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Evolution of Therapy in Lung Cancer
NSCLC – Adenocarcinoma vs. Squamous Carcinoma

• Not 1 disease, but many

Traditional View

Present View

NSCLC
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Histologic Breakdown
(eg, Squamous Ca., large 
cell, adenocarcinoma)

Molecular Pathology
(eg, EGFR, ALK, ROS1)
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Immunity. 2013;39:11.Pao. Lancet Oncol. 2011;12:175. Krigsfeld. AACR 
2017. Abstr CT143. Hellmann. NEJM. 2018;378:2093.



Evolution of Therapy in Lung Cancer
Squamous Carcinoma – Molecular Targets

• 20-30% of NSCLC
• Strongly associated with cigarette smoking
• Historically was treated like lung adenocarcinomas
• Despite advances in the personalized treatment of 

adenocarcinoma, effective targeted therapy for 
squamous cell has remained elusive

• Squamous cell lung cancer lacks druggable targets
• Most substantial impact in treatment has come 

from histology agnostic approachesLi et al: J Clin Oncol 31:1039, 2013



Squamous Cell Carcinoma
Treatment Evolution: Chemotherapy, moAbs, TKIs



Progression-Free Survival

Presented By David Spigel at 2015 ASCO Annual Meeting

Nivolumab
Phase III Squamous NSCLC – CM-017



Single-Agent ICI for Advanced NSCLC
High PD-L1 Expression

Single-Agent ICI for Advanced NSCLC
High PD-L1 Expression



Trial Comparison Selection ORR, % PFS HR OS HR

KEYNOTE-1891,2 Pembro or placebo + carbo/pem PD-L1 unselected; nonsq 48.3 vs 19.9 0.49 0.56

IMpower1303 Atezo + carbo/nab-pac vs CT alone PD-L1 unselected; nonsq 49.2 vs 31.9 0.64 0.79

IMpower1504,5 Atezo + carbo/pac + bev vs CT + bev PD-L1 unselected; nonsq* 63.5 vs 48.0 0.62 0.80

KEYNOTE-4076-8 Pembro or placebo + carbo/pac or 
nab-pac PD-L1 unselected; sq 62.6 vs 38.8 0.59 0.71

Chemo-IO Combinations for Advanced NSCLC
Histology based

§ FDA approvals
‒ No EGFR or ALK alterations
‒ PD-L1 agnostic; OS benefit observed in all subgroups

1. Gandhi. NEJM. 2018;378:2078. 2. Rodríguez-Abreu. Ann Oncol. 2021;32:881. 3. West. Lancet Oncol. 
2019;20:924. 4. Socinski. NEJM. 2018;378:2288. 5. Sociniski. AACR 2020. Abstr CT216. 6. Paz-Ares. NEJM. 
2018;379:2040. 7. Paz-Ares. J Thorac Oncol. 2020;15:1657. 8. Robinson. ELCC 2021. Abstr 97O. 

*WT population (excludes patients with EGFR or ALK alterations). 

9. Presented By Robert Jotte at 2018 ASCO Annual Meeting

IMpower1319 Atezo + carbo/nab-pac vs CT alone PD-L1 unselected; sq 0.71 0.96



KEYNOTE-407:
Pembrolizumab + Chemotherapy

1. Paz-Ares. J Thorac Oncol. 2020;15:1657. 2. Gandhi. NEJM. 2018;378:2078.

OS in ITT Population1
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IMpower 131
Atezolizumab + Chemotherapy



ICI Combinations
With and without Chemotherapy



CheckMate 9LA

CheckMate 9LA
Nivolumab/Ipilimumab + Chemotherapy in Advanced NSCLC

§ Randomized, open-label, phase III study

Reck. ASCO 2021. Abstr 9000. 

*PD-L1 assessed by 28-8 IHC assay. †Patients unevaluable for PD-L1 were 
stratified to PD-L1 <1% and capped to 10% of all randomized patients. 
‡NSQ: platinum + pemetrexed; SQ: carboplatin + nab-paclitaxel.

Patients with 
stage IV or recurrent 
NSCLC, no previous 

systemic tx, no 
sensitizing EGFR/ALK 

alterations, ECOG PS 0/1
(N = 719)

NIVO 360 mg Q3W + IPI 1 mg/kg Q6W 
+ CT‡ Q3W (2 cycles)

(n = 361)

CT‡ Q3W (4 cycles)
Optional pemetrexed maintenance (NSQ)

(n = 358)

Stratified by PD-L1 expression* (≥1% vs <1%†), 
sex, and histology (squamous vs nonsquamous)

Until PD, 
unacceptable 

toxicity, 
or for 2 yr for 

IO

§ Regimen approved by FDA in May 2020

§ DoR: 11.3 mo with nivolumab/ipilimumab + CT vs 5.6 mo with CT alone

Nivo + Ipi + CT
CT
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Immunotherapy Options for Advanced NSCLC
High PD-L1 Expression Across Histologies



Immunotherapy Options for Advanced NSCLC 
PD-L1 Expression Negative Across Histologies

1. Paz-Arez. ASCO 2021. Abstr 9016. 2. Reck. ASCO 2021. Abstr 9000. 
3. Rodríguez-Abreu. Ann Oncol. 2021;32:881. 4. Paz-Ares. J Thorac Oncol. 2020;15:1657.

Outcome Across Histologies CheckMate 227: Nivo/Ipi (n = 187)1 CheckMate 9LA: Nivo/Ipi + CT (n = 135)2

ORR, % 27.3 31.1

Median DoR, mo 18.0 17.5

Median PFS, mo (HR) 5.1 (0.74) 5.8 (0.68)

Median OS, mo (HR) 17.2 (0.64) 17.7 (0.67)

OS for Nonsquamous CheckMate 227: Nivo/Ipi1 CheckMate 9LA: Nivo/Ipi + CT2 KEYNOTE-189: Pembro + CT3

Median OS, mo (HR) 17.5 (0.69) Not reported (0.75) 17.2 (0.51)

2-yr OS, % 25 38 39

OS for Squamous CheckMate 227: Nivo/Ipi1 CheckMate 9LA: Nivo/Ipi + CT2 KEYNOTE-407: Pembro + CT4

Median OS, mo (HR) 15.9 (0.53) Not reported (0.48) 15.0 (0.79)

2-Yr OS, % 22 33 30



Evolution of Therapy in Lung Cancer
Small Cell Lung Cancer (SCLC)

• Not 1 disease, but many

Traditional View

Present View

NSCLC

SCLC

Histologic Breakdown
(eg, SQ, NSQ, large cell, 
adenocarcinoma)

Molecular Pathology
(eg, EGFR, ALK, ROS1)

PD-L1 Expression Level

Lung 
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Tumor Mutational Burden
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≥1%-49%
<1%

Cooper. Pathology. 2011;43:103. Langer. JCO. 2010;28:5311. Galon. Immunity. 2013;39:11. 
Pao. Lancet Oncol. 2011;12:175. Krigsfeld. AACR 2017. Abstr CT143. Hellmann. NEJM. 2018;378:2093.



SCLC Pathology
Spectrum of Neuroendocrine Carcinomas (NEC)

§ SCLC presents as malignant, 
epithelial, high-grade, 
neuroendocrine tumors[1,2]
‒ Markers of epithelial origin
‒ Neuroendocrine and neural 

differentiation markers:
synaptophysin, chromogranin A, 
CD56

§ SCLC falls along spectrum of WHO 
classification of neuroendocrine 
lung tumors[2,3]

§ Potential therapeutic Implications

WHO Classification[2,3] Mitoses/
10 HPF Necrosis Cytologic Features

Typical carcinoid < 2 None --

Atypical carcinoid 2-10 Generally 
punctate --

Small-cell carcinoma > 10 Generally 
abundant

Small size, scant 
cytoplasm, finely 

granular chromatin, 
faint nucleoli

Large-cell neuroendocrine 
carcinoma > 10 Generally 

abundant
Cytologic features 

opposite SCLC

1. Jackman DM, et al. Lancet. 2005;366:1385-1396. 2. WHO Classification of Tumours of the Lung, 
Pleura, Thymus and Heart. 2015. 3. Rossi G, et al. Curr Opin Pulm Med. 2014;20:332-339. 

HPF View of SCLC Tumor[1]



SCLC
Staging



SCLC
Prognosis

Schabath MB. Lung Cancer. 2014 Oct;86(1):14-21



§ SoC: cisplatin/carboplatin and etoposide for 4-6 cycles[1] 

‒ Response rates: ~ 50% to 75%
‒ 2-yr OS: < 5%
‒ Median OS: 9-11 mos

§ Cisplatin vs. Carboplatin
‒ Meta-analysis (N = 663)[2]
‒ No differences in OS, PFS, ORR

§ Irinotecan
‒ superior to etoposide in Japan
‒ Results not replicated in two US studies

§ Pemetrexed
‒ inferior to etoposide

§ Inevitably, all patients progress: Recurrent Disease!
1. Bernhardt EB, et al. Cancer Treat Res. 2016;170:301-322. 2. Rossi A, et al. J Clin Oncol. 2012;30:1692-1698. 3. Noda K, et al. N Engl J 
Med. 2002;346:85-91. 4. Hanna N, et al. J Clin Oncol. 2006;24:2038-2043. 

Extensive-Stage SCLC
First-line Chemotherapy



Extensive-Stage SCLC: 
“First-line” Radiation – PCI, Consolidation XRT

§ PCI is guideline-recommended for 
pts in CR or PR; however, its use 
remains controversial

‒ 2007: reduction in risk of brain 
metastases, improvement in 
median OS and 1-yr OS[1]

‒ 2017: no improvement in OS with 
PCI vs observation[2]

§ Thoracic RT following PCI provides 
OS benefit at 2 yrs[3]

‒ 498 pts with response to first-line 
chemotherapy received PCI 
followed by randomization to TRT 
or no further therapy 

‒ 1-yr OS: 33% vs 28% (NS)

‒ 2-yr: OS: 13% vs 3% 
(P = .001)

1. Slotman B, et al. N Engl J Med. 2007;357:664-672. 2. Takahashi T, et al. Lancet Oncol. 
2017;18:663-671. 3. Slotman BJ, et al. Lancet. 2015;385:36-42. 

REMAINS 
CONTROVERSIAL NOT WIDELY ADOPTED



§ Nearly all tumors have loss or 
inactivation of TP53 and RB1[1-4]

§ MYC family member amplification is 
common[1-4]

‒ MYC-L1 > N-MYC > C-MYC[1]

‒ Recurrent RFL-MYCL1 fusions have 
been described[4]

§ Additional alterations include:
‒ FGFR1 amplification (6%)[1]
‒ SOX2 amplification (27%)[4]
‒ Recurrent point mutations in chromatin modifiers: CREBBP, EP300, MLL (~ 10-20%)[1,2]
‒ Inactivating mutations in NOTCH family genes (25%)[2]
‒ EZH2, regulator of chromatin remodeling implicated in acquired resistance[3]

1. Peifer M, et al. Nat Genet. 2012;44:1104-1110. 2. George J, et al. Nature. 2015;524:47-53. 3. Sabari JK, et 
al. Nat Rev Clin Oncol. 2017;14:549-561. 4. Rudin CM, et al. Nat Genet. 2012;44:1111-1116. 

Genetic Alterations in SCLC
No Clear Targetable Oncogenic Driver



Replication Stress, DDR and Genomic Instability

Genetic Alterations in SCLC
No Clear Targetable Oncogenic Driver



Immunotherapy and SCLC
PD-L1 expression and TMB

Hellmann MD, et al. ASCO 2017. Abstract 8503. Peifer. Nat Genet. 2012;44:1104. Alexandrov. Nature. 2013;500:415.
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SCLC Systemic Therapy 
Current Areas of Advances 

Signalling pathways and physiological domains that
are the focus of experimental targeted therapies for
small-cell lung cancer (SCLC).
a | Dashed and solid lines indicate indirect and direct
interactions, respectively. Proteins in green are typically
upregulated in SCLCs compared with nonmalignant lung
tissue, while those in red are downregulated or absent.
Examples of the investigational molecularly targeted agents
or antibody-based treatments targeting each signalling node
are providedNature Reviews 2017;14:549

ATR

BET



ES-SCLC Immunotherapy
New First Line Standard



ES-SCLC Chemo-Immunotherapy 
New First Line Standard



Maintenance Ipi-Nivo
CheckMate 451

Owonikoko. ELCC 2019. Abstr LBA1. NCT02538666. Used with permission. 



Management of Relapsed SCLC
Second-Line Topotecan

§ Single-arm phase II study of second-
line IV topotecan (N = 92)[1]

‒ Overall median OS: 5.4 mos

§ Randomized phase III trial of BSC ±
oral topotecan in pts with relapsed 
SCLC (N = 141)[2]

Outcome Refractory 
(n = 47)

Sensitive 
(n = 45)

ORR, % 
(95% CI) 6.4 (1.3-17.6) 37.8 (23.8-53.5)

Median 
OS, mos 4.7 6.9

1. Ardizzoni A, et al. J Clin Oncol. 1997;15:2090-2096. 2. O’Brien ME, et al. J Clin Oncol. 2006;24:5441-5447.
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CheckMate 331
Nivolumab vs Topotecan/Amrubicin in Relapsed SCLC

doi: 10.1016/j.annonc.2021.01.071. Epub 2021 Feb 1

•.



Antitumor Activity 

Presented By Luis Paz-Ares at 2019 ASCO Annual Meeting

Relapsed SCLC
Lurbinectidin (Phase II Basket Trial)



Phase III ATLANTIS Trial
OS and PFS

IASLC WCLC 2021 Plenary



Trilaciclib
Randomized Trials – Pooled data



Relapsed SCLC 
Veliparib +/- Temozolomide: ORR and OS in Pts With SLFN11 Expression 

• Significantly better ORR 
with veliparib (P = .016)

• No significant difference 
in 4-mo PFS, mPFS, or 
mOS between arms

• Greater incidence of 
hematologic toxicities 
with veliparib 
combination

• SLFN11, a DDR protein, is 
aberrantly expressed in 
SCLC

• Veliparib: Trend toward 
better OS with higher 
tumor SLFN11 expression

Pietanza MC, et al. ASCO 2016. Abstract 8512.



Relapsed SCLC
ATR inhibitor (M6620) – Study Design and ORR

Cancer Cell. 2021;39(4):566-579.



Relapsed SCLC
Alisertib + Paclitaxel vs Paclitaxel - PFS (ITT) and by c-Myc Expression 

Owonikoko TK, et al. WCLC 2016. Abstract 
OA05.05.

Archived tumor tissue available 
for 44 pts; 
c-Myc +ive vs c-Myc –ive: 
Pbinary = .0006



DLL3 - NOTCH Ligand
Antibody Drug Conjugate (ADC): Rova-T



AMG 757
Half-life Extended DLL3-Directed Bispecific Antibody (BiTE)



AMG 757 in Relapsed SCLC
Antitumor Activity

§ Antitumor activity observed with AMG 757 during dose exploration

Owonikoko. WCLC 2020. Abstr OA11.03. Reproduced with permission.

Response per mRECIST v1.1 Patients 
(n = 51†)

Confirmed PR, n (%) 7 (14)

Confirmed PR by target dose, 
n/N (%)
§ 0.3 mg
§ 1.0 mg
§ 3.0 mg
§ 10.0 mg

1/12 (8) 
1/8 (13)
3/9 (33)

2/10 (20)

Unconfirmed PR, n (%) 1 (2)‡

SD, n (%) 11 (22)
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Molecular subtypes of SCLC
Potential Therapeutic Implications

JTO 2020; 15(4):520-540

Data on molecular heterogeneity of 
SCLC holds promise for biomarker 
driven personalized therapeutic 
approaches

Preclinical studies suggest distinct 
therapeutic vulnerabilities in the 
novel marker-defined subtypes of 
SCLC

Clinical studies
• Retrospective
• Not prospective yet



Molecular subtypes of SCLC
Potential Biomarkers Implications

Gay et al. Cancer Cell 2021; 39:346–360

§ Four subtypes with unique molecular features and 
therapeutic vulnerabilities
‒ Differential expression of ASCL1, NEUROD1, 

and POU2F3 defines SCLC subtypes
‒ An inflamed, mesenchymal, subtype (SCLC-I) 

has low expression of ASCL1, NEUROD1, and 
POU2F3

§ SCLC-I experiences greatest benefit from the 
addition of anti-PD-L1 to chemotherapy

§ Subtypes with specific genomic alterations
‒ All subtypes with similar mutational landscape 

(including TP53 and RB1)
§ Phenotype (genomic, transcriptomic, proteomic)

‒ SCLC-A: highly NE, epithelial, TTF-1+
‒ SCLC-N: highly NE, largely TTF-1-
‒ SCLC-P: non-NE, low EMT
‒ SCLC-I: non-NE, high EMT

§ Intratumoral subtype switching accompanies 
acquired resistance to platinum chemotherapy



Notch Signaling in SCLC
Determinant of response to ICI

§ Immunogenomic profiling of relapsed SCLC tumors treated with
Immune Checkpoint Blockade (ICB).

§ Tumors deriving clinical benefit from ICB exhibited cytotoxic T-cell
infiltration, high expression of antigen processing and
presentation machinery (APM) genes, and low neuroendocrine
(NE) differentiation.

§ Notch signaling, (correlates positively with low NE differentiation),
most significantly predicts clinical benefit to ICB.

§ Activation of Notch signaling (overexpression of NOTCH1
intracellular domain) in a (high) NE human SCLC cell line induces
transition to a low NE phenotype

‒ marked by increased expression/upregulation of APM genes
§ Mechanistic link between Notch activation, low NE

differentiation and increased intrinsic tumor immunity.

Roper, et al. Nat Commun. 2021 Jun 23;12(1):3880. 


