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Allgemeinverstandlich formulierte Zusammenfassung der eingereichten Forschungsarbeit

Lungenkrebs ist die haufigste zum Tode fuhrende bosartige Erkrankung in Deutschland wie auch
global. Weiterhin wird die Mehrzahl der Betroffenen in einem metastasierten Stadium der Erkrankung
diagnostiziert. Durch Friherkennungsmafinahmen steigt erfreulicherweise der Anteil der Patienten
mit bei Diagnose ortlich begrenzter Lungenkrebserkrankung, die haufig durch eine Operation mit dem
Ziel der Heilung behandelt werden kénnen. Leider erleiden trotz optimal durchgefuihrter Operation
ein grol3er Teil dieser Patienten einen Rickfall. Dies ist durch eine zum Zeitpunkt der Diagnosestellung
nicht erkennbare Streuung (Metastasierung) sowie durch aggressive biologische Eigenschaften
bestimmter Lungenkarzinome erklarbar. Zur Senkung des Risikos eines Krankheitsrickfalls nach
Operation wird Patienten mit groReren Tumoren oder Lymphknotenmetastasen nach der Operation
eine ,adjuvante” Chemotherapie angeboten. Seit kurzem kann dies in bestimmten Falle durch eine
»adjuvante” Immuntherapie erganzt werden. Diese Malinahmen sind wirksam, dennoch erleiden
weiterhin zu viele Patienten einen Krankheitsriickfall. Neue Erkenntnisse sprechen dafir, dass die
Immuntherapie eine grofiere Wirksamkeit hat, wenn diese vor der Operation (,neoadjuvant”)
verabreicht wird. Dies bietet dartiber hinaus die Chance einer kirzeren Behandlungsdauer sowie die
Moglichkeit, die weitere Behandlung anhand des Ansprechens auf die ,neoadjuvante” Therapie
individuell anzupassen.

Die zur Begutachtung eingereichte Arbeit beschreibt die Ergebnisse einer klinischen Studie, die vom
Antragsteller konzipiert und geleitet am Westdeutschen Tumorzentrum Essen sowie zwei weiteren,
internationalen Lungenkrebszentren unter legaler Verantwortung (Sponsor nach Arzneimittelgesetz)
der Universitatsmedizin Essen durchgefiihrt wurde. Insgesamt 60 Patienten mit chirurgisch
behandelbaren nicht-kleinzelligen Lungenkarzinomen erhielten vor der Operation eine kurzzeitige
Immuntherapie, die entweder aus zwei Gaben des zugelassenen Antikdrpers Nivolumab oder zwei
Gaben der Kombination von Nivolumab mit dem zum Zeitpunkt der Studie noch nicht zugelassenen
Antikorper Relatlimab bestand. Diese Antikorper konnen durch Aktivierung einer kérpereigenen
Immunreaktion die Abtétung von Tumorzellen ausldsen. Wichtige Ergebnisse der Studie sind (1) die
kurzzeitige Immuntherapie kann sicher verabreicht werden ohne die Operation zu verzégern, und (2)
bei bis zu 30% der Patienten waren zum Zeitpunkt der Operation bereits alle oder fast alle
Tumorzellen durch die mit der Behandlung ausgeldste Immunantwort abgetdtet. Darlber hinaus
ermoglichen umfassende Untersuchungen der vor der Immunbehandlung und bei der Operation
gewonnener Tumorproben, Blutproben und Bilddaten wichtige Erkenntnise zur Wirkweise der beiden,
in der Krebstherapie eingesetzten Antikorper.



Zusammenfassende Kurzbeschreibung

Innovationspotential: Hoch

Die weltweit erste veroffentlichte Studie zum Einsatz des gegen LAG-3 gerichteten Antikorpers
Relatlimab in der Behandlung von Patienten mit Lungenkrebs

Eine der weltweit ersten Studien der kombinierten Immuntherapie mit zwei Antikérpern vor
Operation eines Lungenkarzinoms

Erstmalige Beschreibung der Wirkung einer kurzzeitigen Immuntherapie mit Nivolumab und
Relatlimab auf das Muster der Auspragung von Genen (,Genexpression”) sowie die Verteilung
von Genmutationen (,Mutationsspektrum®) von Lungenkarzinomen

Nachhaltigkeit: Hoch

Die mit der eingereichten Arbeit gewonnenen Erkenntnisse flieRen in die Weiterentwicklung der
Immunbehandlung von Lungenkarzinomen in operablen und metastasierten Stadien mit
Antikérpern gegen LAG-3 ein

Die mit der eingereichten Arbeit gewonnenen Erkenntnisse zu den durch die Immuntherapie
ausgeldsten biologischen Veranderungen von Lungenkarzinomen informieren neue Strategien
zur Entwicklung individuell abgestimmter Immunbehandlungen flr Patienten mit
Krebserkrankungen

Nachhaltige Verbesserung der Gesundheit und Lebensqualitat: Erfullt

Der Nachweis der Wirksamkeit von Relatlimab in der Behandlung von Lungenkrebs erweitert
die Behandlungsmaoglichkeiten fur Patienten mit dieser Erkrankung

Ein verbessertes biologisches Verstandnis der Wirkung von Immuntherapien bei Lungenkrebs
ermdoglicht die Entwicklung individuell abgestimmter, immunologischer
Kombinationsbehandlungen mit hoherer Wirkungsaussicht geringerem Risiko des
Verabreichens von unwirksamen und nebenwirkungsreichen Therapien

Standortrelevanz fiir Essen: Hoch

Die international beachtete Veroffentlichung der in Essen konzipierten, geleiteten und
durchgefuhrten Arbeit in der Fachzeitschrift Nature Medicine (hochste Kategorie) erhdht die
Sichtbarkeit und bestatigt die Bedeutung der Stadt Essen als international fUhrendem Standort
der Krebsforschung und Krebsmedizin

Sie bestatigt die Auswahl des Westdeutschen Tumorzentrums der Universitatsmedizin Essen
als Standort des Nationalen Centrum fir Tumorerkrankungen (NCT) und festigt dessen durch
regelmalige internationale Begutachtungen bestatigte Anerkennung als Onkologisches
Spitzenzentrum der Deutschen Krebshilfe
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Antibodies targeting the immune checkpoint molecules PD-1, PD-L1
and CTLA-4, administered alone or in combination with chemotherapy,
are the standard of care in most patients with metastatic non-small-cell

lung cancers. When given before curative surgery, tumor responses and
improved event-free survival are achieved. New antibody combinations
may be more efficacious and tolerable. In an ongoing, open-label phase 2
study, 60 biomarker-unselected, treatment-naive patients with resectable
non-small-cell lung cancer were randomized to receive two preoperative
doses of nivolumab (anti-PD-1) with or without relatlimab (anti-LAG-3)
antibody therapy. The primary study endpoint was the feasibility of surgery
within 43 days, which was met by all patients. Curative resection was
achievedin 95% of patients. Secondary endpoints included pathological
andradiographic response rates, pathologically complete resection rates,
disease-free and overall survival rates, and safety. Major pathological (<10%
viable tumor cells) and objective radiographic responses were achieved in
27% and 10% (nivolumab) and in 30% and 27% (nivolumab and relatlimab)

of patients, respectively. In100% (nivolumab) and 90% (nivolumab and
relatlimab) of patients, tumors and lymph nodes were pathologically
completely resected. With 12 months median duration of follow-up,

disease-free survival and overall survival rates at 12 months were 89% and 93%
(nivolumab), and 93% and 100% (nivolumab and relatlimab). Both treatments
were safe with grade >3 treatment-emergent adverse events reported in 10%

and 13% of patients per study arm. Exploratory analyses provided insights
intobiological processes triggered by preoperativeimmunotherapy. This
study establishes the feasibility and safety of dual targeting of PD-1and LAG-3
before lung cancer surgery. ClinicalTrials.gov Indentifier: NCT04205552.

Lung cancer is the leading cancer fatality on a global scale, with the
number of deaths surpassing those of breast, colorectal and prostate
cancer combined'. Despite advancesin early detection, the majority of
patients are still diagnosed withadvanced stage disease. The introduc-
tion of precision therapies targeting specific oncogenic mutationsin
lung adenocarcinomas (LUAD), and monoclonal antibodies modulating

the PD-1/PD-L1 and CTLA-4 immune checkpoints in non-small-cell
lung cancers (NSCLC) and small-cell lung cancers have significantly
improved treatment outcomes in metastatic disease**. More recently,
these paradigms have been successfully translated to treatment algo-
rithms for localized NSCLC that are based on curative surgery. This
includes adjuvant osimertinib following resection of EGFR-mutated
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Fig.1|Study design, patient deposition and secondary endpoints.

a, Graphical representation of clinical study design including key inclusion
criteria. b, Patient deposition during the phases of the clinical study including
screening, preoperativeimmunotherapy and curative resection. Reasons

for screening failure and outcomes of surgery are summarized (*including

one patient with single bone metastasis). ¢, Fraction of patients (n = 60) with
microscopically complete (RO, green), microscopically incomplete (R1, purple)
and macroscopically incomplete (pleural carcinosis, M1a (PLE), orange) resection

of primary lung cancers and, if present, lymph node metastases per study arm.

d, Fraction of patients (n = 60) with complete (none), partial response (PR, green),
stable (SD, yellow) and progressive disease (PD, red) per RECIST evaluation of

CT scans per study arm. e, Fraction of patients (n = 31) with complete (none),
partial metabolic response (PMR, green), metabolically stable (SMD, yellow) and
metabolically progressive disease (PMD, red) per PERCIST evaluation of positron
emission tomography scans per study arm. SoC, standard of care.

NSCLC*, alectinib in resected ALK-positive NSCLC® and atezolizumab
or pembrolizumab following resection and adjuvant chemotherapy
in NSCLC®".

Clinicaland biological considerations provide strong arguments
for moving relapse-preventing systemic therapies to the preoperative
or perioperative setting. First, preoperative treatment is not delayed or
prevented by postoperative morbidity and protracted recovery from
surgery. Second, the response to risk-reducing cancer medicines can
be monitored by imaging and histopathology of the primary tumor.
Specifically in the setting of immune checkpointinhibitor (ICI) therapy,

reinvigoration of a suppressed immune response may be more effec-
tive while tumor-infiltrating lymphocytes are still present in their
native tumor context. Clinical proof-of-concept has been provided by
the SWOG S1801 study in patients with resectable melanoma, which
demonstrated improved disease-free survival (DFS) by moving 3 of 18
doses of pembrolizumab to the preoperative window®,

Several studies have piloted preoperative ICI therapy directed
against PD-1, PD-L1, CTLA-4 and less-established targets in patients
with resectable NSCLC’ ™. Next to demonstrating safety and feasibil-
ity, the spectra of clinical and histopathological responses observed
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in these studies were correlated with exploratory biomarker analyses.
More recently, preoperative PD-1/PD-L1 antibodies combined with
platinum-based chemotherapy have been explored . Although this
approachresulted inimpressive histopathological response rates and
improved event-free survival, combined chemoimmunotherapy may
obscure the contribution of the ICIcomponent at the single patient level.
Across larger studies of preoperative chemoimmunotherapy approxi-
mately 20% of patients failed to proceed to curatively intended surgery.
Further, patients who might have been served perfectly well withICl ther-
apy alone were exposed to the additional toxicities of chemotherapy.

Studies combining two ICls in unselected patient populations with
metastatic NSCLC have so far produced similar outcomes to therapies
targeting PD-1/PD-L1alone or combined with chemotherapy'* 2. Nev-
ertheless, it is conceivable that simultaneous blockade of more than
one immune checkpoint can extend clinical activity to yet undefined
patient populations or prolong duration of disease control.

Based ontheir distinct and potentially synergistic mode of action,
combined targeting of the immune checkpoints LAG-3 and PD-1is a
rational choice to overcome immune resistance in NSCLC. Both PD-1
and LAG-3 are expressed by exhausted T cells. Dual blockade of both
immune checkpoints synergistically enhanced T cell function and anti-
tumor activity in preclinical models*?*. Importantly,inarandomized
phase 3 study in patients with unresectable or metastatic melanoma
combining the PD-1 antibody nivolumab and relatlimab, an immu-
noglobulin G4 antibody blocking LAG-3 was superior to nivolumab
monotherapyintermsof radiographic response and progression-free
survival endpoints®. Combination therapy was safe despite some
increase in treatment-related adverse events (AEs), particularly thy-
roiditis, diarrhea and hepatitis. Myocarditis was reported in 1.7% of
patients receiving nivolumab and relatlimab under routine troponin
monitoring®. This study supported approvals of this novel ICI com-
bination therapy by the U.S. Food and Drug Administration and the
European Medicines Agency.

Against this background, the study NEOpredict-Lung
(NCT04205552) was designed to explore the feasibility and safety of
preoperative dual targeting of PD-1and LAG-3 in patients with resect-
able NSCLC stages|B, Il or llIA (Fig.1a and Supplementary information).
Secondary endpoints include the assessment of pathological and
radiographic responses, survival endpoints and quality of surgical
resections. Moreover, the study intends to leverage the neoadjuvant
setting for exploratory analyses of specific biologies associated with
response or resistance. Patients are randomly assigned to nivolumab
plus relatlimab or nivolumab monotherapy, the latter serving as a
reference for the evaluation of toxicity, clinical activity and biological
impact of dual targeting of PD-1and LAG-3 in resectable NSCLC.

Results

Study design and patient disposition

Between4 March2020 and 25July 2022, 64 patients were screened and
60 patients were enrolled at three study sites. All patients provided
written informed consent; study participation was not compensated.
Patients wererandomized between two preoperative treatments given
every 14 days with nivolumab (240 mg, arm A) and nivolumab plus relatli-
mab (240 and 80 mg, arm B) (Fig. 1a,b). Demographics and patient char-
acteristics are summarizedin Table 1. Fifty-eight (97%) patients received
the planned two doses of nivolumab or nivolumab plus relatlimab; the
second dose of nivolumab or nivolumab plus relatlimab was withheldin
one patient each because of immune-related AEs, which fully resolved
subsequently. All 60 patients (100%) proceeded to surgery within the
protocol-defined time frame. Clinical dataare reported as of 16 May 2023.

Primary outcome

Theclinical study was designed to confirm the feasibility of two preop-
erative doses of nivolumab plus relatlimab or nivolumab without delay-
ing curatively intended surgery (Fig.1a). Based on analyses of surgical

Table 1| Patient demographics and characteristics

Nivolumab Nivolumab plus
relatlimab

n (female, male) 30(15,15) 30(13,17)
Age in years, median (range) 64 (43-77) 67 (43-81)
ECOGPS(0,1) 28,2 28,2
Histology

Adenocarcinoma 13 15

Squamous cell carcinoma 10 9

Adenosguamous carcinoma 2

Other 5 4
Clinical stage (UICC eighth edition)

IB 8 10

1A 5 1

1IB 13 16

A 4 3
PD-L1status (TPS)

<1% 6 8

1-49% 14 15

>250% 10 7
Smoking status

Current 5 16

Former 22 13

Nonsmoker 3 1
Occupational exposure

Yes 2 3

No 27 26

Unknown 1 1

ECOG PS, Eastern Cooperative Oncology Group performance score; TPS, tumor
proportional score.

registries” ascreening period of up to 28 days and a treatment period
of up to42 days were considered safe with respect to surgical survival
outcomes. The primary study endpoint was met by all 60 randomized
patients, thus confirming feasibility of both arms of preoperative ICI
treatment.

Secondary outcomes

Radiographic responses toimmunotherapy were evaluated immedi-
ately before surgery per Response Evaluation Criteria In Solid Tumors
(RECIST) 1.1. There were no complete radiographic responses; the par-
tial response rates were 10% with nivolumab monotherapy and 27%
with nivolumab plus relatlimab (Fig. 1d).

Pathological response was evaluated in resected tumors and
lymph nodes from 59 patients (30 inarm A and 29 in arm B) at each
study site following standardized criteria?. There were four (13%) com-
plete pathological responses with nivolumab and five (17%) complete
pathological responses with nivolumab plus relatlimab (Fig. 2d). The
rates of major pathological responses (MPR, <10% viable tumor cells)
were 27%and 30% (Fig. 2d), pathological responses (<50% viable tumor
cells) were observed in 60% and 72% of resected tumors and lymph
nodes, respectively. Inbothstudy arms, deeper pathological responses
clustered in patients with PD-L1-positive tumors (Fig. 2a).

Complete surgical resection (RO) was achieved in 57 patients (95%)
(Fig.1c). One patient had Rl resection; pleural carcinosis was detected
intraoperatively in two patients, which had been undetectable by pre-
operative imaging studies. In one patient, a single small bone metasta-
sis was detected during perioperative hospitalization. The treatment
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Fig. 2| Pathological responses, biomarkers and survival outcomes. per study arm (arm A nivolumab, blue; arm B nivolumab and relatlimab, red).
a, Waterfall plots of pathologic tumor regression (percentage reduction of ¢, Kaplan-Meier plot for DFSin patients achieving a MPR (<10% viable tumor cells
viable tumor cells) in resected tumors and lymph nodes following neoadjuvant (green)), and not achieving a MPR (>10% viable tumor cells (orange)). Statistical
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(TPS <1% light color, TPS 1-49% medium dark color, TPS 50-100% dark color). AandtwoinarmB) have recurred or died. No patient with MPR has recurred, one
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planremained curative for oligometastatic disease: primary tumor and
lymphnodeswere RO resected, followed by postoperative standard of
care systemictherapy and stereotactic radiotherapy (Fig. 1b). Including
this patient, 30 patients have received standard of care postoperative
chemotherapy (15 per arm), whereas 30 patients underwent no further
adjuvant treatment.

With amedian duration of follow-up of 12 months, rates of DFS and
overallsurvival (OS) at12 months were 89% and 93% with nivolumab mon-
otherapy,and 93% and 100% with nivolumab plus relatlimab (Fig.2b).So
far, no patient achieving MPR has relapsed; one patient with MPR died
from pulmonary embolism during extended follow-up (Fig. 2c).

Safety

Of 60 randomized and treated patients, 92% experienced at least
one AE during preoperative immunotherapy. The most common AEs
included mild to moderate respiratory symptoms, thyroid function
abnormalities, gastrointestinal symptoms, fatigue, laboratory abnor-
malities and musculoskeletal symptoms (Table 2). Serious AEs were
observed in30% (arm A) and 33% (arm B) of patients, respectively.
Treatment-emergent AEs werereportedin53% (arm A) and 63% (arm B)
of patients (Table 2). The most common immune-related AEs were
hyperthyroidism and hypothyroidism. Grade 3 hyperthyroidism
was observed in one patient (arm A). Additional immune-related AEs
included increased liver enzymes and arthralgia (Table 2). Inarm A
there were two cases of pneumonitis (grade 1and 2); likewise there
were two casesinarm B (both grade1).

No patient died during preoperative immunotherapy, the post-
operative 90-day mortality was 3%. Two patients (both arm A) died
during extended follow-up. One patient succumbed to acute pulmo-
nary embolism 62 days after the first dose of nivolumab. Another
patient developed cryptogenic liver failure 103 days after start of study
treatment with fatal outcome. A relation to nivolumab could not be
excluded (Fig. 2b).

Exploratory outcomes

Metabolic responses. In 31 patients enrolled at site Essen radiographic
and metabolic responses to study therapy were evaluated by posi-
tron emission tomography/computed tomography using the tracer
[®F]-fluorodeoxyglucose (FDG-PET/CT) (Supplementary Fig. 1). The
metabolic response rates per Positron Emission tomography Response
Criteria In Solid Tumors (PERCIST)?® were 38% in both study arms
(Fig.1e). All patients with MPR had a partial metabolicresponse, and 8
of 12 patients (67%) with partial metabolic response had achieved MPR
(Extended Data Fig. 1). By comparison of preoperative clinical and
postoperative pathological tumor stage, nodal upstaging was observed
in 4 of 5 patients (3 of 4 in arm A and 1 of 1 in arm B) with metabolic
progression, butonlyin2 of 25 patients (1 per arm) with metabolically
stable disease or partial metabolic response (Extended Data Fig. 1).

Immune cell phenotyping. Immune cell subsets were studied by
multiparametric flow cytometry inthe peripheral blood (n=38) (Sup-
plementary Fig. 2a) and in resected primary tumors (n =40) (Sup-
plementary Fig. 2b,c) whenever feasible. At baseline there was no
apparentdifferencein CD8"and CD8"Granzyme B* (GrzB*) peripheral
blood T cells between patients with pathological response (<50% viable
tumor cells) and nonresponders. After 4 weeks of immunotherapy
responders exhibited a significant increase in CD8* and CD8"GrzB*
peripheralblood T cells compared with nonresponders (Fig. 3a). Com-
parable effects were observed in responders treated with nivolumab
monotherapy (n=13, P=0.04) and nivolumab plus relatlimab (n =13,
P=0.068) (Extended DataFig.2a). Importantly,immune cellinfiltrates
of resected tumors from patients with MPR contained fewer CD16*
neutrophil granulocytes, CD14" monocytes and CD4"CD25' regulatory
T cells compared with resected lung cancers without MPR (Fig. 3b and
Extended Data Fig. 2b).

Table 2| Summary of adverse events

Nivolumab n (%) Nivolumab plus

relatlimab n (%)

AE 27(90) 28 (93)
Grade >3 12 (40) 16 (53)
Serious 9(30) 10(33)

Led to death 2(7) —
Prolonged hospitalization 8(27) 10 (33)
Important medical event 1(3) 1(3)

Treatment-emergent AE 16 (53) 19 (63)
Grade >3 3(10) 4(13)
Led to death 1(3) —

Treatment-emergent AE with incidence 210% at least in one arm

Atrial fibrillation 5(017) 2(7)
Hyperthyroidism 7(23) 7(23)
Hypothyroidism 3(10) 5(17)
Diarrhea 3(10) 3(10)
Nausea 1(3) 3(10)
Fatigue 8(27) 4(13)
Dyspnea 4(13) 2(7)
Pleural effusion 1(3) 3(10)
Pruritus 3(10) 4(13)
Noncardiac chest pain 1(3) 3(10)
Embolism 3(10) 1(3)
Hypertension 4(13) —
ALT increase 2(7) 4(13)
AST increase 2(7) 4(13)
Arthralgia 1(3) 4(13)
Immune-related AE with incidence 210% at least in one arm

Hyperthyroidism 7(23) 7(23)
Hypothyroidism 3(10) 5(17)
Arthralgia 1(3) 4(13)
ALT increase 2(7) 4(13)
AST increase 2(7) 4(13)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Expression of immune- and cancer pathway-related genes.
To dissect the impact of nivolumab with or without relatlimab on
immune-related and cancer pathway-related gene sets, we com-
pared the expression profiles of 15 pretreatment tumor biopsies
(6inarm A and 9 in arm B) and 43 resected lung tumors (21 in arm A
and 22 in arm B). In both study arms, CXCL2 and CXCR4, encoding
an inflammation-associated chemokine and receptor, were strongly
induced.Inaddition, nivolumab modulated a diverse spectrum of genes
involved ininflammation, NFkB signaling and interferon response such
as NFKBI, TNFAIP3, CD8A, IRAKI and MX1. Expression of the immune
checkpoint gene LAG3was significantly induced by nivolumab, but not
by the nivolumab/relatlimab combination (Fig. 3c). Studying resected
tumors from nivolumab-treated patients in relation to MPR, a het-
erogeneous pattern without statistically significant changes in gene
expression levels emerged. By contrast, MPR following nivolumab plus
relatlimab was significantly associated with suppressed gene programs
linked to granulocytes, monocytes and macrophages such as CD24,
CXCL1, CXCL14,IL8, MIF and ISGIS. Significantly upregulated genes in
responders to nivolumab plus relatlimab included NLRP3, CD27, IRF4
and /L16, which are involved in inflammasome and NFkB signaling,
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(version 0.2.1846), and samtools (version 1.1447). Reads were mapped to GRCh38 using bwa-mem (version 0.7.17, https://doi.org/10.48550/
arXiv.1303.3997) and deduplicated using Picard-Tools (version 2.26). Base qualities were recalibrated using GATK (version 4.2). Single
nucleotide variants (SNV) and small indels were detected using Freebayes (version 1.3.6, https://doi.org/10.48550/arXiv.1207.3907) and
classified into events of interest (somatic in biopsy or resection, germline) using Varlociraptor (version 8.3). Variant calls were distinguished
from noise by controlling the (Bayesian) local false discovery rate using Varlociraptor. Variant annotation (with impact, prior knowledge) was
performed using VEP (version 109.3). Extraction of variants of interest was performed using vembrane (version 1.0). Specifically, for Figure 2
a, variants were filtered to be non-synonymous, having a REVEL score > 0.5 if available (i.e. being predicted as pathogenic), having a gnomad
allele frequency < 0.2, being not marked as benign or likely benign in ClinVar and impacting one of the TCGA LUAD 500 cancer genes. Missing
WES data was complemented with results from panel sequencing (TSO500) whenever available. To identify genes that had altered variant
allele frequencies (VAFs) comparing the diagnostic biopsy and the resected tumor, genes defined by oncobk (https://www.oncokb.org/cancer-
genes) were inspected. To adjust for the different tumor cell content between biopsies and resected tumors, probabilities were calculated
that the variants were not present in the normal sample of the same patient and that the VAF had changed prior to surgery. Only variants that
were not marked by ClinVar as benign or likely benign and had a REVEL score > 0.7 are reported in Supplementary Figure 3.

Inference of subclonal diversity

Tumor purity estimation

Prior estimates p1 and p2 of tumor purity of samples from resected tumors were obtained by two independent pathologists evaluating
sections stained with hematoxylin and eosin (H&E). For the other samples, a posterior estimate of the tumor purity of each sample was
obtained as follows: We plotted the somatic variant allele frequency (VAF) distribution of the pretherapeutic biopsy and the resected tumor
samples of each patient. For this, the maximum a posteriori allele frequency estimates provided by Varlociraptor without adjusting for purity
were used (i.e. no sample contamination assigned, see https://varlociraptor.github.io/docs/calling). The expectation is that without copy
number variants any somatic variant may at most have a VAF equal to the tumor purity. Read sampling variance and copy number variation
can generate peaks beyond the tumor purity. For resection samples, we proceeded as follows: Let v be the highest VAF of the distribution or a
threshold for which higher VAFs could as well be explained by sampling or copy number variation. If v was consistent with the prior estimates
(i.e. within the interval [p1,p2]) and the prior estimates were agreeing to a sufficient degree (p2-p1 < 0.2) we reported v as the posterior
purity. Otherwise, we considered the posterior purity as unknown (28/56 cases). For samples where the resected tumor had a posterior
purity, we compared the distribution of the pretherapeutic biopsy and the resected tumor, and inferred a posterior estimate by scaling the
biopsy distribution to match the shape of the resection distribution. Such scaling was possible in all investigated cases.
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Subclonal diversity

For patients with posterior purity estimates, subclonal diversity was visualized in the following way: During tumor evolution, each somatic
mutation that does not lead to cell death can be seen as an event generating a new subclone. We made the simplifying assumption that each
non-lethal somatic mutation during development of the tumor generates one new subclone. Thus, the number of somatic variants can be
seen as a proxy for the number of subclones, and each somatic variant can be considered as a representative of the subclone that originates
in it. Note that this neglects the fact that multiple somatic variants can occur during one cell division. However, under the assumption that all
considered samples have a similar somatic mutation rate, the subclone counts obtained would still be proportional to the true number of
subclones, and thereby comparable across patients.

Thus, for each patient, we obtained the sufficiently relevant subclones by considering variants with posterior probability > 0.95 according to
Varlociraptor for being somatic in the pretreatment biopsy or in the resected tumor, and purity adjusted variant allele frequency > 0.1. For
being able to be certain that a variant is detectable in both, the pretreatment biopsy and the resected tumor, we further filtered them such
that they would be in expectation represented by at least 2 reads if occurring at the same frequency in the respective other sample
(pretreatment biopsy for resected tumor; resected tumor for pretreatment biopsy). Patients where both, pretreatment biopsy and resected
tumor, had no such somatic variants/subclones after filtering were omitted as they would not allow any statement about subclonal gains and
losses. Then, variants with VAF = 0.0 in the resected tumor but VAF > 0.1 in the pretreatment biopsy were counted as “lost subclones”
following study therapy. Variants with VAF = 0.0 in the pretreatment biopsy but VAF > 0.1 in the resected tumor were counted as “gained
subclones” following study therapy. Note that since the pretreatment biopsy may not represent the entire primary tumor, a "gain" is not
distinguishable from an enrichment of a variant that was spatially missed in the biopsy.
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All code developed and used in this study is open source. The Snakemake workflows for whole exome sequencing analysis and NanoString
nCounter gene expression analysis can be found under the DOIs 10.5281/zenodo.10838511 and 10.5281/zenodo.10838908.
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The study protocol is provided with the supplemental materials. Once the study is formally completed, a Clinical Study Report with tabulated data listings is
prepared, which will be considered for sharing upon request from qualified scientists, if there is legal authority to share the data and there is no likelihood of
participant re-identification. De-identified raw data from gene expression profiling and whole exome sequencing have been deposited in the European Genome-
Phenome Archive (EGA) with accession number EGASO0001007753. Requests should be submitted to the Office of Data Governance of the study sponsor,
University Hospital Essen (https://www.uk-essen.de/), which also serves as Data Access Committee (DAC). Responses can be expected within 4 weeks.

Research involving human participants, their data, or biological material

Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation),
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender To describe the patient cohort, sex and gender is reported using the declaration of each study subject. This represent the sex
and gender the respective study subject identifies herself or himself with.

Reporting on race, ethnicity, or Not applicable.
other socially relevant
groupings

Population characteristics The patient population is described in the manuscript and in the study protocol, which is provided with the supplemental
material. In brief, adult patients (age above 18 years) with histologically or cytologically confirmed non-small cell lung cancer
(NSCLC) eligible for anatomic resection, with the following specifications: Clinical stages | A3, | B, Il and selected stage Ill A (T3
N1, T4 with satellite nodule in the same lung NO/N1, selected T1a-T2b N2 cases considered suitable for primary surgical
approach by the multidisciplinary tumor board) according to UICC 8th edition.

Recruitment Study patients were recruited from the patient populations of the study sites, which reflect the full spectrum of the
populations of the three cities and regions. Patients potentially eligible according to the study inclusion and exclusion criteria
were offered trial participation by the principal investigators or their delegates at the three enrolling sites. No additional
measures were in place to exclude selection bias.

Ethics oversight The study was approved by the responsible ethics committees and competnent regulatory authorities at each participating
study site and country. In the legislature of the study sponsor and study site Essen the Ethics Committee of the Medical
Faculty of the University Duisburg-Essen, Essen, Germany, granted primary approval on September 10, 2019 (19-8828-AF).
The competent regulatory authority in the legislature of the study sponsor and study site Essen, the Paul-Ehrlich-Institut
(Federal Institute for Vaccines and Biomedicines), Langen, Germany, granted primary approval on November 27, 2019
(EudraCT-Nr. 2109-007278-29, Vorlage-Nr. 3834/01). For study site Hasselt, approval was granted by the Ethics Committee
OLV Ziekenhuis VZW, Aalst, Belgium (EudraCT-Nr. 2109-007278-29 Pilot 262-SM001, Reference 202/082), and the Federal
Agency for Medicines and Health Products, Brussels, Belgium (EudraCT-Nr. 2109-007278-29 Pilot 262, 1240640 M). For study
site Amsterdam, approval was granted by the METC - The Netherlands Cancer Institute, Antoni van Leeuwenhoek (NKI-AVL),
Amsterdam, The Netherlands (NL72532.031.20), and by the Centrale Commissee Mensgebonden Onderzoek, The Hague, The
Netherlands (Decree NL72532.031.21 CA).

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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Life sciences study design

All studies must disclose on these points even when the disclosure is negative.

Sample size Based on published results of a study with preoperative nivolumab each study arm included up to 30 evaluable patients with the expectation
that at least 26 of 30 patients treated in each study arm will undergo curatively intended surgery within 6 weeks of initiation of study
treatment. At maximum 4 of 30 patients may experience a delay of curatively intended surgery beyond day 43 (with study treatment being
administered on day 1), either due to toxicities or disease progression, to declare the study arm feasible. Continuous monitoring of
prespecified stopping boundaries was applied to facilitate early termination of non-feasible study arms to reduce patient risks. Fruther details
can be reviewed in the clinical study protocol (Supplementary information).
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Reference:
Forde, P.M., et al. Neoadjuvant PD-1 Blockade in Resectable Lung Cancer. N Engl J Med 378, 1976-1986 (2018).

Data exclusions  No data were excluded from this report. One patient could not be analyzed for secondary and exploratory endpoints as curatively intended
resection was not performed due to intraoperative detection of pleural carcinosis. Details are presented in the article.

Replication Per protocol this study prospectively enrolls up to 30 patients per treatment arm. This may be viewed as "30 replicates" of the respective
study intervention.

Randomization  Randomization was performed by by Alcedis GmbH (https://www.alcedis.de/en), which serves as subcontactor of the sponsr, using a
computer system. No stratification was applied.

Blinding As this is a non-comparative study, blinding is not required.
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Antibodies

Antibodies used Therapeutic antibodies:
The investigational medical products, nivolumab and relatlimab, were provided by the manufacturer, Bristol Myers Squibb. During
the conduct of the study, nivolumab was globally approved for patient treatment in several cancer entities including non-small-cell
lung cancer. Relatlimab was still an investigational agent, but has since been approved for the treatment of patients with melanoma.
All relevant information was provided by the investigator brochures of nivolumab and relatlimab, which were regularly updated by
the manufacturer, and approved by the respective regulatory authorities.

Diagnostic antibodies:
PD-L1: supplier name: Dako, catalog number: M3653, clone name: 22C3, lot number: 11221493, platform: Ventana Benchmark

Ultra, antigen retrieval: boiling in CC1 48 min, incubation with primary antibody: 1:40 for 60 min, Optiview detection system

CD8: supplier name: Dako, catalog number: M7103, clone name: C8/144B, lot number: 20055137, platform: Ventana Benchmark
Ultra, antigen retrieval: boiling in CC1 40 min, incubation with primary antibody: 1:150 for 24 min, Optiview detection system

Antibody panel for detecting CD8 T cells in peripheral blood:

Antibody Fluorochrome Clone Isotype Dilution Source Catalog#
CD3 ECD UCHT1  Mouse IgG1, k  1:50 Beckman-Coulter A07748
CD4 AF700 OKT4 Mouse IgG2b, k 1:100  Biolegend 317425
CD8 APC/Cy7 SK1 Mouse IgG1, k  1:100 Biolegend 344713
GrzB Bv421 QA18A28 RatlIgG1, k 1:200 Biolegend 396413

Antibody panel for myeloid immune cell populations in tumor tissue cell suspensions:

Antibody Fluorochrome Clone Isotype Dilution Source Catalog# LOT #

CD11c BV650 3.9 Mouse 1gG1, k 1:100  Biolegend 301637 B329910
HLA-DR  BV421 1243 Mouse IgG2, k 1:100 Biolegend 307635 B360315
CD4 Per CP/Cy5.5 RPA-T4 Mouse IgG1, k 1:200 Biolegend 300529 B313462
CD3 AF700 UCHT1 Mouse IgG1, k 1:200 Biolegend 300424 B363398
CD8 BV510 SK1 Mouse I1gG1, k 1:200 Biolegend 344731 B293257
CD66b PE 6/40C Mouse IgG1, k 1:100 Biolegend 392903 B340558
CD19 PE/Cy 7 HIB19 Mouse IgG1, k 1:100 Biolegend 302216 B368441
CD24 APC ML5  Mouse 1gG2a, k 1:100 Biolegend 311117 B333887
CD206 BV605 15-2  Mouse IgG1, k 1:100 Biolegend 321119 B342527

CD123 PE/Cy5 6H6  Mouse IgG1, k 1:200 Biolegend 306008 B281793




CD56 PE/Dazzle594 HCD56 Mouse IgG1, k 1:200 Biolegend — 318347 B315298
CD16 APC/Fire750 3G8 Mouse IgG1, k 1:200 Biolegend ~ 302059 B370797

CD14 BV785 MS5E2  Mouse IgG2, k 1:200 Biolegend 301839 B360456 5
CD45 AF488 2D1 Mouse I1gG1, k 1:250 Biolegend 368536 B324537 g
D
IS
Antibody panel for T-cell immune cell populations in tumor tissue cell suspensions: ER
o
Antibody  Fluorochrome Clone Isotype Dilution Source  Catalog# LOT# o
CD3 AF700 SK7 Mouse IgG1, k 1:100 Biolegend 300424 B363398 —_—
Cb4 PerCP/Cy 5.5 RPA-T4 Mouse lgG1, k 1:100 Biolegend 300529 B313462 D
CD196 BV650 GO034E3 Mouse 1gG2b, k 1:100 Biolegend 353426 B318067 _8
CD39 BV605 Al Mouse 1gG1, k 1:100 Biolegend 328236 B339983 =3
CD25 BV421 BC96 Mouse 1gG1, k 1:100 Biolegend 302630 B365978 S
CD127 APC A019D5 Mouse IgG1, k 1:100 Biolegend 351316 B366604 8
CD8 BV510 SK1 Mouse 1gG1, k 1:100 Biolegend 344732 B362160 c
CD183 BV785 G825H7 Mouse IgG1, k  1:100 Biolegend 353737 B361913 3
CD194 PE/Dazzle594 L291H4 Mouse IgG1, k 1:100 Biolegend 359420 B359566 é
CD45 AF488 2D1 Mouse IgG1, k 1:200 Biolegend 368535 B353778 <L
CD19 PE/Cy 7 HIB19 Mouse IgG1, k 1:100 Biolegend 302216 B368441
Validation Therapeutic antibodies:

All relevant information for nivolumab and relatlimab can be obtained in the Summary of Product Characteristics (SmpC) provided by
the manufacturer, Bristol Myers Squibb. In addition, investigator brochures (IB) of nivolumab and relatlimab were provided to the
investigators, which were regularly updated by the manufacturer, and approved by the respective regulatory authorities.

Diagnostic antibodies:
All diagnostic antibodies were commercially available and were applied according to the manufacturers' instructions as detailed
above. Validation was performed per DIN EN ISO/IEC 17020 / ISO 15189 criteria. On-slide positive controls were used throughout on

every slide.

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration = NCT04205552
Study protocol The clinical study protocol is provided with the supplementary materials.

Data collection Patients were enrolled at the lung cancer centers of three study sites, Essen (Germany), Hasselt (Belgium) and Amsterdam (The
Netherlands) between March 4, 2020 and July 15, 2022. Data were collected from the hospital documentation and information
systems of the study sites by the principal investigators and their delegates, including study physicians and trained and certified study
personal of the clinical trial centers. Data were entered into the study data base using electronic case report forms as described
above. Source data were verified at the study sites by monitors, who are trained and certified personnel of the sponsor CRO
(University Medicine Essen Study Center GmbH) or its subcontractors.

Outcomes All primary and secondary study endpoints were defined according to the research aims of the study. They were prespecified in the
clinical study protocol.

The primary study endpoint is the number of patients undergoing curatively intended surgery of non-small cell lung cancer within 43
days of initiation of study therapy.

Secondary endpoints include:

» Objective response rate (RECIST 1.1) prior to surgery

» Pathological response rate (complete pathological responses defined as absence of viable tumor cells on routine hematoxylin and
eosin staining of resected tumors and lymph nodes; rate of major pathological responses defined as 10% or less viable tumor cells on
routine hematoxylin and eosin staining of resected tumors)

* RO resection rate

» Disease-free survival rate at 12 months per RECIST 1.1

 Overall survival rate at 12 months

« Safety and tolerability of preoperative immunotherapy

» Morbidity and mortality within 90 days of curative surgery

The primary endpoint was continuously monitored by the study statistician. At maximum 4 of 30 patients may experience a delay of
curatively intended surgery beyond day 43 (with study treatment being administered on day 1), either due to toxicities or disease
progression, to declare the study arm feasible. Continuous monitoring of prespecified stopping boundaries was applied to facilitate
early termination of non-feasible study arms to reduce patient risks.

All secondary parameters were evaluated in an explorative or descriptive manner. Radiographic and nuclear imaging assessments at
base line were conducted within standard of care at the study sites. Specifically, all 60 patients underwent whole body imaging by
FDG-PET/CT. For exclusion of brain metastases, 41 patients underwent contrast-enhanced brain MRI scanning, 18 patients




underwent contrast-enhanced brain CT scanning (due to contraindications or intolerance of MRI imaging, or unavailability of an MRI
slot within the protocol-defined screening period). In one patient with stage | B NSCLC no brain imaging was performed per Dutch
guidelines. All patients underwent CT or PET/CT imaging immediately prior to surgery. Radiographic response was evaluated at the
study sites following RECIST version 1.1. For exploratory analyses, nuclear imaging data were acquired prior to surgery. Histology and
biomarker studies were conducted within standard of care at the study sites. PD-L1 expression by tumor cells was assessed locally
using the primary antibody clone 22C3 (DAKO/Agilent M3653) following validated protocols with continuous external quality
assurance (QUIP, UK NEQAS, NordiQC).

Exploratory endpoints are assessed in tumor and lymph node samples, blood cells, plasma and serum.

Plants

Seed stocks Not applicable.

Novel plant genotypes  Not applicable.
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Authentication Not applicable.

Flow Cytometry

Plots

Confirm that:
IE The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

|X| The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).
|X| All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Peripheral blood immune cells:
cryo-preserved peripheral blood mononuclear cells were thawed and rested overnight in RPMI medium supplemented with
10% fetal calf serum (FCS), 100 U/ml penicillin and 100 pg/ml streptomycin (PAA Laboratories) at 37°Cin a 5% CO2
atmosphere. Antibody staining of cell surface molecules (30min, 4°C) was followed by fixation and permeabilization for
staining of intracellular markers (30 min, 4 °C).

Single cell suspensions from resected tumors:

Tumor tissue was put in 1 ml of digestion medium (DMEM/F12/HEPES solution supplemented with penicillin/streptomycin
and 1% bovine serum albumin and containing collagenase, hyaluronidase and DNAse ) and cut into small pieces. In order to
facilitate dissociation the tissue was incubated for 40 minutes at 37 °C and pipetted every 10 minutes during the incubation
period. The resulting cell suspension was transferred to a 50 ml centrifuge tube and centrifuged at 300xg for 10 minutes at
ambient temperature. The pellet was resuspended in trypsin/EDTA and incubated for 5 minutes at ambient temperature.
After inactivation of the trypsin by DMEM/F12/HEPES solution containing 10% FCS, the cell suspension was again triturated
and filtered through a 40 pm cell strainer. After washing the filter with 50 ml PBS the cells were centrifuged at 400xg for 5
minutes at ambient temperature. Following one more washing step with phosphate-buffered saline, cell number and viability
was measured using the NucleoCounter NC-3000 and one to two million cells per vial were cryopreserved in FCS-containing
10% DMSO.

Instrument Peripheral blood immune cells:
Gallios flow cytometer (Beckman Coulter, Krefeld, Germany)

Single cell suspensions from resected tumors:
CytoFLEX LX (Beckman Coulter, Krefeld, Germany)

Software Peripheral blood immune cells:
Kaluza software (Beckman Coulter), CytExpert V2.3 software (Beckman)

Single cell suspensions from resected tumors:
CytExpert V2.3 (Beckman Coulter, Krefeld, Germany) and FlowJo Software V10 (Tree Star, Ashland, USA)

Cell population abundance Peripheral blood immune cells:
Samples containing 200,000 cells were stained with antibody panels for surface and intracellular markers. The minimum




abundance of CD8+ T cell subsets presented in the report was above 300 cells.

Single cell suspensions from resected tumors:

Two aliquots, each containing 500,000 cells, were stained with one of the two antibody panels for surface markers. The
abundance of the specific cell populations presented in the report ranged from 6 to several hundred cells. Of note, in one
patient no neutrophil granulocytes were identified in the sample.

Gating strategy The gating strategies are graphically represented in Supplementary Figure 2.

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

>
Q
o
c
0
©
@)
=
o
=
—
)
©
(@)
=
S
«Q
wn
c
=
=
O
<






