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Program objectives: dual IO in first-line mNSCLC

Review the dual PD-(L)1 + CTLA-4 evidence in first-line metastatic NSCLC, with a focus on STK11/KEAP1-mutant 
disease, and gather insights on four practical questions

1
Patient selection

In which patients do we consider dual IO?
2

Actionability

Are we testing for KEAP1 and STK11, and do the 
results change the treatment we choose?

3
Evidence gaps

What additional evidence would we need before 
giving dual IO?

4
Regimen choice

How do we choose between POSEIDON and 
CheckMate 9LA?



Lung cancer is genomically heterogeneous

• STK11 and KEAP1 are the 2nd and 3rd

most common TSG mutations in lung 
adenocarcinoma (30%), also found in 
adenosquamous and squamous (KEAP1) 
carcinoma

• More frequently coexist with KRAS and 
TP53 mutations, and high TMB but is 
rarely found with EGFR mutations

• More frequently found in smokers

• More frequently in Caucasians 
compared to Asian lung cancer patients

Imielinski M. Cell 2012; Ding L Nature 2008; Koivunen JP. Br J 
Cancer 2008; Sanchez-Cespedes et al. Cancer Research 2002



STK11/LKB1 diagnostic test in the clinic is challenging

Chen L. J Thorac Oncol 2016; Calles et al. Clin Cancer Res. 2015; 
Gill R. Oncogene 2011; Sanchez-Cespedes M. Oncogene 2007

Method Pros Cons

NGS Comprehensive, 
information on the type 
of mutation

Cost, no activity assessment, false 
positive or negative results (e.g., 
promoter hypermethylation)

IHC Rapid, cost efficient, 
mutation agnostic

Equivocal or false negative results, no 
information on the type of mutation

LKB1 (clone Ley37D/G6) IHC 400x

LKB1 intact

LKB1 loss



KEAP1/Nrf2 diagnostic test in the clinic is challenging

Method Pros Cons

NGS Comprehensive, information 
on the type of mutation

Cost, no activity assessment, false positive 
or negative results (e.g., promoter 
hypermethylation)

IHC Rapid, cost efficient, 
mutation agnostic

KEAP1 protein is often still expressed even 
when mutated, making IHC a poor surrogate.

RNA-seq, RT-qPCR
(NQO1, GCLC etc.)

Rapid, mutation agnostic Not clinically available and not validated



STK11 drives primary resistance to PD-(L)1 blockade

Skoulidis et al. Cancer Discovery 2018



Impact of KEAP1/STK11 mutations on PD-(L)1 monotherapy efficacy in NSCLC

Ricciuti B et al. J Thoracic Oncol 2022



Impact of KEAP1/STK11 mutations on PD-(L)1 monotherapy efficacy in NSCLC

Ricciuti B et al. J Thoracic Oncol 2022



Triple-mutant tumors are very resistant to PD-(L)1 monotherapy

Ricciuti B et al. J Thoracic Oncol 2022



STK11/KEAP1 mutations are not associated with ICI efficacy in KRAS WT 
NSCLC

Ricciuti B et al. J Thoracic Oncol 2022



Impact of KEAP1/STK11 mutations on chemo-immunotherapy efficacy in 
NSCLC

Alessi J, Ricciuti B, et al. J Thoracic Oncol 2023, Vokes N, et al. Nat Comm, 2023



CTLA4 blockade for STK11 and KEAP1 mutant NSCLC

Image adapted from Buchbinder EI & Desai A. Am J Clin Oncol 2016;39:98–1061

CD28, cluster of differentiation 28; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; MHC, major histocompatibility complex; PD-1, programmed cell death 1; PD-()L1, programmed cell death-
(ligand) 1; TCR, T-cell receptor; Treg, regulatory T cells
1. Buchbinder EI & Desai A. Am J Clin Oncol 2016;39:98–106; 2. Khan SK et al. Clin Immunol 2011;138:85–96; 3. Stewart R et al. Cancer Immunol Res 2015;3:1052–62
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CTLA4 blockade may reduce KEAP1/STK11-related resistance to PD-(L)1 
inhibitors

Skoulidis F et al. Nature 2024

STK11 or KEAP1



Dual IO in first-line mNSCLC: three phase 3 trials

CheckMate 227 (Part 1) CheckMate 9LA POSEIDON

Experimental arm Nivolumab 3 mg/kg q2w + ipilimumab 1 
mg/kg q6w (chemo-free)

Nivolumab 360 mg q3w + ipilimumab 1 
mg/kg q6w + 2 cycles platinum doublet

Durvalumab 1500 mg + tremelimumab 75 
mg q3w + 4 cycles platinum doublet; 5th 

tremelimumab dose at wk 16

Control Platinum doublet Platinum doublet (4 cycles) Platinum doublet (up to 6 cycles)

Population Stage IV, EGFR/ALK WT; PD-L1 ≥1% 
(primary) and <1% cohorts

Stage IV, EGFR/ALK WT; any PD-L1, any 
histology

Stage IV, EGFR/ALK WT; any PD-L1, any 
histology

OS HR (ITT) 0.78 (PD-L1 ≥1%)
0.65 (PD-L1 <1%) 0.74 0.76

Long-term OS 6-yr: 22% vs 13% (≥1%)
16% vs 5% (<1%) 6-yr: 16% vs 10% 5-yr: 15.7% vs 6.8%

Grade 3–4 TRAEs 33% vs 36% 47% vs 38% 52% vs 44%

Brahmer JR et al. J Clin Oncol 2023; Brahmer JR et al. WCLC 2023 (6-yr CM227); Paz-Ares L et al. Lancet Oncol 2021; Carbone DP et al. ESMO Open 2025 (6-yr 
CM9LA); Johnson ML et al. J Clin Oncol 2023; Peters S et al. J Thorac Oncol 2025 (5-yr POSEIDON)



Dual IO delivers a durable long-term survival tail
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Largest relative benefit: CM9LA HR 0.64; CM227 HR 
0.65 — the population where PD-(L)1 alone 
underperforms

Squamous

CM9LA HR 0.65 (6-yr OS 14% vs 5%); POSEIDON 
HR 0.85 (5-yr 7.3% vs 2.9%)

Nonsquamous

POSEIDON 5-yr OS 20.5% vs 9.1% (HR 0.81); 
CM9LA HR 0.79

Brahmer JR et al. WCLC 2023; Carbone DP et al. ESMO Open 2025; Peters S et al. J Thorac Oncol 2025. Cross-trial comparisons are descriptive only



POSEIDON: adding tremelimumab drives OS benefit in STK11, KEAP1 and 
KRAS-mutant disease

Subgroup (vs CT) n Median OS, mo HR (95% CI) 5-yr OS

STK11-mutant (NSQ)

T+D+CT 31 vs 22 15.0 vs 10.7 0.57 (0.32–1.04) 12.9% vs 0%

D+CT 34 vs 22 6.9 vs 10.7 1.02 (0.59–1.80) 5.9% vs 0%

KEAP1-mutant (all histologies)

T+D+CT 22 vs 6 13.7 vs 8.7 0.43 (0.16–1.25) 10.0% vs 0%

D+CT 23 vs 6 8.1 vs 8.7 0.77 (0.31–2.15) 7.2% vs 0%

KRAS-mutant (NSQ)

T+D+CT 60 vs 53 25.7 vs 10.4 0.55 (0.36–0.83) 21.7% vs 8.1%

D+CT 69 vs 53 12.6 vs 10.4 0.74 (0.50–1.09) 20.3% vs 8.1%

STK11 WT (T+D+CT) 177 vs 179 17.2 vs 13.4 0.71 (0.56–0.90) 22.0% vs 10.4%

KEAP1 WT (T+D+CT) 303 vs 312 14.0 vs 12.1 0.76 (0.64–0.90) 16.2% vs 7.0%

0.1 0.25 0.5 1 2

◄ Favors IO Favors CT ►

T+D+CT D+CT

ORR in STK11/KEAP1-mutant NSQ: 42.9% T+D+CT vs 30.2% D+CT vs 28.0% CT. Durvalumab + chemo alone did not overcome the resistance; the 
gain came with CTLA-4. Exploratory, small subgroups.

Peters S et al. ESMO IO 2023 (LBA3) and J Thorac Oncol 2025; Skoulidis F et al. Nature 2024. T, tremelimumab; D, durvalumab; CT, chemotherapy; NSQ, nonsquamous



CheckMate 227 and 9LA: nivolumab + ipilimumab by co-mutation status

CM227 Part 1 (OS) mOS, mo HR (95% CI)

KEAP1-mutant 24.4 vs 8.9 0.31 (0.14–0.70)

KEAP1 WT 20.1 vs 16.7 0.80 (0.65–1.00)

STK11-mutant 10.8 vs 11.2 0.78 (0.48–1.27)

STK11 WT 21.2 vs 18.5 0.75 (0.59–0.94)

KRAS-mutant 17.5 vs 15.7 0.79 (0.55–1.12)

KRAS WT 20.6 vs 17.9 0.73 (0.56–0.95)

TP53-mutant 20.2 vs 16.3 0.72 (0.54–0.96)

0.1 0.25 0.5 1 2

◄ Favors N+I Favors CT ►

CheckMate 9LA

• OS benefit of N+I+CT vs CT consistent 
irrespective of KRAS, TP53 or STK11 status

• KEAP1-mutant subgroup small (~10% of 
evaluable NSQ), limiting interpretation

• Among 6-year survivors with evaluable tissue: 
37% STK11-mutant, 32% KRAS-mutant

• Mutation analyses are exploratory; no head-to-
head vs PD-1 + chemotherapy

Ramalingam SS et al. ESMO IO 2021; Paz-Ares LG et al. J Thorac Oncol 2023; Carbone DP et al. ESMO Open 2025. N, nivolumab; I, ipilimumab; CT, chemotherapy



Optimal treatment strategy for co-mutations?

Ricciuti B & Garassino M, J Thoracic Oncol, 2024



Pooled analysis of 6 randomized clinical trials reporting outcomes in STK11 
mutant NSCLC

Di Federico…and Ricciuti B, Lancet Oncology 2025



Pooled analysis of 6 randomized clinical trials reporting outcomes in PD-L1 
negative vs positive NSCLC

Di Federico…and Ricciuti B, Lancet Oncology 2025



TRITON: Phase 2b randomized, open-label, US multicenter study



TRITON: Phase 2b randomized, open-label, US multicenter study

T+D+CT
n=41

P+CT
n=43

Median age (range), years 69.0 (47–82) 69.0 (51–86)

Male, % 48.8 62.8

White / Black or African American / Asian,* % 70.7 / 14.6 / 7.3 72.1 / 20.9 / 4.7

ECOG PS 0 / 1, % 22.0 / 78.0 37.2 / 62.8

Adenocarcinoma typical / Other NSQ histology†, % 85.4 / 12.2 88.4 / 11.6

Current or former / Never smoker, % 90.2 / 9.8 93.0 / 7.0

STK11 / KEAP1 / KRAS mutation‡§, % 26.8 / 22.0 / 75.6 27.9 / 20.9 / 81.4

PD-L1 TC <1% / TC ≥1%§, % 39.0 / 61.0 39.5 / 60.5

CNS metastases, % 9.8 11.6

Liver metastases, % 17.1 11.6



TRITON IA: ORR and DoR were numerically greater with first-line T+D+CT vs 
P+CT in STK11 and/or KEAP1 and/or KRAS-mutated NSQ mNSCLC



ORR was numerically higher with T+D+CT vs P+CT in the STK11m, KRASm, and 
KRASm only subgroups



Incidence of AEs was similar between arms, with low discontinuation rates

D+T+CT
n=41

P+CT
n=43

Median (range) safety follow-up for D/P, months 5.6 (0.0–14.0) 5.1 (0.0–17.5) 
Any-grade all-cause AEs, n (%) 41 (100) 42 (97.7)

Grade 3/4 AEs* 31 (75.6) 27 (62.8)
Serious AEs 26 (63.4) 26 (60.5)
AEs leading to treatment discontinuation† 1 (2.4) 2 (4.7)
AEs leading to death 2 (4.9) 5 (11.6)

Any-grade treatment-related AEs‡, n (%) 36 (87.8) 38 (88.4)
Grade 3/4 AEs* 17 (41.5) 18 (41.9)
Serious AEs 11 (26.8) 11 (25.6)
AEs leading to treatment discontinuation† 1 (2.4) 2 (4.7)
AEs leading to death 0 1 (2.3)§

Any imAEs¶, n (%) 6 (14.6) 7 (16.3)
Grade 3/4 imAEs 0 3 (7.0)



TRITON interim analysis: summary

The TRITON interim analysis provides preliminary evidence in a prospective study setting that 
tremelimumab and durvalumab plus chemotherapy yields numerically greater ORR and DoR vs 
pembrolizumab plus chemotherapy in first-line NSQ mNSCLC with STK11 and/or KEAP1 and/or 
KRAS mutations, consistent with signals observed in POSEIDON and other published analyses1–4

The incidence of adverse events was similar between arms and consistent with known profiles, 
with low discontinuation rates and no new safety signals, supporting the tolerability of 
tremelimumab and durvalumab plus chemotherapy

These results support a role for tremelimumab (anti-CTLA-4) and durvalumab 
(anti-PD-L1) plus chemotherapy in this STK11 and/or KEAP1 and/or 

KRAS-mutated mNSCLC population with high unmet need



In which patients do we consider dual IO?

Stronger rationale

• STK11 and/or KEAP1 loss-of-function 
mutation, especially with KRAS co-
mutation

• PD-L1 <1%

• Squamous histology (CheckMate 9LA)

• ECOG PS 0–1, no contraindication to 
CTLA-4

Weaker rationale

• PD-L1 ≥50% without STK11/KEAP1
alteration (PD-1 alone or PD-1 + CT)

• STK11/KEAP1 VUS or subclonal 
mutation

• KRAS wild-type with isolated STK11
mutation

Usually avoid

• ECOG PS ≥2 or frail

• Active autoimmune disease

• Actionable driver (EGFR, ALK, ROS1, 
etc.)

Discussion: Which features trigger dual IO in your practice — PD-L1, histology, co-mutations, fitness? How much weight do 
STK11/KEAP1 carry?



How do we choose between POSEIDON and CheckMate 9LA?

POSEIDON (T+D+CT) CheckMate 9LA (N+I+CT)

Chemotherapy 4 cycles 2 cycles

CTLA-4 exposure Tremelimumab, 5 doses in total Ipilimumab q6w, up to 2 years

Maintenance Durvalumab q4w ± pemetrexed 
(NSQ)

Nivolumab + ipilimumab; no 
pemetrexed

Long-term OS 5-yr 15.7% vs 6.8% (HR 0.76) 6-yr 16% vs 10% (HR 0.74)

Strongest signals Nonsquamous; 
STK11/KEAP1/KRAS-mutant

Squamous (HR 0.65); PD-L1 <1% 
(HR 0.64)

STK11/KEAP1 data Exploratory OS benefit; prospective 
TRITON ongoing

Consistent benefit; KEAP1 subgroup 
small

Grade 3–4 TRAEs 52% vs 44% 47% vs 38%

Practical drivers

• Histology: NSQ → POSEIDON data, incl. 
pemetrexed maintenance; SQ → 9LA

• Molecular profile: STK11/KEAP1/KRAS → 
strongest data with POSEIDON

• Need for rapid response or high burden: 
more chemotherapy up front

• Fitness and chemo tolerance: fewer chemo 
cycles in 9LA

• Fixed, finite CTLA-4 course with 
tremelimumab

Johnson ML et al. J Clin Oncol 2023; Peters S et al. J Thorac Oncol 2025; Paz-Ares L et al. Lancet Oncol 2021; Carbone DP et al. ESMO Open 2025. No head-to-head 
comparison exists



Is the data actionable? From NGS report to first-line decision

1 Test broadly

Tissue NGS ± plasma at 
diagnosis, with panels that 
cover STK11 and KEAP1

2 Get results in 
time

Results available before first-
line start; plasma can shorten 
turnaround

3 Interpret

Pathogenic loss-of-function vs 
VUS; KRAS/TP53 co-mutation; 
clonality and LOH

4 Decide

Dual IO ± CT vs PD-1 + CT, 
integrated with PD-L1, 
histology and fitness

Real-world barriers

• Smaller hotspot panels omit STK11 and/or KEAP1

• Pressure to start therapy before results return
• Neither NCCN pathways nor most guidelines include STK11/KEAP1

Discussion

• Do you routinely look for STK11/KEAP1 on the report?
• Has a result ever changed your first-line regimen?
• Would you wait for results to choose?

Scalera S & Ricciuti B, Ann Oncol 2022; Ricciuti B & Garassino M, J Thorac Oncol 2024



Are we testing for STK11 and KEAP1?

Assay Company STK11 KRAS KEAP1 Sample type
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TruSight Oncology 5001 Illumina + + + FFPE
TruSight Oncology 500 High-Throughput1 Illumina + + + FFPE
TruSight Oncology 500 ctDNA assay v22 Illumina + + + ctDNA
TruSight Tumor 1703 Illumina + + - FFPE
AmpliSeq Focus4 Illumina - + - FFPE
AmpliSeq Comprehensive Panel5 Illumina + + - FFPE
Oncomine Focus Assay6 ThermoFisher - + - FFPE
Oncomine Comprehensive Assay7 Thermo Fisher + + - FFPE
Oncomine Precision Assay8 Thermo Fisher - + - FFPE
Oncomine Dx Target Test9 Thermo Fisher - + - FFPE
Archer FUSIONPlex Lung v2 Panel10 Integrated DNA Technologies - + - FFPE
AmoyDx® HANDLE Classic NGS Panel11 Amoy Diagnostics + + + FFPE
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Guardant360® CDx12 Guardant Health + + + ctDNA
FoundationOne® CDx13 Foundation Medicine + + + FFPE
FoundationOne® Liquid CDx14 Foundation Medicine + + + ctDNA

Caris Caris Life + + + FFPE

TEMPUS TEMPUS + + + FFPE



Current guidelines and pathways do not include STK11 and KEAP1



• STK11 and KEAP1 are tumor suppressor genes involved in maintaining metabolic homeostasis under 
normal conditions. In non–small cell lung cancer, their inactivation contributes to tumor initiation, 
progression, and metastasis.

• Mutations in both STK11 and KEAP1 occur more commonly in smokers and carry distinct clinical 
implications depending on concurrent alterations in genes such as TP53 and KRAS.

• These mutations confer resistance to immune checkpoint inhibitors and are associated with an immune-
cold or immune-depleted tumor microenvironment.

• Therapeutic strategies to overcome the immunosuppressive phenotype of STK11- and KEAP1-mutant 
NSCLC are currently under investigation and dual PD-(L)1 blockade + CTLA-4 inhibition has the 
potential to abrogate resistance.

• In first-line dual IO trials (POSEIDON, CheckMate 9LA, CheckMate 227), exploratory analyses suggest 
the greatest relative benefit in STK11/KEAP1/KRAS-mutant and PD-L1-negative disease; prospective 
biomarker-selected data (TRITON) are needed before STK11/KEAP1 testing routinely drives regimen 
choice.

Take home messages
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76 year old male with 40 pack year smoking history

Underwent a low-dose CT Chest, which was notable for a new RUL 6.8 x 5 cm lesion and 3 smaller subpleural RLL lesions and several 
enlarged mediastinal and paratracheal lymph nodes

PET CT was performed: with evidence of FDG avid right lung disease and extensive mediastinal mets and liver and adrenal mets



Case Presentation – PET 



Case Presentation – PET 



Cough - moderate productive for yellow sputum, denies hemoptysis
Denies headaches, vision changes, dizziness, focal weakness
Does feel more fatigued than usual, but still independent of ADLs
Notes stress of diagnosis, has begun smoking 1-5 cigarettes in last 1-2 weeks
Denies any focal pain

Lung, Right Upper Lobe, RUL Mass, Biopsy:
Poorly differentiated non-small cell carcinoma 
Background shows extensive necrotic material with acute and chronic inflammation
The tumor cells are positive for CK7, TTF-1, and negative for CK20, p40, chromogranin and CD56



PDL1 Negative
TP53 MT, STK11 Mutation Present

How would you treat this patient?



Case Presentation – MRI



PDL1 50%
TP53 MT, STK11 Mutation Present

How would you treat this patient?
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