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INNOVATION CHANGES THE GAME…

Morganti S, et al. Crit Rev Oncol 2019



Hutter C, Cell 2018
https://www.cancer.gov › research › structural-genomics

https://www.cancer.gov/about-nci/organization/ccg/research/structural-genomics/tcga


Zehir, Nature Medicine 2017

Mutational signatures 
Mutational burden 

Somatic gene alterations 

Kinase Fusions 



Zehir, Nature Medicine 2017

Kinase Fusions 

Benayed R, et al. Clin Cancer Res 2019 

DNA vs RNA: RNA sequencing can maximize the likelihood of driver 
detection conjuntion with DNA sequencing

RNA –seq may rescue 14% fusions: 92% actionable



Treatment decisions may be complex: PRIORITAZING 
Which driver gene alterations or pathway changes must guide targeted therapy 

selection?

Priestley  et al. Nature 2019 

Clinical association and actionabilityThe mean number of total driver was 5.7



A NEW 
TREATMENT 
PARADIGM

Jordan EJ, et al. Cancer Discov 2017 

Molecular subtyping of pulmonary adenocarcinoma in 2020

• 860 patients
• Prospective analysis of 
>300 cancer-associated 
genes

87% of potentially actionable alterations



EGFR, 
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BRAF
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Believers or non believers…

ORR: 20-30%
mPFS: 5-6 months
mOS: 8-10 months

2 year survival rate: 11%
5 year survival rate: 0% 

ORR: 80%
mPFS: 34m
mOS:  NR

2 year survival rate: 72%
5 year survival rate: 64%

ALK +NSCLCUNSELECTED POPULATION

Peters S, N Engl J Med 2018
Peters S, ASCO 2020

Schiller J, et al. N Enl J Med 2012



A not so new target… but the best example of agnostic target: 
NTRK

Cocco E et al. Nat Reviews 2018 



Amatu et al. ESMO Open 2016
Vaishnavi et al. Cancer Disc 2015
Penautl-Llorca et al. J Clin Pathol 2019
Hyman et al. ASCO 2017
Rosen EY, et al. Clin Cancer Res 2020

SEVERAL FUSION PARTNERS

SEVERAL CANCER HISTOLOGIES, 
DIVERSE AGES…

RARITY OF CO-OCCURRENCE OF TRK 
FUSION WITH OTHER CANONICAL 
ONCOGENES. 

ACTIVATING NTRK FUSIONS RESULTS IN TRK 
FUSION PROTEINS THAT ARE ONCOGENIC DRIVERS



ESMO proposed NRTK gene fusion 
detection algorithm 

Marchió et al. Ann Oncol 2019



INTERNATIONAL EXPERT CONSENSUS

Yoshino T, Ann Oncol. 2020;31(7):861-872.



NSCLC Recommendations
ESMO Guidelines 2020

Planchard D et al. Ann Oncol 2018. Updated version 15 September 2020 and online publication: https://www.esmo.org/guidelines/lung-and-chest-tumours/clinical-practice-living-guidelines-metastatic-non-
small-cell-lung-cancer
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Personalized Medicine in NSCLC

https://www.esmo.org/guidelines/lung-and-chest-tumours/clinical-practice-living-guidelines-metastatic-non-small-cell-lung-cancer


The main actors…

Presented by Dr. Planchard ESMO  2019



Entrectinib in patients with NTRK Fusion-positive solid tumors: 
an integrated analysis

ORR 63%
DoR 12.9m

mPFS 11.2m
mOS 23.9m

Rolfo C, et al. ASCO 2020



Updated integrated analysis from three phase I/II entrectinib studies 

• Primary endpoints:†

– ORR
– DoR

STARTRK-2 (n=71)
Phase II, multicentre, global basket study

Entrectinib 600mg once daily

Efficacy population* (N=74)
Adult patients with locally advanced/metastatic NTRK fusion-positive, TRK-inhibitor-naïve solid tumours, 

and ≥6 months of follow-up

ALKA-372-001 (n=1)
Phase I, dose-escalation study

STARTRK-1 (n=2)
Phase I, dose-escalation study

Safety population§ (N=504)
Patients receiving ≥1 dose of entrectinib (all tumour types and gene rearrangements)

• Criteria for inclusion of patients with CNS disease:
– Both measurable and non-measurable baseline CNS 

disease were allowed if asymptomatic or controlled with 
prior CNS-directed therapy

• Secondary endpoints:†

– PFS and OS
– Intracranial ORR and DoR‡

– Safety and tolerability

Data cut-off: 31 Oct 2018. *Disease burden assessed by BICR using Response Evaluation Criteria in Solid Tumours (RECIST) v1.1 after cycle 1 (4 weeks) then every 8 weeks
NTRK fusion confirmed by nucleic acid-based methods (fluorescence in-situ hybridisation, quantitative PCR, DNA- or RNA-based next-generation sequencing); †Per BICR (RECIST v1.1); 

‡Patients with measurable and non-measurable CNS lesions at baseline; §Patients from ALKA-372-001, STARTRK-1, STARTRK-2, and STARTRK-NG 
BICR, blinded independent central review; DoR, duration of response; ORR, objective response rate; OS, overall survival; PFS, progression-free survival

John T, et al ESMO 2020



Baseline characteristics

Baseline characteristics Patients with NTRK fusion-
positive tumours (N=74)

Age, years Median (range) 57.0 (21–83)

Sex,  % Female / Male 52.7 / 47.3

Race,  % White / Asian / Black / Not reported 70.3 / 17.6 / 2.7 / 9.5

ECOG performance status, % 0 / 1 / 2 40.5 / 45.9 / 13.5

Prior lines of systemic therapy, % 0 / 1 / 2 / ≥3 27.0 / 28.4 / 27.0 / 17.6

Any previous therapy, % Chemotherapy / targeted therapy
hormone therapy / immunotherapy

81.1 / 24.3  
12.2 / 12.2

CNS metastases at baseline*, % Yes / No 25.7 / 74.3

Prior radiotherapy of the brain† Yes / No 68.4 / 31.6

Time from end of brain radiotherapy
to first entrectinib dose‡

<2 months
2 months–<6 months
≥6 months

38.5
30.8 
30.8

19 patients with 
investigator-assessed 

CNS metastases at 
baseline

16 patients confirmed 
to have baseline CNS 
metastases per BICR

• NSCLC (n=8/13 total) 
• Thyroid (n=4/7)
• Sarcoma (n=2/16)
• Salivary (n=1/13)
• Breast (n=1/6)

*Investigator assessed; †Patients with baseline CNS metastases per investigator. Data for patients with BICR-assessed CNS metastases: 68.8% (Yes) / 31.2% (No)
‡Patients with baseline CNS metastases per investigator and prior brain RT. Data for patients with BICR-assessed CNS metastases: 45.5% (<2 mos) / 36.4% / (2–<6 mos) / 18.2% (≥6 mos) ECOG, Eastern Cooperative Oncology Group; RT, radiotherapy

John T, et al ESMO 2020



Intracranial response per BICR
High intracranial response rates seen in patients with baseline CNS metastases

Intracranial response

Patients with NTRK fusion-positive solid tumours and 
baseline CNS metastases per BICR

Measurable 
(n=8)

Measurable / non-measurable* 
(n=16)

Intracranial ORR, % (95% CI) 62.5 (24.5–91.5) 50.0 (24.7–75.4)
CR, n (%) 1 (12.5) 4 (25.0)
PR, n (%) 4 (50.0) 4 (25.0)

SD, n (%) 1 (12.5) 1 (6.3)
PD, n (%) 1 (12.5) 1 (6.3)
Non-CR/non-PD, n (%) 0 5 (31.3)*
Missing/unevaluable, n (%) 1 (12.5) 1 (6.3)

*As per RECIST v1.1 responses for patients with non-measurable CNS lesions could only be categorised as CR, non-CR/non-PD, or PD; non-measurable lesions included small lesions (longest diameter <10mm or pathological lymph nodes with ≥10 to 
<15mm short axis). CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease

John T, et al ESMO 2020
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Intracranial DoR in responders (n=8/16)

Measurable / non-measurable
Intracranial PFS (n=16)

Measurable / non-measurable

Intracranial outcomes
Patients with NTRK fusion-positive solid tumours and baseline CNS metastases per BICR

Measurable (n=8) Measurable / non-measurable* (n=16)
Median intracranial DoR in responders, months (95% CI)* NE (5.0–NE) 8.0 (6.7–NE)
Median intracranial PFS, months (95% CI)† 10.1 (2.8–NE) 8.9 (5.9–14.3)

*Events occurred in 2 patients with measurable lesions and 4 patients with measurable/non-measurable lesions
†Intracranial PFS events occurred in 4 patients (2 PD, 2 deaths) with measurable lesions and 10 patients (3 PD, 7 deaths) with measurable/non-measurable lesions
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John T, et al ESMO 2020



Time to CNS progression (deaths censored)
Rates of detected CNS progression confirmed by scans were very low*
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Total (N=74)

Censored

6 12 18 24 30

Total 74 55 26 965 37 16 7 12

Baseline CNS metastases (n=19)
No baseline CNS metastases (n=55)

No CNS mets 55 44 21 850 31 15 2 17
CNS mets 19 11 5 115 6 1

Baseline CNS metastases assessed by investigator. Time to CNS progression: only confirmed CNS progression counted as an event (death censored). *As regular CNS scans in patients without baseline CNS 
metastases were not mandated by the protocol, CNS follow-up for patients in this subgroup was not comprehensive, but based on imaging elicited by symptomatic progression or routine CNS scans where customary. 

Patients with baseline CNS metastases underwent regular CNS scans

All patients
(N=74)

No baseline
CNS mets* 

(n=55)

Baseline
CNS mets

(n=19)

Median time to CNS 
progression, months (95% CI)

NE 
(NE)

NE 
(NE)

NE 
(10.1–NE)

Patients with event, n (%) 3 (4.1) 0 3 (15.8)

12-month event-free rate 0.94 1.00 0.70

John T, et al ESMO 2020



Dziadziuszko R, et al. ESMO 2020
Drilon A, et al. ESMO 2020

Liu SV et al. ESMO 2020

Systemic and intracranial efficacy of entrectinib in patients with
NTRK or ROS1 fusion-positive NSCLC with

CNS metastases at baseline



Larotrectinib
Integrated dataset



McDermott et al. ESMO 2020



McDermott et al. ESMO 2020





Activity of Larotrectinib in Adult Patients with TRK Fusion Cancer: 
An Expanded Data Set

ORR 71%
DoR 35.2m

mPFS 25.8m
mOS NR

Drilon A, et al. ASCO 2020



ACTIVITY OF LAROTRECTINIB IN TRK FUSION LUNG CANCER 

Drilon A, et al. ESMO 2020



Drilon A, et al. ESMO 2020

ORR 71%
DOT 2.1 to 39.6

mPFS NR
mDoR NE
mOS NE



On-target AEs can occur with 
TRK inhibition

TRK receptor regulates normal 
funcions:
• NTRK1  Pain,
• thermoregulation
• NTRK2 movement, 

memory, appetite
• NTRK3  proprioception



• Larotrectinib is the first tumour-agnostic drug to be approved in the 
European Union for the treatment of adult and paediatric patients with solid 
tumours that display a NTRK gene fusion and who have no satisfactory 
treatment options [III, A; ESMO-MCBS v1.1 score: 3]

•Entrectinib: in August 2020, the EMA granted a conditional marketing 
authorisation to entrectinib as monotherapy indicated for the treatment of 
adult and paediatric patients 12 years of age and older with solid tumours
expressing a NTRK gene fusion who have a disease that is locally advanced, 
metastatic or where surgical resection is likely to result in severe morbidity, 
and who have not received a prior NTRK inhibitor or have no satisfactory
treatment options [III, B; ESMO-MCBS v1.1 score: 3]

Planchard D et al. Ann Oncol 2018 1;29(Supplement_4):iv192-iv237, Updated 15 September 2020



WE ALWAYS MAKE THE `FIRST MOVE’
WE PLAY RATIONALLY  

Nash equilibrium
‘........ we need to change in game strategy, 

by anticipating the molecular mechanisms of resistance and 
incorporating dynamic strategies’

The ‘Game’ Theory

Kateřina Staňková, JAMA Oncol 2019

Courtesy Dr. Reguart



Potential treatment algorithm for TRK fusion
positive cancers

Planchard D. ESMO 2019



LOXO 195: a 2nd generation TRK inhibitor

Hyman D, et al. AACR 2019

NSCLC: RR 
34%



Off target resistance to NTRKi

Cocco et al. Nature Med 2019



Cocco et al. Cancer Discovery 2020



LET´S DO IT…





Stoekle HC et al. Sci Eng Ethics 2018

MTBs are the logical evolution of the traditional tumor boards
in the era of genomic medicine 

• Expert teams
• Sample availability: biopsy, 

rebiopsy…
• Technology
• Bioinformatics
• Adequate time-frame
• Quality assurance programs
• Link to a innovative clinical

trials program



Biankin et al. Nature 2105

UMBRELLA 
TRIALS

BASKET TRIALS

A DIFFERENT WAY TO DO CLINICAL TRIALS…
Challenges with Novel Clinical Trial Designs

Cecchini M, et al. Clin Cancer Res 2019



The Era of Precision in Medicine…
NTRK: a new era in precision medicine

 Cancer: never more a single disease
 We have reached unprecedented survival rates
 NTRK: a “must do it” and new player

 Genomic testing: a true therapeutic revolution
 If you don´t look for genetic alterations…forget the concept of 

precision medicine
 Tumor tissue availability
 Role of liquid biopsy…the immediate present/future

 Drug access…such an issue

 Education, collaboration, validation, evaluation, equity…
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