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Jahrespreis 2025 „Gesundheit und Wissenschaft“ 

Anlagen  

 

 

Sehr geehrte Frau Anders, 

sehr geehrte Damen und Herren, 

 

sehr gerne bewerbe ich mich mit der Arbeit “Neoadjuvant nivolumab with or 

without relatlimab in resectable non-small cell lung cancer: an open-label, 

randomized phase II trial”, die unsere Autorengruppe im Juni 2024 in der 

Zeitschrift Nature Medicine (Schuler et al., Nat. Med. 2024; 30:1602-1611) 

publizieren konnte, um den Jahrespreis 2025 in der Kategorie „Gesundheit und 

Wissenschaft“. Die Koautoren stimmen der Bewerbung zu. 

 

Im Voraus danke ich für die Begutachtung der Arbeit durch die Jury des 

Jahrespreises. 

 

Mit freundlichen Grüßen 
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Grundinformationen 

Univ.-Prof. Dr. med. Martin Schuler 

Westdeutsches Tumorzentrum Essen 

Innere Klinik (Tumorforschung) 

Universitätsklinikum Essen 

Hufelandstrasse 55 

45147 Essen 

Tel. (0201) 723 2000  

Fax (0201) 723 5924  

martin.schuler@ume.de 

 

Persönliche Daten: 

 geboren am 16. August 1966 

 verheiratet mit Birgit Schuler, geb. Busse, Redakteurin 

 Kinder Katharina und Antonia Schuler 

 

Schul- und Hochschulbildung: 

 1972 bis 1976 Grundschule 

 1976 bis 1985 Gymnasium  

 1985 bis 1991 Studium der Medizin an der Johannes Gutenberg-Universität Mainz  

Promotion: 

 20. Januar 1992, Johannes Gutenberg-Universität Mainz, Prädikat „magna cum laude“ 

 

Habilitation und venia legendi im Fach Innere Medizin: 

 14. Februar 2002, Johannes Gutenberg-Universität Mainz 

 

Berufliche Qualifikationen: 

 Facharzt für Innere Medizin 

 Schwerpunktbezeichnungen Hämatologie und internistische Onkologie sowie Pneumologie 

 Zusatzweiterbildung Palliativmedizin 

 

Beruflicher Werdegang: 

 1991 bis 1997 Ausbildung zum Facharzt für Innere Medizin an der III. Medizinischen Klinik und 

Poliklinik (Direktor: Prof. Dr. Ch. Huber), mit Rotationen in die I. Medizinische Klinik und Poliklinik 

(Direktor: Prof. Dr. Dr. K.H. Meyer zum Büschenfelde) und II. Medizinische Klinik und Poliklinik 

(Direktor: Prof. Dr. J. Meyer), Klinikum der Johannes Gutenberg-Universität Mainz 

 1998 bis 2000 Postdoktorand (Mildred Scheel Stipendium), Division of Cellular Immunology 

(Leiter: Dr. D.R. Green), La Jolla Institute for Allergy & Immunology, San Diego, USA 

 2000 bis 2001 Research Scientist, Division of Cellular Immunology, La Jolla Institute for Allergy 

& Immunology, San Diego, USA 

 2001 bis 2007 Arbeitsgruppenleiter (Max-Eder-Nachwuchsgruppe der Deutschen Krebshilfe) an 

der III. Medizinischen Klinik und Poliklinik, Klinikum der Johannes Gutenberg-Universität Mainz 

 2002 bis 2007 Oberarzt und Leiter der Studienzentrale des Schwerpunktes Hämatologie und 

Onkologie, III. Medizinische Klinik und Poliklinik, Klinikum der Johannes Gutenberg-Universität 

Mainz 

 seit 1. Oktober 2007 Universitätsprofessor (W3) für Innere Medizin der Universität Duisburg-

Essen und Direktor der Inneren Klinik (Tumorforschung), Westdeutsches Tumorzentrum, 

Universitätsklinikum Essen 

 seit 2009 gleichzeitig Chefarzt der Abteilung Thorakale Onkologie, Universitätsmedizin Essen - 

Ruhrlandklinik  

 seit 2008 Stellvertretender Direktor, Westdeutsches Tumorzentrum Essen (Onkologisches 

Spitzenzentrum der Deutschen Krebshilfe) 

 2011 bis 2021 Sprecher des Partnerstandorts Essen-Düsseldorf, Deutsches Konsortium für 

Translationale Krebsforschung (DKTK) 

 seit 2019 Sprecher des Campus Essen, Krebsforschungszentrum Essen Köln (Cancer Research 

Center Cologne Essen, CCCE) 

 seit 2023 Sprecher des geschäftsführenden Direktoriums, Nationales Centrum für 

Tumorerkrankungen (NCT) West  
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Allgemeinverständlich formulierte Zusammenfassung der eingereichten Forschungsarbeit 

Lungenkrebs ist die häufigste zum Tode führende bösartige Erkrankung in Deutschland wie auch 

global. Weiterhin wird die Mehrzahl der Betroffenen in einem metastasierten Stadium der Erkrankung 

diagnostiziert. Durch Früherkennungsmaßnahmen steigt erfreulicherweise der Anteil der Patienten 

mit bei Diagnose örtlich begrenzter Lungenkrebserkrankung, die häufig durch eine Operation mit dem 

Ziel der Heilung behandelt werden können. Leider erleiden trotz optimal durchgeführter Operation 

ein großer Teil dieser Patienten einen Rückfall. Dies ist durch eine zum Zeitpunkt der Diagnosestellung 

nicht erkennbare Streuung (Metastasierung) sowie durch aggressive biologische Eigenschaften 

bestimmter Lungenkarzinome erklärbar. Zur Senkung des Risikos eines Krankheitsrückfalls nach 

Operation wird Patienten mit größeren Tumoren oder Lymphknotenmetastasen nach der Operation 

eine „adjuvante“ Chemotherapie angeboten. Seit kurzem kann dies in bestimmten Fälle durch eine 

„adjuvante“ Immuntherapie ergänzt werden. Diese Maßnahmen sind wirksam, dennoch erleiden 

weiterhin zu viele Patienten einen Krankheitsrückfall. Neue Erkenntnisse sprechen dafür, dass die 

Immuntherapie eine größere Wirksamkeit hat, wenn diese vor der Operation („neoadjuvant“) 

verabreicht wird. Dies bietet darüber hinaus die Chance einer kürzeren Behandlungsdauer sowie die 

Möglichkeit, 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 Universitätsmedizin Essen durchgeführt wurde. Insgesamt 60 Patienten mit chirurgisch 

behandelbaren nicht-kleinzelligen Lungenkarzinomen erhielten vor der Operation eine kurzzeitige 

Immuntherapie, die entweder aus zwei Gaben des zugelassenen Antikörpers Nivolumab oder zwei 

Gaben der Kombination von Nivolumab mit dem zum Zeitpunkt der Studie noch nicht zugelassenen 

Antikörper Relatlimab bestand. Diese Antikörper können durch Aktivierung einer körpereigenen 

Immunreaktion die Abtötung von Tumorzellen auslösen. Wichtige Ergebnisse der Studie sind (1) die 

kurzzeitige Immuntherapie kann sicher verabreicht werden ohne die Operation zu verzögern, und (2) 

bei bis zu 30% der Patienten waren zum Zeitpunkt der Operation bereits alle oder fast alle 

Tumorzellen durch die mit der Behandlung ausgelöste Immunantwort abgetötet. Darüber hinaus 

ermöglichen 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 Antikörper.  
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Zusammenfassende Kurzbeschreibung 

Innovationspotential: Hoch 

 Die weltweit erste veröffentlichte Studie zum Einsatz des gegen LAG-3 gerichteten Antikörpers 

Relatlimab in der Behandlung von Patienten mit Lungenkrebs 

 Eine der weltweit ersten Studien der kombinierten Immuntherapie mit zwei Antikörpern vor 

Operation eines Lungenkarzinoms 

 Erstmalige Beschreibung der Wirkung einer kurzzeitigen Immuntherapie mit Nivolumab und 

Relatlimab auf das Muster der Ausprägung von Genen („Genexpression“) sowie die Verteilung 

von Genmutationen („Mutationsspektrum“) von Lungenkarzinomen 

 

Nachhaltigkeit: Hoch 

 Die mit der eingereichten Arbeit gewonnenen Erkenntnisse fließen in die Weiterentwicklung der 

Immunbehandlung von Lungenkarzinomen in operablen und metastasierten Stadien mit 

Antikörpern gegen LAG-3 ein 

 Die mit der eingereichten Arbeit gewonnenen Erkenntnisse zu den durch die Immuntherapie 

ausgelösten biologischen Veränderungen von Lungenkarzinomen informieren neue Strategien 

zur Entwicklung individuell abgestimmter Immunbehandlungen für Patienten mit 

Krebserkrankungen 

 

Nachhaltige Verbesserung der Gesundheit und Lebensqualität: Erfüllt 

 Der Nachweis der Wirksamkeit von Relatlimab in der Behandlung von Lungenkrebs erweitert 

die Behandlungsmöglichkeiten für Patienten mit dieser Erkrankung 

 Ein verbessertes biologisches Verständnis der Wirkung von Immuntherapien bei Lungenkrebs 

ermöglicht die Entwicklung individuell abgestimmter, immunologischer 

Kombinationsbehandlungen mit höherer Wirkungsaussicht geringerem Risiko des 

Verabreichens von unwirksamen und nebenwirkungsreichen Therapien 

 

Standortrelevanz für Essen: Hoch 

 Die international beachtete Veröffentlichung der in Essen konzipierten, geleiteten und 

durchgeführten Arbeit in der Fachzeitschrift Nature Medicine (höchste Kategorie) erhöht die 

Sichtbarkeit und bestätigt die Bedeutung der Stadt Essen als international führendem Standort 

der Krebsforschung und Krebsmedizin 

 Sie bestätigt die Auswahl des Westdeutschen Tumorzentrums der Universitätsmedizin Essen 

als Standort des Nationalen Centrum für Tumorerkrankungen (NCT) und festigt dessen durch 

regelmäßige internationale Begutachtungen bestätigte Anerkennung als Onkologisches 

Spitzenzentrum der Deutschen Krebshilfe 
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Neoadjuvant nivolumab with or without 
relatlimab in resectable non-small-cell lung 
cancer: a randomized phase 2 trial

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 
achieved in 95% of patients. Secondary endpoints included pathological 
and radiographic 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. In 100% (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 
into biological processes triggered by preoperative immunotherapy. This 
study establishes the feasibility and safety of dual targeting of PD-1 and 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 combined1. Despite advances in early detection, the majority of 
patients are still diagnosed with advanced stage disease. The introduc-
tion of precision therapies targeting specific oncogenic mutations in 
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 disease2,3. 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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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 window8.

Several studies have piloted preoperative ICI therapy directed 
against PD-1, PD-L1, CTLA-4 and less-established targets in patients 
with resectable NSCLC9–13. Next to demonstrating safety and feasibil-
ity, the spectra of clinical and histopathological responses observed 

NSCLC4, alectinib in resected ALK-positive NSCLC5 and atezolizumab 
or pembrolizumab following resection and adjuvant chemotherapy 
in NSCLC6,7.

Clinical and 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 checkpoint inhibitor (ICI) therapy, 
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64 patients consented and
assessed for eligibility

4 patients did not meet
eligibility criteria

60 eligible patients were
randomized

30 patients treated with
nivolumab
• 2 doses: 29 patients
• 1 dose: 1 patient

30 patients proceeded to surgery
• R0 resection: 30 patients

30 patients treated with
nivolumab plus relatlimab
• 2 doses: 29 patients
• 1 dose: 1 patient

30 patients proceeded to surgery
• R0 resection:

27 patients*
• R1 resection:

1 patient
• Pleural carcinosis:

2 patients

a

b

Nivolumab/relatlimab Nivolumab Nivolumab/relatlimab Nivolumab Nivolumab/relatlimab

Histologically
confirmed non-small-
cell lung cancer

Stage IB, II or IIIA
(single level N2,
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the multidisciplinary
lung cancer board
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function
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n = 30 patients
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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, preoperative immunotherapy and curative resection. Reasons 
for screening failure and outcomes of surgery are summarized (*including 
one patient with single bone metastasis). c, Fraction of patients (n = 60) with 
microscopically complete (R0, 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.
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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 explored14–18. Although this 
approach resulted in impressive histopathological response rates and 
improved event-free survival, combined chemoimmunotherapy may 
obscure the contribution of the ICI component 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 with ICI ther-
apy alone were exposed to the additional toxicities of chemotherapy.

Studies combining two ICIs in unselected patient populations with 
metastatic NSCLC have so far produced similar outcomes to therapies 
targeting PD-1/PD-L1 alone or combined with chemotherapy19–22. 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 on their distinct and potentially synergistic mode of action, 
combined targeting of the immune checkpoints LAG-3 and PD-1 is 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 models23,24. Importantly, in a randomized 
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 
monotherapy in terms of radiographic response and progression-free 
survival endpoints25. 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 
monitoring25. 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-1 and LAG-3 in patients with resect-
able NSCLC stages IB, II or IIIA (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-1 and LAG-3 in resectable NSCLC.

Results
Study design and patient disposition
Between 4 March 2020 and 25 July 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 were randomized 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 summarized in 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 withheld in 
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 data are reported as of 16 May 2023.

Primary outcome
The clinical 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 

registries26 a screening period of up to 28 days and a treatment period 
of up to 42 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 to immunotherapy 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 in arm A and 29 in arm B) at each 
study site following standardized criteria27. 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. In both study arms, deeper pathological responses 
clustered in patients with PD-L1-positive tumors (Fig. 2a).

Complete surgical resection (R0) was achieved in 57 patients (95%) 
(Fig. 1c). One patient had R1 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 

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)

ECOG PS (0, 1) 28, 2 28, 2

Histology

  Adenocarcinoma 13 15

  Squamous cell carcinoma 10 9

  Adenosquamous carcinoma 2 2

  Other 5 4

Clinical stage (UICC eighth edition)

  IB 8 10

  IIA 5 1

  IIB 13 16

  IIIA 4 3

PD-L1 status (TPS)

  <1% 6 8

  1–49% 14 15

  ≥50% 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.

http://www.nature.com/naturemedicine
https://clinicaltrials.gov/ct2/show/NCT04205552
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Fig. 2 | Pathological responses, biomarkers and survival outcomes.  
a, Waterfall plots of pathologic tumor regression (percentage reduction of 
viable tumor cells) in resected tumors and lymph nodes following neoadjuvant 
treatment with nivolumab (arm A, blue) or nivolumab and relatlimab (arm B, 
red). The color intensity encodes the category of PD-L1 expression by tumor cells 
(TPS <1% light color, TPS 1–49% medium dark color, TPS 50–100% dark color). 
The lower panel depicts the oncogram of each tumor using next-generation DNA 
sequencing of 500 cancer-related genes. Boxes represent pathogenic genomic 
aberrations in the respective gene. Genes with pathogenic aberrations in at least 
two study patients are listed. b, Kaplan–Meier plots for OS (left) and DFS (right) 

per study arm (arm A nivolumab, blue; arm B nivolumab and relatlimab, red).  
c, Kaplan–Meier plot for DFS in patients achieving a MPR (≤10% viable tumor cells 
(green)), and not achieving a MPR (>10% viable tumor cells (orange)). Statistical 
comparisons by log-rank test, vertical lines indicate censored patients. Two 
patients (both arm A) had died from noncancer causes. Six patients (four in arm 
A and two in arm B) have recurred or died. No patient with MPR has recurred, one 
patient with MPR had died from a noncancer cause. d, Fraction and number of 
patients with complete pathological response (pCR, upper) and MPR (lower) in 
study arms A (nivolumab (blue)) and B (nivolumab and relatlimab (red)).
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plan remained curative for oligometastatic disease: primary tumor and 
lymph nodes were R0 resected, followed by postoperative standard of 
care systemic therapy 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 a median duration of follow-up of 12 months, rates of DFS and 
overall survival (OS) at 12 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 in 30% (arm A) and 33% (arm B) of patients, respectively. 
Treatment-emergent AEs were reported in 53% (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). In arm A 
there were two cases of pneumonitis (grade 1 and 2); likewise there 
were two cases in arm B (both grade 1).

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 
[18F]-fluorodeoxyglucose (FDG-PET/CT) (Supplementary Fig. 1). The 
metabolic response rates per Positron Emission tomography Response 
Criteria In Solid Tumors (PERCIST)28 were 38% in both study arms 
(Fig. 1e). All patients with MPR had a partial metabolic response, 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, but only in 2 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 in the 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 
apparent difference in 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+ 
peripheral blood 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 Data Fig. 2a). Importantly, immune cell infiltrates 
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).

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 
(6 in arm 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. In addition, nivolumab modulated a diverse spectrum of genes 
involved in inflammation, NFκB signaling and interferon response such 
as NFKBI, TNFAIP3, CD8A, IRAK1 and MX1. Expression of the immune 
checkpoint gene LAG3 was 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 ISG15. Significantly upregulated genes in 
responders to nivolumab plus relatlimab included NLRP3, CD27, IRF4 
and IL16, which are involved in inflammasome and NFκB signaling,  

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 ≥10% at least in one arm

  Atrial fibrillation 5 (17) 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 ≥10% 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.
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