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Abstract

Lung cancer remains the primary cause of cancer-
related mortalities worldwide, a fact resulting from late
diagnosis after widespread dissemination of the disease
has occurred. PD-1/PD-L1 directed immune checkpoint
inhibition therapy has changed the paradigm of cancer
therapy and survivorship in this group with impressive,
durable clinical benefits and low toxicity profiles.
However, this specific approach is imperfect where
only a subset of patients benefit from this therapeutic
strategy. Multiple alternative immune checkpoint
systems have been described as possible therapeutic
options, though their potential impact in lung cancer
remains undetermined. In this study, we profiled a
panel of 31 immune checkpoint molecules (listed in
Table 1), consisting of soluble checkpoint molecules
and immune regulators, using the MILLIPLEX® Human
Immuno-Oncology Checkpoint Protein Panel 2 with
pretreatment sera from 123 advanced-stage Non-Small
Cell Lung Cancer patient samples receiving PD-1/PD-L1
targeted therapy. Understanding the dynamics of these
molecules and their association with clinical outcomes
may help advance research in novel strategies for
immune checkpoint inhibition therapy. Results from
this evaluation demonstrate that this panel showed
excellent analytical performance and identified several
soluble checkpoint molecules, including CD40L, APRIL,
and CD226, which have a significant (p-values <0.05
for all) association with both progression-free and
overall survival rates. Research evaluating soluble
immune checkpoints in serum may help identify those
likely to benefit from PD-1/PD-L1 immunotherapy and
may reveal new immunotherapy targets for future
investigation.
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Introduction

The immune system is an essential regulator of tumor
biology with the potential of supporting or suppressing
tumor growth and progression[1]. Harnessing

the immune system against cancer is the focus of
several therapeutic approaches in cancer research.
Immune checkpoint inhibitors (ICIs) are therapeutic
monoclonal antibodies designed to disrupt inhibitory
signals received by immune checkpoint regulatory
molecules and show long-term survival benefits for
some patients with metastatic melanoma, Non-Small
Cell Lung Cancer (NSCLC), and other tumors[2-4].
However, response to ICIs is not homogenous for all
tumors, suggesting heterogeneity of immunoregulatory
mechanisms in cancer[5]. The coexistence of multiple
checkpoints in the same tumor, for example, imposes
a challenge for cancer immunotherapy and could be
associated with resistance and treatment failure[6].
Therefore, research to understand these resistance
mechanisms may facilitate selecting patients who

are most likely to benefit from current therapeutic
strategies or indicate new therapeutic targets for future
studies. Immune checkpoint molecules are cell-surface
proteins expressed on immune cells, mainly T cells,
that regulate immune activation by various antigens,
including tumor antigens. Immunotherapeutic agents
harness the intrinsic immune response against tumor
antigens by removing inhibitory mechanisms for T-cell
activation upon interaction with antigen-presenting
cells[7].

Programmed death receptor-1 (PD-1) and its

ligand-1 (PD-L1) are the main targets for current
immunotherapy agents approved for NSCLC, the most
common subtype of lung cancer. However, the function
and potential therapeutic value of numerous other
immune checkpoints are not completely understood.
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NSCLC is a leading cause of cancer mortality globally
and is the second cancer that has benefitted from
immune checkpoint therapy, especially in advanced
stages[8, 9]. Immunotherapeutic agents that target
the PD-1/PD-L1 immune checkpoint pathway have
been meteorically incorporated into the standard
management of advanced-stage NSCLC after
outstanding clinical benefits have been documented

in a series of clinical trials. However, overall response
remains dismal for these patients and multiple
resistance mechanisms have started to emerge,
including the expression of alternate immune
checkpoint molecules. Here, we evaluate circulating
levels of 31 soluble immune checkpoints from patients
receiving immunotherapy and correlated the levels to
their clinical outcomes as a means to better appreciate
the potential involvement of alternate ICI mechanisms
in NSCLC.

Table 1: Average intra-assay precision values
(expressed as %CV) between replicates.
Coefficient of variance (CV) calculated between the
replicates of a standard curve, samples, and kit Quality
Controls (QCs).

MEAN %CV IN

MEAN %CV IN MEAN %CV IN

ANALYTE STANDARD CURVE SAMPLES KIT QCS
CD40L 1.9 2.3 4.0
4-1BBL/TNFSF9 1.6 5.8 3.2
ARGINASE-1 1.9 4.3 3.1
B7-H2/ICOSL 2.6 2.8 1.1
B7-H3/CD276 3.4 1.9 1.4
5-NT/CD73 2.1 2.5 1.2
B7-H4/VTCN1 3.2 5.2 3.9
APRIL 3.3 2.3 0.4
B7-H5/VISTA 1.8 4.5 1.6
CD25/IL-2Ra 2.6 2.3 2.6
B7-H6 2.9 4.5 2.9
CD137/4-1BB 2.1 2.8 2.7
GRANZYME B 2.2 3.0 1.3
CD226/DNAM-1 2.2 4.4 3.3
CD30/TNFRSF8 2.8 4.7 2.3
E-CADHERIN 3.0 3.2 1.6
FGL1/HEPASSOCIN 1.8 1.9 1.7
GALACTIN-1 2.3 1.5 1.0
GALACTIN-3 2.3 1.8 2.0
GRANULYCIN 2.0 2.4 1.0
IDO1 1.8 5.0 2.8
MICA 3.6 4.4 1.0
MICB 3.4 3.8 1.7
NECTIN-2 2.1 1.9 1.0
BAFF/BLYS 2.7 1.8 1.3
NECTIN-4 1.1 3.3 1.4
0X40/CD134 3.0 2.5 0.7
PVR/CD155 4.2 2.2 4.1
SIGLEC-7 2.7 4.0 2.2
SIGLEC-9 2.4 3.0 1.9
PERFORIN 3.5 1.9 1.4
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Methods

Patient Sample Population:

Serum was collected from 123 patients with advanced-
stage NSCLC (IIIb-1V) that failed previous rounds of
platinum doublet chemotherapy and before initiation of
PD-1/PD-L1 directed immunotherapy (e.g., nivolumab,
atezolizumab, pembrolizumab, or durvalumab). Clinical
data were collected prospectively after written informed
consent was obtained from each subject by the Rush
University Cancer Center (RUCC) Biorepository. Clinical
outcomes were assigned and calculated from the

first immunotherapy administration date as follows:
Progression-free survival (PFS) is the time elapsed
from the treatment start date until the first tumor
progression is encountered. Overall survival (0OS) is
the time elapsed between the treatment start date

and death date or last date of follow-up with the
patient known alive. The Rush University Medical
Center (RUMC) Institutional Review Board approved all
protocols used in this study.

Serum Collection and Storage:

Peripheral blood was collected in 10 mL red-top
Vacutainers® immediately before initiation of
PD-1/PD-L1 directed immunotherapy and processed
using standard clinical laboratory methods. A portion
of each serum sample used for the protein biomarker
evaluations using the MILLIPLEX® Luminex® based
immunoassays was supplemented with 25 pyL/mL of
the Mammalian Protease Inhibitor Cocktail (Cat. No.
P8340-5ML) and 10 pL/mL of 0.5 M EDTA to minimize
further proteolysis after processing. Aliquots were
archived at -80 °C until testing, with no specimen
tested subjected to greater than two freeze-thaw
cycles.

Measurements of Serum Biomarker Levels:

Serum specimens were evaluated with 31 soluble
checkpoint molecules and immune regulators using
the MILLIPLEX® Human Immuno-Oncology Checkpoint
Protein Panel 2 (Cat. No. HCKP2-11K). This panel is
intended for research use only (RUO), and not for

use in diagnostic procedures. This panel consists of
the following targets: 4-1BBL/TNFSF9, 5'-NT/CD73
(5'-nuclectidase), APRIL (TNFSF13), Arginase-1, B7-
H2/ICOSL (Inducible T cell costimulator ligand),
B7-H3/CD276, B7-H4/VTCN1 (V-set domain-containing
T-cell activation inhibitor 1), B7-H5/VISTA (V-set
immunoregulatory receptor), B7-H6 (Natural killer

cell cytotoxicity receptor 3 ligand 1, NCR3LG1),
BAFF/BLyS (TNFSF13B), CD25/IL-2Ra (Interleukin-2
receptor alpha), CD30/TNFRSF8, CD40L (CD40 ligand),
CD137/4-1BB (TNFRSF9), CD226/DNAM-1 (DNAX
accessory molecule 1), E-Cadherin, FGL1/Hepassocin
(Fibrinogen-like protein 1), Gal-1 (Galectin-1),

Gal-3 (Galectin-3), Granulysin, Granzyme B, IDO1
(Indoleamine 2,3-dioxygenase 1), MICA (MHC class



I polypeptide-related sequence A), MICB (MHC class Biomarker Statistical Methods:

I polypeptide-related sequence B), Nectin-2 (PVRL2, . . .

CD112), Nectin-4 (PVRL4), OX40/CD134 (TNFRSF4), Cutoff \_/alues in relatlo”n to su_rV|v,a,1I paramet'ers were
Perforin, PVR/CD155 (Poliovirus receptor cell adhesion ~ detérmined using the "survminer” package in R
molecule), Siglec-7 (Sialic acid-binding Ig-like lectin program version 3.4. The association between the
7, CD328), Siglec-9 (Sialic acid-binding Ig-like lectin baseline blorr_larkers and the clinical outcpmes was
9, CD329). All primary data points were collected on a  calculated using log-rank and Kaplan-Meier analysis
Luminex® FLEXMAP 3D® system. Analyte concentrations USiNg Graphpad v.8.3, and a p-value of 0.05 was used
were calculated from a 7-point curve using a five- as a cutoff for statistical significance.

parametric fit algorithm (XPONENT® v4.0.3 Luminex

Corp., Austin, TX). All data met minimum quality

control thresholds defined in the kit protocol.

Figure 1: Soluble immune checkpoints associated with progression-free and overall survival. Top
panel Kaplan-Meier curves showing the association between selected biomarkers and progression-free survival
(PFS). The curves represent the cases with baseline markers below or above the cutoff point. Bottom panel
Kaplan-Meier curves showing the association between selected biomarkers and overall survival (OS). The curves
represent the cases with baseline markers below or above the cutoff point.
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Results
Analytical Performance:
We quantified 31 analytes associated with immune four. The precision was averaged at 94% with a high
regulation using the MILLIPLEX® Human Immuno- agreement between the samples and the standard
Oncology Checkpoint Protein Panel 2 in serum curve. Table 1 shows the average coefficient of
specimens representative of the pretreated advanced- variation (CV) between the replicates, expressed as

stage NSCLC. The assays performed at a wide dynamic  %CV (intra-assay precision).
range with power of magnitude ranging from three to
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Performance with Patient Cohort:

Based on the cohort we tested, we observed a
significant association between baseline soluble immune
checkpoint molecules and the clinical outcomes. High
baseline serum levels of CD40L, B7-H2/ICOSL, APRIL,
B7-H5/VISTA, E-Cadherin, Galectin-1, Galectin-3,
IDO1, Nectin-2, OX40/CD134, and Perforin were
significantly associated with favorable progression-free
survival time p-values <0.05). Kaplan-Meier curves of
selected immune checkpoint molecules with cutoffs are
depicted in Figure 1 (Top). Hazard ratios and confidence
interval statistics 95% CI are shown in detail in Table 2.

Many biomarkers were also associated with overall
survival outcome. High baseline levels of CD40L,
B7-H2/ICOSL, APRIL, B7-H5/VISTA, E-Cadherin,
Galectin-1, Galectin-3, Granulysin, Nectin-2, 0X40/
CD134, and Perforin were associated with longer overall
survival (all p-values <0.05). Lower baseline levels of
B7-H3/CD276, 5'-NT/CD73, CD226/DNAM-1, FGL1/
Hepassocin, MICA, PVR/CD155, and Siglec-7 were
associated with worse overall survival outcome (all
p-values <0.05). Hazard ratios and confidence interval
statistics 95% CI are shown in detail in Table 3. Figure
1 (Bottom) shows Kaplan-Meier curves of overall
survival in relation to baseline cutoff levels in selected
immune checkpoint molecules.

Table 2: Soluble immune checkpoints associated with progression-free survival. Association of analytical
results with progression-free survival (PFS) with optimized cutoff value indicated, number of cases below (“N<")
and above (“N>"), median PFS below (“LOW") and above (“HIGH") the cutoff, along with the log-rank p-value.
Hazard ratios (HR) along with 95% confidence intervals (CI) are also provided.

MEDIAN PFS

TARGET CUTOFF N= N> (LOW/HIGH) p-VALUE HR 95% CI

CD40L 6.2 ng/mL 60 58 2.2/6.9 <0.01 0.5 0.33t0 0.75
4-1BBL/TNFSF9 62.5 pg/mL 92 36 5.4/5.2 0.15 1.3 0.85to 2.13
ARGINASE-1 1.2 ng/mL 80 38 5.6/3.4 0.17 1.3 0.85 to 2.09
B7-H2/ICOSL 7.3 ng/mL 24 94 4.1/9.3 0.04 0.5 0.35t0 0.91
B7-H3/CD276 991.0 pg/mL 11 107 16.3/4.1 0.04 2.2 1.25to 4.11
5'-NT/CD73 1.9 ng/mL 27 91 14.3/3.9 0.03 1.7 1.11 to 2.70
B7-H4/VTCN1 484.7 pg/mL 58 65 12.6/3.6 0.07 1.5 1.00 to 2.53
APRIL 2.6 ng/mL 46 72 2.2/7.0 0.01 0.6 0.40 to 0.95
B7-H5/VISTA 90.6 pg/mL 105 13 3.9/18.2 0.02 0.4 0.26 to 0.77
CD25/IL-2Ra 1.6 ng/mL 17 101 2.1/5.6 0.14 0.6 0.35to 1.26
B7-H6 82.8 pg/mL 102 16 4.1/9.2 0.05 0.5 0.32t0 0.91
CD137/4-1BB 15.3 pg/mL 54 64 7.0/4.0 0.13 1.3 0.90 to 2.03
GRANZYME B 3.6 pg/mL 17 101 10.2/4.8 0.06 1.8 1.07 to 3.09
CD226/DNAM-1 95.3 pg/mL 33 85 8.6/3.3 0.01 1.7 1.16 to 2.72
CD30/TNFRSF8 13.8 pg/mL 36 82 6.0/3.9 0.12 1.4 0.92 to 2.15
E-CADHERIN 25.7 ng/mL 14 104 1.5/5.6 0.02 0.5 0.24 to 1.11
FGL1/HEPASSOCIN 90.7 ng/mL 83 39 7.5/2.3 <0.01 1.9 1.19to 3.21
GALECTIN-1 22.9 ng/mL 75 43 3.7/7.5 0.02 0.6 0.40 to 0.90
GALECTIN-3 7.2 ng/mL 73 45 3.7/10.0 0.01 0.5 0.38 to 0.86
GRANULYSIN 786.3 pg/mL 28 90 2.1/6.1 0.01 0.5 0.34 to 0.99
IDO1 7.7 pg/mL 12 106 2.1/5.6 0.03 0.5 0.23to 1.19
MICA 7.7 pg/mL 11 107 28.6/4.1 0.03 2.3 1.28 to 4.17
MICB 30.7 pg/mL 11 107 22.9/4.1 0.05 2.1 1.17 to 3.93
NECTIN-2 1.4 ng/mL 62 56 3.9/6.2 0.01 0.5 0.39 to 0.89
BAFF/BLYS 555.9 pg/mL 11 107 16.3/5.2 0.24 1.5 0.82 to 2.97
NECTIN-4 307.4 pg/mL 101 17 4.1/9.3 0.11 0.6 0.35to 1.02
0X40/CD134 142.9 pg/mL 54 64 2.9/6.2 0.04 0.6 0.44 to 1.00
PVR/CD155 105.7 pg/mL 41 77 9.2/3.3 0.03 1.5 1.04 to 2.38
SIGLEC-7 5.2 pg/mL 43 75 10.2/4.1 0.02 1.5 1.06 to 2.40
SIGLEC-9 4.5 pg/mL 17 101 4.1/5.2 0.26 1.4 0.82 to 2.47
PERFORIN 4.9 ng/mL 36 82 2.0/7.0 <0.01 0.4 0.29 to 0.80
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Table 3: Soluble immune checkpoints associated with overall survival. Association of analytical results
with overall survival (OS) with optimized cutoff value indicated, number of cases below (“N<") and above (“N>"),
median PFS below (“LOW") and above (“HIGH") the cutoff, along with the log-rank p-value. Hazard ratios (HR)

along with 95% confidence intervals (CI) are also provided.

MEDIAN PFS

TARGET CUTOFF N= N> (LOW/HIGH) p-VALUE HR 95% CI

CD40L 6.2 ng/mL 63 60 6.6/23.7 <0.01 0.5 0.34 t0 0.83
4-1BBL/TNFSF9 62.5 pg/mL 95 38 18.1/7.6 0.14 1.3 0.85to 2.24
ARGINASE-1 864.5 pg/mL 66 57 24.2/10 0.02 1.7 1.08 to 2.58
B7-H2/ICOSL 5.8 ng/mL 91 32 11.4/45.0 <0.01 0.4 0.28 t0 0.71
B7-H3/CD276 995.0 pg/mL 13 110 25.7/13.5 0.25 1.6 0.81 to 2.98
5'-NT/CD73 2.6 ng/mL 44 79 22.3/13.4 0.17 1.4 0.88 to 2.13
B7-H4/VTCN1 164.0 pg/mL 29 94 24.7/10.1 0.07 2.0 1.24 to 3.15
APRIL 2.4 ng/mL 46 77 6.6/22.3 0.03 0.6 0.38 to 0.99
B7-H5/VISTA 90.6 pg/mL 106 17 13.4/N/A 0.05 0.5 0.26 to 0.84
CD25/IL-2Ra 411.6 pg/mL 17 106 4.3/18.0 0.04 0.6 0.27 to 1.14
B7-H6 103.3 pg/mL 107 16 13.5/N/A 0.05 0.5 0.32t0 0.91
CD137/4-1BB 10.0 pg/mL 26 97 8.7/18.2 0.09 0.6 0.35t01.18
GRANZYME B 3.6 pg/mL 80 43 13.0/23.4 0.11 0.6 0.44 to 1.07
CD226/DNAM-1 1.2 ng/mL 55 68 24.0/10.7 0.04 1.5 1.02 to 2.42
CD30/TNFRSF8 28.3 pg/mL 79 44 18.2/9.8 0.13 1.4 0.88 to 2.21
E-CADHERIN 25.7 ng/mL 14 104 1.5/5.6 <0.01 0.5 0.15to 0.98
FGL1/HEPASSOCIN 90.7 ng/mL 83 39 7.5/2.3 <0.01 1.9 1.19to 3.21
GALECTIN-1 25.2 ng/mL 98 25 3.7/7.5 0.02 0.6 0.40 to 0.90
GALECTIN-3 9.5 ng/mL 78 45 10.7/23.6 0.02 0.6 0.38 to 0.91
GRANULYSIN 786.3 pa/mL 29 94 6.7/21.0 0.02 0.6 0.32 t0 0.98
IDO1 17.3 pg/mL 14 109 11.4/16.1 0.06 0.6 0.25to 1.24
MICA 9.4 pg/mL 16 107 14.1/14.4 0.55 1.2 0.64 to 2.33
MICB 228.5 pg/mL 75 48 11.4/21.0 0.05 0.6 0.41 to 0.99
NECTIN-2 1.2 ng/mL 33 90 8.7/19.6 0.02 0.6 0.35 t0 0.99
BAFF/BLYS 628.3 pg/mL 19 104 22.0/14.2 0.17 1.6 0.89 to 2.87
NECTIN-4 307.4 pg/mL 61 62 9.5/18.1 0.09 0.7 0.44 to 1.06
0X40/CD134 142.9 pg/mL 56 67 9.0/22.0 0.02 0.6 0.39 to 0.94
PVR/CD155 93.2 ng/mL 33 90 25.7/13.0 0.05 1.7 1.04 to 2.62
SIGLEC-7 5.3 pg/mL 74 49 18.2/10.1 0.19 1.3 0.85 to 2.08
SIGLEC-9 4.5 pg/mL 17 106 37.9/14.0 0.17 1.6 0.90 to 3.00
PERFORIN 4.9 ng/mL 34 89 4.0/22.0 <0.01 0.5 0.27 to 0.82

Conclusions Keenan, B.P., L. Fong, and R.K. Kelley, Immunotherapy in

Soluble immune checkpoint molecules can be evaluated
using the MILLIPLEX® Human Immuno-Oncology
checkpoint Protein Panel 2 (Cat. No. HCKP2-11K).
Moreover, we showed a significant association between
the circulating immune checkpoints molecules and the
response pattern in NSCLC samples receiving anti-
PD-1/PD-L1 therapy.
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