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Simple Summary: Monoclonal antibodies targeting PD1/PD-L1 are game changers in the treatment
of advanced non-small cell lung cancer (NSCLC), but biomarkers are lacking. We previously reported
the prognostic role of splenic volume in digestive cancer and its correlation with the presence of
immunosuppressive cells. The aim of this study was to evaluate the prognostic role of splenic volume
in NSCLC patients treated with immune checkpoint inhibitors (ICIs).

Abstract: Monoclonal antibodies targeting PD1/PD-L1 are game changers in advanced non-small
cell lung cancer (NSCLC), but biomarkers are lacking. We previously reported the prognostic role
of splenic volume in digestive cancer and its correlation with the presence of immunosuppressive
cells. The aim of this study was to evaluate the prognostic role of splenic volume in NSCLC patients
treated with immune checkpoint inhibitors (ICIs). We conducted a retrospective study of 276 patients
receiving ICIs for advanced NSCLC in the Georges Frangois Leclerc Cancer Center. The association
between splenic volume at baseline and at two months of therapy and progression-free survival (PFS)
during ICI treatment or overall survival (OS) from ICI initiation was evaluated using univariate and
multivariable Cox analyses. Splenic volume during treatment and the change in splenic volume were
associated with poor PFS (respectively p = 0.02 and p = 0.001) and with OS (respectively p < 1.10~3
and p < 1.10~3). Baseline splenic volume at the first evaluation was also associated with poor OS
(p =0.001). LDH rate and dNLR were positively correlated with splenic volume, as well as with its
evolution. After the adjustment of clinical variables, splenic volumes remained a predictive marker
of immunotherapy efficacy. Splenic volume is a prognostic biomarker in patients with advanced
NSCLC treated with ICIs.

Keywords: lung cancer; immunotherapy; splenomegaly; prognostic biomarkers

1. Introduction

Non-small cell lung cancer (NSCLC) is the most frequent thoracic cancer in Europe
and a leading cause of death both in Europe and worldwide [1]. Its incidence reached
2 million new cases in 2019. This cancer, especially in metastatic conditions, carries an
extremely poor prognosis, with an overall 5-year survival rate of 13%. Non-squamous
NSCLC (NS-NSCLC) is the most common histologic subtype [2].

With the rapid clinical development of monoclonal antibodies targeting the pro-
grammed death 1 pathway (PD-1/PD-L1,) also called immune checkpoint inhibitors (ICIs),
the standard of care has rapidly evolved. Patients with metastatic NSCLC have been
treated with chemotherapy followed by anti PD-1 mAb in recent years and ICI has become
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the standard first-line treatment of advanced NS-NSCLC in monotherapy for patients with
a high expression of PD-L1 [3-5], and is associated with chemotherapy [6] for all comers
with NSCLC.

Prediction of the response to ICI remains an unmet need. Although a large amount of stud-
ies have proposed many complex biomarkers, PD-L1 remains the only approved biomarker.
Few studies have tested clinical biomarker that are easy to implement in clinical routines.

Myeloid-derived suppressor cells (MDSCs) can support tumor progression and have
been shown to accumulate in the blood and peripheral lymphoid organs, such as the spleen,
in animal models of cancer, leading to splenomegaly. We and others described an accu-
mulation of circulating MDSCs in patients with metastatic colorectal cancer (mCRC) [7,8]
and in those with pancreatic cancer as compared to healthy donors [9-11]. A high level of
circulating MDSC at baseline is significantly associated with poor progression-free survival
(PFS) and poor overall survival (OS) in mCRC and pancreatic cancer. High level of MDSC
is also associated with resistance to ICI in preclinical models [12,13]. In a mouse model,
splenomegaly was a surrogate marker of MDSC level and was associated with a poor prog-
nosis [14]. We previously reported that baseline splenomegaly is a predictive marker of a
poor response to FOLFIRINOX in advanced pancreatic carcinoma [15] and in metastatic
colorectal cancer treated with FOLFIRI in the first line [16]. In addition, we demonstrated a
correlation between splenomegaly and blood MDSC number.

In this retrospective study, we aimed to determine the prognostic role of splenic
volume in metastatic NSCLC patients treated with ICIs. Secondly, we aimed to determine
whether splenic volume is correlated with other classical prognostic markers.

2. Materials and Methods
2.1. Study Population

Four hundred five patients with metastatic lung cancer receiving a treatment with anti-
programmed death 1 (PD-1/PD-L1) checkpoint inhibitors in the Georges Frangois Leclerc
Cancer Center between 2014 and 2020 were selected. Patients receiving immunotherapy
treatment in adjuvant conditions were excluded.

Only patients whose splenic volume could be determined at baseline and after two
months of immunotherapy treatment were retained for the analysis. A total of 276 patients
were finally included.

Demographics; cancer history; and pathological, clinical, biological, and radiological
data (tumor response according to Response Evaluation Criteria in Solid Tumors (RECIST)
v1.1 criteria [17], baseline spleen volume, and spleen volume during immunotherapy), as
well as treatment outcomes, were all retrospectively collected from the medical records.

At the time of their first visit to the Department of Medical Oncology, all patients with
cancer signed a general informed consent document. This consent allowed us to use their
clinical and biological data in the cohort study. Only patients from whom informed consent
was obtained and recorded in the medical chart were included in this retrospective study.
No additional specific informed consent for this study was necessary.

2.2. PD-L1 Expression Analysis

PD-L1 protein expression in tumor cells was assessed using immunohistochemistry
with a ready-to-use PDL1 commercial kit or with QR1, 22C3 antibodies, on the pathology
platform of Dijon. PD-L1 positivity was defined as >1% of cells in tumors.

2.3. Spleen Volume Estimation

Spleen volume was measured by means of CT scanning, as previously described [18].
The maximal width (W) of the spleen, determined as the largest diameter on any transverse
section; the thickness at the hilum (Th), determined as the distance between the inner and
outer borders of the spleen on a plane perpendicular to the splenic width and through
the hilum; and the length (L) were obtained from abdominal CT examinations. Spleen
volume was calculated using the formula: Spleen volume = 30 + 0.58 (W x L x Th). Spleen
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measurements and volume calculations were performed by the same investigator, who
was blinded to clinical outcomes.

2.4. LIPI Score Calculation

Blood cell counts and LDH levels at baseline before immunotherapy treatment (within
30 days before the first treatment) were extracted from electronic medical records. Demo-
graphic, clinical, pathological, and molecular data were also collected.

The lung immune prognostic index (LIPI) was developed on the basis of dNLR
(leukocytes/(leukocytes—neutrophils) >3) or LDH > 230 U/L (considered as the upper
limit of the normal in our center) [19]. We considered two distinct groups: negative if
none of these two conditions are observed, and positive if one or the two conditions
were presented.

2.5. RNAseq Data

Total RNA was extracted from formalin-fixed paraffin-embedded (FFPE) tumor slices
using the Maxwell 16 LEV RNA FFPE Purification kit (Promega, Madison, WI, USA),
following the manufacturer’s instructions. Libraries were prepared from 12 pL of total
RNA with the TruSeq Stranded Total RNA using Ribo-Zero (Illumina, San Diego, CA,
USA), following the manufacturer’s instructions. Once qualified, paired-end libraries were
sequenced using a 2 x 75-bp output on a NextSeq 500 device (Illumina).

The abundance of transcripts from RNA-seq data were quantified through the Kallisto
program [20]. This program is based on a pseudo-alignment process for rapidly determin-
ing the compatibility of reads with targets, without the need for alignment. The Kallisto
transcript index used as reference was built from merged human cDNA and ncDNA
files from GRCh37 assembly ENSEMBL. Gene-level count matrices were created with
the DESeq?2 library. Low-count genes were pre-filtered by removing genes with too few
reads [21].

2.6. Statistical Analysis

The evaluation of the tumor response was performed after four ICI injections. Progression-
free-survival (PFS) was calculated from the date of first immunotherapy administration
until disease progression or death to any cause, and was evaluated at 6 months. Overall
survival (OS) was calculated from the date of first immunotherapy administration until
death to any cause and was censored at 12 months.

Disease characteristics were examined using the Chi-squared test or Fisher’s exact
test for qualitative variables and the Mann-Whitney test for continuous variables, as
appropriate. Splenic volumes were analyzed as continuous or dichotomous variables
and their prognostic role in relation to OS and PFS were determined using univariate
and multivariate Cox models. Dichotomization of the variables was performed following
the methodology of Lausen et al. [22]. Variables with p-values < 0.10 as determined by
univariate analysis were entered into the multivariate model. Survival probabilities were
estimated using the Kaplan-Meier method and survival curves were compared using the
log-rank test. All p-values inferior to 0.05 were considered statistically significant.

Genes that were differentially expressed, given a decrease or increase in splenic
volume, were compared and selected using the DESeq2 R package (Love et al.) [21].
Gene set enrichment analysis (GSEA) [23] was performed on the resulting differential
genes using the C7 and Hallmark gene sets from the Broad Institute and the R package
“clusterProfiler” [24].

Statistical analyses were performed using R software (http://www.R-project.org/,
version 4.0.3, 1 October 2020) and graphs were drawn using GraphPad Prism version 7.0.3
(GraphPad, San Diego, CA, USA).
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3. Results
3.1. Patients’ Clinical Characteristics

Out of the 405 patients treated with immune checkpoint inhibitors (in the first line or
thereafter) for NSCLC between January 2014 and June 2020 in our center, 109 patients were
excluded because their CT scans were not amenable to measurement of the spleen because
of missing data, technical problems, or splenectomy (Figure 1). In total, the analysis was
performed only on 276 patients with complete clinical and radiological information.

Immunology cohort NSCLC

N=405

Excluded

N 4

Patients Patients
with missing without

data or radiological
splenectomy evaluation

N o /

4 I
Immunology cohort NSCLC

N=276

NG J

Figure 1. Study flowchart.

The mean age was 65 years. One hundred seventy (62%) patients had non-squamous
NSCLC, 82 (30%) had squamous NSCLC, and 24 (8%) had other histological subtypes.
Fifty-nine patients (20%) had KRAS mutations. PD-L1 status was positive in 146 patients
(53%), negative in 66 (24%), and not available in 64 (23%) patients. Only four patients in our
cohort had a concomitant treatment with granulocyte colony-stimulating factor (GCSF),
and three patients had a history of chronic infection (two with B hepatitis and one with
C hepatitis, without circulating virus). None had active infection (active B or C hepatitis,
tuberculosis, candidemia).
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The main characteristics of the population are reported in Table 1.

Table 1. Summary of clinical characteristics.

Variables All Patients (N = 276)
Sex, n (%)
Male 193 (69.9)
Female 83 (30.1)
Age at diagnosis, years, median (IQR) 65.4 (13.3)
n (%)
<60 86 (31.2)
>60 190 (68.8)
Smoking status, n (%)
Never smoker 17 (6.2)
Current or former smoker 235 (85.1)
NA 24 (8.9)
Histological type, n (%)
Non-squamous 170 (61.6)
Squamous 82 (29.7)
Other 24 (8.7)
WHO performance status, n (%)
0 80 (29)
>0 184 (66.7)
NA 12 (4.3)
Cerebral metastasis, n (%) 70 (25.4)
Liver metastasis, n (%) 66 (23.9)
Bone metastasis, n (%) 116 (42)
Lymph node metastasis, n (%) 206(74.6)
Pleuro-peritoneal metastasis, n (%) 169 (61.2)
Line of ICI, n (%)
1 94 (34)
>1 182 (66)
Type of ICL, n (%)
Anti PD-L1 34 (12.3)
Anti PD-1 218 (79)
Anti CTLA4 1(0.4)
Anti PD-L1 + anti CTLA4 4(1.4)
Anti PD-1 + anti CTLA4 9(3.3)
Other association 10 (3.6)
PD-L1 status (cutoff at 1%), n (%)
Negative tumors 66 (23.9)
Positive tumors—Strong expressors 146 (52.9) =75
NA 64 (23.2)
LDH, median (IQR) 217 (86.8)
dNLR, median (IQR) 2.3 (1.6)
LIPI score, n (%)
0 98 (35.5)
>0 132 (47.8)
NA 46 (16.7)
OS (months) (95% IC) 16.1 (13.2;18.7)
PFS (months) (95% IC) 3.7(3.1;4.9)

ICI: immune checkpoint inhibitors; IQR: interquartile range; WHO: World Health Organization; LDH: lactate
dehydrogenase; dNLR: derived neutrophils/(leukocytes minus neutrophils) ratio; LIPI: lung immune prognostic

index; NA: not available.
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Splenic volume was analyzed before and at the moment of the first evaluation. The
median splenic volume change during follow up was 4.39% (ranging from —69% to +81%)
(Figure 2A). The treatment with ICI resulted in an increase in spleen size in 188 (63.5%)
patients and a decrease in 108 (36.5%) patients.

dNLR

LDH

Baseline vol.

Under treat. vol.

Vol. change

Figure 2. (A) Barplot representing decreasing volume changes for all of the patients. (B) Heatmap showing Pearson

correlation matrix coefficients between splenic volumes, dNLR, and LDH measures n.s: non-significant correlation.

In the whole cohort, median dNLR was 2.3 (interquartile range (IQR) = 1.6) and was
greater than three in 102 patients. Median LDH was 217 (IQR = 86.8) and was greater than
the upper limit of normal (ULN = 230) in 73 patients. One hundred thirty-two (47.8%)
patients presented a LIPI score > 0. We observed a significant positive correlation between
LDH and splenic volume at baseline (p = 0.02), volume during treatment (p < 1.10-3),
and variations during treatment (p = 0.003) in splenic volume (Figure 2B). A significant
correlation was also observed between dNLR and variations in splenic volume during
treatment (p = 0.009), but not with baseline volume or splenic volume during treatment.

3.2. Associations between Splenic Volume and Progression-Free Survival (PFS) or Overall
Survival (OS)

Median PFS was 3.7 (3.1; 4.9) and median OS was 16.1 (13.2; 18.7). We analyzed
baseline splenic volume and volume during treatment as binary variables. Variables were
dichotomized using the methodology of Lausen et al. [22].

The baseline splenic volume threshold retained for PFS and OS was 194 mL. In our
cohort, the baseline splenic volume was <194 mL in 119 patients (43%), and >194 mL in
157 patients (57%). Using this threshold in univariate Cox analysis, baseline splenic volume
was identified as a prognostic factor for OS (HR =2 (1.3; 3.1); p = 0.001) (Figure 3A).

Based on multivariate Cox analysis, adjusting for cerebral, liver, pleuro-peritoneal and
bone metastasis, PDL-1, number of treatment lines and LIPI score, the baseline splenic vol-
ume threshold of 194 mL remained significantly associated with OS (HR = 2.6 (1.44; 4.86);
p = 0.002) (Table 2).
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Table 2. Univariate and multivariate Cox models for overall survival (OS). Three multivariates were estimated, each

involving either baseline volume, volume during treatment, or volume change.

. .. Multivariate
Variables Univariate
Baseline Volume Volume during Treatment Volume Change
Sex
Female 1 1 1 1
Male 1.5(1.0;2.4) p = 0.06 0.8(0.4;1.5);p=0.6 1.0 (0.5;1.8);p=0.9 0.9(0.5;1.7);p=0.8
Age at diagnosis, years,

median (IQR) _ _ _
<60 1
>60 0.9 (0.6;1.4);p=0.7

Smoking status
Never smoker
Current or former smoker

1
1.8(0.7;4.9); p = 0.2

Histological type
Adenocarcinoma 1 1 1 1
Epidermoid 1.4(09;2.1);p=0.1 2.1 (1.1.1); p = 0.03 2.1(1.1;4.0); p=0.02 1.6(0.8,3.1);p=0.2
Other 1.4(04;0.7);p=04 0.7(0.2;3.4);p=0.7 0.73(0.1;3.3);p=0.7 0.7 (0.1;2.9);p=0.6
WHO performance status
0 1 1 1 1
>0 2.8(1.7,4.8);p < 1.1073 1.8 (0.9; 3.5); p = 0.07 1.8 (0.9;3.4); p =0.09 1.7 (0.9;3.4);p=0.1

Cerebral metastasis

T4(09;22),p=01

13 (0.7, 2.6); p = 04

13 (0.66; 2.7); p = 0.42

12(0.6;23);,p =06

Liver metastasis

26(1.7,39);p <110 3

2.9 (1.7;5.1); p < 0.001

25 (1.5; 4.4); p = 0.001

2.2(1.3;3.9); p = 0.004

Bone metastasis

1.7 (1.1;2.5); p=0.01

Lymph node metastasis

13(08;21);p=03

21(12;37);p = 0.01

1.83 (1.0; 3.3); p = 0.05

1.9 (1.0;3.6); p = 0.04

Pleuro-peritoneal metastasis

13(0.9;20),p=02

12(0.7,22);p=05

13(0.7,23),p =04

14(08,24),p=03

Line of ICI
1
>1

1
0.1(0.04;0.4); p <1.1073

0.2 (0.04;0.7); p = 0.01

0.2 (0.04;0.7); p = 0.01

0.2(0.04; 0.7); p = 0.01

PD-L1 status (cut-off at 1%)
Negative tumors
Positive tumors

1
0.6 (0.4; 1.0); p = 0.09

1
0.7 (0.4;1.13); p = 0.1

1
0.7 (0.37,1.20); p=0.2

0.5 (0.3; 0.9); p = 0.03

LDH 1(1;1); p=0.003 - -
dNLR 12(1.1,1.3);p <110 ° - - -
LIPI score
0 1 1 1 1
>0 2.0(1.3;3.1); p = 0.003 1.4(0.8;,2.5);,p=0.2 1.4(0.8;24);,p=0.3 1.3(0.8;2.3);p=0.3
Baseline volume
<194 mL 1 1 _ _
>194 mL 2.0(1.3;3.1); p = 0.001 2.6 (1.4;4.9); p=0.002
Volume during treatment
<221 mL 1 _ 1 -
>221 mL 2.2(145;3.3); p<1.1073 1.2(0.7,2.1);p=0.4
Volume change
<4 1 _ _ !
>4 2.10 (1.1-3.8); p = 0.01

2.27 (1.5;3.8); p <1103

ICI: immune checkpoint inhibitors; IQR: interquartile range; WHO: World Health Organization; LDH: lactate dehydrogenase; dNLR:

derived neutrophils/(leukocytes minus neutrophils) ratio; LIPI: lung immune prognostic index; NA: not available.

Using this same threshold, baseline splenic volume was not significantly associated
with PFS by univariate Cox analyses (HR = 1.3 (0.9; 1.8); p = 0.1) (Figure 3D) or by multi-
variate Cox analyses (1.25 (0.86; 1.82); p = 0.241) (Table 3).
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Figure 3. Kaplan-Meier curves for progression-free survival (PFS) (A—C) and overall survival (OS) (D-F), with patients stratified
according to their splenic volume in the following order: baseline volume, volume during treatment, and volume change.

Considering the splenic volume during treatment, for the evaluation of PFS, we
retained the threshold of 209 mL (119 patients with volume < 209 mL and 157 > 209 mL).
Patients with splenic volume > 209 mL during treatment had significantly poorer PFS
than patients with a volume < 209 mL, according to univariate and multivariate analyses
(respectively, 1.4 (1.0; 1.9); p = 0.02 and HR = 1.4 (1.0-2.1); p = 0.05) (Figure 3B). The same
findings were observed in univariate concerning this volume and a threshold of 221 mL for
OS with HR = 2.2 (1.5; 3.3); p < 1.10~3. Splenic volume during treatment was no longer
significant according to the multivariate Cox model 1.2 (0.7; 2.1); p = 0.4 (Figure 3E).

The change in splenic volume was also associated with PFS and OS. For PFS, HR = 1.8
(1.3; 2.6); p = 0.001 in the univariate Cox model, and when adjusted for clinical variables,
HR = 1.3 (0.8-2.1); p = 0.2. For OS, HR = 2.3 (1.5; 3.8); p < 1.10~2 in the univariate Cox
model and when adjusted for clinical variables, HR = 2.1 (1.1-3.8); p = 0.01. (Figure 3C,F).
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Table 3. Univariate and multivariate Cox models for progression-free survival (PFS). Three multivariates where estimated,
each involving either baseline volume, volume during treatment, or volume change.

. .. Multivariate
Variables Univariate
Baseline Volume Volume during Treatment Volume Change
Sex
Female 1 1 1 1
Male 1.5(1.1;2.1); p=0.03 1.0 (0.7, 1.6); p=0.9 1.0 (0.7, 1.6); p=0.9 1.1(0.7,1.6);p=0.7
Age at diagnosis, years,

median (IQR) _ _ _

<60 1

>60 0.9(0.7,1.2);p=0.5

Smoking status
Never smoker
Current or former smoker

1
0.7(04;1.3);p =03

Histological type
Adenocarcinoma 1 - - _
Epidermoid 12(09;1.6);p=04
Other 0.8 (0.5;1.5);p=0.5
WHO performance status
0 1 - - -
>0 1.2 (0.84;1.6);p =0.3

Cerebral metastasis

12(09;1.7);p=03

Liver metastasis,

21(17;29);p<1.10 3

1.9 (1.2; 2.80); p = 0.003

1.8 (1.2;2.8); p = 0.003

1.8(1.2,2.7); p = 0.005

Bone metastasis

15 (1.1; 2.0); p = 0.01

15 (1.1,22), p = 0.02

153 (1.1;2.2); p = 0.02

1.51 (1.0;2.2); p = 0.03

Lymph node metastasis

T1(08; 1.6);p=07

Pleuro-peritoneal metastasis

12(0.9; 1.7); p = 0.04

138(0.9;2.0);p=01

135(0.9;2.0); p=0.1

136(0.9;2.0); p=0.1

Line of ICI
1 1 1 1 1
0.06 (0.02; 0.2); 00.06 (0.02; 0.2); A, 0.06 (0.02; 0.20);
>1 p <1103 p <0.001 0.06 (0.02; 0.2); p < 0.001 p <0001
PD-L1 status (cut-off at 1%)
Negative tumors 1 1 1 1

Positive tumors

0.7 (0.5; 0.9); p = 0.03

0.6 (0.4; 0.9); p = 0.01

0.6 (0.4; 0.9); p = 0.01

0.6 (0.4; 0.9); p = 0.01

LDH 1.0 (1.0; 1.0); p< 1.10 3
dNLR 1T1(1.0;12);p=04 - - -
LIPI score
0 1 - - -
>0 1.0 (0.7; 1.4); p = 0.9
Baseline volume
<194 mL 1 _ —
>194 mL 1.3(0.9;1.8);p=0.1 1.2(0.9;1.8);p=0.2
Volume during treatment
<209 mL 1 - -
>209 mL 14.(10; 1.9); p = 0.02 1.45 (1.0; 2.1); p = 0.05
Volume change
<0 1 - -
>0 1.8 (1.3;2.6); p = 0.001

1.3(0.8,2.1);p=0.2

ICI: Immune checkpoint inhibitors; IQR: interquartile range; WHO: World Health Organization); LDH: lactate dehydrogenase; dNLR:

derived neutrophils/ (leukocytes minus neutrophils) ratio; LIPI: lung immune prognostic index; NA: not available.

3.3. Transcriptomic and Histological Features Related to Splenic Volume

To link this clinical observation with a transcriptomic molecular pattern, we analyzed
RNAseq data in a subset of 50 patients included in this cohort. At the immunological
level, GSEA analysis showed the significant enrichment of gene sets associated with the
inflammatory response for patients with an increase in splenic volume (inflammatory
response (p < 1.1073), phagocytophilum stim neutrophil (p < 1.10~3)). Patients with an
increasing splenic volume also significantly over-expressed genes associated with the
TNF-alpha signaling pathway (p < 1.103) and under-expressed genes associated with the
monocyte vs neutrophil pathway (p = 0.001) (Figure 4).
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Figure 4. Gene set enrichment analysis (GSEA) enrichment plot for the proliferation of the inflammatory response (A),

TNFA (B), neutrophil vs. monocyte (C) and phagocytophilum stim neutrophil (D) pathways at 24 h. The y-axis represents

enrichment score (ES) and the x-axis shows genes (vertical black lines) represented in different pathways. The colored band

at the bottom represents the degree of correlation of the expression of these genes (red for a high gene expression and blue

for a low gene expression).

4. Discussion

This study demonstrates that splenic volume could be a predictive marker of PFS
and OS in patients treated with ICIs in metastatic NSCLC. As splenic volume is known
to be a surrogate marker of MDSC levels, this study raises the hypothesis that MDSC
could modulate the efficacy of immunotherapy in metastatic NSCLC. Our study is the first
to observe that splenic volume is associated with PFS in metastatic NSCLC. It confirms
our previous findings in patients treated with a FOLFIRINOX regimen or FOLFIRI plus
bevacizumab, respectively, in advanced pancreatic carcinoma and in metastatic colorectal
cancer [15,16].

Baseline splenic volume is associated with OS but not PFS and thus can be considered
a prognostic marker. The splenic volume during treatment and the percentage change in
splenic volume between the start of treatment and the first evaluation via CT scanning,
used as binary variables, were associated with PFS and OS and may provide a new
predictive marker of ICI efficacy for metastatic NSCLC, insofar as we show that a splenic
volume > 209 mL at first the CT evaluation is associated with poor PFS. Nevertheless,
additional studies are required to validate this cut-off, and also to determine whether it is a
new prognostic marker or predictor of the efficacy of immunotherapy.

The neutrophil /lymphocyte ratio present at the start of immunotherapy, which could
be a surrogate marker of systemic inflammation, was also demonstrated to be associated
with survival [25,26]. A lung immune prognostic index (LIPI) based on a dNLR ratio > 3
and a LDH above the ULN was developed by Mezquita et al. [27], characterizing three
prognostic groups (good, zero factors; intermediate, one factor; poor, two factors). In a
large cohort of NSCLC patients treated in second line or after with ICI, they demonstrated
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the predictive role of this marker and observed that systemic inflammatory status was
closely correlated with a worse prognosis in lung cancer. Similarly, additional reports
have shown the prognostic and predictive role of NLR or LDH levels in either lung
cancer or melanoma treated with ICI [19,28,29]. We previously showed (manuscript
submitted) that LIPI score was associated with poor dendritic cell tumor infiltration and
immunosuppression. Our data linking LIPI and splenic volume suggest that LIPI is a
surrogate marker of MDSC levels.

Numerous studies have shown a link between chronic inflammation and different
cancers. Such inflammation could promote cancer growth and could negatively affect the
immune system by inducing immune subversion. Such observations could be related to
pathological myelopoiesis, which induces the accumulation of myeloid-derived suppressor
cells (MDSCs) [30,31]. These cells are a population of immature myeloid cells close to
neutrophils, and are present in the circulation and tumors of patients with cancer, and
they play a role in the inhibition of the immune response against cancer. MDSCs can
support tumor progression by promoting tumor cell survival, angiogenesis, the invasion of
healthy tissue by tumor cells, and metastasis [32-34]. In animal models, the accumulation
of MDSCs is associated with splenomegaly [35]. A similar correlation was also observed in
hepatocellular carcinoma [36].

We previously reported that high baseline levels of MDSCs are associated with shorter
PFS in metastatic colorectal cancer patients on the FOLFOX regimen [8] and that MDSC
level is correlated with splenic volume. These data support the notion that splenomegaly
could be a surrogate marker of MDSC accumulation. Although MDSCs are powerful
immunosuppressive cells, they exert their deleterious effect via their capacity to blunt the
T-dependent antitumor immune response [31]. These data suggest that splenic volume is a
surrogate marker of MDSC-dependent immunosuppression, and therefore it may explain
the negative effect of volume change during immunotherapy treatment, and the negative
effect of high splenic volume at baseline or during treatment on ICI efficacy.

The limitations of this study include the retrospective nature of the data and the
presence of missing clinical and pathological data, albeit only for a low proportion of
patients. The measurement of splenic volume is rapid and easy to perform but could
lack reproducibility. Another possible bias relates to the pooling of patients treated with
different ICI mAbs at different lines of treatment. Moreover, it would have been interesting
to correlate splenic volume at different time points and macroscopic lesions or metabolic
parameters on CT and TEP scans, respectively, but this was not carried out in this first
exploratory study. External validation in other cohorts is needed to confirm the relevance
of our results.

5. Conclusions

To conclude, our data reveal that the evolution of splenic volume during immunother-
apy regimens could be used to stratify and predict PFS and OS in patients treated for
NSCLC. Splenic volume seems to be linked to the LIPI score and MDSC accumulation,
which are known to be associated with resistance to immunotherapy. These results warrant
confirmation in other future prospective clinical trials with immunotherapy.

Author Contributions: Conceptualization, FG.; methodology, L.G., J.L., C.T. and F.G.; software,
J.L. and C.T,; validation, EG., L.G,, J.L. and C.T.; formal analysis, C.T.; investigation, L.G. and
J.L.; resources, L.G.,J.L.,L.F, C.F, AL, CK, C.T, and FG,; data curation, L.G.; writing—original
draft preparation, L.G., ].L., C.T. and F.G.; writing—review and editing, L.G., C.T., J.L. and FEG.;
visualization, L.G and C.T.; supervision, F.G.; project administration, EG. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was approved by the CNIL (French national com-
mission for data privacy) and the local ethics committee (13.085), and was performed in accordance
with the Helsinki Declaration and European legislation.



Cancers 2021, 13, 3020 12 of 13

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Only patients from whom informed consent was obtained and recorded in the medical chart
were included in this retrospective study.

Data Availability Statement: The datasets analyzed during the current study are available from the
corresponding author upon reasonable request.

Acknowledgments: We wish to thank Fiona Ecarnot, (EA3920, University of Franche-Comté, Be-
sancon) for English correction and helpful comments.

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

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

Bade, B.C.; Dela Cruz, C.S. Lung Cancer 2020: Epidemiology, Etiology, and Prevention. Clin. Chest Med. 2020, 41, 1-24. [CrossRef]
Travis, W.D.; Brambilla, E.; Noguchi, M.; Nicholson, A.G.; Geisinger, K.R.; Yatabe, Y.; Beer, D.G.; Powell, C.A ; Riely, G.J.; Van
Schil, PE.; et al. International Association for the Study of Lung Cancer/American Thoracic Society /European Respiratory
Society International Multidisciplinary Classification of Lung Adenocarcinoma. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung
Cancer 2011, 6, 244-285. [CrossRef]

Planchard, D.; Popat, S.; Kerr, K.; Novello, S.; Smit, E.E,; Faivre-Finn, C.; Mok, T.S.; Reck, M.; Van Schil, PE.; Hellmann, M.D.; et al.
Metastatic Non-Small Cell Lung Cancer: ESMO Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Ann. Oncol.
Off. J. Eur. Soc. Med. Oncol. 2018, 29, iv192-iv237. [CrossRef]

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

Garon, E.B.; Rizvi, N.A.; Hui, R;; Leighl, N.; Balmanoukian, A.S.; Eder, J.P.; Patnaik, A.; Aggarwal, C.; Gubens, M.; Horn, L.; et al.
Pembrolizumab for the Treatment of Non-Small-Cell Lung Cancer. N. Engl. . Med. 2015, 372, 2018-2028. [CrossRef]

Gandhi, L.; Rodriguez-Abreu, D.; Gadgeel, S.; Esteban, E.; Felip, E.; De Angelis, F.; Domine, M.; Clingan, P.; Hochmair, M.J.;
Powell, S.F; et al. Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2018, 378,
2078-2092. [CrossRef]

Zhang, B.; Wang, Z.; Wu, L.; Zhang, M.; Li, W.; Ding, J.; Zhu, ].; Wei, H.; Zhao, K. Circulating and Tumor-Infiltrating Myeloid-
Derived Suppressor Cells in Patients with Colorectal Carcinoma. PLoS ONE 2013, 8, e57114. [CrossRef]

Limagne, E.; Euvrard, R.; Thibaudin, M.; Rébé, C.; Derangere, V.; Chevriaux, A.; Boidot, R.; Végran, F.; Bonnefoy, N.; Vincent,
J.; et al. Accumulation of MDSC and Th17 Cells in Patients with Metastatic Colorectal Cancer Predicts the Efficacy of a
FOLFOX-Bevacizumab Drug Treatment Regimen. Cancer Res. 2016, 76, 5241-5252. [CrossRef] [PubMed]

Khaled, Y.S.; Ammori, B.J.; Elkord, E. Increased Levels of Granulocytic Myeloid-Derived Suppressor Cells in Peripheral Blood
and Tumour Tissue of Pancreatic Cancer Patients. J. Immunol. Res. 2014, 2014, 879897. [CrossRef] [PubMed]

Trovato, R.; Fiore, A.; Sartori, S.; Cane, S.; Giugno, R.; Cascione, L.; Paiella, S.; Salvia, R.; De Sanctis, E.; Poffe, O.; et al. Immuno-
suppression by Monocytic Myeloid-Derived Suppressor Cells in Patients with Pancreatic Ductal Carcinoma Is Orchestrated by
STAT3. |. Immunother. Cancer 2019, 7, 255. [CrossRef]

Gabitass, R.F; Annels, N.E.; Stocken, D.D.; Pandha, H.A.; Middleton, G.W. Elevated Myeloid-Derived Suppressor Cells in
Pancreatic, Esophageal and Gastric Cancer Are an Independent Prognostic Factor and Are Associated with Significant Elevation
of the Th2 Cytokine Interleukin-13. Cancer Immunol. Immunother. CII 2011, 60, 1419-1430. [CrossRef]

Liu, C; Liu, R.; Wang, B,; Lian, J.; Yao, Y; Sun, H.; Zhang, C.; Fang, L.; Guan, X.; Shi, J.; et al. Blocking IL-17A Enhances Tumor
Response to Anti-PD-1 Immunotherapy in Microsatellite Stable Colorectal Cancer. J. Immunother. Cancer 2021, 9. [CrossRef]
Ghonim, M.A.; Ibba, S.V,; Tarhuni, A.F,; Errami, Y.; Luu, H.H.; Dean, M.].; El-Bahrawy, A.H.; Wyczechowska, D.; Benslimane, L A.;
Del Valle, L.; et al. Targeting PARP-1 with Metronomic Therapy Modulates MDSC Suppressive Function and Enhances Anti-PD-1
Immunotherapy in Colon Cancer. J. Immunother. Cancer 2021, 9. [CrossRef]

Bronte, V.; Pittet, M.]. The Spleen in Local and Systemic Regulation of Immunity. Immunity 2013, 39, 806-818. [CrossRef]
Aarnink, A ; Richard, C.; Truntzer, C.; Vincent, J.; Bengrine, L.; Vienot, A.; Borg, C.; Ghiringhelli, F. Baseline Splenic Volume as a
Surrogate Marker of FOLFIRINOX Efficacy in Advanced Pancreatic Carcinoma. Oncotarget 2018, 9, 25617-25629. [CrossRef]
Niogret, J.; Limagne, E.; Thibaudin, M.; Blanc, J.; Bertaut, A.; Le Malicot, K.; Rinaldi, Y.; Caroli-Bosc, F-X.; Audemar, E; Nguyen,
S.; et al. Baseline Splenic Volume as a Prognostic Biomarker of FOLFIRI Efficacy and a Surrogate Marker of MDSC Accumulation
in Metastatic Colorectal Carcinoma. Cancers 2020, 12, 1429. [CrossRef]

Eisenhauer, E.A.; Therasse, P.; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, ].; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New Response Evaluation Criteria in Solid Tumours: Revised RECIST Guideline (Version 1.1). Eur. J. Cancer Oxf. Engl. 2009,
45,228-247. [CrossRef]

Prassopoulos, P.; Daskalogiannaki, M.; Raissaki, M.; Hatjidakis, A.; Gourtsoyiannis, N. Determination of Normal Splenic Volume
on Computed Tomography in Relation to Age, Gender and Body Habitus. Eur. Radiol. 1997, 7, 246-248. [CrossRef]


http://doi.org/10.1016/j.ccm.2019.10.001
http://doi.org/10.1097/JTO.0b013e318206a221
http://doi.org/10.1093/annonc/mdy275
http://doi.org/10.1056/NEJMoa1606774
http://doi.org/10.1056/NEJMoa1501824
http://doi.org/10.1056/NEJMoa1801005
http://doi.org/10.1371/journal.pone.0057114
http://doi.org/10.1158/0008-5472.CAN-15-3164
http://www.ncbi.nlm.nih.gov/pubmed/27496709
http://doi.org/10.1155/2014/879897
http://www.ncbi.nlm.nih.gov/pubmed/24741628
http://doi.org/10.1186/s40425-019-0734-6
http://doi.org/10.1007/s00262-011-1028-0
http://doi.org/10.1136/jitc-2020-001895
http://doi.org/10.1136/jitc-2020-001643
http://doi.org/10.1016/j.immuni.2013.10.010
http://doi.org/10.18632/oncotarget.25424
http://doi.org/10.3390/cancers12061429
http://doi.org/10.1016/j.ejca.2008.10.026
http://doi.org/10.1007/s003300050145

Cancers 2021, 13, 3020 13 of 13

19.

20.
21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Ferrucci, P.E; Ascierto, P.A.; Pigozzo, J.; Del Vecchio, M.; Maio, M.; Antonini Cappellini, G.C.; Guidoboni, M.; Queirolo, P.; Savoia,
P.; Mandala, M.; et al. Baseline Neutrophils and Derived Neutrophil-to-Lymphocyte Ratio: Prognostic Relevance in Metastatic
Melanoma Patients Receiving Ipilimumab. Ann. Oncol. Off. ]. Eur. Soc. Med. Oncol. 2016, 27, 732-738. [CrossRef] [PubMed]
Bray, N.L.; Pimentel, H.; Melsted, P.; Pachter, L. Near-Optimal Probabilistic RNA-Seq Quantification. Nat. Biotechnol. 2016, 34,
525-527. [CrossRef] [PubMed]

Love, M.I; Huber, W.; Anders, S. Moderated Estimation of Fold Change and Dispersion for RNA-Seq Data with DESeq2. Genome
Biol. 2014, 15, 550. [CrossRef]

Lausen, B.; Schumacher, M. Maximally Selected Rank Statistics. Biometrics 1992, 48, 73-85. [CrossRef]

Subramanian, A.; Tamayo, P.; Mootha, V.K.; Mukherjee, S.; Ebert, B.L.; Gillette, M.A.; Paulovich, A.; Pomeroy, S.L.; Golub, T.R.;
Lander, E.S,; et al. Gene Set Enrichment Analysis: A Knowledge-Based Approach for Interpreting Genome-Wide Expression
Profiles. Proc. Natl. Acad. Sci. USA 2005, 102, 15545-15550. [CrossRef]

Yu, G.; Wang, L.-G.; Han, Y.; He, Q.-Y. ClusterProfiler: An R Package for Comparing Biological Themes among Gene Clusters.
Omics J. Integr. Biol. 2012, 16, 284-287. [CrossRef]

Mei, Z.; Shi, L.; Wang, B.; Yang, J.; Xiao, Z.; Du, P; Wang, Q.; Yang, W. Prognostic Role of Pretreatment Blood Neutrophil-to-
Lymphocyte Ratio in Advanced Cancer Survivors: A Systematic Review and Meta-Analysis of 66 Cohort Studies. Cancer Treat.
Rev. 2017, 58, 1-13. [CrossRef] [PubMed]

Chen, Y;; Yan, H.; Wang, Y.; Shi, Y.; Dai, G. Significance of Baseline and Change in Neutrophil-to-Lymphocyte Ratio in Predicting
Prognosis: A Retrospective Analysis in Advanced Pancreatic Ductal Adenocarcinoma. Sci. Rep. 2017, 7, 753. [CrossRef]
Mezquita, L.; Auclin, E.; Ferrara, R.; Charrier, M.; Remon, J.; Planchard, D.; Ponce, S.; Ares, L.P; Leroy, L.; Audigier-Valette, C.;
et al. Association of the Lung Immune Prognostic Index with Immune Checkpoint Inhibitor Outcomes in Patients with Advanced
Non-Small Cell Lung Cancer. JAMA Oncol. 2018, 4, 351-357. [CrossRef]

Weide, B.; Martens, A.; Hassel, ].C.; Berking, C.; Postow, M.A.; Bisschop, K.; Simeone, E.; Mangana, J.; Schilling, B.; Di Giacomo,
A.M.; et al. Baseline Biomarkers for Outcome of Melanoma Patients Treated with Pembrolizumab. Clin. Cancer Res. Off. J. Am.
Assoc. Cancer Res. 2016, 22, 5487-5496. [CrossRef]

Bagley, S.J.; Kothari, S.; Aggarwal, C.; Bauml, ].M.; Alley, EW.,; Evans, T.L.; Kosteva, J.A.; Ciunci, C.A.; Gabriel, PE.; Thompson,
J.C.; et al. Pretreatment Neutrophil-to-Lymphocyte Ratio as a Marker of Outcomes in Nivolumab-Treated Patients with Advanced
Non-Small-Cell Lung Cancer. Lung Cancer Amst. Neth. 2017, 106, 1-7. [CrossRef]

Gabrilovich, D.I. Myeloid-Derived Suppressor Cells. Cancer Immunol. Res. 2017, 5, 3-8. [CrossRef]

Kumar, V.; Patel, S.; Tcyganov, E.; Gabrilovich, D.I. The Nature of Myeloid-Derived Suppressor Cells in the Tumor Microenviron-
ment. Trends Immunol. 2016, 37, 208-220. [CrossRef] [PubMed]

Li, X,; Xing, Y.-F; Lei, A.-H.; Xiao, Q.; Lin, Z.-H.; Hong, Y.-E; Wu, X.-Y.; Zhou, J. Neutrophil Count Is Associated with Myeloid
Derived Suppressor Cell Level and Presents Prognostic Value of for Hepatocellular Carcinoma Patients. Oncotarget 2017, 8,
24380-24388. [CrossRef]

Toor, S.M.; Syed Khaja, A.S.; El Salhat, H.; Faour, I.; Kanbar, J.; Quadri, A.A.; Albashir, M.; Elkord, E. Myeloid Cells in Circulation
and Tumor Microenvironment of Breast Cancer Patients. Cancer Immunol. Immunother. CII 2017, 66, 753-764. [CrossRef]

Jordan, K.R.; Kapoor, P; Spongberg, E.; Tobin, R.P.; Gao, D.; Borges, V.E; McCarter, M.D. Immunosuppressive Myeloid-Derived
Suppressor Cells Are Increased in Splenocytes from Cancer Patients. Cancer Immunol. Immunother. CII 2017, 66, 503-513.
[CrossRef] [PubMed]

Stewart, T.J.; Greeneltch, K.M.; Reid, J.E.; Liewehr, D.].; Steinberg, S.M.; Liu, K.; Abrams, S.I. Interferon Regulatory Factor-8
Modulates the Development of Tumour-Induced CD11b+Gr-1+ Myeloid Cells. J. Cell. Mol. Med. 2009, 13, 3939-3950. [CrossRef]
[PubMed]

Shen, P.; Wang, A.; He, M.; Wang, Q.; Zheng, S. Increased Circulating Lin(-/Low) CD33(+) HLA-DR(-) Myeloid-Derived
Suppressor Cells in Hepatocellular Carcinoma Patients. Hepatol. Res. Off. . Jpn. Soc. Hepatol. 2014, 44, 639-650. [CrossRef]


http://doi.org/10.1093/annonc/mdw016
http://www.ncbi.nlm.nih.gov/pubmed/26802161
http://doi.org/10.1038/nbt.3519
http://www.ncbi.nlm.nih.gov/pubmed/27043002
http://doi.org/10.1186/s13059-014-0550-8
http://doi.org/10.2307/2532740
http://doi.org/10.1073/pnas.0506580102
http://doi.org/10.1089/omi.2011.0118
http://doi.org/10.1016/j.ctrv.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28602879
http://doi.org/10.1038/s41598-017-00859-5
http://doi.org/10.1001/jamaoncol.2017.4771
http://doi.org/10.1158/1078-0432.CCR-16-0127
http://doi.org/10.1016/j.lungcan.2017.01.013
http://doi.org/10.1158/2326-6066.CIR-16-0297
http://doi.org/10.1016/j.it.2016.01.004
http://www.ncbi.nlm.nih.gov/pubmed/26858199
http://doi.org/10.18632/oncotarget.15456
http://doi.org/10.1007/s00262-017-1977-z
http://doi.org/10.1007/s00262-016-1953-z
http://www.ncbi.nlm.nih.gov/pubmed/28108766
http://doi.org/10.1111/j.1582-4934.2009.00685.x
http://www.ncbi.nlm.nih.gov/pubmed/20196788
http://doi.org/10.1111/hepr.12167

	Introduction 
	Materials and Methods 
	Study Population 
	PD-L1 Expression Analysis 
	Spleen Volume Estimation 
	LIPI Score Calculation 
	RNAseq Data 
	Statistical Analysis 

	Results 
	Patients’ Clinical Characteristics 
	Associations between Splenic Volume and Progression-Free Survival (PFS) or Overall Survival (OS) 
	Transcriptomic and Histological Features Related to Splenic Volume 

	Discussion 
	Conclusions 
	References

