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ABSTRACT

Angiotensin-converting enzyme (ACE) inhibitors are frequently used to treat hypertension and congestive
heart failure. Preclinical data show that ACE plays a role on both innate and adaptive immune responses.
Since interactions between ACE inhibitors and immune checkpoint inhibitors (ICls) have not been
reported, the aim of this study is to investigate the influence of ACE inhibitors on non-small cell lung
cancer (NSCLC) patients treated with programmed cell death-1 (PD-1)/programmed cell death-ligand 1
(PD-L1) inhibitors. We conducted a retrospective cohort analysis of NSCLC patients treated with PD-1/PD-
L1 inhibitors. Clinical and co-medication data as well as tumor biopsies were collected. Groups were
defined according to patients’ co-medications at the time of ICI initiation. Among the 178 patients
included, 22 (13.1%) received ACE inhibitors. While baseline characteristics were similar in both groups,
ACE inhibitors group had a shorter median PFS (Progression-Free Survival) compared to the control group:
1.97 vs. 2.56 months, p = .01 (HR = 1.8 CI95% 1.1-2.8). Using CIBERSORT, RNA sequencing suggested that
tumors from the ACE inhibitors group had less M1 macrophages, activated mast cells, NK cells and
memory activated T cells, thus suggesting an immunosuppressed state. In vitro, the ACE inhibitor,
captopril, induced M2 marker at the cell surface of monocytes engaged into M1 differentiation. Thus,
ACE inhibitors prescription concomitant to PD-1/PD-L1 inhibitors treatment seems to be associated with
impaired outcome and with a tumor immunosuppressed state in patients with advanced NSCLC. These
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results should be validated in larger prospective cohorts.

Introduction

Immune checkpoint inhibitors (ICIs) targeting the pro-
grammed cell death-1 (PD-1) and programmed cell death
ligand-1 (PD-L1) are currently used in lung cancer therapy.
These treatments are the standard of care as monotherapy
when used in first line, if 50% of cancer cells express PD-L1.
Additionally, they are also used in second or further lines after
chemotherapy failure, regardless of PD-L1 status." Moreover,
anti PD-1/PD-L1 is efficient in combination with anti CTLA-4
or chemotherapy in the first line setting.”* Recently, ICIs have
also demonstrated efficacy in patients treated in the neoadju-
vant setting, or with localized tumors with concomitant
chemo-radiation therapy.”® Despite these unprecedented
advances, many patients develop primary or acquired resis-
tance to ICIs. Primary resistance occurs in 35% to 44% cases
and remains difficult to predict.”® In addition, some patients
also present rapid hyperprogression, following ICIs treatment.”
Together, these findings underline the unmet need to find
additional biomarkers to optimize ICIs administration.'
Important efforts have been dedicated to develop powerful
new biomarkers, which focus on surrogate markers of antitu-
mor immune response, such as inflammatory gene expression
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signatures or T-cell infiltration. Genetic biomarkers

are also powerful tools which help to predict response to
ICIs. Tumor mutational burden'>™ produced neopeptides*’
and some particular genetic mutations or signatures®' can also
be associated with response or resistance to ICIs.*

In addition to these genetic parameters, some clinical factors
are also associated with response to ICIs. Performance status is
the most important clinical biomarker of response to ICIs and
patients with WHO performance status of 2 or more have a very
poor probability to respond to ICIs monotherapy.® Increasing
attention has been attributed to certain concomitant medications,
which have recently been associated with poor response to ICL
For example, baseline or prolonged corticosteroid use has been
shown to abrogate the immune response and worsen outcomes in
patients with NSCLC.**** Likewise, antibiotics use has also been
associated with resistance to anti-PD-1/PD-L1 mAb.*® The ratio-
nale behind this observation is based on preclinical observations
showing that an intact intestinal microbiota is required for main-
taining gut homeostasis and to promote anti-cancer immune
response.”” > Antibiotics can reduce gut microbiota diversity
and impede antitumor immune response or promote immuno-
suppression. Due to age and associated comorbidities, patients
with NSCLC frequently receive additional concomitant therapies.
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Notwithstanding corticosteroids and antibiotics, perhaps the
most frequent of these concomitant medications are anti-
diabetic and cardiovascular drugs. Interestingly, many biological
data have highlighted the effect of these concomitant therapies on
innate and adaptive immune response,”** therefore building
a rationale for the impact of these drugs on ICIs efficacy. In this
large retrospective study, we aim to further define the impact of
concomitant drug use on ICI efficacy in patients with NSCLC
treated with anti-PD-1/PD-L1.

Results
Patients’ characteristics

One hundred and seventy eight patients were included in this
study. Twenty-three patients and 155 patients were treated in first
line or further line, respectively, with either pembrolizumab, nivo-
lumab (anti-PD-1) or durvalumab (anti-PD-L1). The frequency of
concomitant treatment usage was 59%. We noted the use of
steroids in 36 patients (20.3%) and antibiotics in 31 patients
(17.5%). The BMI median was quite elevated with a median of
24.1. Oral anti diabetes drugs were used in 55 patients (31.1%) and
cardiovascular-related drugs in 36 patients (20.3%) (Table 1).
Twenty-two patients (12.4%) received ACE inhibitors. However,
ACE inhibitors group was more frequently treated with statins,
beta-blockers and metformin.

Impact of ACE inhibitors on patients’ response to anti-
PD-1/PD-L1 treatment

We analyzed whether an association between clinical charac-
teristics, concomitant drug use and progression free survival
(PFS) and overall survival (OS) was observed (Figure 1 and
Table 2). Only WHO performance was associated with PFS and
OS status. Additionally, treatment line was associated with
PES. In contrast to previous observations, steroid and antibio-
tics use were not significantly associated neither with PFS nor
with OS. Concerning other concomitant drugs, we observed
that only ACE inhibitor use was associated with poor PES and
OS (Figure 1 and Table 2). Indeed, ACE inhibitors group had
a lower response rate, shorter median PFS compared to the
control group: 1.97 vs. 2.56 months, p = .01 (HR = 1.8 CI95%
1.1-2.8) and OS 9.82 vs. 11.60 months, p = .07 (HR = 1.6
CI95% 1.0-2.7) (Figure 2(a,b)). Importantly, no statistical dif-
ference was observed between ACE inhibitors group and
patients that did not receive ACE inhibitors (Table 1).

Then, we carried out a multivariate analysis to assess the
effect of ACE inhibitor administration, taking into account
classical prognostic factors. The negative impact of ACE inhi-
bitors group was maintained after multivariate analyses after
adjustment for known risk factors (HR = 1. 9 CI95% 1.1-3.2
p = .01 for PFS and HR = 2.0 CI95% 1.1-3.5 p = .02 for OS)
(Table 3).

Effects of ACE inhibitors on intra-tumor immune cells
composition

To gain further insight on the molecular mechanisms under-
lining these observations, RNA sequencing was performed for

29 patients (26 from the no ACE inhibitor group and 3 from
the ACE inhibitors group). We assessed immune cell composi-
tion in this cohort using CIBERSORT, a bioinformatics algo-
rithm used to evaluate immune cell composition based on gene
expression profiles. This software was able to estimate 19
immune cell types on the 22 available. We observed that the
levels of M1 macrophages, activated mast cells, NK cells, eosi-
nophils and memory CD4 activated T cells were nearly unde-
tectable in ACE inhibitors group in comparison to control
group (Figure 3). While this tendency is not significant (due
to the low number of patients in ACE inhibitors group), it
suggests a negative effect of ACE inhibitors on immune
response.

In vitro effects of an ACE inhibitor on human macrophage
differentiation

Since the balance M1/M2 macrophages plays an important
role in tumor progression, we evaluated the effects of capto-
pril (an ACE inhibitor) on M1 and M2 macrophage differ-
entiation in vitro. Human blood monocytes were
differentiated in vitro into M1 or M2 and the expression of
specific markers was evaluated by flow cytometry (Figure
4a). Captopril was able to induce the M2 marker CD206
expression when monocytes were engaged into M1 macro-
phage differentiation (Figure 4b). Another effect of captopril
was observed on the expression of CD80 along M1 differ-
entiation. However, this effect was not specific, as it was also
observed with candesartan, an angiotensin receptor antago-
nist (ARA2) (Figure 4b). Since ACE can degrade substance
P, a neuropeptide with potent proinflammatory properties,”
we analyzed the effect of captopril on macrophages produc-
tion of substance P. We observed that M1 and M2 macro-
phages produced substance P and that captopril increased
this production (Figure 4c). These results suggest that inhi-
biting ACE inhibits substance P degradation and may favor
M2/M1 balance.

Effects of an ACE inhibitor on macrophage differentiation
and on anti-PD-1 antitumor properties in mice

The effects of captopril in mice were addressed in MC38
tumor-bearing mice, a model responsive to anti-PD1 mAbs.
Daily treatment with captopril increases the proportion of
tumor associated macrophages (TAMs) (Figure 4d). As
observed in human macrophages, in vivo captopril treatment
also induces an increase in the M2 marker, CD206 (Figure 4d).
Tumor-bearing mice treatment with anti-PD-1 mAb induced
a delay in tumor growth (Figure 4e). This effect was lost, when
mice were daily treated with captopril.

These results suggest that inhibiting ACE increases CD206"
macrophages within the tumor and inhibits anti-PD-1 thera-
peutic effects in mice.

Discussion

In this study, we showed that lung cancer patients treated with
ACE inhibitors in addition to immunotherapy have a lower
PES and OS than patients treated with other hypertension



Table 1. Summary of clinical characteristics of the patients.

ONCOIMMUNOLOGY (&) 3

No ACE ACE

Clinicopathologic characteristics N=178 N =146 N=22 Comparison p-value
Age - years, median (IQR) 65 (13) 65 (12) 65.5(10.5) 0.18
Age > 70 y, n (%) 48 (27) 36(24.6) 7(32) 0.65
Age - years, n (%)
< 60 58 (32.6) 52(35.7) 3(13.6)
60— 65 26 (14.7) 19(13) 6(27.2)
65- 70 41 (23) 34(23.3) 6(27.2)
70-75 25 (14) 21(14.3) 2(0.1)
>75 28 (15.7) 20(13.7) 5(22.7)
Sex - female, n (%) 52 (29.2) 46(31.5) 5(22.7) 0.55
BMI - kg/m?, median (IQR) 24.1(5.7) 23.7(5.8) 25.3(4.7) 0.03
BMI - kg/m?, n (%) 0.04
Underweight to normal (below 25) 72(40.4) 55(37.7) 14(63.6)
Overweight (above 25) 106(59.6) 91(62.3) 8(36.4)
Smoking status, n (%) 1
No 13 (7.3)
Yes 140(78.7) 118(80.8) 19(86.4)

Unknown 25 (14) 17(11.6) 2(9.1)
ECOG - OMS status, n(%) 0.17
0 58 (32.6) 45(33.6) 10(52.6)
>1 104 (58.9) 89(66.4) 9(47.4)

Unknown 15 12 3
Histology, n (%) 0.50
ADK 112(62.9) 95(65.1) 12(54.5)
EPI 58 (35.8) 45(33.6) 10(52.6)
Other 7(3.9) 5(3.4) 1(4.5)
Tumor stage, n (%) 0.74
Localized - locally advanced 2+11(7.3) 10 + 2 (8.2) 0+ 2(9.1)
Metastatic 7(3.9) 5(3.4) 1(4.5)
EGFR mutation, n (%) 0.92
No 126(70.8) 103(70.5) 17(77.3)
Yes 14 (7.9) 11(7.5) 1(4.5)

Unknown 38 (21.3) 32(21.9) 4(18.2)
Brain metastases, n (%) 0.80
No 130(73) 106(72.6) 15(68.2)
Yes 47(26.4) 40(27.4) 7(31.8)
Rx, (%) 0.5
a-PD-1 165(92.7) 134(91.8) 22(100)
a-PD-L1 11(6.2) 10(6.8) 0(0)
Treatment line, n (%) 1
1 23(12.9) 20(13.7) 3(13.6)
>2 155(87.1) 126(86.3) 19(86.4)
Co-medication, n (%)
Corticosteroids 36(20.7) 31(21.4) 4(18.2) 1
Metformin 13(7.3) 11(7.5) 2(9.1) 0.68
Statin 42(23.6) 32(21.9) 10(45.5) 0.03
Beta-blocker 36(20.2) 24(16.4) 12(54.5) <0.001
ARA2 25(14) 25(17.1) 0(0) 0.05
ATB 31(17.8) 28(19.3) 3(13.6) 0.76

For continuous parameters, data are expressed in median value and interquartile range (IQR) and have been compared between cohorts with Kruskal-Wallis test. For
categorical parameters, data are express in number of observation (%) and have been compared between cohorts with Fisher’s exact test for count data. Percentages
are calculated on non-missing data. ACE: angiotensin-converting-enzyme. ARA2: angiotensin Il receptor antagonists. ATB: antibiotics. BMI: body mass index. ADK:
adenocarcinoma. EPI: squamous cell. For comparison column, Wilcoxon test was used for quantitative variables, and Chi squared or Fisher tests for qualitative

variables depending of cell sizes as recommended.

medication, such as ARA2 or with anti-diabetes or cardiovas-
cular support treatments (Figure 5).

ACE is a cell surface zinc metallopeptidase that degrades
oligopeptides in the extracellular environment.** ACE is an
essential player in the renin-angiotensin system in which
renin first produces angiotensin I from angiotensinogen. ACE
cleaves angiotensin I, releasing the effector angiotensin II. This
system also regulates blood pressure and electrolyte balance
mainly through the production of angiotensin II.
Consequently, ACE inhibitors are now widely used to treat
hypertension and heart failure.”*

Many previous studies proposed a potential immune effect
of ACE. Angiotensin II mediates several pro-inflammatory
responses by signaling through ATIR. Notably, macrophages

express ATIR and ACE can promote M1 differentiation and
production of inflammatory cytokines by these cells.’
Likewise, ACE can be located in the endoplasmic reticulum
and promote optimal processing of MHC class I peptides.*®
ACE can also drive neutrophils and macrophages to produce
increased levels of radical oxygen species, which promote can-
cer cell elimination.”’ > The capacity of ACE inhibitors to
blunt all these parameters could be deleterious for antitumor
immune response. It has been shown that ACE inhibitors can
dampen the recruitment of anti-tumor cells such as CD8"/
CD4" T cells and macrophages, restraining the elimination of
cancer cells.*” In this study, we observed a lower level of M1
macrophages, activated mast cells, NK cells and memory CD4
activated T cells markers in the tumor of ACE inhibitors
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Sex

Age

Smoking status
oMs

Histology

Stage

Brain metastases
Treatment line

Co-medication

Age

Smoking status
oMSs

Histology

Stage

Brain metastases
Treatment line

Co-medication

Overall survival

. p-value
female vs male '—9—' 0.99
continuous_age 4 0.84
<70 vs <70 —_— 0.12
< 60 vs 60-65 —_— 0.22
< 60 vs 65-70 —_— 0.25
<60 vs > 70 0.48
continuous_BMI+ - 0.03
underweight- 0.04
pre-obesity '—'—' 0.11
obesity —_— 0.40
sm_no vs yes - 0.63
0vs > 17 <0.001
ADK vs. EPIA —_—— 0.46
L+LA vs META - 0.32
no vs yes_brH '—'_‘ 0.62
1vs > 2- : 0.34
corticosteroids '—'_' 0.07
metformin A 0.86
statine —_— 0.16
beta-blocker- —_—_— 0.27
ACE inhibitors - : 0.07
ARA2 - —_— 0.99
ATB - -—-——- 0.08
T T 1
0 1 2 3
Relapse-free survival
i p-value
female vs male - '—'—' 0.60
continuous L 0.79
> 70 vs > 70 —_— 0.72
< 60 vs 60-65- —_— 0.42
< 60 vs 65-70 —_— 0.94
<60 vs > 70" —_— 0.99
continuous b 0.90
underweight- 0.40
pre-obesity - —_— 0.70
obesity —_— 0.47
no vs yes —'— 0.49
0vs > 14 — <0.001
ADK vs. EP14 —— 0.66
L+LA vs META - —_— 0.87
no vs yes '——'—' 0.60
1vs s 2 : 0.03
corticosteroids '—'_' 0.56
metformin A - 0.29
statine - '_'_' 0.50
beta-blocker —_— 0.42
ACE inhibitors - : 0.01
ARA2 A —_— 0.46
ATB - '—-—-' 0.06
T T 1
0 1 2 3

Figure 1. Effect of patient’s characteristics, treatments and co-medication on PFS and OS. Forest plot of hazard ratios for PFS and OS. Corresponding 95%Cl and

p-values are represented.

treated patients. M1 macrophages secrete pro-inflammatory
cytokines responsible for the recruitment of Thl cells, cyto-
toxic T lymphocytes and activated NK cells at the tumor site,
leading to an anti-tumor immune response. Cytokines secreted
by M2 macrophages inhibit these events, leading to a pro-
tumor immune response.* Thus, the balance between M1
and M2 differentiation can dictate anti-cancer immune
response, and therefore, the tumor’s fate. Khan et al. recently

showed that ACE, and more particularly ACE C-domain, inhi-
bits murine melanoma tumor growth, while its inhibition by
ramipril favors it. These effects of ACE were attributed to its
capacity to improve M1 differentiation and repress M2
differentiation.*” In addition to the effect on Angiotensin II,
ACE inhibitors can also limit the cleavage of substance P and
bradykinin, two neuropeptides with potent proinflammatory
properties.’”>** In murine myeloid cells, it has been observed
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Table 2. Hazard ratios (HR) for Overall survival (OS) and Progression-free survival (PFS). PFS and OS and corresponding 95%Cl and p-values. Univariate Model.

0S PFS
Clinicopathologic characteristics HR (95%Cl) p HR (95%Cl) p
Age - years <70vs>70 1.36 (0.92-2.01) 0,12 1.07 (0.75-1.52) 0,72
<60 1 1 -
60— 65 0.69 (0.37-1.25) 0,22 0.81 (0.48-1.36) 0,42
65— 70 0.75 (0.46-1.22) 0,25 1.02 (0.67-1.55) 0,94
70-75 1.22 (0.70-2.14) 0,48 1.25 (0.76-2.07) 0,38
75 0.96 (0.56-1.65) 0,87 0.85 (0.53-1.38) 052
Sex Female 1 1 -
Male 1.00 (0.67-1.49) 0,99 1.10 (0.78-1.55) 0,60
BMI - kg/m? <25 1 1
<25 0.68 (0.47-0.99) 0,04 0.96 (0.70-1.33) 0,81
Smoking status No 1 1 -
Yes 1.19 (0.60-2.35) 0,63 0.82 (0.46-1.46) 049
ECOG - OMS Ovs>1 2.26 (1.49-3.42) <0.001 1.58 (1.11-2.24) <0,001
Histology ADK 1 1 -
EPI 1.15 (0.79-1.69) 0,46 1.08 (0.77-1.52) 0,66
Tumor stage LA 1 1 -
META 1.47 (0.68-3.15) 0,32 1.05 (0.58-1.91) 087
Brain metastases No -
Yes 1.11 (0.74-1.66) 0,62 1.10 (0.77-1.57) 0,60
EGFR mutation No -
Yes 1.06 (0.57-1.94) 0,86 0.90 (0.51-1.57) 0,70
Treatment line 1 1 1 -
>2 1.40 (0.70-2.77) 0,34 1.76 (1.05-2.96) 0,03
Co-medication Corticosteroids 1.46 (0.97-2.21) 0,07 1.12 (0.76-1.65) 0,56
Metformin 1.07 (0.54-2.11) 0,86 1.37 (0.77-2.43) 0,29
Statin 1.33 (0.89-2.00) 0,16 1.14 (0.79-1.65) 0,50
Beta-blocker 1.27 (0.83-1.95) 0,27 1.17 (0.80-1.73) 0,42
ACE inhibitors 1.61 (0.96-2.69) 0,07 1.79 (1.13-2.83) 0,01
ARA2 1.00 (0.60-1.65) 0,99 0.84 (0.53-1.33) 0,46
ATB 0.63 (0.38-1.06) 0,08 0.66 (0.43-1.02) 0,06

Hazard ratios (HR) and 95% confidence interval (Cl) were estimated from univariate Cox Proportion Hazard model.
Wald test was used to test if each HR was statistically significantly different from 1.
ACE: angiotensin-converting-enzyme. ARA2: angiotensin Il receptor antagonists. ATB: antibiotics. BMI: body mass index. ADK: adenocarcinoma. EPI: squamous cell.

LA: locally advanced. META: metastatic

that substance P can increase M2 macrophage markers
(CD163, CD206) on murine bone marrow-derived cells, via
a PI3K/Akt/mTOR-dependent pathway.** Here, we observed
that ACE inhibitors decreased the presence of M1 macro-
phages in patient’s tumor of and that captopril (but not cande-
sartan) increased the M2 marker CD206 at the cell surface of
monocytes engaged into an M1 differentiation, in vitro. We can
speculate that ACE inhibitors specifically deviate M1 macro-
phages toward an M2-like phenotype. This might explain the
discrepancies observed in this study between ACE inhibitors
and ARA2 inhibitors in patient’s response to anti-PD-1/PD-L1.

ACE inhibitor prescription concomitant to PD-1/PD-L1 inhi-
bitors treatment is associated with impaired outcome in patients
with advanced NSCLC. This impairment is independent of
standard prognostic factors. Biological correlative analyses sug-
gest a tumor immunosuppressed state in ACE inhibitors group.
Further studies are required to confirm this hypothesis.

Patients and methods
Ethics approval and consent to participate

The study was conducted in accordance with the Declaration of
Helsinki. All participating patients fully agreed with the use of
their medical records in clinical research. The study was per-
formed in agreement with the General Data Protection
Regulation European law.

Patients
All patients with metastatic NSCLC (n =178) at Georges
Francois Leclerc center, Dijon, France treated with ICIs were
identified based on chart records between June 2013 and
December 2018, until data lock of August 2019. Patients trea-
ted in the first line setting with pembrolizumab or in second or
further lines with nivolumab or durvalumab were included.
Medical records were retrospectively analyzed to determine
any oral or intravenous concomitant drug use during the
treatment with anti PD-1 mAb. Use of cardiac, diabetes-
related drugs, antibiotics (longer than 7 d) or corticoids (higher
than 10 mg equivalent prednisolone, for more than 7 d) start-
ing after the beginning of anti PD-1 therapy were recorded.
Clinicopathological characteristics were collected for all
patients. Tumor response was evaluated by computed tomo-
graphy (CT) scan, every four cycles. Response evaluation cri-
teria in solid tumors (RECIST) 1.1 was used to define objective
clinical response. All patients were followed-up until death or
data lock.

RNA sequencing analysis

Total RNA was extracted from formalin-fixed paraffin-
embedded (FFPE) tumor slices (5x5um) using the
Maxwell 16 LEV RNA FFPE Purification kit (Promega),
following manufacturer’s instructions. Libraries were
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Figure 2. Influence of ACE inhibitor co-medication on patient response to ICls. Kaplan-Meier curves comparing patient’s PFS and OS according to ACE inhibitor
prescription. Patients were stratified according to ACE inhibitor treatment and Kaplan-Meier estimates PFS (a) and OS (b).

prepared from total RNA with the TruSeq Stranded Total
RNA using Ribo-Zero (Illumina) according to manufac-
turer’s instructions. Once qualified, paired-end libraries
were sequenced using 2 x 75bp output on a NextSeq 500
device (Illumina).

The abundance of transcripts from RNA-seq data was quan-
tified through the kallisto program.** Quality control was
assessed through FastQC software (http://www.bioinfor
matics.babraham.ac.uk/projects/fastqc). All quality controls
were checked for the 29 patients. Gene-level count matrices
were then created with the DESeq2 library.*® Low-count genes
were pre-filtered by removing genes with less than 10 reads.
Data were normalized as TPM (transcript per million reads).
Data were normalized as TPM (transcript per million reads).
Corresponding data are available upon request. Immune infil-
trates were evaluated using CIBERSORT LM22 software. Gene
expression data with standard annotations were uploaded to
the CIBERSORT web portal (http://cibersort.stanford.edu),
and the algorithm was run using the LM22 signature and
1000 permutations.*’

Statistical analysis

Patients’ characteristics were described according to hospital
and compared using Fisher or chi-squared test for categorical
data and t-test for continuous data. Patient’s characteristics
were described according to angiotensin converting enzyme
inhibitor (ACE) use. Progression-free survival (PFS) was cal-
culated as the time from the date of treatment initiation to the
first recorded evidence of disease progression by CT scan,
clinical evaluation or death. Overall survival (OS) was calcu-
lated as the time from the date of treatment initiation to the
date of death whatever the cause. Survival curves were esti-
mated using the Kaplan-Meier method and compared with the
Log-rank test (univariate analysis). Univariate and multivari-
able Cox regression models were used to determine HRs and
95% confidence intervals (CIs) for PFS and OS. Statistical tests
were two-sided, and a P-value <0.05 was considered statisti-
cally significant. Data analysis was performed using R statistical
software (http://www.R-project.org/) and presented with
Prism 7 (GraphPad, San Diego, CA, USA).
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Table 3. Hazard ratios (HR) for Overall survival (OS) and Progression-free survival (PFS). PFS and OS and corresponding 95%C| and p-values. Multivariate model.

0s PFS

Clinicopathologic characteristics HR (95%Cl) p HR (95%Cl) p

BMI - kg/m? continuous 0.96 (0.91-1.01) 0,15 - -
ECOG - OMS 1vs0 2.34 (1.49-3.67) <0.001 1.71 (1.18-2.47) <0,01
Treatment line 2vs 1 - - 1.67 (0.97-2.84) 0,06

Co-medication Corticosteroids 1.20 (0.77-1.89) 0,41 - -
ACE inhibitors 1.96 (1.09-3.51) 0,02 1.89 (1.14-3.16) 0,01
ATB 0.84 (0.47-1.49) 0,55 0.73 (0.44-1.20) 0,21

Hazard ratios (HR) and 95% confidence interval (Cl) were estimated from a multivariate Cox Proportion Hazard model.

Wald test was used to test if each HR was statistically significantly different from 1.

ACE: angiotensin-converting-enzyme. ARA2: angiotensin Il receptor antagonists. ATB: antibiotics. BMI: body mass index. ADK: adenocarcinoma. EPI: squamous cell. LA:

locally advanced. META: metastatic

In vitro experiments

Human peripheral blood monocytes were obtained from healthy
donors, after informed consent, and purified using the human
StraightFrom Bufty Coat CD14 MicroBead Kit (130-114-976,
Miltenyi Biotec), according to manufacturer’s instructions, seeded
in X-VIVO 10 medium (BE04-380Q, Ozyme) and treated the
next day with cytokines from R&D systems. Monocytes were
incubated 6 d with 100 ng/mL GM-CSF (215-GM-010) (+ 10 ng/

Naive B cells Memory B cells

Ace inhibitor Ace inhibitor

Resting memory CD4 T cells Activated memory CD4 T cells

Plasma cells

Ace inhibitor

Follicularhelper T cells

mL LPS (L3024-5 MG, Sigma-Aldrich) and 50 ng/mL IFNy (285-
IF-100) for the last 3 d) to generate M1 macrophages. Monocytes
were incubated for 6 d with 100 ng/mL M-CSF (216-MC-005)
combined with IL-4 (204-IL-010, 10 ng/mL) and IL-10 (217-IL
-005, 10 ng/mL) to generate M2 phenotype. Along with macro-
phage differentiation, the effect of captopril (sc-200,566, 100 uM) or
candesartan (sc-217,825, 10 pM) (Santa Cruz Biotechnologies) was
tested.
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Figure 3. Influence of ACE inhibitor co-medication on immune cell infiltration in the tumor. Percentages of immune cells are estimated by deconvolution method
CIBERSORT in patients who received ACE-inhibitor (Yes) or not (No). p, represent Wilcoxon test values.
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Figure 4. Effect of captopril on macrophages. (a to ¢) Human monocytes (n = 3) were differentiated for 6 d into M1 or M2 macrophages. (a and b) Expression level
(mean MFI of 3 different donors) of different markers after cell staining with specific antibodies to analyze M1 and M2 differentiation by flow cytometry. (a) MFI z-score
of markers expression at basal level. (b) Fold expression of the different markers analyzed by flow cytometry to compare human monocytes differentiated for 6 d into M1
or M2 macrophages with or without captopril (100 uM) or candesartan (10 uM). (c) Human monocytes were differentiated for 6 d into M1 or M2 macrophages with or
without captopril (100 pM) and substance P concentration in cell supernatants was evaluated by ELISA. Data represent the mean of 3 different donors + s.d. ¥, p <.05; **,
p < .01. (d and e) MC38 tumor bearing mice were daily treated or not per os with 25mg/kg captopril with or without i.p. injections of 10mg/kg anti-PD-1 mAb three
times a week. (d) Macrophage occurrence in tumors and CD206 expression in TAMs (n = 4 or 5 animals per group) were analyzed by flow cytometry. (e) Tumor size was
monitored (mean + s.e.m) and mice survival was calculated (n = 7 to 9 animals per group). *, p < .05; **, p < .01; *** p < .005.

After differentiation, cells were stained in Flow Cytometry
Staining Buffer (FSB - 00-4222-26, eBioscience) with specific
antibodies, anti-CD45-BV785 (BLE304048), anti-CD163-FITC
(BLE333618) from Biolegend, anti-CD206-PE (IM2741), anti-
CD86-PC5.5 (B30647), anti-CD80-APC (B30642), anti-HLA-
DR-KrOr (B00070) from Beckman coulter, and stained with
DRAQ?7 (B25595, Beckman coulter) for 15 minutes at room
temperature in the dark, washed twice in FBS and analyzed by
flow cytometry. Acquisition was performed on a Cytoflex 13 C
cytometer (Beckman Coulter) and cells were analyzed using
Cytexpert software (Beckman Coulter). The Mean
Fluorescence Intensity (MFI) of specific markers was studied.

Substance P concentration was evaluated in cell superna-
tants using substance P ELISA assay (KGE007 - R&D systems)
according to manufacturer’s instructions.

Dataset comparisons were performed with GraphPad Prism
8, using paired Student’s ¢ tests (test group compared to control
group). All P values were two tailed.

In vivo experiments

All animals were bred and maintained according to both the
FELASA and the Animal Experimental Ethics Committee
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Figure 5. Hypothetical scheme of ACE inhibitors effects. ACE inhibitors downmodulate ACE and consequently substance P degradation. Accumulation of substance
P favors M2 differentiation at the expense of M1 and blunts ICIs anti-tumor response.

Guidelines (N° C 21 464 04 EA, University of Burgundy,
France). Female C57BL/6 mice used were between 6 and
8 weeks and were obtained from Charles River Laboratories.
To induce tumor formation, 1.10° MC38 cells were injected
subcutaneously into mice. Animals were treated from day 7
after tumor-cell injection (tumor size, 30 mm?), every day per
os with 25 mg/kg captopril (Santa Cruz Biotechnology) in
hypromellose and every 2-3 d ip. with 10 mg/kg inVivo
mADb anti-mouse PD-1 (BioXcell BE0146). Tumor size was
measured three times a week with a caliper.

Tumors were recovered after 17 d of treatment, cells were
dissociated using the tumor dissociation kit (130-096-730)
with the gentleMACS dissociator (Miltenyi Biotec). Cells
were then stained with a APC anti-mouse CD45 (Miltenyi
Biotec, 130-110-660), a BV650 anti-mouse Ly6G (127,641),
a BV785 anti-mouse CD11b (101,243), a BV605 anti-mouse
F4/80 (123,133), a A488 anti-HLA-DR (107,615), a APC-A700
anti-mouse CD206 (141,734) from biologend and Fixable
Viability Dye (FVD) eFluor 780 (eBioscience) for 15 minutes
at RT. After washing, cells were analyzed with a CytoFlex
(Beckman Coulter) and a CytExpert software. TAMs were
characterized with a CD45", CD11b", Ly6G~, F4/80", HLA-
DR" phenotype and CD206 MFI was measured in these cells.
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