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SPAIN ≈ 250.000
Cancer New Cases

• Lung Cancer ≈28.000 new cases/year
• 1st Cause of cancer-related death

Background & Current Situation

Precision Medicine 



Clinical Case

Woman: 56 years, no smoker

Diagnosis: lung cancer IV stage- July 2014

Metastasis: bones, ganglions and lung









• Clinical case

• Woman: 56 years, no smoker

• Diagnosis: lung cancer IV stage- July 2014

• Metastasis: bones, ganglions and lung

5 Years Survival rate with chemotherapy: 0%



EGFR, 
ALK, ROS, 
BRAF
15%-20

PD-L1 1-49% 
40%

PD-L1 
<50%
30%

ORR: 20-30%

mPFS: 5-6 months

mOS: 8-10 months

2 year survival rate: 11%

5 year survival rate: 0% 

UNSELECTED POPULATION

Schiller J, et al. N Enl J Med 2012



Spectrum of oncogenic drivers associated to 860 patients with lung adenocarcinoma identified by MSK-Impact.

SCLC: small cell lung cancer, NSCLC: non-small cell lung cancer; UMD: no actionable mutation.
1. Bode, A. M., and Dong, Z., (2018) npj Precision Onc 2:1; 2. Jordan EJ et al. (2017) Cancer Discov. 2017; 7: 596-609.

SCLC NSCLC Squamous

Nonsquamous



Positive for EGFR del. exon 19 mutation

Complete remission after treatment with first generation TKI

Disease progression after 15 months



Lung Cancer: poster child for precision medicine
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Lung Adenocarcinoma

2003 2021

Trastuzumab, Afatinib, 
Tucatinib, TDM-1, T-DxD

Vemurafenib, Dabrafenib, 
Trametinib

Crizotinib, Ceritinib, Alectinib, 
Brigatinib, Lorlatinib

Erlotinib, Afatinib, Gefitinib, 
Osimertinib, Cobimetinib

Crizotinib, 
Capmetinib

Crizotinib

Pralsetinib, Salpercatinib, 
Cabozantinib, Alectinib

Modified and updated from Pao and Hutchinson, Nature Medicine. 2012; 18:349-351.

AMG 510

Why is it important to identify molecular 
biomarkers for every patient?



Chemo arms of ECOG 1594

Schiller et al., N Engl J Med 2002; 346:92-98

Why is it important to identify molecular 
biomarkers for every patient?



Targeted therapy: 10 years of progress
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Targets in 2019

1. Patients with a tumour with a sensitising EGFR mutation should receive first-line EGFR 
TKIs including erlotinib, gefitinib or afatinib, or dacomitinib. None of the four EGFR 
TKIs is consensually considered as a preferred option 

2. First-line osimertinib is now considered one of the options for patients with a tumour
with sensitising EGFR mutations 



Our patient PFS: 15 months



Back to hospital for Cardiac tamponade 
Poor general condition
Requires surgical evacuation

PFS: 15 months

Plasma negative at T790M

0% live at 5 years
PFS: 4 months



T790M mutation identified in pericardial liquid

Osimertinib treatment started

What to expect from Chemotherapy?



Complete Response



ctDNA NGS profiling is feasible. HPH experience.



Testing.

Zugazagoitia J et al. Clinical utility of plasma-based digital next-generation sequencing 
in patients with advance-stage lung adenocarcinomas with insufficient tumor samples 
for tissue genotyping.Ann Oncol. 2019 Feb 1;30(2):290-296



• Malignant effusions are very informative

• AF increases over time. T790M detection rate increases when more 
than one sample is tested. Changes can be seen within days. 

Testing. EXPERIENCE FROM HPH



Profile of acquired resistance to osimertinib in 1st

Ramalingam ESMO 18
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Gainor J, et al. ASCO 2020
Subbiah et al. ASCO 2020



MET TKI in METex14 NSCLC

Dose Line N RR (%) PFS (mo.)

CRIZOTINIB
(PROFILE 1001)

250 mg BID Naïve 24 25 7.3

CAPMATINIB
(GEOMETRY)

400 mg BID Naïve (cohort 5B) 28 68 12.4

TEPOTINIB
(VISION)

500 mg QD Naïve 43 44 8.5

SAVOLITINIB 600 mg QD (≥ 50 Kg)
400 mg QD (< 50 Kg)

Naïve 28 46 5.6

Drilon- Nature Med 20202 * Wolf –NEJM 2020 * Garon – AACR 2020 * Groen –ASCO 2020 *  Paik- NEJM 2020 * Lu – ASCO 2020

	

Capmatinib: icRR 54% (7/13)

FDA priority review 



MET TKI in MET amp NSCLC

Ampl N RR(%) PFS (mo.) OS (mo.)

CRIZOTINIB (PROFILE 1001)
GCN≥4
GCN >2.2 - <4
GCN <2.2

20
14
3

40
14
33

6.7
1.9
1.8

NR

CRIZTONIB (AcSé) GCN ≥ 6 25 16 3.2 5.7

CRIZOTINIB (METROS) GCN ≥ 2 16 31 5.0 NR

CAPMATINIB
GCN ≥ 6
GCN<4
MET/CEP7 ≥2 / <2

15
17
9 / 32 

47
0

33 /13

9.3
NR

5.6 / NR
NR

CAPMATINIB (GEOMETRY) MET/CEP7 ≥10 Naïve
MET/CEP7 ≥ 10 Pre

14
55

40
29

4.2
4.1

9.6
10.6

SYM105 MET/CEP7 ≥2 Naïve
MET/CEP7 ≥ 2 Pre

7
1

29
NR

5.5
5.4

NR

Camidge –ASCO 2018 * Moro-Sibilot –AoO 2019 * Landi – CCR 2019 * Schuler – AoO 2020 * Wolf- ASCO 2020 * Camidge – ASCO 2020

Higher efficacy as higher is the MET amplification
However, even in high MET (≥ 10) EFFICACY is MODEST

Therefore, are MET TKI the best approach for MET amp NSCLC? 



• Clinical Case

• Woman: 56 years, no smoker

• Diagnosis: lung cancer IV stage- July 2014

• Metastasis: bones, ganglions and lung

5 Years Survival rate with chemotherapy: 0%



The need to determine precisely what happens is not 
important only during the initial diagnosis….

A plasma sample was obtained at this time and sequenced on an Ion S5™ 

Sequencer (Thermo Fisher, Palo Alto, CA) using the Oncomine™ Lung cfDNA

Assay NGS panel (Thermo Fisher, Palo Alto, CA) to examine circulating tumor 

DNA (ctDNA). 

The NGS study revealed the presence of the p.Gly1269A (c.3806G>C) 

resistance mutation in the ALK gene (MAF =0.88%)

Cellular ALK Phosphorylation Mean IC50 (nM)

Mutation status
Crizotini

b
Ceritinib Alectinib

Brigatini

b

Lorlatini

b

EML4-ALK 38.6 4.9 11.4 10.7 2.3

C1156Y 61.9 5.3 11.6 4.5 4.6

I1171N 130.1 8.2 397.7 26.1 49.0

I1171S 94.1 3.8 177.0 17.8 30.4

I1171T 51.4 1.7 33.6 6.1 11.5

F1174C 115.0 38.0a 27.0 18.0 8.0

L1196M 339.0 9.3 117.6 26.5 34.0

L1198F 0.4 196.2 42.3 13.9 14.8

G1202R 381.6 124.4 706.6 129.5 49.9

G1202del 58.4 50.1 58.8 95.8 5.2

D1203N 116.3 35.3 27.9 34.6 11.1

E1210K 42.8 5.8 31.6 24.0 1.7

G1269A 117.0 0.4 25.0 ND 10.0

Next, using dPCR, we analyzed the p.Gly1269Ala (c.3806G>C) mutation in a 

plasma sample collected previously than the former. This technique did not

detect the p.Gly1269Ala (c.3806G>C) mutation



After 9 months of treatment (September 2016), the sequencing of a plasma 

sample using the Oncomine™ Pan-Cancer Cell-Free Assay NGS panel 

(Thermo Fisher, Palo Alto, CA) revealed the presence of the p.Gly1202Arg 

(c.3604G>A) resistance mutation in the ALK locus (MAF =1.28%)



Retrospective analysis of all 12 plasma samples collected by dPCR
revealed that the p.Gly1202Arg (c.3604G>A) mutation was not
present during the crizotinib treatment,  
but appeared between the fourth and sixth months (April-June 
2016)  after the start of the ceritinib treatment.

Cellular ALK Phosphorylation Mean IC50 (nM)

Mutation status Crizotinib Ceritinib Alectinib Brigatinib Lorlatinib

EML4-ALK 38.6 4.9 11.4 10.7 2.3

C1156Y 61.9 5.3 11.6 4.5 4.6

I1171N 130.1 8.2 397.7 26.1 49.0

I1171S 94.1 3.8 177.0 17.8 30.4

I1171T 51.4 1.7 33.6 6.1 11.5

F1174C 115.0 38.0a 27.0 18.0 8.0

L1196M 339.0 9.3 117.6 26.5 34.0

L1198F 0.4 196.2 42.3 13.9 14.8

G1202R 381.6 124.4 706.6 129.5 49.9

G1202del 58.4 50.1 58.8 95.8 5.2

D1203N 116.3 35.3 27.9 34.6 11.1

E1210K 42.8 5.8 31.6 24.0 1.7

G1269A 117.0 0.4 25.0 ND 10.0



LBA2: Lorlatinib vs crizotinib in the first-line treatment of 
patients (pts) with advanced ALK-positive non-small cell lung 

cancer (NSCLC): Results of the Phase 3 CROWN study –
Solomon B, et al

• Key results

Solomon B, et al. Ann Oncol 2020;31(suppl):Abstr LBA2
*By stratified log-rank test

PFS by BICR

12-month PFS rate:
78% (95%CI 70, 84)
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12-month PFS rate:
39% (95%CI 30, 48)

Lorlatinib

Crizotinib

No. at risk

Cellular ALK Phosphorylation Mean IC50 (nM)

Mutation status Crizotinib Ceritinib Alectinib Brigatinib Lorlatinib

EML4-ALK 38.6 4.9 11.4 10.7 2.3

C1156Y 61.9 5.3 11.6 4.5 4.6

I1171N 130.1 8.2 397.7 26.1 49.0

I1171S 94.1 3.8 177.0 17.8 30.4

I1171T 51.4 1.7 33.6 6.1 11.5

F1174C 115.0 38.0a 27.0 18.0 8.0

L1196M 339.0 9.3 117.6 26.5 34.0

L1198F 0.4 196.2 42.3 13.9 14.8

G1202R 381.6 124.4 706.6 129.5 49.9

G1202del 58.4 50.1 58.8 95.8 5.2

D1203N 116.3 35.3 27.9 34.6 11.1

E1210K 42.8 5.8 31.6 24.0 1.7

G1269A 117.0 0.4 25.0 ND 10.0



*Duration of response was measured from first evidence of PR/CR to disease progression or death due to any cause, whichever was earlier. †At data cutoff of June 1, 2020. 
‡Duration of SD was measured from the start of the treatment until the criteria for disease progression were met or death, whichever was earlier. + Indicates censored value.
Median follow-up time was 11.7 (range 4.8-21.2) months.

CR, complete response; NSCLC, non-small cell lung cancer; PFS, progression-free survival; PR, partial response; SD, stable disease.

Hong DS. Oral presentation at European Society of Medical Oncology 2020 Virtual Congress, September 19-21, 2020. 

Emerging KRAS inhibitors as a potential treatment for KRAS-mutated NSCLC 
CodeBreak™ 100: Responses in Patients With NSCLC







Howlader N,. N Engl J Med. August 13, 2020



The Era of Precision in Medicine…

▪ Cancer: it's more than just a disease
▪ We are achieving incredible survival rates
▪ NGS: mandatory

▪ Genomic testing: it's a real revolution
▪ If we do not look for molecular alterations ... we will not find them ...and it is 

not precision medicine
▪ Explosion of liquid biopsy related publications 
▪ Resistance mecanisms to known actionable mutations

▪ New therapy options
▪ The really are life changer



The enemy to fight

BIOLOGICAL BASES
BIOMARKER 

IDENTIFICATION

RIGHT DRUG

RIGHT PATIENT



EXTRA SLIDES



Provencio et. al., Lancet Oncology 2020. in press

TMB was not associated to pR or PFS/OS but specific mutations were associated to PFS

NADIM RESULTS

PRECISION MEDICINE STRATEGY

Specific Mutations



Provencio et. al., Lancet Oncology 2020. in press

NADIM RESULTS

PRECISION MEDICINE STRATEGY

Specific Mutations



A u g m e n te d  c lo n e s  (s e le c t io n  > 0 ,0 0 1 ) (g r o u p p e d )
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The % of clones higher than >0,001 that increase their frequency is associated with pathological responses > 90%

p=0,038

Casarrubios M et. al., 2020. Manuscript in preparation

NADIM RESULTS

PRECISION MEDICINE STRATEGY

TCR Blood

TMB, PD-L1 TPS, 
Tumor infiltrating Lymphocytes (TILs)
PBMCs populations & Soluble Factors

T-cell & B-Cell Repertoire
Microbiome & Gene expression RNA-seq

Prediction of 
Response & 
TRAEs

For Research Use Only. Not for use in diagnostic procedures



Casarrubios M et. al., 2020. Manuscript in preparation
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TOP1% Clonal space from Diagnostic FFPE predicts CPR with an AUC of 0.966 
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NADIM RESULTS

PRECISION MEDICINE STRATEGY

TCR Tissue



More than 800 Molecular PARAMETERS 
ANALYSED from NADIM Study:

➢ PD-L1 TPS
➢ Tumor Mutational Burden
➢ Hemograms
➢ Specific somatic Mutations
➢ Multiplex ImmunoFluorescence
➢ Immunophenotyping of PBMCs
➢ Cytokines
➢ T-Cell Receptor repertoire
➢ RNAseq expression profile
➢ Microbiome
➢ ctDNA & MRD

CONCLUSIONS

PRECISION MEDICINE STRATEGY
SPANISH LUNG CANCER GROUP
PRECISION MEDICINE STRATEGY 

↑ SURVIVAL RATES (PFS, OS)
↑ % CPR & NON-DISEASE STATUS
IDENTIFICATION OF SUBROGATES

IDENTIFICATION OF NEW MECHANISMS

Clinical
Research
Approach

Molecular
Research
Approach
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IMPROVED NEW PRECISION 
MEDICINE TRIALS


