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Introduction to lung cancer

◼ In recent years ↑ incidence, particularly in 
females and never-smokers

◼ 1,59 milion deaths/year globally, with 71% of 
them caused by smoking

◼ Most of patients are metastatic at diagnosis
and < 20% are alive at 5 years

◼ Sequencing of the human genome allowed
to identify potential targets for therapy, 
expecially in NSCLC, which is not considered
a singular entity but multiple pathlogies with 
unique molecular signatures 

Gridelli C, Nat Rev Dis Primers 2015; Planchard D, Ann Oncol 2018; Dong J, Front Pharmacol 2019 



NSCLC histology and mutations

Chan BA, Transl Lung Cancer Res 2015

◼ Most of NSCLC are non-oncogene addicted or wild type; about 20% are oncogene addicted tumours
(young, female, never smoker patients, high incidence of brain mets) 

◼ EGFR, ALK, ROS1, PDL1 need to be assessed at baseline in all locally advanced/metastatic patients

◼ Chemotherapy has long represented the milestone of the treatment of these tumours

◼ Targeted therapy and immunotherapy have completely revolutioned the treatment algorithms



Molecular pathways and targets in NSCLC

Chan BA, Transl Lung Cancer Res 2015



Timeline of advances over last 20 years

Dong J, Front Pharmacol 2019 



EGFR sensitive and resistant mutations

Herbst RS; NEJM 2008; Lovly CM, My Cancer Genoma 2018



EGFR TKIs in first line

Study EGFR TKI Control arm ORR (%) mPFS (months) OS (months)

IPASS Gefitinib Carboplatin+Paclitaxel 71.2 vs 47.3 9.6 vs 6.3 21.6 vs 21.9

WJTOG3405 Gefitinib Carboplatin+Docetaxel 62.1 vs 32.2 9.2 vs 6.3 36 vs 39

NEJ002 Gefitinib Carboplatin+Paclitaxel 73.7 vs 30.7 10.8 vs 5.4 27.7 vs 26.6

OPTIMAL Erlotinib Carboplatin+Gemcitabine 83 vs 36 13.1 vs 4.6 22.8 vs 27.2

EURTAC Erlotinib Carboplatin+Doc/Gem 73.7 vs 30.7 9.7 vs 5.2 22.9 vs 19.6

ENSURE Erlotinib Cisplatin+Gemcitabine 62.7 vs 33.6 11 vs 5.6 26.3 vs 25.5

LUX-Lung 3 Afatinib Cisplatin+Pemetrexed 56 vs 23 11.1 vs 6.9 28.2 vs 28.2

LUX-Lung 6 Afatinib Cisplatin+Gemcitabine 66.9 vs 23 11 vs 5.6 23.1 vs 23.5

◼ All studies showed that EGFR TKIs were better than chemo in terms of RR and PFS, without a significant 
improvement in  OS, probably due to the high crossover rate between EGFR and TKIs and chemo arms

Hsu WH, Ann Oncol 2018



Long term response in EGFR+ pt

Male, 67 yrs, never smoker, previous ischemic 
heart disease, metastatic lung adenocarcinoma 
at diagnosis (cT2 N3 M1 lymphonodes)

Long term response to gefitinib (8 years)



www.cancer.org 2018

EGFR TKIs adverse events



Mechanisms of resistance to I/II gen EGFR TKIs

Remon J, Ann Oncol 2018

◼ After 6-13 months
all patients treated
with EGFR TKIs
show progressive 
disease 



Osimertinib in second line: survival

Mok T, NEJM 2017

◼ Crossover was 
permitted at 
progression after 
chemo (60% of pts)

◼ Osimertinib was better 
than chemo in terms 
of RR (71% vs 31%), 
QoL and toxicity (G3-4 
adverse events 23% vs 
47%)

◼ The study supported 
the feasibility of 
detecting T790M form 
plasma ctDNA samples



Liquid biopsy in EGFR+

Mok T, NEJM 2017; Wan JCM, Nat Rev Cancer 2017; Corcoran RB, NEJM 2018

◼ Liquid biopsy offers advantages vs tissue: quick, easy obtained, minimal pain/risk, minimally 
invasive, comprehensive tissue profile 

◼ It may discover actionable EGFR mutations, monitor response to therapy and detect TKI 
resistance mechanisms



Response to osimertinib

Kobayashi K, OncoTargets and Therapy 2018

before and after 2 months of osimertinib treatment



Osimertinib in first line

Soria JC, NEJM 2018

◼ Randomized (1:1), 
double-blind, phase 3 
study 

◼ 43% of pts in standard 
arm received 
osimertinib after 
progression 

◼ Osimertinib > standard 
EGFR TKIs in terms of 
RR (80% vs 76%), 
mDoR (17.2 vs 8.5 
mos) QoL and toxicity 
(G3-4 AEs 34% vs 57%)

◼ Data on OS were yet 
immature at the 
interim analysis



Mechanisms of resistance to III gen EGFR TKIs

Nagano T, Cells 2018; Ricordel C, Ann Onol 2018

◼ Sequential resistance mutations 
may develop under therapeutic 
pressure. In red are displayed the 
combination strategies identified 
according to in vitro studies



What sequence?

Hirsh V, Ther Adv Med Oncol 2018

◼ To today, the most appropriated
sequential therapy is unknown

◼ Osimertinib was not compared
with afatinib in first line setting, 
but it could be preferred for its
favourable toxicity profile

◼ Mechanisms of resistance to 
osimertinib need to be better 
investigated 

◼ More data from clinical trials are 
required, also in T790M- pts 
progressing I-II gen EGFR TKIs
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Alk inhibitors in lung cancer

Ferrara R, J Thor Oncol 2018



Response to ALK inhibitors

Shaw AT, NEJM 2014; Lin JJ, J Thor Oncol 2018

◼ Dramatic intracranial response to 
alectinib in previously untreated patient◼ Ceritinib activity in a crizotinib-resistant patient



Alectinib as first line: survival

Peters S, NEJM 2017; Camidge DR, J Thor Oncol 2019

◼ mPFS: 34.8 vs 10.9 mos

◼ Longer duration of treatment 
for alectinib (27 mos vs 10.8)

◼ High activity on brain mets



Resistance to ALK inhibitors

Gainor JF, Cancer Dscov 2016; Akamine T, Onco Targets Ther 2018

◼ About 20% of pts develop resistance mutations on crizotinib vs 50% on II generation ALK inhibitors

◼ G1202R is the most common ALK resistance mutation after treatment with II gen ALK inhibitors

◼ Lorlatinib is the only active against all single resistance mutations

◼ Therefore, repeated (tissue or liquid) biopsies could be useful to identify resistance mechanisms 
and to guide the therapy decisions



Role of rebiopsy

Shaw AT, NEJM 2016



Significant Progression

Current algorithm for ALK+ lung cancer

II line
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Targeting ROS1 in lung cancer

Shaw AT, NEJM 2014

◼ Expansion cohort of the phase I study of Crizotinib in un/previously treated ROS1 rearranged 
mNSCLC

◼ ORR 72%

◼ No G4 adverse event



Resistance mutations to ROS1

Lin JJ, J Thor Oncol 2017; Gainor JF, J CO Precis Oncol 2017

◼ Resistance mechanisms may develop in 
> 50% of treated patients  

◼ G2032R is the most frequent mutation

◼ Next generation ROS1 inhibitors need to 
be developed in order to target the 
resistance mutations



Significant Progression

Current and future algorithm for ROS1+
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BRAF+ lung cancer

Planchard D, Lancet Oncol 2016

◼ Phase II trial of dabrafenib + 
trametinib in previously 
treated BRAF V600E-mutant 
mNSCLC

◼ ORR 63.2%

◼ Manageable safety profile  
(G3-4 neutropenia and 
anemia in 9% a 5% of pts, 
respectively)



MET+ lung cancer

Caparica R, J Thor Oncol 2017; Pasquini G, Expert Opin Investig Drugs 2019

◼ MET alterations are: protein overexpression, gene amplification and MET exon 14 skip mutation 

◼ Crizotinib, tivantinib and savolitinib showed promising activity, suggesting the need of proper 
selection of patients

◼ Dysregulation of the MET may develop as primary or secondary resistance mechanism in EGFR+ 
patients progressing following prior EGFR TKI (ongoing studies of savolitinib + 
osimertinib/gefitinib)

Response to crizotinib in MET 
amplified metastatic lung cancer 



PDL1 and immunotherapy

◼ Programmed death ligand 1 is a biomarker
with a major role in suppressing antitumor
immunity

◼ Variation in tumor expression and response: 
the higher expression the higher response to 
immunotherapy

◼ Pre-analytical and analytical variables

◼ Differences in application of assay, according
to checkpoint inhibitor considered

◼ Many data from clinical studies suggest its
role of predictive biomarker

Aguiar PN, Immunotherapy 2017



◼ In both studies the efficacy of nivolumab was independent of PDL1 tumour expression, however 
in non squamous histologic subtype a positive relationship was observed between PDL1 
expression and nivolumab benefit

Second line: Nivolumab

Borghaei H, NEJM 2015; Brahmer J, NEJM 2015



◼ The efficacy of 
pembrolizumab was 
reported in patients with 
PDL1 ≥ 1% expression

Second line: Pembrolizumab and Atezolizumab

OAK

KEYNOTE-010

◼ The efficacy of 
atezolizumab was 
independent of PDL1 levels 
and histology 

Herbst RS, Lancet 2016; Rittmeyer A, NEJM 2017



◼ The survival benefit was observed when PDL1≥50%, regardless of histology and in pts with brain 
metastases, too

◼ Pembro reported less G3-5 toxicity (31.2%) than docetaxel (53.3%)  

First line: Pembrolizumab

Reck M, NEJM 2016; Reck M, J Clin Oncol 2019



Example of Pembrolizumab response

Baseline CT scan
September 2017

Partial response after 8 months 
of immunotherapy

May 2018

◼ M, 72 yrs, no comorbidity

◼ Lung adenocarcinoma, cT4 N3 M1c (lung, brain) stage, EGFR wt, ALK and ROS-1 not rearranged, 
PDL1 80%

◼ Well tolerated treatment, with skin rash G2, pruritus G2 and diarrhea G1 



III line

Cisplatin + Gemcitabine (Sq) 
Cisplatin + Pemetrexed +/- Pem maintenance (NSq)

Carboplatin + Paclitaxel + Bev +/- Bev maintenance (Nsq)

Nivolumab, Atezolizumab Pembrolizumab

PDL1 < 50%

Pembrolizumab

Cis + Gem
(Sq)

Docetaxel

Current algorithm for advanced lung cancer

PDL1 ≥ 50%

II line

I line

IV line

Regardless
of PDL1

Chemotherapy single agent docetaxel

Other single agent chemotherapy

PDL1 ≥ 1%

Cis + Pem +/-
Pem maint (NSq)

Docetaxel
+/- Nindetanib

Early PD
Nsq

Nivo, Atezo



Locally advanced lung cancer: Durvalumab

Antonia SJ, NEJM 2018

◼ Durvalumab therapy resulted in significantly longer overall survival than placebo, in pts with 
PDL1 ≥ 1% and without EGFR/ALK/ROS1 mutation 

◼ Good safety profile of durvalumab (G3-4 AEs were 30.5% vs 26.1% of placebo)



◼ The mutation load may be 
an useful predictive 
biomarker for treatment 
response

◼ An increased number of 
nonsynonymous point 
mutations is associated 
with improved objective 
response, durable clinical 
benefit and survival

Tumor Mutation Load

Schumacher TN, Science 2015; Hellmann MD, NEJM 2018



◼ Genomic achievements completely changed the treatment of lung cancer, improving 
patients’ survival and quality of life 

◼ NSCLC is a heterogeneous and dynamic disease, whose treatment is becoming 
independent of histology

◼ Increasingly sensitive diagnostic methods as NGS need to be implemented, both in 
diagnostic phase and during the therapies

◼ Resistance mechanisms represent one of the most intriguing research areas in 
oncology

◼ Collaboration between clinicians and researchers is essential to better customize the 
oncologic treatments

Take home messages
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