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EVOLUTION 
OF THE 
THERAPEUTIC 
APPROACH

• «one drug fits all (?)»

Traditional medicine

• Disease sub-types; risk stratification; 
biomarkers

Stratified medicine

• «-omics»; compliance; exogeneous 
factors; molecular diagnostics

Precision medicine



https://cancerx.co.in/blog/2018/09/28/understanding-precision-medicine-for-cancer/



http://puhuahospital.com/treatments/cancer/targeted



MABS

▪ Rituximab

▪ Trastuzumab

Small molecules

▪ Imatinib

TARGETED AGENTS 2001



* Indicates chemio-immuno conjugates

MABS

▪ Rituximab

▪ Trastuzumab

▪ Bevacizumab

▪ Ramucirumab

▪ Cetuximab

▪ Panitumumab

▪ Pertuzumab

▪ Trastuzumab-DM1 (T-DM1)*

▪ Aflibercept

Small molecules

▪ Imatinib

▪ Erlotinib

▪ Gefitinib

▪ Sorafenib

▪ Sunitinib

▪ Lapatinib

▪ Neratinib

▪ Pazopanib

▪ Regorafenib

▪ Axitinib

▪ Cabozantinib

▪ Osimertinib

▪ Dabrafenib

▪ Trametinib

▪ Cobimetinib

▪ Nintedanib

▪ Vismodegib

▪ Vemurafenib

▪ Crizotinib

▪ Ceritinib

▪ Alectinib

▪ Palbociclib

▪ Ribociclib

▪ Abemaciclib

▪ Everolimus

▪ Temsirolimus

▪ Olaparib

▪ Talazoparib

▪ Rucaparib

▪ Niraparib

▪ Afatinib

▪ Vandetanib

▪ Lenvatinib

TARGETED AGENTS 2020



PRECISION MEDICINE MODEL: NON-SMALL CELL 
LUNG CANCER

➢ I Numeri del Cancro in Italia (2020)

➢ SEER Database (2021)







ALK (7%)

EGFR other (4%)

MET (3%)

>1 mutation (3%)

HER2 (2%)

ROS1 (2%)

BRAF (2%)

RET (2%)

NTRK1 (1%)

PIK3CA (1%) 

MEK1 (<1%) 

Unknown oncogenic driver detected (31%)

KRAS (25%)

EGFR sensitizing (17%)

ROS1

Crizotinib;Cabozantinib;Ceritinib;Lorlatinib;Entrectinib; Repotrectinib, DS-6051b

BRAF

Vemurafenib; Dabrafenib; Dabrafenib + Trametinib

RET

Cabozantinib; Alectinib; Apatinib; Vandetanib; sunitinib; Ponatinib; Lenvatinib; BLU-667; 

LOXO-292

NTRK1

Entrectinib; LOXO-101 (larotrectinib); loxo-195; DS-6051b; repotrectinib

PIK3CA

LY3023414; PQR 309

ALK

Crizotinib; Alectinib; Ceritinib; Lorlatinib; Brigatinib

KRAS MET

Crizotinib; Cabozantinib; Capmatinib; Savolitinib; Tepotinib; Merestinib; Glesatinib

HER2

Trastuzumab emtansine;Afatinib;Neratinib-temsirolimus; Dacomitinib; Poziotinib; 

XMT-1522; TAK-788; DS-8201a, 

MEK1

Trametinib; Selumetinib; Cobimetinib

EGFR sensitizing

Gefitinib; Erlotinib; Afatinib;Osimertinib; Dacomitinib

EGFR

ALK

ONCOGENIC DRIVERS IN NSCLC

???



Chaft JE, et al. Nat Rev Clin Oncol. 2021











EGFR



N Engl J Med. 2009;361:947-57; J Clin Oncol. 2011;29:2866-74; N Engl J Med. 2010;362:2380-98; Lancet Oncol. 2010;11:121-8;  J Clin Oncol. 2014;32(suppl):abstract 8117;  Lancet Oncol. 
2012;13:239-46;  ESMO 2014. Abstract 1273P; Lancet Oncol. 2011;12:735-42; J Clin Oncol. 2012;30(suppl):abstract 7520; Ann Oncol. 2015;26:1883-9; J Clin Oncol. 2013;31:3327-34; Lancet 
Oncol. 2014;15:213-22;  Lancet Oncol 2015;16:141-51; Lancet Oncol. 2016;17(5):577-89; Ann Oncol 2017;28(2):270-7; Lancet Oncol. 2017;18(11):1454-66; J Clin Oncol. 2018;36(22):2244-50; N 
Engl J Med. 2018;378(2):113-25. 

EGFR TKIs vs. CHEMOTHERAPY



EGFR - FLAURA

OSIMERTINIB



Planned treatment duration: 3 years

Treatment continues until: 

• Disease recurrence

• Treatment completed

• Discontinuation criterion met

Follow up:

• Until recurrence: Week 12 and 24, 

then every 24 weeks to 5 years, 

then yearly

• After recurrence: every 24 weeks 

for 5 years, then yearly

Endpoints

• Primary: DFS, by investigator assessment, in stage II/IIIA patients; designed for superiority under the assumed DFS HR of 0.70 

• Secondary: DFS in the overall population¶, DFS at 2, 3, 4, and 5 years, OS, safety, health-related quality of life

• Following IDMC recommendation, the study was unblinded early due to efficacy; here we report an unplanned 

interim analysis

• At the time of unblinding the study had completed enrollment and all patients were followed up for at least 1 

year

ADAURA Phase III double-blind study design

Osimertinib 

80 mg, once daily

Placebo, 

once daily

Stratification by:

stage (IB vs II vs IIIA) 

EGFRm (Ex19del vs L858R)

race (Asian vs non-Asian)

Randomization

1:1

(N=682)

Patients with completely resected stage IB, II, 

IIIA* NSCLC, with or without adjuvant che

Key inclusion criteria:

≥18 years (Japan / Taiwan: ≥20)

WHO performance status 0 / 1

Confirmed primary non-squamous NSCLC

Ex19del / L858R‡

Brain imaging, if not completed pre-operatively

Complete resection with negative margins§

Max. interval between surgery and randomization:

• 10 weeks without adjuvant chemotherapy

• 26 weeks with adjuvant chemotherapy

Patients with completely resected 

stage* IB, II, IIIA NSCLC, with or without 

adjuvant chemotherapy†



Median DFS, months (95% CI)

– Osimertinib NR (38.8, NC)

– Placebo 20.4 (16.6, 24.5)

HR (95% CI) 0.17 (0.12, 0.23); 

p<0.0001

Maturity 33%:

osimertinib 11%, placebo 55% 

Primary endpoint: DFS in patients with stage II/IIIA disease
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DFS by stage 

Stage IB Stage II Stage IIIA

2 year DFS rate, 

% (95% CI)

– Osimertinib 87 (77, 93) 91 (82, 95) 88 (79, 94)

– Placebo 73 (62, 81) 56 (45, 65) 32 (23, 42)

Overall HR 

(95% CI)

0.50 

(0.25, 0.96)

0.17 

(0.08, 0.31)

0.12 

(0.07, 0.20)
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6 12 18 24 30 36 42 48 540

Early snapshot: overall survival in patients with stage II/IIIA disease

Osimertinib

Placebo
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Median OS, months (95% CI)

– Osimertinib NR (NC, NC)

– Placebo NR (NC, NC)

HR (95% CI) 0.40 (0.18, 0.90)

Maturity 5%:

osimertinib 3%, placebo 7% 

Time from randomization (months)



CANDIDATE ACQUIRED ALTERATIONS WITH 
OSIMERTINIB

Ramalingam SS, ESMO 2018



TATTON: savolitinib + osimertinib expansion cohort
preliminary antitumour activity

SAVANNAH trial design

ORCHARD trial design

ClinicalTrials.gov identifier NCT03778229; NCT03944772

Combination of TKIs

RESISTANCE TO OSIMERTINIB



AMIVANTAMAB + LAZERTINIB



CHRYSALIS TRIAL: AMIVANTAMAB +LAZERTINIB

Cho BC, ESMO 2020

Osimertinib resistantTreatment naïve



29

CHRYSALIS: Responders Among Patients with and without Identified 
EGFR/MET-based Resistance

With Identified EGFR/MET-based Resistance Without Identified EGFR/MET-based Resistance

8 PRs8 PRs

¥ EGFR-based resistance

MET-based resistance
EGFR+MET-based resistance
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Resistanceb Alterationsc

EGFR-based C797S (n=7)
Amp (n=3)
L718X (n=3)
G724S (n=2)

L792H (n=1)
G796S (n=1)
E709K (n=1) 

MET-based Amp (n=5) METex14 (n=1)

Resistanceb Alterationsc

Additional PIK3CA E542X (n=2)
CCNE1 Amp (n=1)
PIK3CA Amp (n=1)
CCND1 Amp (n=1)
CDK4 (n=1)

KRAS Amp (n=1)
FGFR3-TACC3 fusion 
(n=1)
KRAS G12D (n=1)
CDKN2A G101W (n=1)

Bauml et al ASCO 2021



OTHER TARGETS



DRIVER MOLECOLARE FARMACO FASE DI TRIAL DISPONIBILITÀ IN ITALIA

EGFR

Osimertinib III Rimborso AIFA (IV stadio); Expanded access program (adiuvante)

Afatinib III Rimborso AIFA

Gefitinib III Rimborso AIFA

EGFR (esone 20) Mobocertinib I/II Expanded Access Program

ALK

Alectinib III Rimborso AIFA

Brigatinib III Rimborso AIFA

Lorlatinib I/II Rimborso AIFA

Crizotinib III Rimborso AIFA

Ceritinib III Rimborso AIFA

ROS1 Crizotinib I Rimborso AIFA

BRAF Dabrafenib-trametinib II Rimborso AIFA

KRAS (G12C) Sotorasib II Expanded Access Program

MET
Capmatinib II Expanded Access Program

Tepotinib II Expanded Access Program

RET
Selpercatinib I/II CNN

Pralsetinib I/II Expanded Access Program

NTRK
Entrectinib I/II Rimborso AIFA

Larotrectinib I/II Rimborso AIFA



Mazieres et al. Annals Oncol e-pub May, 2019







PRACTICAL IMPLICATIONS OF 
MULTI-GENIC TESTING



aNSCLC
EGFR, KRAS, BRAF, MET, 
ALK, ROS1, RET, HER2, 

MSI, TMB

mCRC

KRAS, NRAS, BRAF, 
MGMT, MLH1, 

MSH2,PMS2, MSI, RET, 
EGFR, HER2, NTRK1-3, 

FGFR2, TMB







Stoeklé, HC., Mamzer-Bruneel, MF., Frouart, CH. et al. Sci Eng Ethics (2018) 24: 307. 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=&url=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%2Fs11948-017-9880-8&psig=AOvVaw3XksBuTd153w31dvRZTozl&ust=1574268358259773


A targeted amplicon based NGS panel of 52 genes has
been used for tissue genotyping for detection of
missense mutations, indels, copy number variations and
gene fusions from DNA or RNA was performed on 16/
276 never smoker NSCLC pts.



Carboplatin
pemetrexed

08 Aug 2019

Pemetrexed

31 Oct 2019

Nivolumab

13 Feb 2020

Docetaxel

09 Apr 2020 27 Oct 2020

???

Mass spectrometry IHC FISH

EGFR, K-RAS, BRAF PD-L1, ALK ROS-1

All wild type
PD-L1 10-20%
ALK negative

Negative



ROS1

27 Oct 2020 07 Jan 2021

CRIZOTINIB



Carboplatin
pemetrexed

08 Aug 2019

Pemetrexed

31 Oct 2019

Nivolumab

13 Feb 2020

Docetaxel

09 Apr 2020 27 Oct 2020

Crizotinib

11 Nov 2021

ONGOING



Take home 
messages

Strategies for improving testing governance and 
optimize clinical interpretation of molecular tests

Increasing need of multi-genic, tumor-specific 
panels

Tailored therapy based on pathological/molecular
features (lack of «clinical» predictors)



THANK YOU FOR YOUR ATTENTION!

Carlo.genova@hsanmartino.it


