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ARTICLE INFO ABSTRACT

Keywords: Introduction: Interleukin-1 receptor accessory protein (IL1RAP), expressed in several tumors, is essential for IL-1a
TreaFmeﬂt efficacy and IL-1p signaling which leads to tumor progression and treatment resistance. Nadunolimab, a fully humanized
Carcinoma antibody-dependent cellular cytotoxicity-enhanced monoclonal antibody, targets IL1RAP and blocks IL-1a/IL-1f
Non-small-cell lung . . . . . . .
Nadunolimab signaling. Efficacy and safety of nadunolimab plus platinum-based doublet chemotherapies were assessed in
Pembrolizumab patients with non-small cell lung cancer (NSCLC) (NCT03267316).

Safety Methods: Patients with advanced NSCLC received nadunolimab plus platinum-based doublet chemotherapies in

Survival first-line or second-line post-pembrolizumab. Study objectives included the anti-tumor response, progression-free
survival (PFS), overall survival (OS), levels of biomarkers in serum, and immunohistochemistry of baseline and
on-treatment tumor biopsies.

Results: 43 patients were enrolled, median age 64 years, 38 % female, and 43 % were treated in second-line post-
pembrolizumab. Median PFS was 7.2 months (95 % CI 5.6-9.2), median OS was 13.7 months (95 % CI
11.1-18.3), and 1-year survival was 54 %. The greatest benefits were observed in 11 patients with non-squamous
histology treated in second-line post-pembrolizumab: median OS 26.7 months, ORR 91 % including two com-
plete responders (with distinct biomarker profiles), and 1-year survival 82 %. Biomarker analyses showed that
patients in second-line post-pembrolizumab had an enhanced level of tumor-infiltrating immune cells compared
to treatment naive patients. Rates of Grade 3+ neutropenia, anemia, and thrombocytopenia were higher than
previous reports of platinum-based doublet chemotherapies alone.

Conclusions: Nadunolimab plus platinum-based doublet chemotherapies showed promising efficacy in advanced
NSCLC, with the greatest benefit in patients with non-squamous histology treated in second line after relapsing
on pembrolizumab treatment.

Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; CI, confidence interval; CR, complete response; CRP, C-reactive protein; DLT, dose or treatment
limiting toxicity; DoR, immune duration of response; DCR, disease control rate; G-CSF, granulocyte colony-stimulating factor; IL, interleukin; IL1RAP, IL-1 receptor
accessory protein; IFNy, interferon gamma; IRR, infusion-related reactions; mITT, modified intention to treat; NK, natural killer cells; NSCLC, non-small cell lung
cancer; ORR, overall response rate; OS, overall survival PD, progressive disease; PD-1/PD-L1, programmed death (ligand) 1; PFS, progression-free survival; PR,
partial response; SAE, serious adverse event; SD, stable disease; TME, tumor microenvironment; TNFq, tumor-necrosis factor-alpha.
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A. Paulus et al.
1. Introduction

Lung cancer is one of the most common malignances worldwide and
a leading cause of cancer-related deaths, with 84 % of cases of the non-
small cell lung cancer (NSCLC) type [1]. For individuals without
actionable driver mutations, programmed death (ligand) 1 (PD-1/PD-
L1) inhibitors form part of the standard of care alongside chemotherapy
for patients with advanced/metastatic NSCLC [2]. Treatment of NSCLC
with PD-1/PD-L1 inhibitors can markedly improve tumor response rates
and prolong survival, but not all patients respond to treatment (primary
resistance) and the development of treatment resistance (acquired
resistance) is almost inevitable [3,4].

Chronic imbalanced inflammatory responses are a hallmark of can-
cer and promote tumor initiation, progression and metastasis [5].
Interleukin 1 (IL-1) is a pro-inflammatory cytokine associated with poor
prognosis and involved in the development of immunosuppression
within the TME, promoting metastases, tumor growth, and treatment
resistance [6-10]. The ligands IL-1a and IL-1p bind to IL-1 receptor 1,
which dimerizes with the IL-1 receptor accessory protein (ILIRAP) to
initiate IL-1 signaling. ILIRAP is overexpressed in many solid tumors
and overexpression is associated with a poor prognosis [11,12]. In tu-
mors, IL1RAP is expressed on malignant cells, stromal cells, and immune
cells, especially of myeloid lineages. Consequently, blockade of both IL-
lo/IL-1p has been heralded as a potential approach for the treatment of
cancer [8,11,13-171].

Nadunolimab (CANO4) is a fully humanized, antibody-dependent
cellular cytotoxicity (ADCC) enhanced, monoclonal immunoglobulin
G1 antibody targeting IL1RAP. It inhibits tumor-promoting and che-
moresistance signals mediated by IL-1a and IL-1p and induces ADCC on
IL1RAP-expressing cells [18,19]. In mouse models, nadunolimab com-
bined with platinum and non-platinum-based chemotherapy improved
anti-tumor effects compared to chemotherapy alone [19]. Platinum-
based chemotherapy up-regulates the IL-1 system in human tumor
cells, thus promoting chemoresistance [19]. Safety and efficacy of
nadunolimab was investigated in a Phase 1/2a multicenter, open-label,
dose escalation, dose expansion study (CANFOUR: NCT03267316).
Results from Phase 1, in which patients with solid tumors received
nadunolimab as monotherapy, showed that nadunolimab was well
tolerated [20]. In Phase 2a, nadunolimab combined with standard of
care chemotherapy was evaluated in patients with locally advanced/
metastatic solid tumors. Promising efficacy was observed in the cohort
of patients with advanced/metastatic pancreatic ductal adenocarcinoma
where the combination of nadunolimab and gemcitabine/nab-paclitaxel
in 76 patients showed an improved overall survival (OS: 13.2 months)
compared with historical controls (8.5-9.2 months [21]). Better efficacy
outcomes were observed in patients with high baseline IL1RAP expres-
sion on tumor cells (IL1RAP high: OS 14.2 months vs IL1IRAP low: OS
10.6 months) [22].

Nadunolimab has also been clinically evaluated in combination with
the PD-1 inhibitor pembrolizumab in patients with solid tumors who
had previously progressed on checkpoint inhibitor treatment (CIR-
IFOUR: NCT04452214). In this small study, an apparent survival benefit
was observed in patients with high levels of effector cells in the tumor
microenvironment (TME) at baseline [23].

Here, we present results from the CANFOUR Phase 2a study from
patients with advanced/metastatic NSCLC treated with nadunolimab
combined with cisplatin/gemcitabine (NCG) or carboplatin/pemetrexed
(NCP) in first-line (1L), or in second-line (2L) after relapsing on
pembrolizumab.

2. Methods
2.1. Study population

Study participants were at least 18 years of age with histologically or
cytologically confirmed, unresectable stage III or stage IV squamous or
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non-squamous NSCLC, and eligible to receive cisplatin/gemcitabine
(squamous or non-squamous NSCLC) or carboplatin/pemetrexed (non-
squamous NSCLC only) as 1L chemotherapy for advanced disease, or as
2L after progressing on 1L pembrolizumab monotherapy. The full list of
inclusion and exclusion criteria is provided in the supplement.

2.2. Treatment

Patients in the NCG group received nadunolimab at 1.0, 2.5 or 5.0
mg/kg once a week for the first five infusions, and then every other week
thereafter. Cisplatin (75-100 mg/m?) was to be administered on Day 1
and gemcitabine 1250 mg/m? on Days 1 and 8 in cycles of 21 days for
4-6 cycles in the absence of progression or toxicity. After completion,
subjects could continue treatment with nadunolimab monotherapy or
together with gemcitabine.

Patients in the NCP group received 2.5 mg/kg nadunolimab in
combination with 4-6 cycles of carboplatin (area under the curve 5 mg/
mL/min) and pemetrexed (500 mg/mz) on Day 1, with nadunolimab
alone on Day 8 in cycles of 21 days. Patients were allowed to continue on
nadunolimab monotherapy or together with pemetrexed if considered
safe and beneficial. During the course of the study, granulocyte colony-
stimulating factor (G-CSF) was recommended as prophylaxis.

The NCG group received a priming dose of 0.5 mg/kg nadunolimab
given after pre-medication (antihistamines, paracetamol, and cortico-
steroids) 1 week before commencing Cycle 1. The NCP group did not
receive a priming dose but received the first nadunolimab dose in full on
Day 1 Cycle 1 as a 4-hour ramping infusion with premedication. Both
strategies were used to reduce the risk of infusion-related reactions.

2.3. Study oversight

This study was conducted in accordance with Good Clinical Practice
guidelines, ethical principles that have their origin in the Declaration of
Helsinki, and all applicable ethical and regulatory requirements. Pa-
tients provided written informed consent prior to enrollment. The study
protocol and associated documents were approved by appropriate ethics
committees. Decisions related to treatment modifications were made by
a Safety Review Committee comprised of study investigators and the
sponsor.

2.4. Clinical outcomes and assessments

Patients underwent periodic disease assessment (every 8 weeks for
the NGC group and every 6 weeks for the NCP group) using RECIST 1.1
and iRECIST criteria.

The treatment efficacy was described in terms of overall response
rate (ORR), disease control rate (DCR), defined as the best of complete
response (CR), partial response (PR) or stable disease (SD), PFS, OS, and
duration of response (DoR).

Treatment-emergent adverse events (AEs) were graded using the NCI
Common Terminology Criteria for Adverse Events v4.03.

2.5. Translational analysis: Immunohistochemistry analysis and analysis
of serum biomarkers

Tumor biopsies collected at screening and after approximately 4
weeks of treatment were stained for the expression of ILIRAP, IL-1a and
PDL1, and the presence of CD8+ T cells, NK cells (CD56) and M2
macrophages (CD163). IL1RAP expression was quantified on tumor cells
using an H score ([1 x % weakly stained cells] + [2 x % moderate
stained cells] + [3 x % strongly stained cells]). ILIRAP expression in
stroma was scored as none (0), low (1), medium (2), or high (3) levels,
and expression on infiltrating immune cells was scored as the percentage
of positive cells.

Serum was collected at baseline and on treatment and analyzed for
levels of C-reactive protein (CRP), IL-6, and the T cell related cytokines
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chemokine ligands 9 and 10 (CXCL9, CXCL10), and interferon gamma
(IFNy). CRP was measured at study sites, IL-6 levels were analyzed with
MSD at central laboratory, and the other cytokines were measured
centrally using Olink (Immuno-oncology panel). Detailed methods for
the translational analysis are provided in the supplement.

2.6. Statistical analysis

No hypotheses were pre-specified and results were presented using
descriptive statistics.

The safety population included all patients who received at least one
dose of nadunolimab. Efficacy analyses were performed on the modified
Intention To Treat (mITT) population that excluded patients who dis-
continued after receiving a single dose of nadunolimab without
chemotherapy. PFS, OS and DoR were analyzed using Kaplan-Meier
estimates. Efficacy was assessed overall, by line of therapy and by his-
tological type. Median relative dose intensity (RDI = Actual/Planned x
100 %] was reported.

An exploratory analysis of the effect of nadunolimab dose on Grade
3-4 AEs and efficacy endpoints was performed using regression models
(Supplementary methods).

Changes in serum cytokines from baseline while on treatment were
analyzed using Wilcoxon matched-pairs signed rank test, and differences
in baseline markers between patients treated in 1L and 2L were

Table 1
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compared using Mann-Whitney test.
3. Results
3.1. Patient population

Enrolment of patients with NSCLC occurred in nine sites in Europe,
from July 2019 until October 2021 in the NCG group, and from February
2022 until March 2023 in the NCP group. There were 43 patients with
advanced/metastatic NSCLC who received nadunolimab; 33 in the NCG
group (17 received 1.0 mg/kg nadunolimab, three received 2.5 mg/kg,
and 13 received 5.0 mg/kg) and 10 in the NCP group (2.5 mg/kg)
(Fig. S1).

At study end, 31 patients had died, four had withdrawn consent, four
were still on treatment of whom three continued treatment in a
compassionate use setting, three were in OS-follow-up, and one was
discontinued by the sponsor during OS-follow-up because of early
closure of the study in that country.

Of the 43 patients, three patients (one in the 1.0 mg/kg and two in
the 5.0 mg/kg groups) did not receive chemotherapy due to clinical
deterioration (n = 2) or consent withdrawal (n = 1) in the interval be-
tween nadunolimab priming dose and the first full dose and were
excluded from the mITT cohort.

For the mITT cohort, the median age was 64.5 years (range 39-77)

Demographic and baseline disease characteristics of the study population (mITT population).

Nadunolimab dose 1L
(N =23)

2L post-pembrolizumab
N=17)

Non-squamous Non-squamous 2L post-pembrolizumab
1L (N=11)
(N =15)

All NSCLC (N = 40)

Study arm NCG/NCP, n (%) 16 (70)/7 (30) 14 (82)/3 (18)

Age (years)

Mean (SD) 63.0 (8.7) 65.9 (6.3)
Median (range) 64 (39-76) 66 (56-77)
Sex, n (%)

Male 16 (70) 9 (53)
Female 7 (30) 8 (47)
ECOG Performance Status, n (%)

0 9 (39) 7 (41)

1 14 (61) 10 (59)
Stage IV at initial diagnosis, n (%) 20 (87) 16 (94)
Histology, n (%)

Squamous 7 (30) 6 (35)
Non-squamous 15 (65) 11 (65)
Unknown 14) 0

Tumor localization at study entry, n (%)

Bone 417 5(29)
Liver 3(13) 5(29)
Lung 23 (100) 17 (100)
Lymph Nodes 20 (87) 15 (88)
Other 12 (52) 7 (41)
Prior therapies, n (%)

Pembrolizumab monotherapy 0 17 (100)
Adjuvant chemotherapy 14) 1(6)
Radiation 0 6 (35)
Surgery 209 2(12)
Biopsy received for biomarker analysis, n (%)

Baseline 21 (91) 13 (76)
On treatment 12 (52) 5(29)

8 (53)/7 (47) 8 (73)/3 (27) 30 (75)/10 (25)

62.6 (10) 65.5 (7.2) 64.2 (7.8)
65 (39-76) 63 (56-77) 64.5 (39-77)
9 (60) 5 (45) 25 (63)

6 (40) 6 (55) 15 (38)
4(27) 6 (55) 16 (40)
11 (73) 5 (45) 24 (60)
13 (87) 10 (91) 36 (90)

0 0 13 (33)
15 (100) 11 (100) 26 (65)

0 0 13
1(7) 4 (36) 9(23)
2(13) 4 (36) 8 (20)

15 (100) 11 (100) 100 (100)
13 (87) 9(82) 35 (88)

9 (60) 5 (45) 19 (48)

0 11 (100) 17 (43)
1(7) 1(9) 1(3)

0 5 (45) 6 (15)
2(13) 1(9) 4(10)

11 (73) 8 (73) 34 (85)

8 (53) 4 (36) 17 (43)

1 L/2 L: first/second line of therapy, mITT: modified intention-to-treat, NCG: nadunolimab plus cisplatin/gemcitabine, NCP: nadunolimab plus carboplatin/peme-
trexed, NSCLC: non-small cell lung cancer, SD: standard deviation. Smoking status was not available.
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and 63 % were male. There were 26 patients with non-squamous NSCLC,
13 with squamous NSCLC, and one with unknown histology. At diag-
nosis, 90 % of patients had stage IV disease, and 43 % had received
previous treatment with pembrolizumab monotherapy (Table 1). The
median time since the last dose of pembrolizumab monotherapy was 35
days (range 28-68), and the median duration of pembrolizumab treat-
ment was 21 weeks (range 6-85).

The median duration of follow-up was 12.7 months (range 0.9-53.8)
in the NCG groups and 11.2 months (range 6.2-16.5) in the NCP group.
Demographic characteristics were similar in different dose groups
(Table S1) and in groups receiving study treatment as 1L or 2L post-
pembrolizumab (Table 1).

3.2. Safety

Neutropenia, anemia, and thrombocytopenia were the most
frequently reported AEs (Table 2). Neutropenia was reported by 77 %
(33/43) of patients, anemia by 67 %, and thrombocytopenia by 65 %.
Grade 3/4 AEs were reported by 93 % of patients overall. The most
frequently reported Grade 3/4 AEs were neutropenia (65 %) thrombo-
cytopenia (42 %), anemia (30 %), and leukopenia (14 %). The types and
severities of AEs were similar across treatment groups (Tables S2 and
S3). There were two Grade 5 cases of septic shock in the NCG group: one
that was considered unrelated and occurred after discontinuation of
study treatment and while on docetaxel; the other occurred during study
treatment Cycle 4 and was concomitant with Grade 4 neutropenia. This
patient with metastatic squamous cell carcinoma received nadunolimab
in 2L and developed febrile neutropenia with Pseudomonas aeruginosa
grown from blood cultures. Despite normalization of the neutrophil
count, the patient died after 5 days due to multi-organ failure. The
investigator considered the death unrelated to treatment, but the
sponsor assessed that a relationship with the study drug could not be
ruled out and deemed the event to be related (Table 2).

After higher-than-expected rates of Grade 3 neutropenia were
observed in the 5.0 mg/kg NCG dose group, enrollment at 5.0 mg/kg
was stopped and two additional dose groups were included at 1.0 mg/kg
and 2.5 mg/kg. G-CSF was initially recommended for all patients
experiencing Grade 4 neutropenia and was later implemented as pro-
phylaxis during Cycle 1, start of cycle for NCG arms and mid-cycle for
the NCP arm. Exploratory analyses found a dose-dependent relationship
with grade 3/4 neutropenia (Supplement). However, this observation

Table 2
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may be confounded by the parallel reduction in dose level and imple-
mentation of G-CSF during neutropenia. No other dose dependent as-
sociations with Grade 3/4 AEs were observed.

Six patients in the NCG group and two in the NCP group experienced
IRRs (one Grade 3 in each group), all during the first nadunolimab
infusion. Serious adverse events (SAEs) were reported for 24 patients
(Table 2). SAEs occurring in more than one patient were thrombocyto-
penia (n = 4), neutropenia (n = 4), febrile neutropenia (n = 3), pneu-
monia (n = 3), anemia (n = 2), and septic shock (n = 2). All SAEs due to
neutropenia, febrile neutropenia, anemia, and one case of septic shock
were considered related to nadunolimab. In addition, three cases of
thrombocytopenia, two of pneumonia, and one each of enterocolitis
infectious, sepsis, and IRR, were also considered related to
nadunolimab.

Mean RDI was 75 % for nadunolimab, 73 % for cisplatin, 78 % for
gemcitabine, and 90 % for carboplatin and pemetrexed. The median
number of nadunolimab doses, including priming dose, was 15 (range
1-108 doses), and median treatment duration was 6.7 months (range 1
day-53.6 months) (Table S4).

3.3. Overadll efficacy

3.3.1. Tumor response rates and survival

Median OS was 13.9 months (95 % CI 11.1-19.4) in the NCG group,
11.3 months (95 % CI 5.8-not reached) in the NCP group, and 13.7
months (95 % CI 11.1-18.3) in all patients (Table 3). Survival at 1 year
was 57 %, 48 %, and 54 %, respectively.

Tumor response rates were identical for RECIST 1.1 and iRECIST.
ORR was 53 % in the NCG group, 60 % in the NCP group, and 55 %
overall (Table 3, Fig. 1A). PR was achieved by 50 % of patients and two
patients achieved a CR. All evaluable patients in the mITT had tumor
shrinkage of target lesions and 73 % (n = 29) had >30 % decrease in the
tumor size (sum of all diameters) (Fig. 1B). Median PFS was 7.0 months
in the NCG group, 9.1 months in the NCP group, and 7.2 months overall
(Table 3). The median DOR was 5.8 months, 9.5 months, and 6.4
months, respectively. No statistically significant differences in efficacy
endpoints were observed between the different dose levels (Table S5),
although the lowest dose of 1.0 mg/kg had the numerically shortest PFS
and DOR (Supplement and Fig. S2).

Summary of safety and grade > 3 treatment-emergent adverse events regardless of causality reported by at least 5 % of patients with NSCLC (Safety population).

Nadunolimab dose All NCG NCP (N =10) All NSCLC (N = 43)
(N =33)
n (%) n (%) n (%)
Any AE 31 (94) 10 (100) 41 (95)
Grade 3/4 31 (94) 9 (90) 40 (93)
Grade 5 2 (6) 0 2 (5)
Grade 3/4 AEs related to nadunolimab 24 (73) 9 (90) 33(77)
Any SAE 22 (67) 2 (20) 24 (56)
DLT 4(12) 0 49
AEs leading to study discontinuations 13 1(10) 2(5)
Preferred Term Grade 3/4 All Grades Grade 3/4 All Grades Grade 3/4 All Grades
Neutropenia 19 (58) 24 (73) 9 (90) 9 (90) 28 (65) 33 (77)
Thrombocytopenia 16 (48) 24 (73) 2(20) 4 (40) 18 (42) 28 (65)
Anaemia 10 (30) 19 (58) 3(30) 10 (100) 13 (30) 29 (67)
Leukopenia 3(9) 3(9) 3(30) 4 (40) 6 (14) 7 (16)
Febrile neutropenia 4(12) 4(12) 0 0 49 4(9)
Pneumonia 309 5(15) 0 2 (20) 3(7) 7 (16)
Weight increased 309 5(15) 0 0 3(7) 5(12)

AE: adverse event, DLT: dose or treatment limiting toxicity, SAE: serious adverse event, NCG: nadunolimab plus cisplatin/gemcitabine, NCP: nadunolimab plus

carboplatin/pemetrexed, NSCLC: non-small cell lung cancer.

Grade 1: Mild, Grade 2: Moderate, Grade 3: Severe, Grade 4: Life-Threatening, Grade 5: Fatal.

Percentages are based on the number (N) of included subjects. n: Number of subjects with an event. When a subject experienced more than 1 event in different

preferred terms (PT) or within the same PT all incidences are counted.
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Table 3
Efficacy outcomes in patients with NSCLC classified using RECIST (mITT population).

Outcome 1L 2L post- Non-squamous Non-squamous All NCG NCP All NSCLC

(N =23) pembrolizumab 1L 2L post- (N = 30) (N =10) (N = 40)
(N=17) (N =15) pembrolizumab
(N=11)
Duration of follow-up (months) 11.4 15.2 (10.9-27.2) 11.4 (3.4-13.4) 16.5 (6.6-29.2) 14.1 11.2(6.2-13.4) 12.4
(95 % CI) (6.5-13.4) (10.7-19.6) (10.7-15.2)

Overall survival (months)

Median (95 % CI) 11.5 15.7 (11.1-28.8) 11.6 (5.8-22.0) 26.7 (6.2-NE) 13.9 11.3 (5.8-NE) 13.7
(8.9-19.4) (11.1-19.4) (11.1-18.3)

12 months, % (95 % CI) 42 (21-62) 70 (42-86) 42 (16-65) 82 (45-95) 57 (37-73) 48 (16-74) 54 (37-69)

24 months, % (95 % CI) 18 (5-39) 37 (15-60) 21 (4-48) 51 (19-76) 29 (14-46) 24 (2-62) 26 (13-42)

36 months, % (95 % CI) 12 (2-32) 20 (4-44) 21 (4-48) 26 (4-56) 16 (5-32) 24 (2-62) 14 (5-30)

Response

ORR, n (%, 95 % CI) 10 (44, 12 (71, 44-90) 5(33, 12-62) 10 (91, 59-100) 16 (53, 34-72) 6 (60, 26-88) 22 (55, 38-71)
23-66)

CR, n (%) 0 2(12) 0 2(18) 2(7) 0 2 (5)

PR, n (%) 10 (43) 10 (59) 5(33) 8(73) 14 (47) 6 (60) 20 (50)

SD, n (%) 9(39) 4(24) 7 (47) 0 9 (30) 4 (40) 13 (33)

PD, n (%) 0 1(6) 0 109 13 0 13

NE, n (%) 4(17) 0 3(20) 0 4(13) 0 4 (10)

DCR, n (%, 95 % CI) 19 (83, 16 (94, 71-100) 12 (80, 52-96) 10 (91, 59-100) 25 (83, 65-94) 10 (100, 35 (88, 73-96)
61-95) 69-100)

Duration of response (months)

Median (95 % CI) 5.7 (3.4-9.9) 7.5 (3.7-20.3) 9.9 (4.4-NE) 9.1 (3.7-NE) 5.8 (3.7-11.2) 9.5 (4.4-NE) 6.4 (4.4-9.9)

PFS (months)

Median (95 % CI) 7.2 (4.4-9.2) 7.6 (5.3-10.4) 6.3 (2.7-11.3) 10.4 (5.3-22.2) 7.0 (5.5-8.8) 9.1 (2.6-NR) 7.2 (5.6-9.2)

6 months, % (95 % CI) 62 (38-79) 53 (28-73) 50 (23-72) 73 (37-90) 57 (37-73) 60 (25-83) 58 (41-72)

12 months, % (95 % CI) 12 (2-31) 27 (9-50) 18 (3-43) 42 (14-69) 16 (5-32) 25 (4-55) 19 (8-33)

CL: confidence interval, CR: compete response, DCR: disease control rate, NCG: nadunolimab plus cisplatin/gemcitabine, NCP: nadunolimab plus carboplatin/
pemetrexed, NE: not evaluable, NR: not reached, ORR: overall response rate, PD: progressive disease, PR: Partial response, SD: stable disease.

3.3.2. Biomarker analysis

Screening biopsies from 30 patients were collected at the start of the
study to evaluate the presence of ILIRAP using immunohistochemistry.
The IL1IRAP protein was expressed on tumor cells and stromal cells, such
as cancer-associated fibroblasts, in all evaluated biopsies with a median
tumor cell H-score of 100, and predominantly low-to-medium stromal
expression. ILIRAP-positive immune cells were detectable in 24 of the
27 tumor biopsies with >1 % expression on infiltrating cells (Fig. 1C).
Sixteen biopsies were collected after 4 weeks of treatment and the effect
on IL1RAP expression was evaluated. There was a trend toward
increased IL1RAP expression on tumor cells during treatment. IL-1a was
detected in all 10 baseline biopsies that were available for analysis, and
3 out of 6 paired baseline and on-treatment biopsies showed an
increased tumor expression of IL-1a (Fig. 1D).

Treatment related effects in serum were investigated by analyzing
CRP and IL-6 levels at baseline and after 5 weeks on-treatment. Levels of
CRP decreased significantly with treatment in over 90 % of patients, and
IL-6 levels showed a decreasing trend, with a decrease observed in 77 %
of patients (Fig. 1 E). The patients with a decrease in IL-6 tended to have
a higher ORR versus those with stable/increase in IL-6 with treatment
(61 % vs 33 %). Further treatment-related effects on systemic inflam-
mation were assessed by analyzing serum samples at baseline and on-
treatment using the Olink immuno-oncology panel of 92 analytes. A
significant decrease was seen for 36 % of the cytokines analyzed, many
of them involved in TME remodeling (for example CXCL1, CXCL5,
TWEAK, VEGFA, ANGPT1), and there was an increase in 5 % of the
cytokines analyzed (Fig. S3).

3.4. Efficacy by line of therapy

Post-hoc analysis of the response to nadunolimab treatment in 1L and

2L post-pembrolizumab revealed that tumor response rates and survival
outcomes were consistently higher in patients who had previously
received pembrolizumab monotherapy (Table 3, Fig. 2A). Median OS
was 15.7 months (95 % CI 11.1-28.8) for nadunolimab and platinum
doublets used in 2L to pembrolizumab vs 11.5 months (95 % CI
8.9-19.4) in the 1L setting, and 70 % vs 42 % were alive at 12 months.
The ORR was 71 % in 2L post-pembrolizumab, including 2 CRs, vs 43 %
in 1L.

3.4.1. Tumor and serum markers in 1L and 2L post-pembrolizumab

Anti-PD-1 therapies may have profound effects on the tumor
microenvironment. Therefore, screening biopsies were evaluated for the
presence of ILIRAP-positive immune cells, anti-tumorigenic CD8+ T
cells and NK cells (CD56+ immune cells), and M2 macrophages
(CD163+ immune cells) using immunohistochemistry. Biopsy analyses
showed that patients treated in the 2L post-pembrolizumab setting had
significantly higher numbers of ILLRAP+ immune cells (Fig. 2B), CD8+
T cells (Fig. 2C), NK cells (Fig. 2D), and PDL1+ tumor cells (Fig. 2E)
present in the tumor biopsies at baseline as compared to patients treated
in 1L. A trend towards a higher level of M2 macrophages was also
observed in the biopsies from patients previously treated with pem-
brolizumab (Fig. 2F). There was consistently no correlation between
these markers and clinical response across the efficacy endpoints
(Fig. S4). Systemic differences in cytokine profile at baseline assessed
using Olink revealed a T cell inflammatory profile with increased IFNy
and the T cell attracting chemokines CXCL9 and CXCL10 in patients
treated in 2L post-pembrolizumab compared to 1L patients (Fig. 2G). By
contrast, there were no significant differences at baseline in CRP or IL-6
levels between patients treated as 1L or 2L post-pembrolizumab.
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Fig. 1. Efficacy and biomarker analysis of nadunolimab plus platinum doublet chemotherapy treatments in advanced NSCLC. A) Best response, survival, time on
treatment and time on study for all patients. Patients received nadunolimab plus platinum doublets as first-line (1L) or as second-line post-pembrolizumab (2L).
Platinum was given for 4-6 cycles and then patients continued either on nadunolimab monotherapy or in combination with gemcitabine or pemetrexed. At study end
four patients were still receiving nadunolimab-based therapy. B) Waterfall plot of maximum percentage change in sum of diameters of target lesions (mm) from
baseline. Four patients with non-evaluable tumor responses are not included. C) ILIRAP expression on tumor cells, immune cells, and stroma from 30 biopsy tissues
collected at baseline. Biopsies were stained for the expression of ILIRAP with immunohistochemistry and tumor cell expression was quantified by H-score. ILIRAP
expression on infiltrating immune cells was scored as the percentage of positive cells and expression on stroma was scored as none, low, medium, or high levels.
Representative images show ILIRAP+ tumor cells (upper right corner), immune cells (lower right corner) and stromal cells (upper left corner). D) IL1RAP (n = 12)
and IL-1a (n = 6) expression (H-score) on tumor cells from patients with a baseline and on-treatment biopsy (after approximately 4 weeks of treatment). E) CRP and
IL-6 levels in serum samples collected from all patients at baseline and after 5 weeks of treatment (ON). Abbreviations: CR: complete response, CRP: C-reactive
protein; IL-6: interleukin 6, ILIRAP: IL-1 receptor accessory protein, OS: overall survival, PD: progressive disease, PR: partial response, SD: stable disease, ON:

On-treatment.

3.5. Efficacy in non-squamous NSCLC by line of therapy

Post-hoc analysis of response rates in patients with squamous vs non-
squamous histology, and by line of treatment, showed that tumor
response rates and survival outcomes were consistently higher in pa-
tients with non-squamous histology than those with squamous (Table 3).
The best outcomes were observed in the 11 patients (eight treated with
NCG and three with NCP) with non-squamous NSCLC treated as 2L post-
pembrolizumab (Fig. 3A). In these patients, median OS was 26.7 months
(95 % CI 6.2-not estimable) vs 11.6 months (95 % CI 5.8-22.0) in 15
patients with non-squamous NSCLC treated in 1L. PFS in 2L non-
squamous was 10.4 months (95 % CI 5.3-22.2) vs 6.3 months (95 %
CI 2.7-11.3) in 1L non-squamous and 82 % vs 42 % were alive at 1 year,
respectively. The ORR was 91 % in patients with non-squamous NSCLC
treated in 2L post-pembrolizumab vs 33 % in 1L, and median DoR was
9.1 months (95 % CI 3.7-not estimable) vs 9.9 months (4.4-not esti-
mable) (Table 3). No difference was observed between the NCG and the
NCP-treated patient groups.

The two patients who achieved CR were both diagnosed with non-
squamous NSCLC and were treated with NCG as 2L post-
pembrolizumab (Fig. 3B). All scans were verified and evaluated by an
independent central scan assessment. The first patient was a 63-year-old
male with lung metastases (stage IV; T2N3M1 at diagnosis; 5.0 mg/kg
NCG group) who had previously received pembrolizumab for 19 months
(PR as best response). CR was achieved after 56 days of NCG treatment.
The DoR was 51.6 months (study completion). This patient continues to
receive nadunolimab monotherapy outside of the study (currently 11
months) (Fig. 3C). The second CR was observed in a 63-year-old female
with metastases in lymph nodes and lung (stage IV; T3N2M1 at diag-
nosis; 2.5 mg/kg dose group) who had previously received pem-
brolizumab for 1.5 months and progressed. CR was achieved on
nadunolimab monotherapy 8 months post-NCG. The DoR was 20.3

months after which PD was observed. Representative CT scan images of
target lesions are provided (Fig. 3D). The TME profile of these two pa-
tients showed no PDL-1 expression on tumor cells, high levels of PDL1+
immune cells, CD8+ T cells, NK cells and IL-1a+ immune cells, and high
to median levels of ILIRAP+ immune cells (Fig. S5).

In total, 20 patients continued treatment with nadunolimab mono-
therapy after completing or stopping the chemotherapy components,
with maintenance (n = 12) or improvement (n = 4) in the clinical
benefit they obtained. The median duration of nadunolimab mono-
therapy was 3.3 months (range 1.4-47.3 months). The four patients who
experienced clinical improvement while receiving nadunolimab mono-
therapy were treated between 3.2 and 22.9 months. Median time to
progression for the 20 patients who continued on nadunolimab mono-
therapy was 3.0 months.

4. Discussion

This open-label Phase 2a study investigated the efficacy and safety of
nadunolimab plus platinum-based doublet chemotherapy in a cohort of
patients with advanced NSCLC. The results suggest a benefit of including
nadunolimab in the treatment regimen. OS across the entire study
population was 13.7 months, which is observed to be better than his-
torical references from randomized clinical trials of cisplatin/gemcita-
bine or platinum/pemetrexed in advanced NSCLC (median OS 10.3 and
11.3 months) [24,25].

The rates of >Grade 3 neutropenia were higher in patients receiving
NCG and NCP than previously reported for cisplatin/gemcitabine or
carboplatin/pemetrexed without nadunolimab [24,26,27]. This is likely
a result of the combination of nadunolimab with chemotherapy as
nadunolimab monotherapy did not give rise to increased levels of neu-
tropenia [20]. Lowering the dose and/or implementing G-CSF treatment
reduced the impact of neutropenia and needs further evaluation and
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Fig. 2. Efficacy and biomarker analysis in nadunolimab plus platinum doublet chemotherapy treatment as first-line (1L) or second-line post-pembrolizumab (2L). A)
Waterfall plot of best response, survival, time on treatment and time on study by line of therapy. Patients received nadunolimab plus platinum-based doublet
chemotherapies as 1L or as 2L post-pembrolizumab. Platinum was given for 4-6 cycles and then patients continued either on nadunolimab monotherapy or in
combination with gemcitabine or pemetrexed. At study end, four patients were still receiving nadunolimab-based therapy. B) Screening biopsies were stained for the
presence of ILIRAP+ immune cells (n = 30), C) CD8+ T cells (n = 32), D) CD56+ NK cells (n = 31), E) PD-L1+ tumor cells (n = 29) and F) CD163+ immune cells (n
= 30). ILIRAP+ immune cells were scored as percentage positive cells within the whole tumor biopsy. CD8+ and CD56+ NK cells were scored as percentage positive
cells in the tumor nest, and PD-L1 as percentage of positive tumor cells, whereas CD163+ immune cells were scored as 0-3 within the whole biopsy. Representative
images are shown for patients treated in 1L or 2L post-pembrolizumab. G) Baseline levels of CXCL9, CXCL10 and IFNy in patients treated with nadunolimab plus
platinum doublets as 1L or 2L post-pembrolizumab. Abbreviations: CR: complete response, IFNy: interferon-gamma, ILIRAP: IL-1 receptor accessory protein, NK:
natural killer, OS: overall survival, PD: progressive disease, PR: partial response, SD: stable disease.

optimization. The use of G-CSF as primary prophylaxis to reduce the
incidence of neutropenia has been successfully introduced in another
study where nadunolimab was given in combination with chemotherapy
[22]. The risk of IRRs during the first administration of nadunolimab has
previously been reported [20], and is mitigated with priming dose or
ramping infusion together with premedication with corticosteroids,
antihistamine and paracetamol.

The treatment effects of nadunolimab plus platinum doublets
included decreased serum levels of CRP and IL-6, a cytokine downstream
of IL-1 whose decrease is consistent with target engagement. A rela-
tionship between treatment and IL-6 is strengthened by the increased
response rate in those patients in whom a decrease in IL-6 was observed.

Nadunolimab in combination with platinum doublets tended to in-
crease ILIRAP and IL-1a expression on tumor cells. This is in line with
pre-clinical data where platinum-based chemotherapy induced the

expression of IL-1 family proteins [19]. The on-treatment effect of the
chemotherapy on ILIRAP expression could explain the lack of correla-
tion between baseline IL1RAP expression and improved survival, which
we previously observed in patients with advanced pancreatic cancer
treated with nadunolimab plus gemcitabine/nab-paclitaxel or as mon-
otherapy [22,28]. The suggested upregulation of IL-1a is consistent with
an IL-1 driven environment with increased immunosuppression and
chemoresistance  resulting  from  chemotherapy  treatment
[6,7,9,10,19,29]. This highlights the importance of blocking both IL-1a
and IL-1p to reduce IL-1 signaling in the tumor. Indeed, inhibition of
only IL-1p in combination with chemotherapy and anti-PD-1 has been
tested in metastatic NSCLC without success [30].

In total, 43 % of patients in the study population had previously
received pembrolizumab monotherapy, and the most beneficial re-
sponses to nadunolimab plus platinum doublets were observed in these
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Fig. 3. Responses in patients with non-squamous NSCLC treated with nadunolimab plus platinum doublet chemotherapy as first-line (1L) or second-line post-
pembrolizumab (2L). A) Waterfall plot of maximum percentage change in sum of diameters of target lesions (mm) from baseline in patients with non-squamous
NSCLC treated with nadunolimab plus platinum-based doublet chemotherapies in 1L or 2L post-pembrolizumab. B) Diameter of target lesions over time in two
patients who achieved a complete response. *Two lymph nodes reduced to <5 mm. # Nadunolimab treatment continued for 4.2 months after progression due to
clinical benefit. C-D) Serial magnetic resonance images of the two patients with complete response. Arrows show tumor location. Remaining scar tissue is visible in
the day 388 scan. Abbreviations: CR: complete response, ORR: overall response rate, NCG: nadunolimab combined with cisplatin/gemcitabine, PD: progressive

disease, PR: partial response, SD: stable disease.

patients. The post-pembrolizumab population experienced longer sur-
vival (OS 15.7 months), a higher ORR (70 %), and greater 1-year sur-
vival (70 %) than patients who received nadunolimab plus platinum
doublet as 1L (OS 11.7 months, ORR 44 %, and 1-year survival 42 %).
The clinical response to platinum doublet chemotherapy after pem-
brolizumab monotherapy has not been well described. However, several
studies of small populations report a better response to chemotherapy in
patients previously treated with immune checkpoint inhibitors as
compared to treatment naive patients with NSCLC [31-35]. This sug-
gests that immune checkpoint inhibition induces durable alterations in
the anti-tumor immune response that enhances the effect of the next
treatment regimen. Consistent with this hypothesis, we observed that
the TME was notably different in patients previously treated with
pembrolizumab as compared to treatment-naive patients. Even though
patients previously treated with pembrolizumab had lost response to
pembrolizumab, they still showed signs of enhanced adaptive immunity
both in the TME, with high levels of NK cells and CD8+ T cells, and
systemically, with higher concentrations of the T cell and NK cell-
recruiting and activating chemokines/cytokines CXCL9, CXCL10 and
IFNy. They also had high levels of PD-L1 on tumor cells as compared to
patients treated in 1L. Alteration of adaptive immunity within the TME
after treatment with checkpoint inhibitors has previously been reported,
together with changes in immune cells from the myeloid lineages
[36,37].
Notably, patients in the

post-pembrolizumab group also

demonstrated an increase in ILIRAP+ immune cells and a trend for an
increase in CD163+ macrophages in the TME, potentially indicative of
immunosuppression as ILIRAP is highly expressed by myeloid cells,
involved in the polarization of macrophages from M1 to M2 phenotype,
and in the generation, expansion and recruitment of myeloid-derived
suppressor cells [38,39]. CD163 is a marker for M2 macrophages usu-
ally associated with immunosuppression, increased tumor aggressive-
ness, early recurrence, and poor prognosis [40]. The post-
pembrolizumab cellular microenvironment may be particularly well-
suited for treatment with nadunolimab and chemotherapy, where tar-
geting ILIRAP with nadunolimab can counteract the immunosuppres-
sive TME by blocking ILIRAP on myeloid cells. A TME profile with
enhanced levels of both effector cells and myeloid cells was recently
reported in patients previously treated with pembrolizumab and this
TME signature was found to be beneficial for treatment with nadunoli-
mab in combination with pembrolizumab [41]. Together these findings
suggest induction of systemic and localized changes by pembrolizumab
treatment, which could be leveraged by nadunolimab-induced IL1RAP
blockade to enhance the anti-tumor response of subsequent therapy.
Additionally, higher levels of NK cells may directly facilitate nadunoli-
mab efficacy through the ADCC enhanced function.

The 2L post-pembrolizumab group included patients with both
squamous and non-squamous histology subtypes. Further evaluation of
these groups revealed that the greatest benefits were observed in pa-
tients with non-squamous histology treated in 2L post-pembrolizumab,
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where OS was 26.7 months, ORR 91 % and the 1-year survival rate 82 %.
It is noteworthy that in a 2L treatment setting in advanced non-
squamous NSCLC, two patients achieved a CR. One of these patients
achieved a CR 8 months after ending chemotherapy and while receiving
nadunolimab monotherapy. The second patient with CR remains cancer
free and had received 11 months of nadunolimab monotherapy beyond
this study at the time of writing. The two CR patients displayed a TME
profile in line with other 2L post-pembrolizumab patients and also high
levels of PDL1+ and IL-1a+ immune cells.

Interestingly, 20 patients discontinued chemotherapy and continued
with nadunolimab monotherapy, including one patient who attained a
CR during monotherapy treatment. This may indicate a continued
clinical effect of nadunolimab after completion of chemotherapy and
may suggest potential for nadunolimab as maintenance treatment.

Strengths of the study include the analysis of biomarkers and tumor
samples that shed insights into the mode of action of nadunolimab in
NSCLC. Study limitations were the lack of a control group, and the low
number of patients in the analyzed sub-groups, of which many were
identified post hoc, giving limited value to the biomarker and dose
response analyses. Further investigations are warranted to establish the
differences between biomarker profiles pre- and post-checkpoint in-
hibitor treatment and their relevance, such as for patient selection or
prediction of outcome. There were no pre-pembrolizumab treatment
biopsies available, which would have strengthened the hypothesis that
pembrolizumab treatment alters the TME. Additional studies are needed
to confirm the optimal nadunolimab dose, to further investigate the
potential benefit in patients with non-squamous histology treated in 2L,
and to assess the potential benefit of continued nadunolimab
monotherapy.

5. Conclusions

Nadunolimab combined with cisplatin/gemcitabine or carboplatin/
pemetrexed showed promising efficacy and had an acceptable safety
profile in patients with advanced NSCLC. Benefits on OS were observed
compared to other published estimates, with the greatest benefit,
including two complete responders, observed in patients with non-
squamous histology treated in the 2L setting after progressing on pem-
brolizumab treatment. The effects may potentially involve modulation
of an immunosuppressive TME by targeting ILIRAP on myeloid cells.
Further evaluation in non-squamous post-pembrolizumab patient pop-
ulations is warranted.

CRediT authorship contribution statement

Astrid Paulus: Writing — review & editing, Investigation. Marius
Zemaitis: Writing — review & editing, Investigation. Saulius Cicenas:
Writing - review & editing, Investigation. Zanete Zvirbule: Writing —
review & editing, Investigation. Annika Sanfridson: Writing — original
draft, Visualization. Camilla Rydberg Millrud: Writing — original draft,
Formal analysis. Susanne Magnusson: Writing — review & editing,
Project administration, Methodology. Nedjad Losic: Writing — review &
editing, Validation, Methodology, Formal analysis. Dominique Ter-
sago: Writing — review & editing, Supervision. Ignacio Garcia-Ribas:
Writing — review & editing, Supervision, Methodology. Lars Thorsson:
Writing — review & editing, Methodology, Conceptualization. Luis G.
Paz-Ares: Writing — review & editing, Investigation.

Declaration of competing interest

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests:
Annika Sanfridson, Camilla Rydberg Millrud, Lars Thorsson, Susanne
Magnusson, and Nedjad Losic are employees of Cantargia AB and own
stock and/or stock options in Cantargia AB. Zanete Zvirbule reports
payment from AstraZeneca for presentations, and support for attending

Lung Cancer 206 (2025) 108664

meetings from F. Hoffmann-La Roche Ltd, Merck Sharp & Dohme and
AstraZeneca. Dominique Tersago reports consulting fees and reim-
bursement of travel costs from Cantargia AB. Ignacio Garcia-Ribas re-
ports having been an employee of Cantargia AB and owns stock and/or
stock options in Cantargia AB. He reports consulting fees from Cantargia
AB and Oncomatryx, has been an external advisor for Oncomatryx. Luis
G Paz-Ares reports grants from MSD, AstraZeneca, Pfizer and BMS,
consulting fees from Lilly, MSD, Roche, Pharmamar, Merck, Astraze-
neca, Novartis, Servier, Amgen, Pfizer, Sanofi, Bayer, BMS, Mirati, GSK,
Janssen, Takeda, and Daichii Sankyo, payment for presentations from
AstraZeneca, Janssen, Merck, and Mirati. Astrid Paulus, Marius Zemaitis
and Saulius Cicenas declare no conflicts of interest.

Acknowledgements

The authors thank the patients and their families for participating in
the study, and all study staff at the clinical sites. The authors also thank
the pathologist Dr. Pierre Lefesvre for scoring the immunohistochem-
istry stainings and Joanne Wolter (independent) for providing writing
assistance.

This work was sponsored by Cantargia AB.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.lungcan.2025.108664.

References

[1] T.B. Kratzer, P. Bandi, N.D. Freedman, R.A. Smith, W.D. Travis, A. Jemal, R.
L. Siegel, Lung cancer statistics, 2023, Cancer 130 (8) (2024) 1330-1348.

[2] D.H. Owen, L.A. Jaiyesimi, N.B. Leighl, N. Ismaila, N. Florez, S. Puri, E.L. Schenk, B.
J. Schneider, J.D. Patel, Therapy for Stage IV non-small cell lung cancer with and
without driver alterations: ASCO living guideline clinical insights, JCO Oncol Pract
20 (7) (2024) 893-898.

[3] S.Bagchi, R. Yuan, E.G. Engleman, Immune checkpoint inhibitors for the treatment
of cancer: Clinical impact and mechanisms of response and resistance, Annu. Rev.
Pathol. 16 (2021) 223-249.

[4] R.W. Jenkins, D.A. Barbie, K.T. Flaherty, Mechanisms of resistance to immune
checkpoint inhibitors, Br. J. Cancer 118 (1) (2018) 9-16.

[5] R.M. Bremnes, K. Al-Shibli, T. Donnem, R. Sirera, S. Al-Saad, S. Andersen,

H. Stenvold, C. Camps, L.T. Busund, The role of tumor-infiltrating immune cells
and chronic inflammation at the tumor site on cancer development, progression,
and prognosis: emphasis on non-small cell lung cancer, J. Thorac. Oncol. 6 (4)
(2011) 824-833.

[6] D. Zhang, L. Li, H. Jiang, Q. Li, A. Wang-Gillam, J. Yu, R. Head, J. Liu, M.

B. Ruzinova, K.H. Lim, Tumor-stroma IL1beta-IRAK4 feedforward circuitry drives
tumor fibrosis, chemoresistance, and poor prognosis in pancreatic cancer, Cancer
Res. 78 (7) (2018) 1700-1712.

[7] A. Mantovani, I. Barajon, C. Garlanda, IL-1 and IL-1 regulatory pathways in cancer
progression and therapy, Immunol. Rev. 281 (1) (2018) 57-61.

[8] C. Garlanda, C.A. Dinarello, A. Mantovani, The interleukin-1 family: back to the
future, Immunity 39 (6) (2013) 1003-1018.

[9] C.Wu, B. Xu, Y. Zhou, M. Ji, D. Zhang, J. Jiang, C. Wu, Correlation between serum
IL-1beta and miR-144-3p as well as their prognostic values in LUAD and LUSC
patients, Oncotarget 7 (52) (2016) 85876-85887.

[10] A.G. McLoed, T.P. Sherrill, D.S. Cheng, W. Han, J.A. Saxon, L.A. Gleaves, P. Wu, V.
V. Polosukhin, M. Karin, F.E. Yull, G.T. Stathopoulos, V. Georgoulias,
R. Zaynagetdinov, T.S. Blackwell, Neutrophil-derived IL-1beta impairs the efficacy
of NF-kappaB Inhibitors against lung cancer, Cell Rep. 16 (1) (2016) 120-132.

[11] Y. Zhang, X. Chen, H. Wang, S. Gordon-Mitchell, S. Sahu, T.D. Bhagat,
G. Choudhary, S. Aluri, K. Pradhan, P. Sahu, M. Carbajal, H. Zhang, B. Agarwal,
A. Shastri, R. Martell, D. Starczynowski, U. Steidl, A. Maitra, A. Verma, Innate
immune mediator, Interleukin-1 receptor accessory protein (IL1RAP), is expressed
and pro-tumorigenic in pancreatic cancer, J. Hematol. Oncol. 15 (1) (2022) 70.

[12] P. Zheng, Y. Zhang, B. Zhang, Y. Wang, Y. Wang, L. Yang, Synthetic human
monoclonal antibody targets hIL1 receptor accessory protein chain with
therapeutic potential in triple-negative breast cancer, Biomed. Pharmacother. 107
(2018) 1064-1073.

[13] Genotype-Tissue Expression (GTEx) Project Portal. https://gtexportal.org/home/.

[14] National Cancer Institute. Center for Cancer Genomics. The Cancer Genome Atlas
Program (TCGA). Available from https://www.cancer.gov/ccg/research/genome
-sequencing/tcga.

[15] A. Zarezadeh Mehrabadi, F. Shahba, H. Khorramdelazad, N. Aghamohammadi,
M. Karimi, K. Bagherzadeh, M. Khoshmirsafa, R. Massoumi, R. Falak, Interleukin-1


https://doi.org/10.1016/j.lungcan.2025.108664
https://doi.org/10.1016/j.lungcan.2025.108664
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0005
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0005
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0010
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0010
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0010
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0010
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0015
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0015
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0015
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0020
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0020
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0025
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0025
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0025
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0025
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0025
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0030
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0030
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0030
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0030
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0035
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0035
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0040
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0040
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0045
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0045
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0045
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0050
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0050
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0050
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0050
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0055
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0055
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0055
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0055
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0055
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0060
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0060
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0060
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0060
https://gtexportal.org/home/
https://www.cancer.gov/ccg/research/genome-sequencing/tcga
https://www.cancer.gov/ccg/research/genome-sequencing/tcga
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0075
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0075

A. Paulus et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

receptor accessory protein (IL-1RAP): a magic bullet candidate for immunotherapy
of human malignancies, Crit. Rev. Oncol. Hematol. 193 (2024) 104200.

J. Frenay, P.S. Bellaye, A. Oudot, A. Helbling, C. Petitot, C. Ferrand, B. Collin, A.M.
M. Dias, IL-1RAP, a key therapeutic target in cancer, Int. J. Mol. Sci. 23 (23)
(2022).

D.R. Castillo, W.J. Jeon, D. Park, B. Pham, C. Yang, B. Joung, J.H. Moon, J. Lee, E.
G. Chong, K. Park, M.E. Reeves, P. Duerksen-Hughes, H.R. Mirshahidi,

S. Mirshahidi, Comprehensive review: unveiling the pro-oncogenic roles of IL-1ss
and PD-1/PD-L1 in NSCLC development and targeting their pathways for clinical
management, Int. J. Mol. Sci. 24 (14) (2023).

J.K. Fields, K. Kihn, G.S. Birkedal, E.H. Klontz, K. Sjostrom, S. Gunther,

R. Beadenkopf, G. Forsberg, D. Liberg, G.A. Snyder, D. Deredge, E.J. Sundberg,
Molecular basis of selective cytokine signaling inhibition by antibodies targeting a
shared receptor, Front. Immunol. 12 (2021) 779100.

C. Rydberg Millrud, A. Deronic, C. Gronberg, E. Jaensson Gyllenback, K. von
Wachenfeldt, G. Forsberg, D. Liberg, Blockade of IL-1alpha and IL-1beta signaling
by the anti-IL1RAP antibody nadunolimab (CAN04) mediates synergistic anti-
tumor efficacy with chemotherapy, Cancer Immunol. Immunother. 72 (3) (2023)
667-678.

D. Robbrecht, C. Jungels, M.M. Sorensen, 1. Spanggaard, F. Eskens, S.O. Fretland,
T.K. Guren, P. Aftimos, D. Liberg, C. Svedman, L. Thorsson, N. Steeghs, A. Awada,
First-in-human phase 1 dose-escalation study of CAN04, a first-in-class interleukin-
1 receptor accessory protein (ILIRAP) antibody in patients with solid tumours, Br.
J. Cancer 126 (7) (2022) 1010-1017.

D.D. Von Hoff, T. Ervin, F.P. Arena, E.G. Chiorean, J. Infante, M. Moore, T. Seay, S.
A. Tjulandin, W.W. Ma, M.N. Saleh, M. Harris, M. Reni, S. Dowden, D. Laheru,
N. Bahary, R.K. Ramanathan, J. Tabernero, M. Hidalgo, D. Goldstein, E. Van
Cutsem, X. Wei, J. Iglesias, M.F. Renschler, Increased survival in pancreatic cancer
with nab-paclitaxel plus gemcitabine, N. Engl. J. Med. 369 (18) (2013) 1691-1703.
E. Van Cutsem, J. Collignon, R.L. Eefsen, S. Ochsenreither, Z. Zvirbule,

A. Ivanauskas, D. Arnold, E. Baltruskeviciene, P. Pfeiffer, J. Yachnin, S. Magnusson,
C. Rydberg Millrud, A. Sanfridson, N. Losic, I. Garcia-Ribas, D. Tersago, A. Awada,
Efficacy and safety of the anti-IL1IRAP antibody nadunolimab (CANO4) in
combination with gemcitabine and nab-paclitaxel in patients with advanced/
metastatic pancreatic cancer, Clin. Cancer Res. 30 (23) (2024) 5293-5303.

R.B. Cohen, A. Jimeno, J. Hreno, L. Sun, M. Wallen-Ohman, C.R. Millrud, A.
Sanfridson, 1. Garcia-Ribas, Safety, tolerability, and preliminary efficacy of
nadunolimab, an anti-IL-1 receptor accessory protein monoclonal antibody, in
combination with pembrolizumab in patients with solid tumors, Invest. New Drugs
(2025).

G.V. Scagliotti, P. Parikh, J. von Pawel, B. Biesma, J. Vansteenkiste, C. Manegold,
P. Serwatowski, U. Gatzemeier, R. Digumarti, M. Zukin, J.S. Lee, A. Mellemgaard,
K. Park, S. Patil, J. Rolski, T. Goksel, F. de Marinis, L. Simms, K.P. Sugarman,

D. Gandara, Phase III study comparing cisplatin plus gemcitabine with cisplatin
plus pemetrexed in chemotherapy-naive patients with advanced-stage non-small-
cell lung canc, J. Clin. Oncol. 26 (21) (2008) 3543-3551.

L. Gandhi, D. Rodriguez-Abreu, S. Gadgeel, E. Esteban, E. Felip, F. De Angelis,
M. Domine, P. Clingan, M.J. Hochmair, S.F. Powell, S.Y. Cheng, H.G. Bischoff,

N. Peled, F. Grossi, R.R. Jennens, M. Reck, R. Hui, E.B. Garon, M. Boyer, B. Rubio-
Viqueira, S. Novello, T. Kurata, J.E. Gray, J. Vida, Z. Wei, J. Yang, H. Raftopoulos,
M.C. Pietanza, M.C. Garassino, K. Investigators, Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer, N. Engl. J. Med. 378 (22)
(2018) 2078-2092.

M. Zukin, C.H. Barrios, J.R. Pereira, A. Ribeiro Rde, C.A. Beato, Y.N. do
Nascimento, A. Murad, F.A. Franke, M. Precivale, L.H. Araujo, C.S. Baldotto, F.
M. Vieira, I.A. Small, C.G. Ferreira, R.C. Lilenbaum, Randomized phase III trial of
single-agent pemetrexed versus carboplatin and pemetrexed in patients with
advanced non-small-cell lung cancer and Eastern Cooperative Oncology Group
performance status of 2, J. Clin. Oncol. 31 (23) (2013) 2849-2853.

R. Gervais, G. Robinet, C. Clement-Duchene, F. Denis, C. El Kouri, P. Martin,

N. Chouaki, N. Bourayou, J.F. Morere, Pemetrexed and carboplatin, an active
option in first-line treatment of elderly patients with advanced non-small cell lung
cancer (NSCLC): a phase II trial, Lung Cancer 80 (2) (2013) 185-190.

N. Hansen, P. Pena-Martinez, P. Skoog, K. Reinbach, F.C. Hansen, S.L. Faria,

C. Gronberg, K. Abdilleh, S. Magnusson, K. von Wachenfeldt, C.R. Millrud,

D. Liberg, M. Jaras, Blocking ILIRAP on cancer-associated fibroblasts in pancreatic
ductal adenocarcinoma suppresses IL-1-induced neutrophil recruitment,

J. Immunother. Cancer 12 (12) (2024).

10

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[371

[38]

[39]

[40]

[41]

Lung Cancer 206 (2025) 108664

D. Lin, Y. Mei, L. Lei, Z. Binte Hanafi, Z. Jin, Y. Liu, Y. Song, Y. Zhang, B. Hu, C. Liu,
J. Lu, H. Liu, Immune suppressive function of IL-1alpha release in the tumor
microenvironment regulated by calpain 1, Oncoimmunology 11 (1) (2022),
2088467.

D.S.W. Tan, E. Felip, G. de Castro, B.J. Solomon, A. Greystoke, B.C. Cho, M. Cobo,
T.M. Kim, S. Ganguly, E. Carcereny, L. Paz-Ares, J. Bennouna, M.C. Garassino,
M. Schenker, S.W. Kim, J.C. Brase, D. Bury-Maynard, V.Q. Passos, S. Deudon,

B. Dharan, Y. Song, R. Caparica, B.E. Johnson, Canakinumab versus placebo in
combination with first-line pembrolizumab plus chemotherapy for advanced non-
small-cell lung cancer: results from the CANOPY-1 trial, J. Clin. Oncol. 42 (2)
(2024) 192-204.

S.E. Park, S.H. Lee, J.S. Ahn, M.J. Ahn, K. Park, J.M. Sun, Increased response rates
to salvage chemotherapy administered after PD-1/PD-L1 inhibitors in patients with
non-small cell lung cancer, J. Thorac. Oncol. 13 (1) (2018) 106-111.

A. Olivares-Hernandez, L. Posado-Dominguez, J.C. Redondo-Gonzalez, L. Corvo-
Felix, L. Bellido Hernandez, E. Fonseca-Sanchez, E., Del Barco-Morillo, Response to
platinum-based therapies in second-line after immunotherapy in advanced or
metastatic non-small-cell lung cancer PD-L1 >/=50, Transl Lung, Cancer Res. 13
(10) (2024) 2649-2659.

R. Rittberg, B. Leung, A. Shokoohi, A. Pender, S. Wong, Z. Al-Hashami, Y. Wang,
C. Ho, Real-world outcomes of Stage IV NSCLC with PD-L1 >/= 50% treated with
first-line pembrolizumab: uptake of second-line systemic therapy, Curr. Oncol. 30
(6) (2023) 5299-5308.

G. Schvartsman, S.A. Peng, G. Bis, J.J. Lee, M.F.K. Benveniste, J. Zhang, E.

B. Roarty, L. Lacerda, S. Swisher, J.V. Heymach, F.V. Fossella, W.N. William,
Response rates to single-agent chemotherapy after exposure to immune checkpoint
inhibitors in advanced non-small cell lung cancer, Lung Cancer 112 (2017) 90-95.
Y. Yano, H. Kurebe, R. Edahiro, Y. Hosono, S. Nakatsubo, K. Nishida, N. Sawa,
M. Ishijima, T. Uenami, M. Kanazu, Y. Akazawa, T. Yamaguchi, M. Mori, Post-
progression survival after cessation of treatment with nivolumab for advanced non-
small cell lung cancer: a retrospective study, PLoS One 13 (8) (2018) e0203070.
P.L. Chen, W. Roh, A. Reuben, Z.A. Cooper, C.N. Spencer, P.A. Prieto, J.P. Miller, R.
L. Bassett, V. Gopalakrishnan, K. Wani, M.P. De Macedo, J.L. Austin-Breneman,
H. Jiang, Q. Chang, S.M. Reddy, W.S. Chen, M.T. Tetzlaff, R.J. Broaddus, M.

A. Davies, J.E. Gershenwald, L. Haydu, A.J. Lazar, S.P. Patel, P. Hwu, W.J. Hwu,
A. Diab, I.C. Glitza, S.E. Woodman, L.M. Vence, R.N. Wistuba II, L.N. Amaria,

V. Kwong, R.E. Prieto, W. Davis, W.W. Ma, A.H. Overwijk, J. Sharpe, P.A. Hu,

J. Futreal, P. Blando, J.P. Sharma, L. Allison, J.A.W. Chin, Analysis of immune
signatures in longitudinal tumor samples yields insight into biomarkers of response
and mechanisms of resistance to immune checkpoint blockade, Cancer Discov. 6
(8) (2016) 827-837.

S.Y. Cindy Yang, S.C. Lien, B.X. Wang, D.L. Clouthier, Y. Hanna, I. Cirlan, K. Zhu, J.
P. Bruce, S. El Ghamrasni, M.A.J. Iafolla, M. Oliva, A.R. Hansen, A. Spreafico, P.
L. Bedard, S. Lheureux, A. Razak, V. Speers, H.K. Berman, A. Aleshin, B. Haibe-
Kains, D.G. Brooks, T.L. McGaha, M.O. Butler, S.V. Bratman, P.S. Ohashi, L.L. Siu,
T.J. Pugh, Pan-cancer analysis of longitudinal metastatic tumors reveals genomic
alterations and immune landscape dynamics associated with pembrolizumab
sensitivity, Nat. Commun. 12 (1) (2021) 5137.

M. Mulholland, M.A.C. Depuydt, G. Jakobsson, I. Ljungcrantz, A. Grentzmann,

F. To, E. Bengtsson, E. Jaensson Gyllenback, C. Gronberg, S. Rattik, D. Liberg,

A. Schiopu, H. Bjorkbacka, J. Kuiper, L. Bot, B. Slutter, D. Engelbertsen, Interleukin-
1 receptor accessory protein blockade limits the development of atherosclerosis
and reduces plaque inflammation, Cardiovasc. Res. 120 (6) (2024) 581-595.
M.R.K. Raja, G. Gupta, G. Atkinson, K. Kathrein, A. Armstrong, M. Gower, 1.
Roninson, E. Broude, M. Chen, H. Ji, C. Lim, H. Wang, D. Fan, P. Xu, J. Li, G. Zhou,
H. Chen, Host-derived Interleukin lalpha induces an immunosuppressive tumor
microenvironment via regulating monocyte-to-macrophage differentiation,
bioRxiv (2024).

1. Kaplanov, Y. Carmi, R. Kornetsky, A. Shemesh, G.V. Shurin, M.R. Shurin, C.

A. Dinarello, E. Voronov, R.N. Apte, Blocking IL-1beta reverses the
immunosuppression in mouse breast cancer and synergizes with anti-PD-1 for
tumor abrogation, Proc. Natl. Acad. Sci. U. S. A. 116 (4) (2019) 1361-1369.

R. Cohen, A. Jimeno, J. Hreno, L. Sun, M. Wallén Ohman, A. Sanfridson, N. Losic,
D. Tersago, Safety, tolerability, and efficacy of nadunolimab in combination with
pembrolizumab in patients with solid tumors. 1012P. ESMO Congress 2024. 13-17
September, 2024. Barcelona, Spain.


http://refhub.elsevier.com/S0169-5002(25)00556-2/h0075
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0075
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0080
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0080
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0080
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0085
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0085
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0085
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0085
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0085
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0090
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0090
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0090
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0090
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0095
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0095
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0095
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0095
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0095
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0100
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0100
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0100
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0100
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0100
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0105
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0105
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0105
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0105
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0105
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0110
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0110
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0110
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0110
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0110
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0110
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0120
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0120
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0120
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0120
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0120
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0120
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0125
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0125
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0125
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0125
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0125
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0125
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0125
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0130
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0130
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0130
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0130
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0130
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0130
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0135
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0135
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0135
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0135
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0140
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0140
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0140
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0140
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0140
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0145
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0145
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0145
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0145
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0150
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0150
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0150
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0150
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0150
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0150
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0150
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0155
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0155
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0155
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0160
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0160
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0160
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0160
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0160
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0165
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0165
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0165
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0165
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0170
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0170
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0170
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0170
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0175
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0175
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0175
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0175
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0180
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0185
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0185
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0185
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0185
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0185
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0185
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0185
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0190
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0190
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0190
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0190
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0190
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0200
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0200
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0200
http://refhub.elsevier.com/S0169-5002(25)00556-2/h0200

	Safety, efficacy, and analysis of biomarkers in patients with advanced non-small cell lung cancer treated with the anti-IL1 ...
	1 Introduction
	2 Methods
	2.1 Study population
	2.2 Treatment
	2.3 Study oversight
	2.4 Clinical outcomes and assessments
	2.5 Translational analysis: Immunohistochemistry analysis and analysis of serum biomarkers
	2.6 Statistical analysis

	3 Results
	3.1 Patient population
	3.2 Safety
	3.3 Overall efficacy
	3.3.1 Tumor response rates and survival
	3.3.2 Biomarker analysis

	3.4 Efficacy by line of therapy
	3.4.1 Tumor and serum markers in 1L and 2L post-pembrolizumab

	3.5 Efficacy in non-squamous NSCLC by line of therapy

	4 Discussion
	5 Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


