l.Genotype, stage and the innate immune response in non-smallcelllungcancer (K109008)
1.NK lymphocyte infiltration of resected pulmonary adenocarcinoma tissues

We examinedtheinfluence of cancergenotypeoroncologicstageon tumor infiltrationby NK and
Treglymphocytes. Progression-free and overall survival of 121 stage I-llIA,
curativelyresectedlungadenocarcinomapatientswascomparedbetweenpatientshavingabove and
lowerthanmedian NK orTreginfiltrated tumor. Immunecellinfiltraton of tumor
tissueswasevaluatedbyimmunohistochemistry and repeatedcounting of cells in
onehundredlowmagnificationmicroscopicfieldsof
eachresecateperformedbytwoindependentinvestigatorswhowereunawareaboutanyclinicaldata. The
genotype of theKras (exons 12,13) and p53 genes (exon 6-7-8) wasanalysedbysequencingof DNA
(GBS). Figure 1 shows thatabovemedianinfiltrationby NK cellsprognosticatedlongerprogression-free
and overall survivalasevaluated during theupcoming 5 and 10 years. Out of the 121 samples 25
provedtocarrymutantKras. Figure 2 and 3 depictthat NK infiltrationwas more intense in
KraswildthanKrasmutantpatientsand in womenthan men.Oncologicstagehad no influenceon NK
infiltrationwhichfindingcontradictstheparadigmthatearly-stage (e.g. stage IA)lungcancerwould be
more immunogenicthanlater (ll1A) stagedisease.
Toourbestknowledgethesearethefirstobservationsabouttherelationshipbetweentheintensitiy of NK
responsetolungadenocarcinoma and Krasgenotypeorgender.

2. Treglymphocyteinfiltration

Unexpectedly, abovemedianinfiltrationbyTregcellswasalsoprognosticatinglonger overall survival
(Figure 4). Thisobservationwascontradictingearlierfindings and needsfurtheranalysis. In contrastwith
NK cells, Treginfiltrationwasnotinfluencedbygender, Krasgenotype. Similarlyto NK cells,
infiltrationbyTreg-s wasalsoindependentfromoncologicstage.

3. p53 mutation

In the 121 tumor tissuesaltogether 64 mutationwereidentified (Table 1 and 2). Detected p53
mutations were compared to OMIM database (') searching for overlaps.Out of theseonly 40
mutationsresulted in aminoacidchangewithinthe p53 protein molecule(Table 1).
Aminoacidchangeinducingmutations of the p53 moleculeareclassifiedasdisruptiveor non-disruptive
(Poeta et al. NEJM 2007). Disruptivemutations of p53 have more
severeconsequencesontheclinicalcourse of cancerdiseasethat non-disruptivemutations. Withinour
121 samplestherewere 27 disruptive and 13 non-disruptivechanges of aminoacidswithinthe 53
protein molecule (Table 1).

Point mutations of the p53 gene were analyzed with genotyping by sequencing (GBS) in exons 6-7-8.
Identified mutations were ranked according to their codon number. Than codons were translated to
their coded amino acids to see if the point-mutation resulted in any change of the code (Table 1). The
meaning of different colours was explained in the index table below Table 1. Disruptive mutations
were those, which resulted in a STOP sequence, or any DNA sequence alteration which occurs within
codons 236-251 and replaces an amino acid from one polarity/charge category with an amino acid
from another category (Poeta et al. NEJM 2007).

Table 1. p53 mutations resulting in change of amino-acid in 121 surgically resected lung
adenocarcinoma tissues



position poit mutation | wild type AA mutant AA
[
303 AGC->TGC Serine (Ser) Cysteine (Cys)
302 | GGG->GAG | Glycine (Gly) Glutamate (Glu)
301 CCA->CTA Proline (Pro) Leucine (Leu)
301 CCA->TCA Proline (Pro) Serine (Ser)
300 CCC->CTC Proline (Pro) Leucine (Leu)
298 | GAG->TAG | Glutamate (Glu) stop
297 CAC->CCC, Histidine (His) Proline (Pro)
295 CCT->TCT, Proline (Pro) Serine (Ser)
294 | GAG->TAG Glutamate (Glu) stop
293 | GGG->AGG | Glycine (Gly) Arginine (Arg)
290 | CGC->CAC, | Arginine (Arg) Histidine (His)
286 GAA->CAA Glycine (Gly) Glutamate (Glu)
285 | GAG->AAG | Glutamate (Glu) Lysine (Lys)
284 ACA->ATA Threonin (Thr) Isoleucine (lle)
283 CGC->CAC Arginine (Arg) Histidine (His)
- - Arginine (Arg) Tryptophane (Trp)
282 CGG->CCG Arginine (Arg) Proline (Pro)
282 | CGG->CGC | Arginine (Arg) Arginine (Arg)
278 CCT->TTT Proline (Pro) Phenylalanin (Phe)
278 CCT->CGT Proline (Pro) Arginine (Arg)
277 | TGT->TAT, Cysteine (Cys) Tyrosine (Tyr)
275 TGT->TAT Cysteine (Cys) Tyrosine (Tyr)
275 TGT->TTT Cysteine (Cys) Phenylalanine (Phe)
274 GTT->TTT Valine (Val) Phenylalanin (Phe)
273 CGT->CTT Arginine (Arg) Leucine (Leu)
273 CGT->AGT Arginine (Arg) Serine (Ser)




.

258 GAA->TAA Glutamate (Glu) stop

256 ACA->ATA Threonin (Thr) Isoleucine (lle)

252 CTC->TTC Leucine (Leu) Phenylalanine (Phe)

- - Arginine (Arg) Tryptophane (Trp)

248 | CGG->CTG Arginine (Arg) Leucine (Leu)

247 AAC->CAC Asparagine (Asn) Histidine (His)

246 ATG->ATC Methionine (Met) | Isoleucine (lle)

- - Glycine (Gly) Cysteine (Cys)

244 | GGC->TGC | Glycine (Gly) Cysteine (Cys)
.

208 CAG->AAC Glutamine (Gln) Asparagine (Asn)

207 GAT->GGT | Aspartate (Asp) Glycine (Gly)

Meaning of colours:

nonpolar

polar

basic

acidic

stop

Mutations not resulting in any amino-acid change were excluded from further analysis (Table 2).

Table 2. Mutations not resulting in any amino-acid change in 121 surgically resected lung

adenocarcinoma tissues

position

poit mutation

wild type AA

mutant AA

302

GGG->GGA

Glycine (Gly)

Glycine (Gly)




300 CCC->CCT Proline (Pro) Proline (Pro)
293 GGG->GGA Glycine (Gly) Glycine (Gly)
291 AAG->AAA, Lysine (Lys) Lysine (Lys)
282 CGG->AGA Arginine (Arg) Arginine (Arg)
282 CGG->CGA, Arginine (Arg) Arginine (Arg)
278 CCT->CCA Proline (Pro) Proline (Pro)
276 GCC->GCT Alanine (Ala) Alanine (Ala)
274 GTT->GTG Valine (Val) Valine (Val)

260 TCC->TCT Serine (Ser) Serine (Ser)
259 GAC->GAT Aspartate (Asp) Aspartate (Asp)
257 CTG->TTG Leucine (Leu) Leucine (Leu)
253 ACC->ACT Threonin (Thr) Threonin (Thr)
252 CTC->CTT Leucine (Leu) Leucine (Leu)
251 ATC->ATT Isoleucine (lle) Isoleucine (lle)
250 CCC->CCT Proline (Pro) Proline (Pro)
248 CGG->AGG Arginine (Arg) Arginine (Arg)
247 AAC->AAT Asparagine (Asn) | Asparagine (Asn)
244 GGC->GGT Glycine (Gly) Glycine (Gly)
242 TGC->TGT Cysteine (Cys) Cysteine (Cys)

224 GAG->GAA Glutamate (Glu) Glutamate (Glu)
204 GAG->GAA Glutamate (Glu) Glutamate (Glu)
197 GTG->GTA Valine (Val) Valine (Val)

Our research work is currently at this stage. We are analyzing relationships between the presence of
disruptive or non-disruptive mutations of p53 on NK and Treg infiltration of lung adenocarcinoma
tissues and survival of operated patients. The pathological and clinical significance of combined



presence or absence of Kras and p53 mutations will be clarified. Within the next 6 months one
manuscript containing the above new findings will be submitted for publication to a peer-reviewed
research periodical.
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Figure 1. Above median NK infiltration of resected lung adenocarcinoma predicts longer 10 years
survival (n=121).
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Figure 2. Kras mutatnt lung adenocarcinoma contains less tumor infiltrating NK lymphocytes, tha
Kras wild genotype tumors.
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Figure 3. Resected lung adenocarcinoma induces more intense NK infiltration in women than men.
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Figure 4. Five year overall survival is longer among those resected patients who had more intense
tumor infiltration by Treg lymphocytes.

Reference

ihttps://Www.omim.orq/aIIeIicVariant/l 91170

Il. Submitted manuscript

Chronic obstructive pulmonary disease prolongs progression-free
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is a common comorbidity of stage IlIB-IV
non-small cell lung cancer (NSCLC). Progression is accelerated by inflammation and lymphoid
dysfunction in NSCLC and similar mechanisms are active in COPD. Aim: To find out if COPD influenced
tumor induced inflammatory and lymphoid responses and progression-free survival (PFS) during 1st
line treatment of advanced NSCLC? Methods: Four groups were studied: NSCLC (n=95), NSCLC+COPD
(n=80), only COPD (n=54) and controls (n=60). PFS, neutrophil (neu) and lymphocyte (ly) count, the



neu/ly ratio were recorded. IFNy, TNFa, VEGF and myeloid derived suppressor cells (MDSCs) were
measured and systemic T-cell exhaustion was tested by multiplex cytometric bead-based
immunoassay and by flow cytometry, respectively. Results: Median PFS was increased in
NSCLC+COPD to 7.4 months as compared to only NSCLC patients (4.9 months, p<0.01). In
multivariate Cox analysis adjusting for age, gender, histology, cancer stage and ECOG performance
the adjusted hazard ratio of longer PFS in NSCLC+COPD vs only NSCLC was 1.70 (Cl: 1.2-2.4, p<0.002).
Neu count, CRP, IFNy and TNFa concentrations were all reduced in NSCLC+COPD as compared to only
NSCLC. NSCLC with concomitant COPD was also associated with reduced IL-10, but more granzyme-B
positive CD8 cells versus only NSCLC. NSCLC+COPD patients presented moderation of VEGF and
MDSC associated mechanisms of inflammation and lymphopenia. Conclusion: Concomitant COPD
moderated tumor-induced inflammation and lymphopenia and was an independent positive
predictive factor of longer PFS during 1st line therapy of advanced NSCLC.

Introduction

Progression-free survival (PFS) is the length of time during and after the treatment of a disease, such
as cancer, that a patient lives without worsening the disease. In a clinical trial, measuring the PFS is
one way to see how well a new treatment works (1). In advanced non-small cell lung cancer (NSCLC)
standard 1st line treatment is induction and maintanance therapy with cytotoxic and/or biologically
targeted agents. Prognosis depends on both tumor- and host-related factors. Stages of primary
tumor, lymph node and remote metastasis are major tumor-related, while weight loss and
performance state are major host-related factors (2). Performance state, pain, weight loss and
functional disability are considered manifestations of tumor-induced inflammation (3), moreover,
lower than median neutrophil (neu) count has been demonstrated to be a strong positive predictive
biomarker of longer PFS during 1st line treatment in advanced NSCLC (4). On the other hand, T cell
exhaustion (5) and lower total lymphocyte (ly) count (6) are signs of negative prognosis in advanced
cancer. The neu/ly ratio has been repeatedly shown to be a strong indicator of PFS and overall
survival (OS) in advanced NSCLC (7,8). Although advanced NSCLC is the cancer of heavy smokers and
the elderly most of whom suffer from comorbidities (9), there has been a lack of information how
comorbidities influence PFS during and after 1st line treatment. As an exception, diabetes mellitus
has been recently demonstrated to shorten PFS in this state (10). The influence of the 2nd (after
cardiovascular disease being the 1st) most frequent comorbidity, chronic obstructive pulmonary
disease (COPD (9)) has not been studied, yet. Except a small series including 50 patients (11). This
issue is clinically relevant since more than 50% of NSCLC patients suffer from COPD (9,12), which
itself is a state of chronic inflammation and lymphoid dysfunction (13).

In advanced NSCLC circulating vascular endothelial growth factor (VEGF) concentration increases (14-
16). In addition to angiogenesis VEGF was shown to play role in modulation of myelopoiesis including
the formation of myeloid derived suppressor cells (MDSCs) which have been known to contribute to
tumor-induced inflammation and immunosuppression (17,18 ). One manifestation of
immunosuppression in cancer is appearance of so-called exhausted T cells (CD4ex and CD8ex) within
tumor tissue (19) and the systemic circulation (20,21). VEGF, MDSCs, inflammation, lymphoid
dysfunction, the appearance of Tex cells have all been reported to be present also in COPD (22,23),
not only cancer.



Therefore, in the present study, we have compared PFS and the myeloid and lymphoid response in
peripheral blood together with several pathophysiological factors in the background, like circulating
VEGF and MDSCs and exhausted T cells in patients suffering from advanced NSCLC without (NSCLC
n=95) or with COPD (NSCLC+COPD, n=80).

Methods

Patients

All patients were recruited and taken care at the Department of Pulmonology, Semmelweis
University Medical Center between November 2015 and March 2017. Written informed consent was
obtained from every patient and permission was obtained from the Institutional Ethics Committee of
Semmelweis University Clinical Center (#238-2/2015). The total number of pathologically confirmed,
stage IIIB-1V (advanced) NSCLC patients was 95, while the number of NSCLC patients with
concomitant COPD (NSCLC+COPD) was 80. Sixty healthy smokers and 54 COPD patients were
included as controls. In addition to general clinical parameters plasma IFNy, TNFa and interleukin-(IL-
) 10, or serum vascular endothelial growth factor (VEGF) and circulating monocytic (M-) and
granulocytic (G-) myeloid derived suppressor cells (MDSCs), or subpopulations of CD4 and CD8 T cells
positive for IFNy, granzyme B, PD1 or CTLA4 were quantitated. Since concomitant COPD was
observed to markedly alter the relationship between VEGF and MDSCs, as well as neutrophils and
lymphocytes, more bevacizumab+paclitaxel+carboplatin treated adenocarcinoma patients (without
or with COPD) were included. In some patients PFS and OS could not be have become evaluated, yet.
Stage of NSCLC according to Quint (25) and performance state according to Eastern Cooperative
Oncology Group (ECOG (26) were determined. Treatment effects on primary tumor, metastatic
lymph node (-s) or remote metastasis were evaluated according to RECIST 1.1. Progression-free
survival (PFS) was calculated as the time from start of 1st line treatment to disease progression or
death. Progression was controlled every 3 week by clinical examination and chest X-ray and if any
signs or symptoms have raised suspision of progression, CT, PET-CT and/or MRI were performed.
Chest and upper abdominal CT was performed every 3 months minimum. Overall survival (OS) was
estimated from start of oncologic treatment until exitus. COPD was diagnosed according to the
criteria of the Global Initiative for Chronic Obstructive Lung Disease 2017 (27). COPD patients were in
GOLD stage lI-lll. Lung function results and the bronchoscopic state of large airways of each NSCLC
patient were cautiously analysed to exclude those, who had airway obstruction of cancerous or
other, not COPD related cause.

None of the included patients and subjects used systemic steroid or antibiotics at least two months
before the investigation. All COPD patients (with or without NSCLC) were treated by inhalational
long-acting muscarinerg antagonist, or long-acting 2 agonist (LABA), or combination of these, or
inhalational corticosteroid combined by LABA. Subjects were excluded if they had a history of
another malignancy or other diseases associated with systemic inflammation or immunodeficiency.
None of the COPD patients (with or without cancer) suffered from acute exacerbation.

Peripheral venous blood was collected at the time of diagnosis, before the administration of any
cytostatic or targeted anticancer drug. Body mass index (BMI) and smoking history was calculated
and the plasma concentration of absolute neutrophil (neu) count, monocyte count, lymphocyte (ly)
count, platelets and concentration of hemoglobin (Hb) and C-reactive protein (CRP) were measured.
Post-bronchodilator forced expiratory volume in 1 second (FEV,) and forced vital capacity (FVC) were
tested by Total Body Plethysmograph (Piston, Budapest, Hungary).
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Flow cytometry

Peripheral venous blood samples were collected in sodium heparin tubes (Vacutainer, Becton
Dickinson, Franklin Lakes, USA). Cell preparations and flow cytometric analyses were performed
according to the protocols described earlier (28). Briefly, peripheral blood mononuclear cells (PBMCs)
were isolated by Ficoll (Biochrom, Berlin, Germany) density gradient centrifugation within 3 hours of
sample collection. MDSC measurements were performed right after the PBMC isolation. PBMC
samples were frozen and stored in biobank until the exhausted T cell measurements. For
cryopreservation, PBMCs were resuspended in freezing medium (10% DMSO and 45% fetal bovine
serum in complete RPMI 1640) and stored -80°C until stimulation and flow cytometric
measurements. For the CTLA-4 and intracellular IFN-y measurements defrosted cells were cultured
in RPMI 1640 medium supplemented with 1 mM sodium pyruvate (Sigma), 1% MEM nonessential
amino acids and vitamins (Sigma), 2 mM L-glutamine (Sigma), 100 U/ml penicillin, 100 pg/ml
streptomycin (Sigma), 100 ug/ml kanamycin (Gibco) and 10% heat-inactivated FCS (Sigma) in 24 well
plates, and stimulated with PMA (25 ng/ml; Sigma) and ionomycin (1 ug/mL; Sigma) for 6 h in the
presence of brefeldin A (10 pug/ml; Sigma) for the final 2 h. Cytofix/Cytoperm Fixation and
Permeabilization Kit (Beckton Dickinson) were used for cell permeabilization and intracellular
staining procedure. Flow cytometry data were acquired on FACSAria (Beckton Dickinson) and Navios
(Beckman Coulter, Brea, USA) instruments, and were analyzed with Kaluza software (Beckman
Coulter).

The following anti-human antibodies were used for flow cytometry measurements: fluorescein
isothiocyanate (FITC)-conjugated anti-CD15 (HI98), phycoerythrin (PE)-conjugated anti-CD33 (WM53)
and PE-conjugated anti-IFN-y (4S.B3), PE/Dazzle 594-conjugated anti-HLA-DR (L234), peridinin chlo-
rophyll protein-cyanine 5.5 (PerCP-Cy5.5)-conjugated anti-CD66b (G10F5), PE-indotricarbocyanine
(Cy7)-conjugated anti-CD14 (MS5E2), allophycocyanin (APC)-conjugated anti-CD11b (ICRF44) and
isotype-matched control antibodies conjugated to PE, PE/Dazzle 594 and Alexa Fluor 647 (MOPC-21;
all from BioLegend, San Diego, USA); FITC-conjugated anti-CD4 (sk3), PE/Dazzle 594-conjugated anti-
CD8 (sk1), PerCP-Cy5.5-conjugated anti-CD3 (UCHT1), PE-Cy7-conjugated anti-CTLA-4 (CD152;
L3D10), Alexa Fluor 647-conjugated anti-Granzyme B (GB11), APC-Cy7-conjugated anti-PD-1 (CD279,
EH12.2H7; all from Sony Biotechnology, San Jose, USA); isotype-matched control antibodies
conjugated to FITC, PerCP-Cy5.5, PE-Cy7, APC and APC-Cy7 (MOPC-21; all from Beckton Dickinson);
APC-eFluor 780 anti-human CD19 (HIB19), CD3 (UCHT1), CD56 (CMSSB) and isotype-matched control
antibodies conjugated to APC-eFluor 780 (P3.6.2.8.1; all from eBioscience, Affymetrix, Santa Clara,
USA). A fixable viability dye (eFluor 780, termed as e-780 on figure; eBioscience) was used for dead
cell discrimination.

In order to assess the level of exhaustion in T cell populations the spontaneous cell surface
expression of PD-1, and the IFN-y production as well as the CTLA-4 expression after PMA/ionomycin
stimulation both in CD3+CD4+ T helper and CD3+CD8+ T killer cells were measured. The intracellular
granzyme B content was also measured in CD3+CD8+ T killer cells (19).

MDSC populations were defined according to Bronte et al (29) as monocytoid-(M-)MDSC: CD3CD19~
CD56 CD14"HLA-DR"CD11b*CD33"8" and granulocytoid-(G-)MDSC: Lin"HLA-DR™
CD11b"cD15"CcD33"°"CD66b* cells (Figure 1). Lineage markers (Lin) were: CD14, CD3, CD19, CD56.
Peripheral blood samples after density gradient centrifugation, especially in cancer patients, were
containing low-density granulocytes besides mononuclear cells. Therefore the bona fide
mononuclear PBMCs (lymphocytes and monocytes) identified by size and complexity (on FSC-SSC
plot) were gated, and the M-MDSCs were expressed as percent of the gated PBMCs. G-MDSCs were
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expressed as percent of all WBCs in samples after density gradient centrifugation (containing PBMCs
and low-density granulocytes).

Analysis of cytokines

Concentrations of IFN, TNF, IL-10 were measured in serum by multiplex cytometric bead-based
immunoassays (Bio-Plex system, Bio-Rad, Hercules, CA, USA). Concentration of VEGF in serum
samples were measured by commercially available ELISA kit (R&D Systems, Minnesota, USA). The
assays were performed according to instructions of manufacturers.

Statistics

Categorical data were compared by Pearson x* test (or Fisher exact test as needed). Continuous data
were examined by normality test. Continuous variables with normal distribution were presented as
mean * standard error of the mean (SEM) or as median with {interquartile range} where normal
distribution was absent. Continuous data were compared with one-way ANOVA and Pearson test if
distribution was normal or with Kruskal-Wallis test and Spearman test if the sample distribution was
asymmetrical. We used Tukey post-hoc test for one-way ANOVA. All the p values are two-sided, and
p<0.05 was considered statistically significant. Differences between groups considering PFS and OS
were estimated using Kaplan-Meier method, and log-rank test was used for comparison of outcomes.
Independent prognostic variables of PFS were assessed using Cox proportional hazards regression
analysis. IBM SPSS Statistics 22 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism 5.01 (GraphPad
Software Inc., San Diego, CA, USA) were used for statistical analysis.

Results

Age, gender ratio and smoking history were similar in patient groups (COPD, NSCLC and
NSCLC+COPD). Most NSCLC patients (without or with COPD) were in stage IV (Table I). In both NSCLC
groups there were more non-squamous than squamous histologic types, but in the two NSCLC
groups the ratio of various histologies was similar. The FEV1/FVC ratio was less than 70% and FEV1
was reduced in the two COPD groups, while BMI was smaller in the two NSCLC groups. Since
relatively more non-squamous NSCLC patients were included, more patients received bevacizumab
containing chemotherapy. The ratio of the various therapeutic modalities including radiotherapy
were similar in the NSCLC and the NSCLC+COPD groups.

The absolute neu count was increased in NSCLC, but less so in case of concomitant COPD. The ly
count was reduced in NSCLC vs healthy controls and in NSCLC+COPD vs COPD patients. The neu/ly
ratio was increased in NSCLC and relatively reduced in NSCLC+COPD. Monocytosis, increased platelet
count and anaemia were also characteristic in NSCLC, but not influenced by concomitant COPD. CRP
concentration was also elevated in NSCLC but reduced by concomitant COPD. Based on neu and CRP
data inflammation induced by advanced NSCLC became reduced by concomitant COPD (Table I).

Tumor-induced inflammation is a strong, negative prognostic factor of survival in advanced cancers
including NSCLC (3,4). In line with these observations of other authors, in the present study PFS was
prolonged in NSCLC+COPD patients vs those suffering from NSCLC without COPD. Median PFS was
7.4 months in NSCLC+COPD vs 4.9 months in NSCLC (p<0.01). OS was 16.9 and 11.0 months in
NSCLC+COPD and NSCLC, respectively (p>0.05, Table 1). Figure 2 shows the PFS increasing effect of
concomitant COPD as confirmed by Kaplan-Meyer analysis (p=0.0017). In multivariate Cox
proportional analysis adjusting for age, gender, histology, cancer stage and ECOG state the adjusted
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hazard ratio of longer PFS in NSCLC+COPD vs only NSCLC was statistically highly significant (HRadj:
1.70, Cl: 1.2-2.4, p=0.002, Table Il). Thus, concomitant COPD was found to be an independent
positive predictive factor of longer PFS during 1st line treatment of advanced NSCLC.

In order to find out some details about the mechanism how concomitant COPD induced moderation
of tumor-induced inflammation, different cellular and humoral factors known to mediate this
oncopathologic process were analysed in subgroups of each the 4 study groups. The
proinflammatory cytokines IFNy and TNFa were found to be strongly increased in NSCLC but reduced
in those patients who had concomitant COPD. IL-10, the cytokine fostering immunologic tolerance of
cancer was high in NSCLC, but lower (in the control range) in NSCLC+COPD (Table 1l1).

Synthesis of VEGF in NSCLC is increased which fosters the formation of MDSCs (14-16, 30). Therefore,
in the next subgroups VEGF and MDSCs were measured. Serum VEGF as well as M- and G-MDSCs
were increased in NSCLC (Table Ill). When NSCLC was combined with COPD, the M-MDSC fraction
remained increased, but the G-MDSC fraction normalized. The relationships between serum
concentration of VEGF and counts of various cell populations were analysed. Higher serum VEGF had
a direct relationship with M-MDSC-s in NSCLC (r=0.73, p<0.001, Figure 3a), but not in NSCLC+COPD
patients, in whom this relationship became inverse (r=-0.65, p=0.01, Figure 3b). Thus, concomitant
COPD reduced G-MDSCs and moderated or inverted the effect of VEGF on M-MDSCs, which have
been known to exert both proinflammatory and immunosuppressive effects in NSCLC (18,24).

There was no relationship between serum VEGF and G-MDSCs in either groups. Higher VEGF was,
however, also associated with higher neu count in NSCLC (r=0.63, p=0.006, Figure 3c), but not in
NSCLC+COPD (r=0.32, p=0.269, Figure 3d). On the other hand, there was no relationship between
VEGF and ly count in NSCLC (r=0.38, p=0.135, Figure 3e), while higher VEGF was accompanied with
higher ly in NSCLC+COPD patients (r=0.62, p<0.05, Figure 3f). Therefore, VEGF-associated
mechanisms of both neutrophilia and lymphocytopenia were reduced by concomitant COPD.

In order to evaluate the functional state of circulating T cells and the ratio of CD4ex and CD8ex cells,
in further subgroups the CD4 and CD8 fractions with intracellular IFNy and granzyme-B content, as
well as those with surface expression of PD1 and CTLA4 immune checkpoint molecules were
measured (Table IIl). These ly subpopulations were of similar size within both CD4 and CD8 cells,
which indicated the absence of systematic T cell exhaustion in either cancer groups. Moreover, the
abundance of granzyme-B positive CD8 cells (more than 90% of all CD8 cells) was augmented in
NSCLC+COPD patients as compared to those suffering from only NSCLC (about 50% of CD8 cells).
Thus, NSCLC+COPD patients had reduced IL-10 concentration and circulating G-MDSCs (both normal,
see Table Ill), as well as more effector CD8 cells. Moreover, only NSCLC+COPD patients presented a
direct relationship between VEGF and ly count, but an indirect relationship between VEGF and M-
MDSCs.

According to earlier findings lower pretreatment VEGF in plasma (14,31) or serum (15,16) predicted
longer survival in advanced NSCLC. Based on that and the present finding that concomitant COPD
altered the relationships between VEGF and MDSCs, neu and ly counts, it seemed relevant to find out
whether the PFS prolonging effect of concomitant COPD was altered when compared between
homogenously bevacizumab+chemotherapy treated patients. Therefore, two further, otherwise
matching, non-squamous, stage l1IB-IV NSCLC groups (one without and one with COPD) were
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recruited. All patients have received bevacizumab combined with carboplatin+paclitaxel. Patients
with concomitant COPD (n=35) had again lower neu, higher ly count and lower neu/ly ratio (all
p<0.05), as well as longer PFS (p=0.049) than those NSCLC patients who had no COPD (n=39).
Homogenous anti-VEGF treatment did not change the antiinflammatory and PFS prolonging effects
of concomitant COPD (supplementary Table I).

Discussion

Since stable COPD is a chronic inflammatory condition (22,23,32), concomitant COPD could synergize
with tumor induced inflammation and worsen survival. This has been previously studied in early
stage (I-IlIA) NSCLC patients having had undergone surgical resection of the tumor (33,34). In these
studies OS was found shorter in those who suffered also from COPD. But mechanisms of interference
between COPD and NSCLC may be very different in curatively and only palliatively treatable NSCLC.
While after curative treatment of early-stage NSCLC the expected OS streches to several years, after
palliative treatment of advanced NSCLC median OS is only about 12 months (2). Furthermore, in
addition to the many negative effects of concomitant COPD in cancer (33,34), COPD is also keeping
multiple antiinflammatory and antioxydant mechanisms active (35-37) prior to and probably during
tumor progression. al-antitrypsin, a2-macroglobulin, haptoglobin, orosomucoid (35), as well as
ferroxidase (coeruloplasmin), surfactant protein—D (36) and glutathione peroxidase (37) become
increased in sputum or plasma or both of COPD patients. But CD8 lymphocytes are also more
abundant in COPD (32). Moreover, tertiary lymphoid tissues are formed in bronchial walls of COPD
patients, which contain mostly B-cells and immunoglobulin-producing, differentiated plasma cells
(38). These antiinflammatory and immunologic mechanisms could, at least in theory, moderate
tumor-induced inflammation and improve the effect of therapy in advanced NSCLC+COPD patients.
The issue has hardly been studied, yet.

In a relatively small (n=50 patients total) retrospective study concomitant COPD was found not to
influence patient ratios with partial response, stable or progressive disease along 1st line combined
chemotherapy of advanced NSCLC (11). We have shown here in 175 advanced NSCLC patients that
concomitant COPD did significantly prolong PFS during and after 1st line therapy. Some possible
background mechanisms were revealed explaining this earlier unknown effect of COPD. NSCLC+COPD
patients presented with a lower neu/ly ratio, which was known as a sign of moderated tumor-
induced inflammation and/or less inhibited antitumor immune response (7,8). Indeed, lower
pretreatment neu/ly ratio was shown by Yao et al (7) to increase PFS in advanced NSCLC after 1st line
chemotherapy. Teramukai et al (4) made similar observations by demonstrating longer PFS and OS in
advanced NSCLC when pretreatment neu count was lower than median. Lee et al (39) documented
that early reduction of the neu/ly ratio was a surrogate marker of better OS in advanced
adenocarcinoma of the lung treated by gefitinib or standard chemotherapy in the 1st line.

Changes of the neu/ly ratio in peripheral blood were studied together with the enumeration of
effector (IFNy positive) CD4 and CD8 cells, as well as exhausted fractions of these T cells in an other
form of cancer, surgically resected intrahepatic cholangiocarcinoma patients (40). The density of
tumor-infiltrating CD3 cells (TIL) was also evaluated. Among these 102 patients those who had higher
peripheral blood neu/ly ratio also had lower ratio of peripheral blood IFNy positive, but higher ratio
of PD1 positive T cells, as well as less TIL-s. Higher than median neu/ly ratio patients survived
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significantly shorter. Authors concluded that an elevated neu/ly ratio was associated with poor
antitumor immunity and could be a biomarker of poor prognosis.

T cell exhaustion has traditionally been evaluated inside tumors among TILs. On the other hand,
Kramphorts et al (20) were able to follow the pharmacodynamic effect of pembrolizumab (anti-PD1
antibody) by testing the fraction of PD1 positive CD8 cells in the syetemic circulation. Similarly,
Huang et al (21) by peripheral blood analysis found evidence for reinvigoration of CD8 cells
(increased fraction of IFNy+CD8 cells) following the administration of pembrolizumab. These findings
support that analysis of exhausted and reinvigorated T cells can be evaluated in peripheral blood,
which is easier than on TILs. Our present finding of increased granzyme B+CD8 fraction in
NSCLC+COPD patients relative to only NSCLC has supported several other laboratory findings which
all pointed to less inhibited immune responsiveness in advanced NSCLC if associated by COPD.

In the present study concomitant COPD was observed to be associated with lower neu/ly ratio
indicating reduced tumor induced inflammation as well as lymphopenia. COPD has been known to be
associated with repeated viral and bacterial infections of the airways which induce persistent innate
and adaptive immune responses (32). In COPD antinuclear antibody (ANA) may be produced,
reflecting the associated activation of autoimmune mechanisms in this state (38). COPD associated
infectious and autoimmune stimuli may be relevant in NSCLC, because the specific activation of the
adaptive immune system is known to inhibit the formation of MDSCs (41). In addition, COPD is
associated with the release of neutrophil elastase (NE (42), which enzyme has been observed to be
taken up by lung adenocarcinoma cells (43) and lung tumor cells containing NE may become more
immunogenic (44). But NE has been also shown to cleave VEGF into fragments which could not bind
to their specific cellular receptors (45). We found here that concomitant COPD interfered with
various myeloid and lymphoid effects of VEGF. Higher VEGF concentrations were found to be
statistically significantly associated with more M-MDSC-s and neutrophils in NSCLC, but not in those
who had concomitant COPD. Moreover, only among the latter direct relationship was revealed
between VEGF and ly count. It is possible therefore, that NSCLC was more immunogenic in those
patients who also had COPD. Moderation of both inflammation and immunosuppression by
concomitant COPD could have contributed to the observed prolongation of PFS during 1st line
treatment of advanced NSCLC.

Several authors have reported that higher pretreatment concentrations of VEGF in plasma (14,31) or
serum (15,16) predicted shorter PFS and OS during chemotherapy (+/-bevacizumab) in advanced
NSCLC. Therefore, the concomitant COPD-associated changes in the synthesis of VEGF could become
clinically relevant considerting clinical outcome of NSCLC+COPD. Of note, in emphysema patients
sputum (46), plasma (47) and lung (48) VEGF was demonstrated to become reduced. On the other
hand, in the bronchitic phenotype of COPD, sputum VEGF has been reported to be very high (46,47).
Further, as mentioned above, NE can cleave and inactivate VEGF (45). All these mechanisms may be
simultaneously active in COPD and VEGF synthesis by NSCLC itself (18,24) may be only one out of
several mechanisms to count with in patients suffering from both NSCLC and COPD. Further studies
seem to be needed to clarify how various phenotypes of concomitant COPD influence prognosis or
predict the effect of various anticancer treatments in advanced NSCLC.

In conclusion, the present results indicated that concomitant COPD had a beneficial influence on
advanced NSCLC-induced inflammation and PFS during the period of 1st line oncotherapy. The
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lymphocyte count was better maintained and T-cells did not become exhausted systematically in
NSCLC+COPD patients. Heavy smoking has been shown to powerfully increase the number of tumor-
associated mutations and the number of resulting neoepitopes and potential neoantigens (49),
thereby the antitumor immune response during therapy with immune checkpoint inhibitors (49,50).
In the era of immunotherapy of advanced NSCLC, elucidation how concomitant COPD modifies the
efficiency of immune checkpoint inhibitors may be important.
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Figure legends

Figure 1. Flow cytometric identification of myeloid-derived suppressor cells.

Figure 2. Kaplan-Meyer analysis of progression-free survival in NSCLC and NSCLC+COPD patients
Figure 3. Relationships between serum VEGF and M-MDSC (a,b), neutrophil (c,d) and lymphocyte

counts (e,f) in NSCLC (a,c,e) and NSCLC+COPD (b,d,f) patients.

Table I. Clinical data, progression-free and overall survival

Group Control COPD NSCLC NSCLC+COPD
n=60 n=54 n=95 n=80

male 15 27 54 50

female 45 27 41 30

age (years) 54.3+0.9 63.2+1.0***  63.3£0.9%**  65.3+0.9***

smoking (pack-year) 28 {15-45} 42 {31-50}*** 40 {28-48} 40 {30-50}*

oncologic stage

1B - - 12 14
v - - 83 66
adenocarcinoma - - 73 60
squamous cell cc. - - 22 20
ECOG state

0 - - 56 44




21

2 - - 4 3

FEV, (%pred) 103.1+2.4 46.142.4%%% 788+ 3*** ¥ g5 4 akx
FEV,/FVC 81.7+1.0 51.1+1.9%** ¥ 79 241 6" 2,542 1xxx M
BMI (kg/m?) 26.9+1.2 28.3+1.1 26.2+0.8" 24.2+0.8"
treatment

platinum+gemcitabine - - 14 11
platinum+pemetrexed - - 15 13
platinum+taxan - - 14 9
platinum+taxan+bevac.- - 48 40

other” - - 4 7

radiotherapy - - 32 20

no radiotherapy - - 63 60

WBC (G/L) 7.240.2 9.0+0.3* 11.940.5%** #¥ 10 3+0.4%***
neu count (G/L) 4.3+0.2 5.740.3 9.240.4%** ¥ 7 54 kk HiH
ly count (G/L) 2.340.1 2.440.1 1.740.1%** *¥ 1 940.1"
neu/ly ratio 1.96+0.08 2.7240.23 7.4140.76%** ¥4 5440.27%*
monocytes (G/L) 0.42+0.02 0.56+0.03 0.62+0.03*** (0.67+0.04***
hemoglobin (g/L) 14342 1482 133+2%* ¥ 13749
platelets (G/L) 240+7 257+10 346+17*** M 39447 0%%* #
CRP (mg/L) 3 {2-5} 4 {3-8} 17 {6-59)*** *#8 (4.19}***
median PFS (month) - - 4.9 7.4"

median OS (month) - - 11.0 16.9

BMI: body mass index, WBC: white blood cell count, neu: neutrophil, ly: lymphocyte, CRP: C-reactive
protein concentration; unindexed data indicate p>0.05 vs other groups, *: p<0.05, **: p<0.01, ***:
p<0.001 vs. control, *: p<0.05, *: p<0.01, **: p<0.001 vs. COPD, *: p<0.05, **: p<0.01, ™**: p<0.001
vs. NSCLC; "other treatments: gemcitabine (n=3), docetaxel (n=2), TKI monotherapy (n=2),
platinum+vinorelbin (n=2), platinum+etoposid (n=2);
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Table Il. Cox-regression analysis of factors influencing progression-free survival (n=175)

Variable n (%) Progression-free survival
Univariate analysis Multivariate analysis*
Median (mo) pvalue HR(95%CI) pvalue

age

<65 years 93 (53) 5.7 NS - NS

>65 years 82 (47) 5.3 - - -
gender

Male 104 (59) 5.3 NS - NS

Female 71 (41) 5.8 - - -
COPD

No 95 (54) 4.9 0.0017 1.7 (1.2-2.4) 0.0020

Yes 80 (46) 7.4 - - -
ECOG

0 101 (58) 6.1 NS - NS (0.12)

1-2 74 (42) 4.4 - - -
histology

Adenocarcinoma 133 (76) 5.8 NS - NS

Squamous cell carcinoma 42 (24) 5.7 - - -
stage

/8 26 (15) 11.5 0.0422 - NS (0.09)

vV 149 (85) 5.3 - - -
radiotherapy

Yes 52 (30) 5.3 NS - NS

No 123 (70) 5.9 - - -

*Cox-regression model also included the type of chemotherapy, which did not influence PFS
(not shown). HR=hazard ratio, Cl=confidence interval, NS=not significant

Table Ill. Cytokines, vascular endothelial growth factor, myeloid suppressor cells and T cell

subpopulations

Group Controls COPD NSCLC NSCLC+COPD
cytokines n=24 n=26 n=29 n=19

IFNy 10.8£1.9 36.615.9 83.0+£19.9**** 32.7+8.1"
TNFa 7.6£1.2 21.8+3.7 38.5+6.3***  19.0+5.3"
IL-10 0.85+0.08 1.49+0.17 2.9740.45**** 1 45+0.22"
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VEGF, MDSC n=27 n=17 n=21 n=19
plasma VEGF (pg/mL) 545+43 526167 1123+159%*"  1243+158%***#
M-MDSC/CD14* (%)  3.77%0.55 3.71£0.77 9.71%1.44%* 7.8820.84***
G-MDSC/all WBCs (%) 1.35+0.24 2.55+0.58 4.48+0.81*%** 2.27+0.45"

T cell subpopulations n=9 n=11 n=14 n=13
CD3'CD4*(x10%cell/mL) 12.49+0.99  10.15%1.61  7.43+1.61 9.73%1.89

IFNy* (x10’cell/mL) ~ 13.01#2.68  11.53#2.25  9.45+1.98 16.95+4.32
granz-B* (x10"cell/mL) 3.89+0.63 9.79+2.52 6.95+2.84 8.70%5.31

PD1* (x10%cell/mL) 1.38+0.20 1.29+0.24 1.07£2.53 1.51+0.45

CTLA4" (x10’cell/mL)  4.56+0.80 4.21+1.11 3.1840.64 4.96+1.42
CD3'CD8*(x10°cell/mL) 4.11+0.49 5.34+1.05 3.10+0.66 4.77+0.93

IFNy" (x10%cell/mL)  1.36%0.34 1.52+0.42 1.24+0.29 2.06%0.50
granz-B*(x10%cell/mL) 1.94+0.32 2.61+0.64 1.48+0.40 4.35¢1.12"
PD1*(x10’cell/mL) 8.35%1.07 9.16%2.26 7.15+1.51 12.65+3.37

CTLA4" (x10°cell/mL)  7.19+1.40 5.91#1.30 5.59+1.38 9.01+2.08

VEGF: vascular endothelial growth factor, M-MDSC: monocytic-myeloid derived suppressor cells, G-
MDSC: granulocytic myeloid derived suppressor cells, granz: granzyme B; unindexed data indicate
p>0.05 vs other groups, *: p<0.05, **: p<0.01, ***: p<0.001 vs. control, *: p<0.05, *: p<0.01, ***:
p<0.001 vs. COPD, *: p<0.05, ™: p<0.01, **": p<0.001 vs. NSCLC;

Supplementary Table I. Clinical data of stage IlIB-1V, non-squamous NSCLC patients having received
bevacizumab with carboplatin+paclitaxel

variable NSCLC NSCLC+COPD

n=39 n=35

Male 20 17
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Female 19 18

Age (years) 6212 65+1

Oncologic stage

B 4 4

v 35 31
ECOG state

0 27 23

1 11 11

2 1 1 -
FEV, (%pred) 8143 62+4™"
FEV./FVC 73%1 58+2""
BMI (kg/mz) 24.2+0.8 25.3+0.9
CRP (mg/L) 15 {6-53} 6 {3-16}*
WBC (G/L) 12.4+0.7 11.2+0.6
neu (G/L) 10.1+0.7 7.840.5"
ly (G/L) 1.640.1 2.240.1"
neu/ly ratio 6.7+0.7 4.5+0.4™
monocytes (G/L) 0.610.0 0.740.1
hemoglobin (g/L) 131+2 14143
platelets (G/L) 367129 330t16
median PFS (months) 3.3 6.1
median OS (months) 11.0 15.0 ns

BMI: body mass index, WBC: white blood cell count, neu: neutrophil, ly: lymphocyte, CRP: C-reactive
protein concentration; unindexed data indicate p>0.05, *: p<0.05, ™*: p<0.01, *: p<0.001 vs. NSCLC;
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Figure 1.
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Figure 3.
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