
HAL Id: hal-03487834
https://hal.science/hal-03487834

Submitted on 30 May 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Plasma biomarkers screening by multiplex ELISA assay
in patients with advanced non-small cell lung cancer

treated with immune checkpoint inhibitors
Adrien Costantini, P. Kamga, Catherine Julie, Alexandre Corjon, Coraline
Dumenil, Jennifer Dumoulin, Julia Ouaknine, Violaine Giraud, Thierry C.

Chinet, Martin Rottman, et al.

To cite this version:
Adrien Costantini, P. Kamga, Catherine Julie, Alexandre Corjon, Coraline Dumenil, et al.. Plasma
biomarkers screening by multiplex ELISA assay in patients with advanced non-small cell lung cancer
treated with immune checkpoint inhibitors. Cancers, 2021, 13 (1), pp.97. �10.3390/cancers13010097�.
�hal-03487834�

https://hal.science/hal-03487834
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


cancers

Article

Plasma Biomarkers Screening by Multiplex ELISA Assay in
Patients with Advanced Non-Small Cell Lung Cancer Treated
with Immune Checkpoint Inhibitors

Adrien Costantini 1,2, Paul Takam Kamga 2 , Catherine Julie 2,3, Alexandre Corjon 3, Coraline Dumenil 1,
Jennifer Dumoulin 1, Julia Ouaknine 1, Violaine Giraud 1, Thierry Chinet 1,2, Martin Rottman 4,5,
Jean-François Emile 2,3 and Etienne Giroux Leprieur 1,2,*

����������
�������

Citation: Costantini, A.; Takam

Kamga, P.; Julie, C.; Corjon, A.;

Dumenil, C.; Dumoulin, J.; Ouaknine,

J.; Giraud, V.; Chinet, T.; Rottman, M.;

et al. Plasma Biomarkers Screening by

Multiplex ELISA Assay in Patients

with Advanced Non-Small Cell Lung

Cancer Treated with Immune

Checkpoint Inhibitors. Cancers 2021,

13, 97. https://doi.org/10.3390/

cancers13010097

Received: 9 November 2020

Accepted: 23 December 2020

Published: 31 December 2020

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2020 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Respiratory Diseases and Thoracic Oncology, APHP—Hôpital Ambroise Pare,
92100 Boulogne-Billancourt, France; adrien.costantini@aphp.fr (A.C.); coraline.dumenil@aphp.fr (C.D.);
jennifer.dumoulin@aphp.fr (J.D.); julia.ouaknine@aphp.fr (J.O.); violaine.giraud@aphp.fr (V.G.);
thierry.chinet@aphp.fr (T.C.)

2 EA 4340 BECCOH, UVSQ, Université Paris-Saclay, 92100 Boulogne-Billancourt, France;
takam.paul@gmail.com (P.T.K.); catherine.julie@aphp.fr (C.J.); jean-francois.emile@uvsq.fr (J.-F.E.)

3 Department of Pathology, APHP—Hôpital Ambroise Pare, 92100 Boulogne-Billancourt, France;
alexandre.corjon@aphp.fr

4 Department of Microbiology, APHP—Hôpital Raymond Poincaré, 92380 Garches, France;
martin.rottman@aphp.fr

5 UMR 1173, UVSQ, Université Paris-Saclay, 78180 Montigny-le-Bretonneux, France
* Correspondence: etienne.giroux-leprieur@aphp.fr; Tel.: +33-1-49-09-58-02

Simple Summary: There is an unmet need for new predictive biomarkers associated with efficacy
and immune-related toxicity of immune checkpoint inhibitors (ICIs) in non-small cell lung cancer
(NSCLC). In this study, we performed multiplex ELISA screening in plasma from 35 consecutive
patients with advanced NSCLC treated with nivolumab or pembrolizumab, allowing large-scale
screening for 48 cytokines involved in immune response and tumour proliferation. We found an
association between ICIs efficacy and three cytokines: soluble hepatocyte growth factor (sHGF),
soluble Fibroblast Growth Factor (sFGF) and interleukine-12 (IL-12). Moreover, TNF-α, IL-16, IL-
12p40 and MCP3 were candidate biomarkers for predicting grade 3–4 immune-related toxicity. This
exploratory study shows the potential role of new plasma biomarkers in advanced NSCLC treated
with ICIs.

Abstract: Immune checkpoint inhibitors (ICIs) are commonly used in patients with advanced non-
small cell lung cancer (NSCLC). An unmet need remains for new biomarkers associated with ICIs.
In this study, consecutive patients with advanced NSCLC treated with nivolumab or pembrolizumab
were included. Plasma at ICIs initiation was prospectively collected and a multiplex ELISA assay
testing 48 cytokines and growth factors was performed. Exploratory endpoints were the association
between plasma biomarkers with outcome and grade III–IV immune related adverse events (irAEs).
Thirty-five patients were included. Patients without clinical benefit (n = 22) had higher pre-ICI
soluble Hepatocyte Growth Factor (sHGF) (210.9 vs. 155.8 pg/mL, p = 0.010), lower pre-ICI soluble
Fibroblast Growth Factor (sFGF) (4.0 vs. 4.8 pg/mL, p = 0.043) and lower pre-ICI interleukine-12
(IL-12) (1.3 vs. 2.2 pg/mL, p = 0.043) concentrations. Patients with early progression (n = 23) had
higher pre-ICIs sHGF (206.2 vs. 155.8 pg/mL, p = 0.025) concentrations. Patients with low sHGF
levels at ICIs initiation had longer progression-free survival and overall survival than those with high
sHGF levels: respectively 2.5 vs. 8.0 months (p = 0.002), and 5.5 vs. 35.0 months (p = 0.001). TNF-α,
IL-16, IL-12p40 and MCP3 were associated with high grade irAEs. This study shows the potential
association between several plasma biomarkers with outcome and grade 3–4 IrAEs in advanced
NSCLC treated with ICIs.

Keywords: non-small cell lung cancer; immune checkpoint inhibitor; biomarker; plasma; resistance;
toxicity; hepatocyte growth factor; Fibroblast Growth Factor; interleukine-12
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1. Introduction

Lung cancer is the leading cause of cancer related death worldwide [1]. At the ad-
vanced stage, its prognosis is bleak with limited efficacy of cytotoxic chemotherapy (CT).
Immune checkpoint inhibitors (ICIs), humanised monoclonal antibodies targeting notably
programmed death 1 (PD-1) or programmed death ligand 1 (PD-L1), have recently been
developed. PD-L1 and programmed death-ligand 2 (PD-L2) are membranous proteins
expressed by malignant cells that interact with PD-1 expressed by T-cells. When PD-L1/PD-
L2 and PD-1 bind, the T-cells’ cytotoxic anti-tumour activity is down-regulated. By blocking
the interaction between PD-L1 and PD-1, ICIs restore cytotoxic immune response. ICIs have
shown their efficacy in advanced non-small cell lung cancer (NSCLC). Nivolumab, an anti-
PD-1 antibody, is currently used for second-line treatment in Anaplastic Lymphoma Kinase
(ALK) and Epidermal Growth Factor Receptor (EGFR) wild-type advanced NSCLC [2,3].
Pembrolizumab, (anti-PD-1 antibody) is used for first-line treatment in ALK and EGFR
wild-type advanced NSCLC that have a high (≥50%) PD-L1 expression on tumour cells
as determined by immunohistochemistry (IHC) [4]. Pembrolizumab can also be used in
the first-line setting in association with platinum-pemetrexed doublet CT independent
of PD-L1 expression determined by IHC [5,6]. Other drugs such as atezolizumab or dur-
valumab (anti-PD-L1 monoclonal antibodies) have also shown their efficacy in different
settings [7–9]. However, the use of PD-L1 expression as a predictive biomarker remains
challenging, as some patients experience tumour response with low/negative PD-L1 ex-
pression [2,3,7,9]. Furthermore, PD-L1 expression as determined by IHC can vary within
one tumour sample, between two different locations of the same tumour [10–16] as well
as over time, notably after CT [17,18]. There is currently an unmet need for biomarkers
to better select patients who will benefit from ICIs. Other than tissue-based biomarkers,
plasma-based biomarkers are being investigated [19,20] as plasma has the advantage of be-
ing easily accessible, allows sequential analysis during follow-up and reflects the different
tumour clones present throughout the body.

In this study, we aimed to perform baseline plasma biomarker screening using a
multiplex ELISA assay in patients with advanced NSCLC receiving anti-PD-1 monoclonal
antibodies nivolumab or pembrolizumab. The aim was to perform exploratory analyses
of the potential association between baseline biomarker levels and clinical outcomes and
toxicity. Due to the exploratory nature of the study, no primary endpoint was chosen.

2. Results
2.1. Patients

Between March 2014 and February 2018, 86 patients received nivolumab or pem-
brolizumab for treatment of NSCLC. Thirty-five patients (41%) signed the consent form
and had plasma available for analyses. Their characteristics are presented in Table 1.
Gender was evenly distributed among the patients (51% male), they were mainly cur-
rent or former smokers (83%) and with adenocarcinoma histology (77%). All patients
were negative for Epidermal Growth Factor Receptor (EGFR) sensitising mutations and
Anaplastic Lymphoma Kinase (ALK) translocation. ICIs were given as first-line treat-
ment (pembrolizumab, n = 8) because of high PD-L1 NSCLC, in the second-line setting
(nivolumab, n = 21) or beyond (nivolumab, n = 6). At the time of cut-off, median follow-up
was 47.0 months (IQR 36.0–70.0), twenty-four patients (69%) were deceased due to tumour
progression, seven (20%) had controlled disease under ICIs and four (11%) were receiving
further treatment after ICI failure. Objective Response Rate (ORR) under immunotherapy
was 49% with 17 patients presenting with partial response under ICIs as best response,
5 (14%) presenting with stable disease and 13 (37%) presenting with progressive disease as
best tumour response. Median Progression Free Survival (PFS) under ICIs was 4.0 months
(IQR 2.0–7.0) and median Overall Survival (OS) was 21.0 months (IQR 10.0–35.0). Twenty-
two patients (63%) did not present with clinical benefit whilst receiving immunotherapy,
twelve (34%) presented with clinical benefit and one patient (3%) could not be evaluated.
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Twenty-three patients (66%) presented with early progression and twelve patients (34%)
presented with late progression while receiving ICIs.

Table 1. Patients’ characteristics.

Characteristics All Patients (n = 35)

Sex
Male n (%) 18 (51%)

Female n (%) 17 (49%)

Age at diagnosis, median (range) 67 (37–84)

Smoking history
Non-smoker, n (%) 6 (17%)

Smoker, n (%) 29 (83%)

Histology
Non squamous 27 (77%)

Squamous 5 (14%)
Other 3 (9%)

Stage at diagnosis
I-II, n (%) 2 (6%)

III-IV, n (%) 33 (94%)

PS at ICIs initiation
0–1, n (%) 26 (74%)

2, n (%) 9 (26%)

Type of ICIs
Pembrolizumab (1st line) 8 (26%)

Median number of infusions (range) 9 (2–37)
Nivolumab (≥2nd line) 27 (77%)

Median number of infusions 8 (1–76)
PS: performance status, ICIs: immune checkpoint inhibitors.

2.2. Plasma Biomarkers

Amongst the tested cytokines, three seemed to be associated with outcome in our
cohort: soluble HGF (sHGF), soluble FGF (sFGF) and IL-12 (Figure 1). Table S1 shows the
raw data for the measured biomarkers in pg/mL.

At ICI initiation, median sHGF was 171.35 pg/mL (IQR 144.05–210.5). A stepwise ap-
proach was used: first, all biomarkers were tested with regards to progression pattern (early
vs. late progression). Patients who presented with early progression (n = 23) had higher
sHGF levels at ICIs initiation than patients with late progression (n = 12): 206.2 pg/mL
vs. 155.8 pg/mL, p = 0.025 (Figure S1). When Benjamini–Hochberg correction for multiple
testing was applied, this did not translate into significant results. Secondly, only biomarkers
with promising results with regards to progression pattern were selected. Patients who
did not present with clinical benefit (n = 22) had higher sHGF levels at immunotherapy
initiation than patients who presented with clinical benefit (n = 12): 210.9 pg/mL versus
(vs.) 155.8 pg/mL, p = 0.010 (Figure 2). When Benjamini–Hochberg correction for multiple
testing was applied using a false discovery rate (Q) of 5%, results remained significant.

This did not translate into ORR with no statistically significant difference in sHGF
levels in patients presenting with stable or progressive disease (n = 18) as compared to
those presenting with response (n = 17): 207.1 pg/mL vs. 137.3 pg/mL, p = 0.145.

To further determine the effect of sHGF on survival, we used ROC curves to determine
the optimal sHGF cut-off in order to separate our patients into two groups: high and low
baseline sHGF concentrations. Table 2 shows the characteristics of the patients with high
(n = 16) and low (n = 19) pre-ICI sHGF levels. Of note, patients with low pre-ICI sHGF
levels had better PS than patients with high sHGF levels (PS 0–1.89% vs. 59%, p = 0.049).
We found that an sHGF level of 171.35 pg/mL offered a sensitivity of 70% and a specificity
of 83% to determine PFS. The area under the curve (AUC) was 0.73 (Figure S2). Using
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this cut-off, we constructed Kaplan–Meier survival curves and compared PFS and OS
between patients with high (n = 16) and low (n = 19) baseline sHGF levels. PFS was
significantly shorter in the high baseline sHGF group: median PFS under immunotherapy
was 2.5 months [95% CI (1.0–3.0)] vs. 8.0 months [95% CI (4.0—not reached (NR))], p = 0.002
(Figure 3A). In the same way, OS was significantly shorter in the high sHGF group: median
OS under immunotherapy was 5.5 months [95% CI (2.0–15.0)] vs. 35.0 months [95% CI
(22.0—NR)], p = 0.001 (Figure 3B).
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Figure 1. Scatter plot showing p-values for the 48 chemokines and cytokines with regards to grade
3–4 immune adverse events (irAEs) (x axis) and Progression Free Survival (PFS) or clinical benefit
(y axis). * Indicates biomarkers for which results remain significant after applying correction for
multiple testing.
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Figure 2. Box plots showing baseline soluble Hepatocyte Growth Factor (sHGF) levels in patients
with and without clinical benefit. The median is indicated by the line within the box, the boundaries
of the box indicate the 25th and 75th percentile and the whiskers the 10th and 90th percentile.
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Table 2. Characteristics of patients with high and low pre-ICI sHGF levels.

Characteristics Patients with Low sHGF (n = 18) Patients with High sHGF (n = 17) p-Value

Sex
p = 0.238Male n (%) 11 (61%) 7 (41%)

Female n (%) 7 (39%) 10 (59%)

Age at diagnosis, median (range) 66.5 (48–84) 70 (37–82) p = 0.457

Smoking history
p = 0.061Non-smoker, n (%) 1 (6%) 5 (29%)

Smoker, n (%) 17 (94%) 12 (71%)

Histology

p = 0.657Non squamous 15 (83%) 12 (70%)
Squamous 2 (11%) 3 (18%)

Other 1 (6%) 2 (12%)

Stage at diagnosis
p = 0.157I-II, n (%) 2 (11%) 0 (0%)

III-IV, n (%) 16 (89%) 17 (100%)

PS at ICI initiation
p = 0.0420–1, n (%) 16 (89%) 10 (59%)

≥2, n (%) 2 (11%) 7 (41%)

Type of ICI
p = 0.110Pembrolizumab (1st line) 4 (22%) 4 (24%)

Nivolumab (≥2nd line) 11 (61%) 10 (59%)

PS: performance status, ICIs: immune checkpoint inhibitors.

2.3. Fibroblast Growth Factor (FGF)

Patients who did not present with clinical benefit had lower sFGF levels at im-
munotherapy initiation than patients who presented with clinical benefit: 4.0 pg/mL
vs. 4.8 pg/mL (p = 0.043) and this result remained significant after applying correction
for multiple testing. This did not translate into significant results with regards to ORR
(4.2 pg/mL for non-responders vs. 4.4 pg/mL for responders, p = 0.380) or progression
pattern (4.0 pg/mL for early progression vs. 4.8 pg/mL for late progression, p = 0.056).

2.4. Interleukine-12 (IL-12)

Patients who did not present with clinical benefit had lower IL-12 levels at im-
munotherapy initiation than patients who presented with clinical benefit: 1.3 pg/mL
vs. 2.2 pg/mL (p = 0.043) and this result remained significant after applying correction
for multiple testing. This did not translate into significant results with regards to ORR
(1.9 pg/mL for non-responders vs. 1.9 pg/mL for responders, p = 0.572) or progression
pattern (1.4 pg/mL for early progression vs. 2.2 pg/mL for late progression, p = 0.080).

2.5. Immune-Related Adverse Events (irAEs)

Six patients (17%) presented with grade III–IV toxicity whilst receiving immunother-
apy: auto-immune kidney failure/nephritis (n = 1), auto-immune cholangitis (n = 1),
interstitial pneumonia/pneumonitis (n = 2), one patient with multiple toxicities (encephali-
tis, skin, arthro-myalgia), arthro-myalgia (n = 1). Of the tested biomarkers, higher levels
of TNF-α (p = 0.036), IL-16 (p = 0.040), IL-12p40 (p = 0.015) and MCP3 (p = 0.025) were
significantly associated with grade 3–4 irAEs under immunotherapy. When correction for
multiple testing was applied, results did not remain significant.
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Figure 3. Kaplan–Meier curves showing progression free survival (PFS) (A) and overall survival (B)
according to baseline sHGF levels.

3. Discussion

Although ICIs have transformed patient care across numerous cancer types, their
efficacy remains sub-optimal and the need for biomarkers in order to better select patients
who will benefit from them is essential. In this pilot study, we performed large baseline
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plasma biomarker screening using a multiplex ELISA assay in patients with advanced
NSCLC treated with nivolumab or pembrolizumab. We were able to show a significant
association between clinical benefit under ICIs and levels of sHGF, sFGF and IL-12. Results
with regards to the progression pattern were promising but significance was lost when
correction for multiple testing was applied. Similarly, we found a potential association
high immune toxicities and levels of IL-16, TNF-α, IL-12p40 and MCP3.

HGF is a polypeptide growth factor that belongs to the plasminogen family. It is a
disulfide-linked α–β heterodimer consisting of a 69 kDa α-chain and a 34 kDa β-chain.
HGF is produced by mesenchymal cells (stromal cells and fibroblasts) in an inactive single-
chain precursor of 728 amino acids (pro-HGF), which is then activated by posttranslational
conversion by a serine protease in areas of tissue injury. The MET gene encodes for c-
MET, a high-affinity receptor of HGF [21,22] that is, in a physiological setting, expressed
on epithelial cells. HGF specifically activates c-MET receptor tyrosine kinase activity.
The HGF/c-MET pathway can induce epithelial-to-mesenchymal transition (EMT), motility,
proliferation and is involved in regeneration and tissue repair [23,24].

In cancer, c-MET activation promotes communication between mesenchymal cells
and epithelial cells, tissue infiltration, cancer cell proliferation, and the induction of
angiogenesis [25].

This is the first study to report results regarding pre-ICI sHGF levels and outcomes in
patients with advanced NSCLC treated with ICIs. We found that patients who presented
with clinical benefit and late progression had lower pre-ICI sHGF levels than patients
who did not. Furthermore, patients with low pre-ICI sHGF levels as determined by ROC
curves presented with significantly longer PFS and OS than patients with high pre-ICI
sHGF levels.

This result is in line with what has been shown in previous studies investigating sHGF.
In resectable NSCLC, sHGF levels were associated with survival [26,27]. In patients with
advanced NSCLC receiving cytotoxic CT, sHGF levels were evaluated at different time-
points during follow-up (pre-treatment, response-evaluation 1–2 months after treatment
initiation, best tumour response and disease progression) in 55 patients [28]. Positive-sHGF
at response-evaluation predicted poor PFS compared with negative-sHGF in first-line
(median, 153.5 vs. 288.0; p < 0.05) and second-line treatment (87.0 vs. 219.5; p = 0.01).
Multiple Cox proportional hazards models showed significant independent associations
between poor PFS and positive-sHGF at response-evaluation (hazard ratio, 4.24; 95%
CI, 2.05 to 9.46; p < 0.01) and positive-sHGF at pre-treatment or at response-evaluation
predicted poor PFS (35.0 vs. 132.0; p < 0.01, 50.0 vs. 215.0; p < 0.01, respectively).

Soluble HGF has also been extensively investigated in patients with EGFR mutant
advanced NSCLC treated with EGFR tyrosine kinase inhibitors (TKIs). Preclinical and
clinical studies have shown that sHGF is associated with poor outcome with EGFR TKIs,
notably through the activation of the MET pathway [29–32]. Some recent reports have
evaluated sHGF levels in patients receiving ICIs. Kubo et al. [33] published a retrospective
study on 29 patients with metastatic melanoma treated with pembrolizumab or nivolumab.
Patients without tumour response had higher baseline sHGF levels than patients with
tumour response (p = 0.00124). Furthermore, patients with low sHGF levels showed longer
OS (p = 0.039; HR 0.3125, 95% CI 0.1036–0.9427) and PFS (p = 0.0068; HR 0.2087, 95% CI
0.06525–0.6676) than those with high sHGF levels.

The interaction between the HGF/c-MET pathway and anti-tumour immune-response
is complex and yet to be fully understood. It has been shown [34,35] that PD-L1 expression
occurs more frequently with MET activation. In fact, PD-L1 expression was positively
associated with MET gene amplification in 389 NSCLC samples and, in a separate study of
155 resected NSCLC tumour samples. There is evidence that the HGF/c-MET axis interacts
with immuno-modulation: HGF treated monocytes have immuno-suppressive phenotypes,
HGF promotes immuno-tolerant CD4+ response, C-MET+ CD 8 + T cells produce more
inflammatory cytokines and HGF treated antigen presenting cells attenuate cytokine pro-
duction and memory T cell formation. Also, it is established that HGF induces macrophage
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transition to the M2 phenotype, which is pro-generative. However, several studies have
suggested that HGF could also have a pro-immune role [36,37] and further research is
needed to better understand the exact role of HGF in anti-tumour immune response.

Amongst the other tested biomarkers, statistically significant results were found with
sFGF and IL-12 with regards to clinical benefit. Patients with higher baseline sFGF levels
presented with clinical benefit as compared to those with lower baseline sFGF levels.
Although FGF signalling is associated with cellular proliferation, survival, migration and
differentiation, there is also evidence that the FGF pathway can act in a tumour suppressive
manner in some circumstances [38].

Finally, we found that patients who did not present with clinical benefit had lower
IL-12 levels at immunotherapy initiation than patients who presented with clinical benefit.
This finding can be explained by the fact that IL-12 has a clear anti-tumour activity through
the activation of T and natural killer (NK) lymphocytes leading to the production of
interferon gamma (IFNγ) [39].

The onset of irAEs is difficult to predict, and although grade 3–4 adverse events
remain relatively infrequent, they can be severe, impacting quality of life, sometimes life-
threatening, and can lead to treatment interruption. Predicting the onset of the irAEs is a
major challenge and the use of soluble biomarkers has already been partly explored in a
previous study [20] finding that low sPD-L2, low IL-2 and high IFN-g levels in patients with
advanced NSCLC treated with nivolumab were associated with grade 3–4 toxicities. In this
study, we found several candidate biomarkers to predict irAEs. Higher levels of TNF-α
(p = 0.036), IL-16 (p = 0.040), IL-12p40 (p = 0.015) and MCP3 (p = 0.025) were all seemingly
associated with grade 3–4 irAEs under immunotherapy. If confirmed, these results could
help predict which patients are at risk for high-grade toxicity as early as the beginning of
treatment, leading to closer follow-up of such patients.

Our work has several limitations. This was a small exploratory monocentric pilot
study, with a possibility of lack of power for some statistical analyses. However, when cor-
rection for multiple testing was applied some relevant results remained significant. Finally,
it is difficult to differentiate the prognostic and the predictive role of these biomarkers,
as no validation cohort with a control group was used and further studies are needed to
confirm these preliminary results.

4. Materials and Methods
4.1. Experimental Design

This study was an exploratory study, based on the analysis of consecutive patients
in the Department of Respiratory Medicine and Thoracic Oncology (APHP—Ambroise
Paré Hospital) treated by nivolumab or pembrolizumab for stage III (non-irradiable) or IV
NSCLC between 2014 and 2018, and for whom plasma samples at diagnosis were available.
Exploratory endpoints were ORR, PFS, OS, clinical benefit, early or late progression and
grade 3–4 toxicity, according to plasmatic concentrations of a panel of potential biomarkers.

4.2. Patients and Plasma

Tumour response was evaluated every eight (nivolumab) or nine (pembrolizumab)
weeks using iRECIST criteria [40]. Medical records were reviewed and data retrospectively
extracted on clinical and pathological features as well as treatment history. Plasma samples
were drawn before initiating immunotherapy (C1). Briefly, two 10 mL-EDTA tubes of
peripheral blood were taken, plasma was isolated after centrifugation within one hour and
immediately stored at −80 ◦C.

4.3. Ethical Considerations

All included patients signed an informed consent allowing blood to be drawn and
stored within the Centre de Ressources Biologiques (CRB) of the Ambroise Paré Univer-
sity Hospital during their follow-up and treatment. The protocol was approved by the
Institutional Review Board CPP IDF n_8 (ID CRB 2014-A00187-40).
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4.4. Outcomes

ORR was defined as the proportion of patients who presented with partial or complete
response whilst receiving ICIs. Clinical benefit was defined as complete response, partial
response or stability, according to iRECIST [40], lasting 6 months or more after initiation
of immunotherapy. PFS was defined as the time between ICI initiation and tumour
progression or death. OS was defined as the time between ICI initiation and death. Patients
were defined as presenting with early progression as opposed to late progression if disease
progression occurred within six months of initiating ICIs.

Immune related adverse events (irAEs) were assessed using Common Terminology
Criteria for Adverse Events (CTCAE v4.0).

4.5. Multiplex ELISA Technique

Multiplex ELISA was performed on the patients’ plasma samples using a commercial
kit and according to the manufacturer’s guidelines (Bio-Plex-ProTM Human Cytokines
Assay, Bio-Rad). This assay allows testing of 48 chemokines, cytokines and growth factors
in plasma samples. The assay principle is that of a sandwich ELISA: capture antibod-
ies directed against the desired biomarker are covalently coupled to fluorescently dyed
magnetic microspheres (beads) each with a distinct colour code or spectral address. After
several wash series, the final detection complex is formed with the addition of streptavidin-
phycoerythrin (SA-PE) conjugate with phycoerythrin serving as a fluorescent indicator.
Data are drawn using an automated reader, a red and green laser illuminates the fluorescent
dyes within each bead allowing to provide bead classification and PE excitation, which
is detected by a photomultiplier tube (PMT). Data are presented as median fluorescence
intensity (MFI) as well as concentration in pg/mL. The concentration of analyte bound to
each beach is proportional to the MFI of the reporter signal. All samples, standards and
negative controls were tested in duplicate. For all the 48 tested cytokines, the related mean
intra-assay CV (coefficient of variation) ranged from 1.7 to 5.0%, and inter-assay CV from
1.2 to 7.9%.

The following proteins were tested in this assay: Interleukin-1a (IL-1a), IL-1b, IL-
1ra,IL-2ra,IL-2,IL-3, IL-4,IL-5,IL-6,IL-7, IL-8,IL-9,IL-10,IL-12, IL-12p40,IL-13,IL-15,IL-17,
IL-16,IL-18, Eotaxin, Fibroblast Growth Factor (FGF), Granulocyte-Colony Stimulating
Factor (G-CSF), Granulocyte Macrophage–Colony Stimulating Factor (GM-CSF), Interferon
gamma (IFN-g), IP-10, Monocyte chemoattractant protein 1 (MCP-1), MCP-3,Macrophage
Inflammatory Protein 1 alpha (MIP-1a),MIP-1b, Platelet Derived Growth Factor-bb (PDGF-
bb), Regulated upon Activation, Normal T Cell Expressed and Presumably Secreted
(RANTES), Tumour Necrosis Factor–alpha (TNF-a), Vascular Endothelial Growth Factor
(VEGF), Cutaneous T-cell-Attracting Chemokine (CTACK), Growth Regulated Oncogene-
alpha (GRO-a), Hepatocyte Growth Factor (HGF), Interferon-alpha 2 (IFN-a2), Leukemia
inhibitory factor (LIF), Monocyte-Colony Stimulating Factor (M-CSF), Macrophage migra-
tion Inhibitory Factor (MIF), Monokine Induced by Gamma interferon (MIG), beta-Nerve
Growth Factor (b-NGF), Stem Cell Factor (SCF), Stem Cell Growth Factor-beta (SCGF-b),
Stromal Cell-Derived Factor-1 (SDF-1a), Tumour Necrosis Factor-beta (TNF-b), TNF-related
apoptosis-inducing ligand (TRAIL).

4.6. Statistical Analysis

Median soluble concentrations of all the tested biomarkers were analysed according
to ORR, PFS, OS, clinical benefit, early or late progression response profile and grade
3–4 toxicity.

The comparison of median biomarker levels between groups was performed using
the Mann–Whitney test and interquartile range (IQR) is given for each value.

A stepwise approach was adopted. First, all biomarkers were tested with regards to
PFS. Biomarkers who presented with significant or closely significant p-values were then
tested in a second step with regards to clinical benefit. In both cases, correction for multiple
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testing was applied using the Benjamini–Hochberg [41] method correction for multiple
testing and setting a false discovery rate (Q) at 5%.

The Receiving Operating Curve (ROC) method was used to determine a cut-off level
for each biomarker with a significant difference for endpoints with the Mann–Whitney
test. The Kaplan–Meier method was used to determine OS and PFS. Comparison between
survival curves was performed using a log-rank method. Data analysis was computed
using XLStat v 19.4 (Addinsoft). p-values were considered significant if <0.05.

5. Conclusions

This is the first study to show the prognostic value of sHGF in patients with ad-
vanced NSCLC treated with ICIs. This finding is in line with previous data reported in
localised NSCLC, EGFR mutated NSCLC and advanced NSCLC treated with CT. Further-
more, this study brings original data with regards to the use of FGF or IL-12 as potential
biomarkers of ICI efficacy, and IL-16, TNF-α, IL-12p40 and MCP3 as biomarkers of irAEs.

These preliminary results need to be validated in a large prospective population,
including patients treated with ICI-CT combo treatment.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072-6
694/13/1/97/s1, Figure S1: Box plots showing baseline soluble HGF levels in patients with early
and late progression. The median is indicated by the line within the box, the boundaries of the box
indicate the 25th and 75th percentile and the whiskers the 10th and 90th percentile, Figure S2: ROC
curve used to determine the sHGF cut-off level, Table S1: Raw values of the different measured
biomarkers.
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Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2018, 379, 2040–2051. [CrossRef]

https://www.mdpi.com/2072-6694/13/1/97/s1
https://www.mdpi.com/2072-6694/13/1/97/s1
http://doi.org/10.3322/caac.21332
http://www.ncbi.nlm.nih.gov/pubmed/26742998
http://doi.org/10.1056/NEJMoa1504627
http://www.ncbi.nlm.nih.gov/pubmed/26028407
http://doi.org/10.1056/NEJMoa1507643
http://www.ncbi.nlm.nih.gov/pubmed/26412456
http://doi.org/10.1056/NEJMoa1606774
http://www.ncbi.nlm.nih.gov/pubmed/27718847
http://doi.org/10.1056/NEJMoa1801005
http://doi.org/10.1056/NEJMoa1810865


Cancers 2021, 13, 97 11 of 12

7. Rittmeyer, A.; Barlesi, F.; Waterkamp, D.; Park, K.; Ciardiello, F.; von Pawel, J.; Gadgeel, S.M.; Hida, T.; Kowalski, D.M.; Dols,
M.C.; et al. Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): A phase 3,
open-label, multicentre randomised controlled trial. Lancet 2017, 389, 255–265. [CrossRef]

8. Socinski, M.A.; Jotte, R.M.; Cappuzzo, F.; Orlandi, F.; Stroyakovskiy, D.; Nogami, N.; Rodríguez-Abreu, D.; Moro-Sibilot, D.;
Thomas, C.A.; Barlesi, F.; et al. Atezolizumab for First-Line Treatment of Metastatic Nonsquamous NSCLC. N. Engl. J. Med. 2018,
378, 2288–2301. [CrossRef]

9. Antonia, S.J.; Villegas, A.; Daniel, D.; Vicente, D.; Murakami, S.; Hui, R.; Yokoi, T.; Chiappori, A.; Lee, K.H.; de Wit, M.; et al.
Durvalumab after Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2017, 377, 1919–1929. [CrossRef]

10. Kim, S.; Kim, M.-Y.; Koh, J.; Go, H.; Lee, D.S.; Jeon, Y.K.; Chung, D.H. Programmed death-1 ligand 1 and 2 are highly expressed in
pleomorphic carcinomas of the lung: Comparison of sarcomatous and carcinomatous areas. Eur. J. Cancer 2015, 51, 2698–2707.
[CrossRef]

11. Ilie, M.; Long-Mira, E.; Bence, C.; Butori, C.; Lassalle, S.; Bouhlel, L.; Fazzalari, L.; Zahaf, K.; Lalvée, S.; Washetine, K.; et al.
Comparative study of the PD-L1 status between surgically resected specimens and matched biopsies of NSCLC patients reveal
major discordances: A potential issue for anti-PD-L1 therapeutic strategies. Ann. Oncol. 2016, 27, 147–153. [CrossRef] [PubMed]

12. Li, C.; Huang, C.; Mok, T.S.; Zhuang, W.; Xu, H.; Miao, Q.; Fan, X.; Zhu, W.; Huang, Y.; Lin, X.; et al. Comparison of 22C3
PD-L1 Expression between Surgically Resected Specimens and Paired Tissue Microarrays in Non-Small Cell Lung Cancer.
J. Thorac. Oncol. 2017, 12, 1536–1543. [CrossRef] [PubMed]

13. Casadevall, D.; Clavé, S.; Taus, Á.; Hardy-Werbin, M.; Rocha, P.; Lorenzo, M.; Menéndez, S.; Salido, M.; Albanell, J.; Pijuan,
L.; et al. Heterogeneity of Tumor and Immune Cell PD-L1 Expression and Lymphocyte Counts in Surgical NSCLC Samples.
Clin. Lung. Cancer 2017, 18, 682–691.e5. [CrossRef] [PubMed]

14. Uruga, H.; Bozkurtlar, E.; Huynh, T.G.; Muzikansky, A.; Goto, Y.; Gomez-Caraballo, M.; Hata, A.N.; Gainor, J.F.; Mark, E.J.;
Engelman, J.A.; et al. Programmed Cell Death Ligand (PD-L1) Expression in Stage II and III Lung Adenocarcinomas and Nodal
Metastases. J. Thorac. Oncol. 2017, 12, 458–466. [CrossRef]

15. Pinato, D.J.; Shiner, R.J.; White, S.D.T.; Black, J.R.M.; Trivedi, P.; Stebbing, J.; Sharma, R.; Mauri, F.A. Intra-tumoral heterogene-
ity in the expression of programmed-death (PD) ligands in isogeneic primary and metastatic lung cancer: Implications for
immunotherapy. Oncoimmunology 2016, 5, e1213934. [CrossRef]

16. Mansfield, A.S.; Aubry, M.C.; Moser, J.C.; Harrington, S.M.; Dronca, R.S.; Park, S.S.; Dong, H. Temporal and spatial discordance
of programmed cell death-ligand 1 expression and lymphocyte tumor infiltration between paired primary lesions and brain
metastases in lung cancer. Ann. Oncol. 2016, 27, 1953–1958. [CrossRef]

17. Sheng, J.; Fang, W.; Yu, J.; Chen, N.; Zhan, J.; Ma, Y.; Yang, Y.; Huang, Y.; Zhao, H.; Zhang, L. Expression of programmed death
ligand-1 on tumor cells varies pre and post chemotherapy in non-small cell lung cancer. Sci. Rep. 2016, 6, 20090. [CrossRef]

18. Lim, S.H.; Hong, M.; Ahn, S.; Choi, Y.-L.; Kim, K.-M.; Oh, D.; Ahn, Y.C.; Jung, S.-H.; Ahn, M.-J.; Park, K.; et al. Changes in
tumour expression of programmed death-ligand 1 after neoadjuvant concurrent chemoradiotherapy in patients with squamous
oesophageal cancer. Eur. J. Cancer 2016, 52, 1–9. [CrossRef]

19. Okuma, Y.; Wakui, H.; Utsumi, H.; Sagawa, Y.; Hosomi, Y.; Kuwano, K.; Homma, S. Soluble Programmed Cell Death Ligand 1 as
a Novel Biomarker for Nivolumab Therapy for Non-Small-cell Lung Cancer. Clin. Lung. Cancer 2018, 19, 410–417.e1. [CrossRef]

20. Costantini, A.; Julie, C.; Dumenil, C.; Hélias-Rodzewicz, Z.; Tisserand, J.; Dumoulin, J.; Giraud, V.; Labrune, S.; Chinet, T.; Emile,
J.-F.; et al. Predictive role of plasmatic biomarkers in advanced non-small cell lung cancer treated by nivolumab. Oncoimmunology
2018, 7, e1452581. [CrossRef]

21. Bottaro, D.P.; Rubin, J.S.; Faletto, D.L.; Chan, A.M.; Kmiecik, T.E.; Vande Woude, G.F.; Aaronson, S.A. Identification of the
hepatocyte growth factor receptor as the c-met proto-oncogene product. Science 1991, 251, 802–804. [CrossRef] [PubMed]

22. Naldini, L.; Vigna, E.; Narsimhan, R.P.; Gaudino, G.; Zarnegar, R.; Michalopoulos, G.K.; Comoglio, P.M. Hepatocyte growth factor
(HGF) stimulates the tyrosine kinase activity of the receptor encoded by the proto-oncogene c-MET. Oncogene 1991, 6, 501–504.
[PubMed]

23. Birchmeier, C.; Birchmeier, W.; Gherardi, E.; Vande Woude, G.F. Met, metastasis, motility and more. Nat. Rev. Mol. Cell. Biol. 2003,
4, 915–925. [CrossRef] [PubMed]

24. Matsumoto, K.; Nakamura, T. Hepatocyte growth factor and the Met system as a mediator of tumor-stromal interactions.
Int. J. Cancer 2006, 119, 477–483. [CrossRef]

25. Benvenuti, S.; Comoglio, P.M. The MET receptor tyrosine kinase in invasion and metastasis. J. Cell. Physiol. 2007, 213, 316–325.
[CrossRef]

26. Siegfried, J.M.; Weissfeld, L.A.; Singh-Kaw, P.; Weyant, R.J.; Testa, J.R.; Landreneau, R.J. Association of immunoreactive hepatocyte
growth factor with poor survival in resectable non-small cell lung cancer. Cancer Res. 1997, 57, 433–439.

27. Hosoda, H.; Izumi, H.; Tukada, Y.; Takagiwa, J.; Chiaki, T.; Yano, M.; Arai, H. Plasma hepatocyte growth factor elevation may be
associated with early metastatic disease in primary lung cancer patients. Ann. Thorac. Cardiovasc. Surg. 2012, 18, 1–7. [CrossRef]

28. Tsuji, T.; Sakamori, Y.; Ozasa, H.; Yagi, Y.; Ajimizu, H.; Yasuda, Y.; Funazo, T.; Nomizo, T.; Yoshida, H.; Nagai, H.; et al.
Clinical impact of high serum hepatocyte growth factor in advanced non-small cell lung cancer. Oncotarget 2017, 8, 71805–71816.
[CrossRef]

http://doi.org/10.1016/S0140-6736(16)32517-X
http://doi.org/10.1056/NEJMoa1716948
http://doi.org/10.1056/NEJMoa1709937
http://doi.org/10.1016/j.ejca.2015.08.013
http://doi.org/10.1093/annonc/mdv489
http://www.ncbi.nlm.nih.gov/pubmed/26483045
http://doi.org/10.1016/j.jtho.2017.07.015
http://www.ncbi.nlm.nih.gov/pubmed/28751245
http://doi.org/10.1016/j.cllc.2017.04.014
http://www.ncbi.nlm.nih.gov/pubmed/28549836
http://doi.org/10.1016/j.jtho.2016.10.015
http://doi.org/10.1080/2162402X.2016.1213934
http://doi.org/10.1093/annonc/mdw289
http://doi.org/10.1038/srep20090
http://doi.org/10.1016/j.ejca.2015.09.019
http://doi.org/10.1016/j.cllc.2018.04.014
http://doi.org/10.1080/2162402X.2018.1452581
http://doi.org/10.1126/science.1846706
http://www.ncbi.nlm.nih.gov/pubmed/1846706
http://www.ncbi.nlm.nih.gov/pubmed/1827664
http://doi.org/10.1038/nrm1261
http://www.ncbi.nlm.nih.gov/pubmed/14685170
http://doi.org/10.1002/ijc.21808
http://doi.org/10.1002/jcp.21183
http://doi.org/10.5761/atcs.oa.09.01522
http://doi.org/10.18632/oncotarget.17895


Cancers 2021, 13, 97 12 of 12

29. Kasahara, K.; Arao, T.; Sakai, K.; Matsumoto, K.; Sakai, A.; Kimura, H.; Sone, T.; Horiike, A.; Nishio, M.; Ohira, T.; et al. Impact of
serum hepatocyte growth factor on treatment response to epidermal growth factor receptor tyrosine kinase inhibitors in patients
with non-small cell lung adenocarcinoma. Clin. Cancer Res. 2010, 16, 4616–4624. [CrossRef]

30. Yano, S.; Wang, W.; Li, Q.; Matsumoto, K.; Sakurama, H.; Nakamura, T.; Ogino, H.; Kakiuchi, S.; Hanibuchi, M.; Nishioka, Y.; et al.
Hepatocyte growth factor induces gefitinib resistance of lung adenocarcinoma with epidermal growth factor receptor-activating
mutations. Cancer Res. 2008, 68, 9479–9487. [CrossRef]

31. Yamada, T.; Takeuchi, S.; Kita, K.; Bando, H.; Nakamura, T.; Matsumoto, K.; Yano, S. Hepatocyte growth factor induces resistance
to anti-epidermal growth factor receptor antibody in lung cancer. J. Thorac. Oncol. 2012, 7, 272–280. [CrossRef] [PubMed]

32. Yamada, T.; Matsumoto, K.; Wang, W.; Li, Q.; Nishioka, Y.; Sekido, Y.; Sone, S.; Yano, S. Hepatocyte growth factor reduces
susceptibility to an irreversible epidermal growth factor receptor inhibitor in EGFR-T790M mutant lung cancer. Clin. Cancer Res.
2010, 16, 174–183. [CrossRef] [PubMed]

33. Kubo, Y.; Fukushima, S.; Inamori, Y.; Tsuruta, M.; Egashira, S.; Yamada-Kanazawa, S.; Nakahara, S.; Tokuzumi, A.; Miyashita, A.;
Aoi, J.; et al. Serum concentrations of HGF are correlated with response to anti-PD-1 antibody therapy in patients with metastatic
melanoma. J. Dermatol. Sci. 2019, 93, 33–40. [CrossRef] [PubMed]

34. Saigi, M.; Alburquerque-Bejar, J.J.; Mc Leer-Florin, A.; Pereira, C.; Pros, E.; Romero, O.A.; Baixeras, N.; Esteve-Codina, A.; Nadal,
E.; Brambilla, E.; et al. MET-Oncogenic and JAK2-Inactivating Alterations Are Independent Factors That Affect Regulation of
PD-L1 Expression in Lung Cancer. Clin. Cancer Res. 2018, 24, 4579–4587. [CrossRef] [PubMed]

35. Albitar, M.; Sudarsanam, S.; Ma, W.; Jiang, S.; Chen, W.; Funari, V.; Blocker, F.; Agersborg, S. Correlation of MET gene amplification
and TP53 mutation with PD-L1 expression in non-small cell lung cancer. Oncotarget 2018, 9, 13682–13693. [CrossRef] [PubMed]

36. Titmarsh, H.F.; O’Connor, R.; Dhaliwal, K.; Akram, A.R. The Emerging Role of the c-MET-HGF Axis in Non-small Cell Lung
Cancer Tumor Immunology and Immunotherapy. Front. Oncol. 2020, 10, 54. [CrossRef]

37. Papaccio, F.; Della Corte, C.M.; Viscardi, G.; Di Liello, R.; Esposito, G.; Sparano, F.; Ciardiello, F.; Morgillo, F. HGF/MET and the
Immune System: Relevance for Cancer Immunotherapy. Int. J. Mol. Sci. 2018, 19, 3595. [CrossRef]

38. Turner, N.; Grose, R. Fibroblast growth factor signalling: From development to cancer. Nat. Rev. Cancer 2010, 10, 116–129.
[CrossRef]

39. Berraondo, P.; Etxeberria, I.; Ponz-Sarvise, M.; Melero, I. Revisiting Interleukin-12 as a Cancer Immunotherapy Agent. Clin. Cancer Res.
2018, 24, 2716–2718. [CrossRef]

40. Seymour, L.; Bogaerts, J.; Perrone, A.; Ford, R.; Schwartz, L.H.; Mandrekar, S.; Lin, N.U.; Litière, S.; Dancey, J.; Chen, A.;
et al. iRECIST: Guidelines for response criteria for use in trials testing immunotherapeutics. Lancet Oncol. 2017, 18, e143–e152.
[CrossRef]

41. Benjamini, Y.; Hochberg, Y. Controlling the false discovery rate: A practical and powerful approach to multiple testing. J. R. Stat.
Soc. Ser. B Methodol. 1995, 57, 289–300. [CrossRef]

http://doi.org/10.1158/1078-0432.CCR-10-0383
http://doi.org/10.1158/0008-5472.CAN-08-1643
http://doi.org/10.1097/JTO.0b013e3182398e69
http://www.ncbi.nlm.nih.gov/pubmed/22089117
http://doi.org/10.1158/1078-0432.CCR-09-1204
http://www.ncbi.nlm.nih.gov/pubmed/20008840
http://doi.org/10.1016/j.jdermsci.2018.10.001
http://www.ncbi.nlm.nih.gov/pubmed/30318169
http://doi.org/10.1158/1078-0432.CCR-18-0267
http://www.ncbi.nlm.nih.gov/pubmed/29898990
http://doi.org/10.18632/oncotarget.24455
http://www.ncbi.nlm.nih.gov/pubmed/29568386
http://doi.org/10.3389/fonc.2020.00054
http://doi.org/10.3390/ijms19113595
http://doi.org/10.1038/nrc2780
http://doi.org/10.1158/1078-0432.CCR-18-0381
http://doi.org/10.1016/S1470-2045(17)30074-8
http://doi.org/10.1111/j.2517-6161.1995.tb02031.x

	Introduction 
	Results 
	Patients 
	Plasma Biomarkers 
	Fibroblast Growth Factor (FGF) 
	Interleukine-12 (IL-12) 
	Immune-Related Adverse Events (irAEs) 

	Discussion 
	Materials and Methods 
	Experimental Design 
	Patients and Plasma 
	Ethical Considerations 
	Outcomes 
	Multiplex ELISA Technique 
	Statistical Analysis 

	Conclusions 
	References

