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Targeted and biologic therapies for NSCLC 

EGFR inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 



VEGF and VEGFR inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



ALK inhibitors / BRAF / ROS 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



BCL-2 inhibitors / BCR-ABL / STAT inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Epigenetic modulators of gene expression 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Proteasome and FGFR inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Hedgehog antagonists and hormone therapy 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Hypoxia activated prodrug 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



HIF-1 inhibitor and immunomodelatory agents 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



IAP antagonist and IGF-1R inhibitor 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Integrins and mTOR inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



c-MET/HGFR pathway inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



MEK inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Inhibitors of mitosis 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Notch pathway inhibitors and osteoclast function modifiers 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



PI-3K/AKT inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



PDGFRα and PARP inhibitors, SMAC mimetics, SURVIVIN and telomerase inhibitors 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



TRAIL receptor agonists and vascular disrupting agents 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Vaccines 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Anti-sense oligonucleotides and anti-body engineering 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Therapeutic viruses and others 

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012 

Targeted and biologic therapies for NSCLC 



Characteristics of cancer cells 

Hanahan D et al, Cell 144:646-674, 2011 



Johnson, et al. ASCO 2013  

Sun, et al. J Clin Oncol 2010; Barlesi, et al. ASCO 2013 

Molecular alterations in lung cancer 

East Asia 

Adenocarcinoma, 

never smokers 

US 

Adenocarcinoma 

 

Europe 

All histology 

(n=52) (n=733) (n=9,911) 



From The Cancer Genome Atlas Project:  Govindan R. J Clin Oncol. 2012 (Proc ASCO Annual Meeting);30 (suppl): abstr 7006. 
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Nature 489:519-525, 2012 

Significantly mutated genes in squamous NSCLC 



Govindan ,et al. Cell 150: 1121, 2012 

Drugable targets in smokers and never smokers 



Intracellular action  

c 0.5–2kDa 
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Monoclonal 
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Major classes of molecular-targeted agents 



Characteristics of cancer cells 

Hanahan D et al, Cell 144:646-674, 2011 

HER and ALK 

inhibitors 



Characteristics of cancer cells 

Hanahan D et al, Cell 144:646-674, 2011 

HER and ALK 

inhibitors 



15 18 6 20 

EGFR mutations and ALK translocations: 

―actionable‖ genetic alterations 

 Potent oncogenic drivers 

 Most common in adenocarcinoma; mutually exclusive 

Shaw & Solomon. Clin Cancer Res 2011 

Horn & Pao. J Clin Oncol 2009; Riely, et al. Clin Cancer Res 2006 
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Use of TKI‘s of EGFR 

Level of evidence: I Strenght of recommendation: A  



Scenarios for progression on TKI therapy 

Multiple  

PD lesions 

Systemic PD 

Oligo-PD 

(extra-CNS) 

CNS PD 

Adapted from Gandara. ASCO 2013 

Baseline 

Therapy 

 Remission ‗Solitary‘  

new lesion 

Inadequate CNS 

penetration? 

Brain-only PD 

Drug 



Scenarios for progression on TKI therapy 

Multiple  

PD lesions 

Systemic PD 

Oligo-PD 

(extra-CNS) 

CNS PD 

Adapted from Gandara. ASCO 2013 

‗Solitary‘  

new lesion 

Inadequate CNS 

penetration? 

Brain-only PD 

Drug 

Local therapy 

for relapse + 
Continue targeted 

therapy 

? 



Yu, et al. Clin Cancer Res 2013; Shaw & Engelman, J Clin Oncol 2013  

Acquired resistance in EGFR Mut+ and ALK+ NSCLC 

EGFR Mut+ EML4-ALK+ 

*more than one resistance mechanism 

inc. L1196M 

Second site mutations in target (e.g., T790M / L1196M) 

Use of alternative signalling pathways (e.g., MET / EGFR) 

Common themes 

ALK amplification 

ALK mutation 

EGFR mutation 

CKIT amplification 

Unknown 

Target gene 

alteration 

(29%) 

Bypass track 

activation 

(45%) 

Unknown 

* 

* 



How can we target the EGFR or ALK TKI resistant cells? 

Reversible TKI ? 

Irreversible TKI ? 

TKI + Chemotherapy ? 

Chemotherapy ? 



EGFR TKI beyond progressive disease 
A retrospective analysis for Japanese patients with activating EGFR mutations 

Nishie K et al. JTO, 2012 



Treatment with TKI beyond progression in long term 

responders to erlotinib in advanced NSCLC 

Faehling M et al. JTO, 2011 



ALK TKI beyond progressive disease - OS 
 

Ou S-HI et al. Annals of Oncology, 2014 



EGFR TKI beyond RECIST PD in acquired resistance 



EGFR TKI beyond RECIST PD in acquired resistance 

Chemotherapy 
 

 ongoing EGFR TKI for acquired 

resistance in EGFR Mut+ NSCLC 

IMPRESS trial 

Cisplatin/ 

pemetrexed 

Cisplatin/ 

pemetrexed + 

ongoing 

gefitinib 

EGFR Mut+ 

Progression on 

gefitinib 

No prior 

chemotherapy 

n=250 

R

A

N

D

O

M 

I 

S 

E 

Primary endpoint: PFS 
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Chemotherapy 
 

 ongoing crizotinib for acquired 

resistance in ALK+ NSCLC 

SWOG 1300 (in development) 

ALK+ 

Progression on 
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Ranson, et al. ECC 2013; Ou, et al. ECC 2013 

Systemic PD: switch to 2nd/3rd generation TKI 

ORR in T790M+ (n=12) 

58%  

ORR in crizotinib failure 

54.5%  

AZ9291 (n=24) Alectinib (CH5424802) 
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Gadgeel et al., Abstract #O16.06 

Alectinib: Crizotinib resistant NSCLC – Phase I trial 

RP 2D: 600 mg BID 



Shaw AT et al. N Engl J Med 370:1189-1197., 2014 

Ceritinib (LDK378): Crizotinib resistant NSCLC – Phase I 

trial 

CR – 1% 

PR – 57% 

SD – 22% 

ORR – 58% 

OSR at 12 months – 65% 



HER2 mutations among lung adenocarcinomas 

Garrido-Castro AC, et al. Trans Lung Cancer Res, 2013 



HER2 mutated NSCLC treated with anti-HER2 therapies 

Mazières J, et al. J Clin Oncol, 2013 

RR: 50% 



EGFR antibody – Necitumumab (IMC-11F8) 



US NIH, ClinicalTrials.gov; http://clinicaltrials.gov/.  

EGFR antibody – Necitumumab (IMC-11F8) 

Arm A:  Necitumumab + Gem + Cis  (q3w)  

• Necitumumab 800 mg (50-min iv), D1, D8  

• Gemcitabine 1250 mg/m² (30 min iv), D1, D8 

• Cisplatin 75 mg/m² (120 min iv), D1 

 

for  6 cycles 

Arm B: Gem + Cis (q3w) 

•Gemcitabine 1250 mg/m² (30 min iv), D1, D8 

• Cisplatin 75 mg/m² (120 min iv), D1 

 

for 6 cycles 
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Response  F/U PD 

http://clinicaltrials.gov/


US NIH, ClinicalTrials.gov; http://clinicaltrials.gov/.  

EGFR antibody – Necitumumab (IMC-11F8) 

Arm A:  Necitumumab + Pacl + Carbo  (q3w)  

• Necitumumab 800 mg (50-min iv), D1, D8  

• Paclitaxel 200 mg/m2 I.V. on Day 1 

• Carboplatin AUC6 I.V. on Day 1 

 

for  6 cycles 

Arm B: Pacl + Carbo (q3w) 

• Paclitaxel 200 mg/m2 I.V. on Day 1 

• Carboplatin AUC6 I.V. on Day 1 

 

for 6 cycles 
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http://clinicaltrials.gov/


Characteristics of cancer cells 

Hanahan D et al, Cell 144:646-674, 2011 

ROS1 

inhibitor 



Crizotinib phase II trial in ROS1+ NSCLC patients 

Ou et al., Abstract # O16.07 



Characteristics of cancer cells 

Hanahan D et al, Cell 144:646-674, 2011 

BRAF 



Planchard, et al. ASCO 2013 

Dabrafenib phase II trial in BRAF V600E Mut+ NSCLC 

 Single arm; dabrafenib 150mg bid 

 Preliminary efficacy data among 20 patients 

 Most common toxicities: arthralgia, back pain, headache, fatigue, PPES, pyrexia 
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Characteristics of cancer cells 

Hanahan D et al, Cell 144:646-674, 2011 

PD1 & PDL1  



Immune evasion or immunosuppressive strategies used 

by tumor cells 

Davies M, Cancer Management and Research 6:63-75, 2014 



NSCLC tumor immunology and modulation by 

conventional therapies 

Champiat S et al, J Thorac Oncol 9:144-153, 2014 



Sznol M, et al. Clin Cancer Res. 19:1021-1034, 2013 

Blockade of PD-1 binding to PDL1 (B7-H1) and PDL-2 

(B7-DC) revives T cells 

PD-L2-mediated 

inhibition of TH2 T cells 
Stromal PD-L1 

modulation of T cells 

 PD-L1 expression on tumor 

cells is induced by γ-

interferon 

 In other words, activated T 

cells that could kill tumors 

are specifically disabled by 

those tumors 

PD-1 

PD-L1 

PD-L2 

T-cell receptor  

MHC-1 

CD28 

Shp-2 

B7.1 

IFN-γ-mediated 

upregulation of 

tumor PD-L1 
PD-L1/PD-1–mediated 

inhibition of tumor cell killing 

Priming and 

activation of  

T cells 

Immune cell  

modulation of T cells 

Tumor Cell 

IFN-γR 

IFN-γ 

Tumor-associated 

fibroblast M2 

macrophage 

Treg  

cell 

Th2  

T cell 

Other NFκB P13K 

CD8+ cytoxic 

T lymphocyte 

T-cell polarization 

TGF-β 

IL-4/13 

Can you generate  

tumor-killing T cells? 

Dendritic  

Cell 

Antigen priming 

Can the T cells  

get to the tumor? 

T-cell trafficking 

Can the T cells  

see the tumor? 

Peptide-MHC 

expression 

Can the T cells  

be turned off? 

Inhibitory cytokines 

Can the T cells  

be turned off? 

PD-L1 expression  

on tumor cells 



Immune checkpoint inhibitors in NSCLC 

Champiat S et al, J Thorac Oncol 9:144-153, 2014 



Randomized phase II study of Ipilimumab and CT in 

advanced NSCLC 

Lynch TJ et al, J Clin Oncol 30:2046-2054, 2012 

 Primary endpoint: irPFS 

 Cx regimen: Pac 175 mg/m2/carbo AUC 6 prior to start of ipilimumab (10 mg/kg) 

Concurrent 

IPI + Pac/Carbo 

Phased 

IPI + Pac/Carbo 

Control 

P + Pac/Carbo 

(N = 204) 
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First-line 
Stage lllb/IV NSCLC 
18 yrs of age or older 
ECOG PS 0/1 1:1:1 

Induction Phase 
(n = 203) 

Maintenance Phase 
(n = 73) 

q3w q12w 

C C C C C C 
Follow-up 

phase 
IPI IPI IPI IPI P P 

IPI IPI 

C C C C C C 
Follow-up 

phase 
IPI IPI IPI IPI P P 

IPI IPI 

C C C C C C 
Follow-up 

phase 
P P P P P P 

P P 



Lynch TJ et al, J Clin Oncol 30:2046-2054, 2012 

Randomized phase II study of Ipilimumab and CT in 

advanced NSCLC 



ClinicalTrials.gov. NCT01285609  

Ongoing phase III: Ipilimumab in squamous NSCLC 

 Double-blind study 

 Primary endpoint: OS 

 Secondary endpoints: OS in patients who receive 1 dose of ipilimumab/ placebo, PFS, RR 

Stage IV or 

recurrent 

squamous cell 

NSCLC 

ECOG PS ≤ 1 

(N = 1100) 

 

Carboplatin AUC 6 + 

Paclitaxel 175 mg/m2 q3w x 6 +  

Placebo  

 

 

Carboplatin AUC 6 + 

Paclitaxel 175 mg/m2 q3w x 6 +  

Ipilimumab 10 mg/kg q3w x 4, then  

q12w starting at Wk 24 

 



Brahmer JR et al. ASCO 2013. Abstract 8030 

Nivolumab phase I trial in squamous/nonsquamous 

NSCLC 



ClinicalTrials.gov. NCT01642004  

Ongoing phase III: Nivolumab in squamous NSCLC 

 Primary endpoints: ORR, OS 

 Secondary endpoints: PFS, ORR, and OS in PD-L1–positive vs PD-L1–negative subgroups, duration 

of OR, time to OR, proportion of patients exhibiting disease-related symptom progression as per 

Lung Cancer Symptom Scale 

Stage IIIB/IV or 

recurrent  

squamous-cell 

NSCLC following RT 

or resection, 

 previous Pt-

containing 

chemotherapy 

ECOG PS ≤ 1 

(N = 264) 

Treat until 

progression or  

unacceptable 

toxicity or  

withdrawal of 

consent  

Docetaxel 75 mg/m2 IV q3w 

Nivolumab 3 mg/kg IV q2w 



IASLC, 15th WCLC, abst 2416, 2013  

Lambrolizumab (MK-3475) in 2nd line for NSCLC 

Objectives of Protocol: 

 Assess safety and efficacy in patients with previously treated NSCLC 

 

Eligibility Criteria for Protocol: 

 2 prior systemic therapies 

 ≥1 measurable lesion 

 ECOG PS of 0-1 

 Submission of a new tumor specimen for PD-L1 analysis 

 

Treatment: 10 mg/kg IV Q3W until progression by irRC, intolerable toxicity, or consent withdrawal 

 

Patients:  N = 38: 42% male, 45% aged ≥65 years, 58% with ECOG PS 1,  

66% former/current smokers, 16% squamous, 11% treated brain metastases 

 

PD-L1 Status:  Assessed with a Merck proprietary IHC clinical trial assay; 61% positive (>0),  

26% negative, 13% not evaluable; potential cut point determined by the Youden Index from 

a receiver operator characteristics curve 



IASLC, 15th WCLC, abst 2416, 2013  

Lambrolizumab (MK-3475) in 2nd line for NSCLC 

Subgroup 

irRC, Investigator Review RECIST v1.1, Independent Review 

Median OS, wk (95% 

CI) N 

ORR, n (%) 

[95% CI] 

Median PFS, wk 

(95% CI) N 

ORR,* (%),  

[95% CI] 

Median PFS, wk 

(95% CI) 

All 38 
9 (24%)  

[11%, 40%] 

9.1  

(8.3, 17.4) 
33 

7 (21%)  

[9%, 39%] 

9.7  

(7.6, 17) 

51  

(14, NR) 

Non-squamous 31 
7 (23%)  

[10%, 41%] 

9.1  

(8.3, 17.0) 
26 

4 (16%)  

[4%, 35%] 

10.3  

(7.6, 17) 

35  

(14, NR) 

Squamous 6 
2 (33%)  

[4%, 78%] 

23.5  

(2.7, NR) 
6 

2 (33%)  

[4%, 78%] 

15.2  

(1.4, NR) 

NR  

(2.7, NR) 

Patients with measurable disease on baseline imaging and an evaluable tumor specimen for PD-L1 

Score ≥ potential cut 

point 
9 

6 (67%)  

[30%, 93%] 
— 7 

4 (57%)  

[18%, 90%] 
— — 

Score < potential cut 

point 
24 

1 (4%)  

[0%, 21%] 
— 22 

2 (9%)  

[1%, 29%] 
— — 

0 20 40 60 80 
Time (weeks) 

AN 169 

AN 181 

AN 196 

AN 197 

AN 201 

AN 179 

AN 173 

AN 161 

AN 152 

MK-3475 Responders Have Prolonged Duration of 

Response 

On therapy 

Off therapy 

Therapy continuing 

Confirmed response 

Progression 
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Hanahan D et al, Cell 144:646-674, 2011 

MET 



Tivantinib plus Erlotinib phase II trial 

Sequist LV, et al. J Clin Oncol 29:3307-3315, 2011 

Intention-to-treat population 

KRAS mutation positive population 



Tivantinib plus Erlotinib phase III trial 

Scagliotti GV, et al. Clin Lung Cancer 13:391-395, 2012 



Tivantinib plus Erlotinib phase III trial 

Scagliotti GV, et al. Clin Lung Cancer 13:391-395, 2012 



Tivantinib plus Erlotinib phase III trial 

Scagliotti GV, et al. Clin Lung Cancer 13:391-395, 2012 



Onartuzumab plus Erlotinib phase II trial 

Spiguel DR, et al. J Clin Oncol 31:4105-4114, 2013 

Co-primary objectives 

 PFS in ‘MET-positive’ patients 

 PFS in overall ITT population 

1 

 Second-/ 

third-line NSCLC 

 ECOG PS 0–2 

 Tissue required 

(n=137) 

R 

1 

Erlotinib +  

onartuzumab 

PD 
Add onartuzumab  

if eligible 

Erlotinib +  

placebo 

PD 

Stratification 

 Smoking history 

 PS 

 Histology 

‗MET-positive‘ = majority (≥50%) of tumour cells with moderate or strong staining intensity 

MET IHC as a companion diagnostic 

Negative Positive 

Erlotinib 150mg/day; Onartuzumab 15mg/kg i.v. q3w 



Onartuzumab plus Erlotinib phase II trial 

Spiguel DR, et al. J Clin Oncol 31:4105-4114, 2013 

Intention-to-treat population 

MET positive population 



MetLung (OAM4971g, NCT01456325) 

Onartuzumab global phase III trial - METLung 

Survival 

follow-up 

No crossover tx 

Survival 

follow-up 

PD 

PD 

Erlotinib + placebo  

Stage IIIB/IV 

MET-positive  

2/3L NSCLC 

(n=490) 

Primary endpoint: OS 

1 

R 

1 

Erlotinib + onartuzumab  

Stratification: 

 EGFR Mut+ vs WT 

 MET 2+ vs 3+ 

 Number of prior EGFR inhibitors 

 Histology 

Key eligibility criteria: 

 MET-positive (2+ or 3+) 

 Central testing for MET IHC status 

 1 prior platinum-based line 

Enrolment complete, data expected 2014 



Characteristics of cancer cells 

Hanahan D et al, Cell 144:646-674, 2011 

VEGFR2 



Ramucirumab (IMC-1121B) - fully human anti-VEGFR2  

Phase 3 Randomized Study of Ramucirumab or Placebo plus Docetaxel  

as Second-Line Treatment of Patients With NSCLC 

Study locations: North, South and Central America, Europe, Asia, Middle East, New Zealand 

Primary end point: Overall survival 

Secondary end points: Progression-free survival, overall response rate, safety, patient-reported 

outcomes 

Until 

Progression 

• Stage IV 

progressing after 

one 1st-line 

platinum-based 

regimen 

• All histologies 

• No blood vessel 

involvement or 

tumor cavitation 

• Treated brain 

mets allowed 

• ECOG PS 0/1 

Stratify 

• Geography 

• Performance 

Status 

• Gender 

• Smoking history 

• Prior maintenance 

therapy 

RANDOMIZE 1:1 

*Docetaxel 75 mg/m2 

+ 

Ramucirumab 10 mg/kg 

*Docetaxel 75 mg/m2 

+ 

 Placebo 

N = 1242 
Every 3 

Weeks 

*Docetaxel 60 mg/m2  in Korea and Taiwan  

 US NIH, ClinicalTrials.gov; http://clinicaltrials.gov/.  

http://clinicaltrials.gov/


Eccles S, et al. Breast Cancer Res 15:R92, 2013 

Tumor heterogeneity 

Tumors with identical histological type and biochemical parameters 



Eccles S, et al. Breast Cancer Res 15:R92, 2013 

Integrated vision of multidisciplinary research 



Summary 

→ Exciting clinical data with new targeted approaches - more effective 

therapy with more selective toxicity 

 

→ Potential for biomarker-directed therapy to select patients most likely 

to benefit: 

 BRAF mutation 

 ROS1 translocation 

 PDL1 IHC 

 MET IHC 

 Other 

 

→ Challenges for trials design, biomarker based selection and rational 

combinations development 



pelo doente, 

para o doente 
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