostics that
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indicate the possible efficacy of ICI therapy is the expression of PD-L1 on tumor tissue in biopsy or
resected samples [32,33]. Therefore, it was hypothesized that high PD-L1 levels in the blood might
also serve as a predictive indicator of responsiveness to ICIs. Indeed, in the meantime several studies
have shown that soluble PD-L1 in the serum or plasma, or alternatively, PD-L1 that is associated with
extracellular vesicles (EVs) or circulating tumor cells (CTCs) which provides predictive or prognostic
information across various solid tumors treated by ICIs [34-37].

Beyond these specific effects, it was assumed that PD-1, PD-L1 and PD-L2 play an additional role
in regulating inflammatory processes that often accompany tumor growth and spread [15, 38—40].
Therefore, the present study was conducted with the use of novel, highly sensitive immunoassays on
a chemiluminescent detection platform that has recently been developed and optimized at our Munich
Biomarker Research Center. In this context, a comprehensive analytical and preanalytical validation
was performed to confirm the robust assay performance necessary for clinical evaluations [25, 26].
Subsequently, an investigation was conducted to explore the potential utility of programmed cell death
biomarkers beyond the specific ICI treatments, e.g. in conventional chemotherapies applied to cancer
patients.

To address this scientific question, biobanked samples were obtained from a prospective blood
collection as part of a biomarker substudy linked to a multicentric randomized clinical drug trial for
individualized, pharmaco-kinetically (PK)-guided dosing of paclitaxel combined with carboplatin or
cisplatin in patients with NSCLC (CEPAC-TDM) [24]. The advantages of this secondary use of serially
collected samples were the consistency of all study sites in adhering to well-defined time points of
venepuncture, the implementation of well-defined, standardized procedures of preanalytical blood
handling and storage, the excellent clinical documentation, radiological outcome measurements and
follow-up visits, as required in a GCP-level clinical trial, as well as and close monitoring of all study
sites by a centrally organized study team of CESAR-EWIV. Furthermore, the analyses were done by
experienced staff utilizing a range of processes and analytical controls, followed by an independent
high quality statistic evaluation by biostatistics experts. The study’s limitations are the lack of a
validation cohort and missing information on PD-L1 status in tissue exams. It has to be mentioned that
adenocarcinoma were overrepresented, and the response rates were within the expectable range [2].
In addition to programmed cell death markers, established and new tumor markers have been assessed
in a parallel study. Thereby, CYFRA 21-1, CA 125 and CA 15-3 have been revealed to be predictive
and prognostic markers [41]. This was in line with other studies and a comprehensive metaanalysis
that have reported CYFRA 21-1 and CEA being highly relevant biomarkers for prediction of response
and monitoring of NSCLC patients with chemotherapy [8] as well as CYFRA 21-1 and other tumor
markers for estimation of prognosis of advanced NSCLC [42]. Based on the analysis outcome, soluble
programmed cell death markers are not relevant in chemotherapy-treated NSCLC patients. Different
reasons might play a major role in this observation: Firstly, the measured markers are not the target
of the therapy and as such are not expected to exhibit significant changes in marker concentrations. In
addition, it is not clear whether soluble programmed cell death ligands and receptors are shed from the
cell surface in a specific manner or actively released, thus correlating with reduced or enhanced presence
on the cellular surface. Furthermore, they may interact with other proteins, or cellular or subcellular
components in the blood stream that influence their metabolization, elimination, and thus their duration
in the blood. To elucidate this complex and not yet fully understood biology of programmed cell death

Fig. 3. Discrimination between response groups (PD vs SD+PR). Receiver operating characteristic (ROC) curves of PD-1,
PD-L1 and PD-L2 for the discrimination of patients with progression (PD) as compared with responding patients with stable
disease and partial remission (SD+PR) at baseline (C1) before start of therapy (A, C, E) and for the relative changes from
Clto C3 (B, D, F).
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Fig. 4. Relevance of PD markers for overall survival (OS). Overall survival probability of the three markers is displayed
using Kaplan-Meier curves, PD-1 (A,B), PD-L1 (C,D) and PD-L2 (E,F). The entire study population was split according
to the marker levels into four quartiles (Q1 blue, Q2 yellow, Q3 grey, Q4 red). The pretherapeutic baseline levels (C1) are
presented on the left (A, C, E) and the values at first radiological staging exam (C3) on the right (B, D, F).

markers further studies are necessary. Additionally, their possible utility for prediction and prognosis
in ICI-treated patients will have to be studied in future. Some recent studies have already reported
correlations of high concentrations of soluble PD-L1 with poor OS in ICI-treated NSCLC patients [19,
20] and of soluble PD-1 with response to PD-1-targeting treatment and prognosis [18]. Nevertheless,
standardizing the assays and antibodies used, as well as establishing universal applicable decision
thresholds are challenges lying ahead, before the implementation of programmed cell death markers
in future clinical diagnostic settings can be considered.
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5. Conclusions

The current prospective biomarker study involving serial samples from advanced NSCLC patients
undergoing platinum-based chemotherapy does not provide evidence supporting the utility of soluble
PD-1,PD-L1, and PD-L2 for predicting therapy response or estimating prognosis. Additional studies on
NSCLC patients receiving PD-1 or PD-L1 inhibiting therapies are warranted to elucidate the biomarker
utility in this more specific setting.
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