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First Line Lung Cancer Therapy with no actionable genes 
NSQCC:
• Carboplatin/Pemetrexed/Pembrolizumab     [Keynote 189]  
• Carboplatin/Paclitaxel/Bevacizumab/Atezolizumab   [IMPOWER 150]
SQCC:
• Carboplatin/Paclitaxel or nab-paclitaxel/Pembrolizumab  [Keynote 407]
NSQCC and SQCC:
• Cemiplimab/Chemotherapy        [Empower Lung-3]
• Durvalumab +Tremelimumab/Chemotherapy    [Poseidon 3]
IO single Agent (NSQCC OR SQCC)
• Pembrolizumab           [Keynote 024 and 042]
• Atezolizumab            [IMPOWER 110]
• Cemiplimab            [Empower Lung-1]
Immunotherapy combinations:
• Ipilimumab and Nivolumab         [Checkmate 227]
• Ipilimumab and Nivolumab plus 2 cycles of chemotherapy  [Checkmate 9LA]







POSEIDON Study Design

Durvalumab 1500 mg + 
CT* q3w (4 cycles)

Durvalumab 1500 mg + 
tremelimumab 75 mg + 

CT* q3w (4 cycles)

Durvalumab 1500 mg q4w
+ pemetrexed†

until PD

Durvalumab 1500 mg q4w
+ tremelimumab 75 mg 

(week 16 only)‡

+ pemetrexed†
until PD

Platinum-based CT* 
q3w (up to 6 cycles)

Pemetrexed†
until PD

• Stage IV 
NSCLC

• No EGFR or
ALK alterations

• ECOG PS 0 or 1
• Treatment-naïve 

for metastatic 
disease

N=1013
(randomized)

Stratified by:
• PD-L1

expression 
(TC ≥50% vs
<50%)

• Disease stage 
(IVA vs IVB)

• Histology

Primary endpoints
• PFS by BICR (D+CT vs CT)
• OS (D+CT vs CT)

Key secondary endpoints
• PFS by BICR (D+T+CT vs CT)
• OS (D+T+CT vs CT)
• OS in patients with bTMB

≥20 mut/Mb (D+T+CT vs CT)

Additional secondary endpoints
• ORR, DoR, and BOR by BICR
• PFS at 12 months
• HRQoL
• Safety and tolerability

Phase 3, global, randomized, open-label, multicenter study

BICR, blinded independent central review; BOR, best objective response; bTMB, blood tumor mutational burden; D, durvalumab; 
DoR, duration of response; ECOG, Eastern Cooperative Oncology Group; HRQoL, health-related quality of life; Mb, megabase; 

mut, mutations; ORR, objective response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; 
PS, performance status; q3w, every 3 weeks; q4w, every 4 weeks; T, tremelimumab; TC, tumor cell

*CT options: gemcitabine + carboplatin/cisplatin (squamous), pemetrexed + carboplatin/cisplatin (non-squamous), or nab-paclitaxel + carboplatin (either histology);
†Patients with non-squamous histology who initially received pemetrexed during first-line treatment only (if eligible); ‡Patients received an additional dose of tremelimumab post CT (5th dose)
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Durvalumab + Tremelimumab + CT vs CT: PFS and OS

No. at risk
D+T+CT 338 298 256 217 183 159 137 120 109 95 88 64 41 20 9 0 0

CT 337 284 236 204 160 132 111 91 72 62 52 38 21 13 6 0 0
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14.0 11.7
(11.7–16.1) (10.5–13.1)

HR (95% CI)
p-value

0.77 (0.65–0.92)
0.00304

DCO PFS FA: Jul 24, 2019; DCO OS FA: Mar 12, 2021

• Median follow-up in censored patients at DCO: 34.9 months (range 0–44.5)

No. at risk
D+T+CT 338 243 161 94 56 32 13 5 0

CT 337 219 121 43 23 12 3 2 0
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mPFS, months 6.2 4.8 mOS, months
(95% CI) (5.0–6.5) (4.6–5.8) (95% CI)

PFS OS
D+T+CT CT

Events, n/N (%) 238/338 (70.4) 258/337 (76.6) Events, n/N (%)

HR (95% CI)
p-value

0.72 (0.60–0.86)
0.00031

• Median follow-up in censored patients at DCO: 10.3 months (range 0–23.1)





Conclusions

• In POSEIDON, PFS was significantly improved with first-line durvalumab + CT vs CT in patients with 
mNSCLC, with a positive trend for OS that did not reach statistical significance
- PFS HR 0.74 (95% CI 0.62–0.89; p=0.00093)
- OS HR 0.86 (95% CI 0.72–1.02; p=0.07581)

• First-line durvalumab + tremelimumab + CT demonstrated statistically significant and clinically meaningful 
improvements in both PFS and OS vs CT in patients with mNSCLC
- PFS HR 0.72 (95% CI 0.60–0.86; p=0.00031)
- OS HR 0.77 (95% CI 0.65–0.92; p=0.00304)
- OS and PFS benefit were more prominent among patients with non-squamous (than squamous) histology

• Overall, the safety profile was similar across all three arms, with no new safety signals identified. Adding 
tremelimumab to durvalumab + CT did not lead to a meaningful increase in treatment discontinuation
- TRAE discontinuation rate 15.5% and 14.1% with D+T+CT and D+CT, respectively

• Durvalumab + tremelimumab + CT represents a potential new first-line treatment option for mNSCLC

TRAE, treatment-related adverse event



First Line Lung Cancer Therapy with no actionable genes 
Chemotherapy/IO Combinations
• Carboplatin/Pemetrexed/Pembrolizumab     [Keynote 189]  
• Carboplatin/Paclitaxel/Bevacizumab/Atezolizumab   [IMPOWER 150]
• Carboplatin/Paclitaxel or nab-paclitaxel/Pembrolizumab  [Keynote 407]
• Cemiplimab/Chemotherapy        [Empower Lung-3]
• Durvalumab + Tremelimumab/Chemotherapy    [Poseidon 3]
IO single Agent (PDL1>50%)
• Pembrolizumab           [Keynote 024 and 042]
• Atezolizumab            [IMPOWER 110]
• Cemiplimab            [Empower Lung-1]
Immunotherapy combinations:
• Ipilimumab and Nivolumab         [Checkmate 227]
• Ipilimumab and Nivolumab plus 2 cycles of chemotherapy  [Checkmate 9LA]



KN 24

(TPS > 
50%)

KN 42 

(TPS > 
50%)

IMPW 10
TC3/IC3 
(>50% 

and 
>10%)

KN 407 

(TPS > 
50%)

KN 189 

(TPS > 50%)

ORR 45% 39.5% 30.7% 60.3% 61.4%

DOR Nr (1.8-20.6
m)

20.2 m Nr (1.8-
29.3m)

7.7 m (all
patients)

11.2 m (all
patients)

ORR slightly in favor of combination chemo+IO

Reck M, NEJM 2016, Mok T et al, Lancet 2019, Paz Ares, NEJM 2018, Ghandi, NEJM 2018



KN-42 KN-24 KN-189 KN-407

Pembro CT Pembro CT Pembro
+ CT

CT Pembro
+ CT

CT

All TRAE (%) 62.7% 89.9% 76.6% 90.0% 99.8% 99.0% 98.2% 97.9%

Grade 3-5 
TRAE (%)

17.8% 41% 31.2% 53.3% 67.2% 65.0% 69.8% 68.2%

Discontinuation
rate (any) (%)

9% 9.4% 13.6% 10.7% 27.7% 14.9% 23.4% 11.8%

Led to death 0.2% 0% 1.3% 2.0% 6.7% 5.9% 8.3% 6.4%

Adverse Events more prevalent 
with Chemo/IO



Outcomes of anti-PD-(L)1 therapy with or without  chemotherapy (chemo) for first-line (1L) treatment of advanced non-small cell lung cancer (NSCLC) with PD-L1 score ≥50%: FDA 
Pooled Analysis 

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



Clinical trials of first-line Chemo-IO and IO regimens included in FDA pooled analysis

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.







Co-mutational status (STK11, KEAP, TP53) and PD-L1 expression 
in KRAS mutant non-small cell lung cancer (NSCLC)

Khan, H (Raez LE) et al. J Clin Oncol 41, 2023 (suppl 16; abstr 9038)



Helllman M (Raez L) Clin Can Research 2021 Feb 15;27(4):1019-1028. 

• Entinostat (ENT) is an oral class I-selective histone 
deacetylase inhibitor
• ENT leads to downregulation of immunosuppressive 

cell types in the tumor microenvironment
• Synergy with anti-PD1 inhibition in preclinical 

models
• Promising activity shown in combination with 

pembrolizumab in patients with melanoma and lung 
cancer



• Objective response rate with ENT + PEMBRO 
was 10% (7 of 72, 95% CI: 4-19%)
– Median duration of response was 5.3 

months
– An additional 50% of patients achieved 

disease stabilization
• Median progression-free survival = 2.8 

months (95% CI: 2.1-4.1)
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Targeting angiogenesis to overcome ICI 
resistance



Overall survival from a phase II randomized study of ramucirumab plus pembrolizumab versus standard of care for advanced non-small cell lung cancer previously treated with 
immunotherapy—Lung-MAP non-matched sub-study S1800A



Overall survival



S1800A Schema—Randomized Phase II trial

Reckamp KL, et al. Presented at: ASCO;2022. Abstract 9004.

PRAGMATICA LUNG, Phase 3 trial ongoing……..
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Rationale for Targeting TAM and Split RTKs 
to Enhance Immune Response to CPIs5-9

• Targeting VEGFR2 
reduces Tregs and 
MDSCs

• Targeting KIT also 
depletes MDSCs

• Releases brakes for 
expansion of CD8+ T 
cells via PD-1 inhibition

• Increase dendritic cell 
maturity and antigen 
presentation capacity

• Increase NK cell response
• Increase T-cell expansion 

and trafficking 
into tumors

Both TAM and Split RTKs 
cooperate to:

• Macrophages shift from 
(type) M2 to M1, 
resulting in production of 
immuno-stimulating 
cytokines

• Enhances innate and 
adaptive 
immune response

CD8
+

CD4
+

M1 
TAM

M2 
TAM

iDC

mDC

MDSC

Treg

Targeting TYRO, AXL, and 
MER:

Targeting Split 
RTKs:

Kai H, …, Leal T. JTO 2023. 



Ticiana Leal. ESMO 2021.





CITYSCAPE: Randomized Phase 2 Study of Tiragolumab + 
Atezolizumab in PD-L1+ Patients with NSCLC

Rodriguez-Abreu D, et al. Presented at: ASCO;2020.
IHC, immunohistochemistry; PROs, patient-reported outcomes; TPS, tumor proportion score.



Investigator-Assessed PFS: PD-L1 Subgroups

Rodriguez-Abreu D, et al. Presented at: ASCO;2020.

*Unstratified. 
Updated analysis data cut-off: 16 August 2021 (median follow-up: 30.4 months)

PD-L1 status determined by 22c3 IHC assay. 



ARC-7: Randomized, Open-label, Phase 2 Study in First-Line, Metastatic, PD-L1-High NSCLC

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



Progression-Free Survival (mITT)<br />Zim Monotherapy vs. Dom + Zim Doublet

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



Conclusions

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.
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Tumor Treating Fields (TTFields) Mechanism of Action 32

Ticiana Leal, MD, Winship Cancer Institute - Emory University

Dividing cancer cells
+

TTFields

Aneuploidy ER stress

ICD

Immune cell recruitmentAntigen presenting cell
 maturation

HMGB1 release ATP release 

Calreticulin exposure 
(antigen uptake)

Disruption of mitosis

• TTFields are electric fields that exert 
physical forces on electrically charged 
components in dividing cancer cells, 
leading to an antimitotic effect1,2

• Downstream effects include cell stress-
induced immunogenic cell death (ICD), 
triggering a systemic anti-tumor immune 
response3,4

ATP, adenosine triphosphate; ER, endoplasmic reticulum; HMGB1, high mobility group box 1 protein; ICD, immunogenic cell death; TTFields, Tumor Treating Fields.
1. Mun EJ et al. Clin Cancer Res. 2018;24(2):266–275; 2. Giladi M et al. Sci Rep. 2015;5:18046; 3. Voloshin T et al. Cancer Immunol Immunother. 2020;69(7):1191–1204; 
4. Barsheshet Y et al. Int J Mol Sci. 2022;23(22):14073. Figure adapted from: Shteingauz A et al. Cell Death Dis. 2018;9(11):1074.
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Ticiana Leal, MD, Winship Cancer Institute - Emory University

LUNAR Phase 3 Study Design

Key eligibility criteria
• ≥22 years of age
• Metastatic NSCLC
• Progression on/after 

platinum-based therapy
• ECOG PS 0–2

Randomized
(1:1)

TTFields therapy* 
and SOC 

(Investigator’s choice 
ICI† or docetaxel)

SOC 
(Investigator’s choice 

ICI† or docetaxel)

Baseline 
evaluation 
(incl. MRI)

N=276

Data cut-off: November 26, 2022
Study sites: 124 in 17 countries (North America, Europe, Asia)

Objective: To evaluate safety and efficacy of TTFields therapy with standard of care (SOC) compared to SOC alone 
in metastatic NSCLC progressing on or after platinum-based therapy

Q6W follow-up 
until progression

Q6W follow-up 
until progression

Survival 
follow-up

3 post-
progression 

follow-up visits

Stratified by region, 
SOC treatment, and 

histology

*150 kHz; ≥18 h/day; †pembrolizumab, nivolumab, or atezolizumab.
ECOG PS, Eastern Cooperative Oncology Group performance status; ICI, immune checkpoint inhibitor; MRI, magnetic resonance imaging; NSCLC, non-small cell lung cancer; Q6W, every 6 weeks; 
SOC, standard of care; TTFields, Tumor Treating Fields.
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Ticiana Leal, MD, Winship Cancer Institute - Emory University

Overall Survival in the ITT Population
TTFields + SOC

(n=137)
SOC

(n=139)

Median OS (95% CI), months 13.2 
(10.3–15.5)

9.9
(8.1–11.5)

1-year survival (95% CI) 53% (44–61) 42% (34–50)

3-year survival (95% CI) 18% (11–27) 7% (2–15)

Follow-up (Months)
No. at Risk:
TTFields + SOC 137             100             62               36              22               16               11          9          5   3
SOC 139              96              54               32              16                7        3          0          0          0

TTFields + SOC

SOC
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Median (range) follow-up: 10.0 (0.03–58.7) months

HR (95% CI): 0.74 (0.56–0.98)
P=0.035

CI, confidence interval; HR, hazard ratio; ITT, intent-to-treat; OS, overall survival; SOC, standard of care; TTFields, Tumor Treating Fields.
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Ticiana Leal, MD, Winship Cancer Institute - Emory University

Overall Survival in ICI-Treated Patients

No. at Risk: 
TTFields + ICI 66              50              35               24              16               12                8     6                 2                1
ICI                       68              49              29               21              11                 6              3              0                 0                0

1.0

Pr
ob

ab
ili

ty
 o

f O
ve

ra
ll 

Su
rv

iv
al

 
0.8

0.6

0.4

0.2

0

0.9

0.7

0.5

0.3

0.1

0 6 12 48 544236302418

TTFields + ICI

ICI

Follow-up (Months)

TTFields + ICI
(n=66)

ICI
(n=68)

Median OS (95% CI), months 18.5 
(10.6–30.3)

10.8 
(8.2–18.4)

1-year survival (95% CI) 60% (47–71) 46% (33–57)

3-year survival (95% CI) 27% (15–42) 9% (3–21)

HR (95% CI): 0.63 (0.41–0.96)
P=0.03

CI, confidence interval; HR, hazard ratio; ICI, immune checkpoint inhibitor; OS, overall survival; TTFields, Tumor Treating Fields.
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No. at risk:
TTFields + SOC 137   44        17            9
SOC 139   40        21            9

Follow-up (Months)
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SOC
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TTFields + SOC
(n=137)

SOC
(n=139)

Median PFS (95% CI), months 4.8 
(4.1–5.7)

4.1 
(3.1–4.6)
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Ticiana Leal, MD, Winship Cancer Institute - Emory University

Progression-free Survival in the ITT Population

HR (95% CI): 0.85 (0.67–1.11)
P=0.23

PFS was defined as the time from date of randomization until date of disease progression, or death by any cause.
CI, confidence interval; HR, hazard ratio; ITT, intent-to-treat; PFS, progression-free survival; SOC, standard of care; TTFields, Tumor Treating Fields.
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Conclusions 37

• Pivotal, phase 3 LUNAR study met its primary endpoint 

• TTFields therapy with SOC provided a statistically significant and clinically meaningful 3-month 
improvement in median OS vs SOC (HR: 0.74, P=0.035) with no added systemic toxicities

– Statistically significant ~8-month increase in median OS (from 10.8 to 18.5 months) was 
demonstrated with TTFields therapy and an ICI (HR: 0.63, P=0.030)

– There was a 2.4-month difference in median OS (from 8.7 to 11.1) for TTFields therapy and docetaxel 
vs docetaxel alone (HR: 0.81, P=0.28)

• TTFields therapy should be considered part of SOC for metastatic NSCLC following progression on or 
after platinum-based therapy

• Additional studies evaluating TTFields therapy with current SOC for first-line metastatic and locally 
advanced NSCLC are underway

• TTFields therapy is a potentially paradigm shifting new treatment modality 

Ticiana Leal, MD, Winship Cancer Institute - Emory University

HR, hazard ratio; ICI, immune checkpoint inhibitor; NSCLC, non-small cell lung cancer; OS, overall survival; SOC, standard of care; TTFields; Tumor Treating Fields.
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