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The Issue: What is precision
Oncology model?



Comparison of Targeted to Untargeted Design

Simon R, Development and Validation of Biomarker Classifiers for Treatment Selection, JSPI

Treatment Number of [Number of Events for
Hazard Ratio for  |[Events for |Traditional Design
Marker Positive |[Targeted
Patients Design

Percent of Patients Marker

Positive

50% 33% 20%
0.5 74 316 720 2040
0.67 200 820 1878 5200




“For many treatments (Generally), the
variation in prognosis among patients
exceeds the size of the treatment effect

77

R.Simon, S. Matsui, M.Buyse



Una semplificazione...

Se un trial mostra risultati clinicamente
rilevanti, il farmaco/intervento viene
incorporato direttamente nella pratica clinica

Ma bisognhera pur fare una
selezione...(esempi di rilevanza clinica)



1. Un nuovo Inizio



The NEW ENGLAN D
JOURNAL o« MEDICINE

ESTABLISHED IN 181 2 OCTOBER 28, 2010

Anaplastic Lymphoma Kinase Inhibition in Non—Small-Cell
Lung Cancer

Study Design:
* Open-label, multicenter, two-part phase 1 trial

* Crizotinib: oral ATP-competitive selective inhibitor of ALK
and MET tyrosine kinases (inhibits tyrosine
phosphorylation of activated ALK)

 Maximum tolerated dose of 250mg po BID, one cycle
was 28 days

* Patients were assessed for adverse events and response to
therapy

Kwak EL, et al. NEJM 2010; 363 (18): 1693-1703.



The NEW ENGLAN D
JOURNAL o« MEDICINE

ESTABLISHED IN 181 2 OCTOBER 28, 2010

Anaplastic Lymphoma Kinase Inhibition in Non—Small-Cell
Lung Cancer

e 2 patients with NSCLC with FISH positive for ALK
rearrangement who were treated with crizotinib during dose
escalation had dramatic improvement which prompted a
large-scale prospective screening for NSCLC w ALK
rearrangement

e 1500 patients were screened from 2008-2010; 82 patients
had ALK rearrangement

* 94% of patients had received at least one previous tx
5 patients received crizotinib as first line

Kwak EL, et al. NEJM 2010; 363 (18): 1693-1703.
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ORR: 57% [95% Cl 46-68] at a mean treatment duration of 6.4 months
46/82 (56%) of patients had confirmed PR
1/82 patients had CR
27/82 (33%) of patients had stable disease

Estimated probability of 6-month PFS was 72%

8/2011 FDA granted accelerated approval to crizotinib

Kwak EL, et al. NEJM 2010; 363 (18): 1693-1703.




PROFILE 1007:Study Design

ﬂey entry criteria \

e ALK+ by central
FISH testing?

e Stage IlIB/IV
NSCLC

e 1 prior
chemotherapy
(platinum-based)

e ECOG PS 0-2

e Measurable
disease

e Treated brain

metastases
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N=318

Pemetrexed 500 mg/m2
or
Docetaxel 75 mg/m2
IV, day 1, 21-day cycle
(n=159)

}

CROSSOVER TO CRIZOTINIB

ON PROFILE 1005

3ALK status determined using standard ALK break-apart FISH assay
bStratification factors: ECOG PS (0/1 vs 2), brain metastases (present/absent),

and prior EGFR TKI (yes/no)

Gndpoints \

e Primary
— PFS (RECIST
1.1,
independent
radiology
review)
e Secondary
— ORR, DCR, DR
- 0S
— Safety
— Patient reported

outcomes
(EORTC QLQ-

\ C30, LC13) /

Presented at ESMO 2012


Note del presentatore
Note di presentazione
Say it is validated lung cancer symptom and QOL questionnaire. 


Primary Endpoint: PFS by Independent Radiologic Review
(ITT Population)

100 Crizotinib  Chemotherapy
5 (n=173) (n=174)
& 80 Events, n (%) 100 (58) 127 (73)
3 Median, mo 7.7 3.0
T X HR (95% Cl) 0.49 (0.37 to 0.64)
S § 607 P <0.0001
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0 5 10 15 20 25
Time (months)
No. at risk
Crizotinib 173 93 38 1 2 0
Chemotherapy 174 49 15 4 1 0

Presented at ESMO 2012



La rilevanza WOW
(10+Precision)!!



Mismatch Repair Deficient Colon Cancer

Approximately 10-15% of colon cancers are mismatch repair deficient (IMMR)
1/3 of AMMR colorectal cancers are associated with Lynch Syndrome

Recurrence rates of 20-40% for stage Ill dAMMR tumors despite standard-of-care chemotherapy
High-risk disease (T4 or N2) is highly associated with poor survival

2022 Myriam Chalabi, MD PhD Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.
Eikenboom et. al, Clin Gastroenterol Hepatol 2022; Cohen et al, JCO 2021; Andre et. al JCO 2015; Sinicrope et. al, JCO 2013



NICHE-2 study design

« Investigator-initiated, non-randomized multicenter* study

First cycle

Nivolumab 3 mg/kg +
ipilimumab 1mg/kg

Second cycle
Nivolumab 3mg/kg

Tissue, plasma + Plasma + PBMC Tissue, plasma + Plasma + PBMC
PBMC PBMC (follow-up)

*6 participating hospitals in the Netherlands
PBMC = peripheral blood mononuclear cells

mcongress




67% pCR

)

Major pathologic response in 95% of patients

Content of this presentation is copyright and responsibility of the author. Permission is required for re-use.

Myriam Chalabi, MD PhD
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Una oasi (?) nel deserto!



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Vorasidenib in IDH1- or IDH2-Mutant
Low-Grade Glioma

|.LK. Mellinghoff, M.J. van den Bent, D.T. Blumenthal, M. Touat, K.B. Peters,

J. Clarke, J. Mendez, S. Yust-Katz, L. Welsh, W.P. Mason, F. Ducray, Y. Umemura,
B. Nabors, M. Holdhoff, A.F. Hottinger, Y. Arakawa, J.M. Sepulveda, W. Wick,
R. Soffietti, J.R. Perry, P. Giglio, M. de |la Fuente, E.A. Maher, S. Schoenfeld,

D. Zhao, S.S. Pandya, L. Steelman, I. Hassan, P.Y. Wen, and T.F. Cloughesy




The Indigo Trial

* Phase 3 randomised trial (1:1)

* Double blind/Placebo controlled

* Patients 12y.0. or older with

e Grade 2 glioma (WHO 2016)

* IDH1/IDH2 mutated (Oncomine Dx assessed centrally)
* Primary endpoint: Progression Free Survival

e EXP-RX: Vorasidenib 40mg (qd) 928

e CTRL-RX: placebo (Crossover whther PD at BICR)



A Progression-free Survival
1.0

0.9+

0.8+
0.74

0.6

0.5 Placebo, median 11.1 mo Vorasidenib, median 27.7 m

(0]

0.4+

0.3+

0.2+

Hazard ratio for disease progression
0.14 ordeath, 0.39 (95% Cl, 0.27-0.56)
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Probability of Progression-free Survival

No. at Risk
Vorasidenib 168 166166157 154154133131129 93 91 81 63 63 52 45 45 25 22 20 11 11 11

7 7 4 0
Placebo 163162161 146 145145117116114 73 70 65 38 38 29 21 19 9 8 8 4 4 2 2 2

4 4
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Quali sono gli spunti di riflessione
nel 20237



“For many treatments, the variation
IN prognosis among patients exceeds
the size of the treatment effect”

R.Simon, S. Matsui, M.Buyse



|| paradigma della medicina di precisione
non puo prescinde dalla «qualita» dei
farmaci



In un Mondo ideale...

* || successo della strategia di precisione dipende dalla
sommatoria di 2 fattori cruciali (indipendenti):

* \Valore prognostico del biomarker (importanza del target
per il tumore)

* \Valore del farmaco nella popolazione selezionata (attivita
farmacologica)



Nel mondo reale...

* || valore del biomarker e misurato sulla base del suo ruolo di
«target» per l'inibizione farmacologica (valore predittivo).

* Ci si e concentrati molto spesso sul valore predittivo
ignorando quello prognostico



ESCAT: ESMO Scale of Clinical Actionability for molecular Targets

ESCAT evidence tier

|
Alteration-drug match is
associated with improved
outcome in clinical trials

Ready for
routine use

Il
Alteration-drug match is
associated with antitumour
activity, but magnitude of
benefit is unknown

Investigational

]
Alteration-drug match
suspected to improve

outcome hased on clinical
trial data in other tumour

Hypothetical type(s) or with similar
target molecular alteration
'}
Pre-clinical evidence of
actionability
v

Alteration-drug match is
associated with objective
response, but without
clinically meaningful benefit

Combination
development

X
Las:k of Lack of evidence for
Evidence actionability

II-A

In-A

IV-A

IV-B

Required level of evidence

Prospective, randomised clinical trials show the alteration-drug match in a specific tumour
type results in a clinically meaningful improvement of a survival end point

Prospective, non-randomised clinical trials show that the alteration-drug match in a specific
tumour type, results in clinically meaningful benefit as defined by ESMO MCBS 1.1

Clinical trials across tumour types or basket clinical trials show clinical benefit associated
with the alteration-drug match, with similar benefit observed across tumour types

Retrospective studies show patients with the specific alteration in a specific tumour
type experience clinically meaningful benefit with matched drug compared with
alteration-negative patients

Prospective clinical trial(s) show the alteration-drug match in a specific tumour type
results in increased responsiveness when treated with a matched drug, however, no
data currently available on survival end points

Clinical benefit demonstrated in patients with the specific alteration (as tiers | and Il
above) but in a different tumour type. Limited/absence of clinical evidence available for
the patient-specific cancer type or broadly across cancer types

An alteration that has a similar predicted functional impact as an already studied tier |
abnormality in the same gene or pathway, but does not have associated supportive
clinical data

Evidence that the alteration or a functionally similar alteration influences drug
sensitivity in preclinical in vitro or in vivo models

Actionability predicted in Silico

Prospective studies show that targeted therapy is associated with objective responses,
but this does not lead to improved outcome

No evidence that the genomic alteration is therapeutically actionable

To enquire or ask questions about the ESMO Scale for Clinical Actionability of molecular Targets, please send an email to education@esmo.org

Clinical implication

Access to the treatment should
be considered standard of care

Treatment to be considered
“preferable” in the context of
evidence collection either as a
prospective registry or as a
prospective clinical trial

Clinical trials to be discussed with
patients

Treatment should “only be
considered” in the context of early
clinical trials. Lack of clinical data

should be stressed to patients

Clinical trials assessing drug
combination strategies could be
considered

The finding should not be taken into
account for clinical decision



Nel mondo reale...

* || valore del biomarker e misurato sulla base del suo ruolo di
«target» per l'inibizione farmacologica (valore predittivo).

* Ci si e concentrati molto spesso sul valore predittivo
ignorando quello prognostico



PFS, OS & RR in Precision Oncology Trials and

Trial
CREATE
PANGEA
Battle
I-PREDICT
NCI-MATCH (subprotocol H)
Tapur (breat-TMBh)
ROAR
NCI-MATCH (subprotocol Q)
Drug Rediscovery protocol
NCI-MATCH Subprotocol EAY131-Y
plasmaMATCH
CUSTOM
NCI-MATCH (subprotocol Z1D)
National Lung Matrix Trial

NTC number
NCT01524926
NCT02213289
NCT00409968
NCT02534675
NCT02465060
NCT02693535
NCT02034110
NCT02465060
NCT02925234
NCT02465060
NCT03182634
NCT01306045
NCT02465060
NCT02664935

PFS
9,00
8,20
1,90
3,67
11.4
2,65
9,00
3,10
3,00
5,5
5,20
2,30
6.3
3,00

NA
15,70
8,80
11,80
28.6
7,65
14,00
8,40
10,00
14,5
NA
6,50
17.3
NA

ORR
50,00
74,07
3,69
23,29
37,93
21,00
51,20
5,56
15,35
28,00
13,10
25,58
35,71
10,00

Attrition

34%

49%

72%
6%
1%

7%
1%
33%

12%
7%
1%
5%



Lavori_PO_Nuovo score

		Studio		ID Number		Tipo		Tipo_cod		Fase		Disegno		Disegno_cod		Numero istologie arruolate 		Pannelo Screening		Pannello_screening_cod		N geni 		Randomizzazione		Braccio di Controllo		Braccio_controllo_cod		Durata dello studio (mesi)		Pazienti in screening		Pazienti con mutazioni rilevate		Sample size pianificato		Pazienti arruolati		Pazienti trattati		Target raggiunto		Pazienti con RR (PR/CR)		Endpoint		Endpoint_cod		Definizione EndPoint data		PFS		OS		RR (%)		Risultati - value		Risultati - effect size		Risultati - Tox		Risultati - moltiplicatore		Attrition		Match		Score		Strategia/valutazione singolo match		ESMO-MCBC		Value		Tox Correc		G3-G4 Tox		QoL		Positivo/Negativo		Attrition		Indice (prova 1=ESMO*Attrition)		Indice (prova 1=Value*Attrition)		Indice (prova 2=Value*Attrition*Tox)		Disegno studio		Coerenza risultati con disegno		Note

		WINTHER trial		NCT01856296		Prospettico		1		2		basket		1		10		 FoundationOne		1		236		0		No		0		21		303		253		200		107		107		-93		12		PFS2/PFS1 ratio		3		PFS and OS were analyzed from the date of starting the therapy to the time of progression or death, respectively, using the method of Kaplan and Meier. Patients still without progression (for PFS) or alive (for OS) at the time of analysis were censored on that date. PFS2 refers to the PFS on the WINTHER therapy; PFS1 refers to the PFS on the therapy immediately preceding the WINTHER therapy. Patients were considered evaluable for PFS2 if they had their baseline scan within 30 d of the start of 		2.01		5.90		11.21		2.0		2.0		3.0		2.0		4.0		3.0		21.0		1.00		1		2		1.00		13		N		2.00		0.3531		0.3531		0.7063		0.7063		The ratio of the PFS of the current treatment (PFS2) over PFS of the previous treatment (PFS1) was targeted to be as follows: PFS2/PFS1 > 1.5 in 50% of patients in arm A and in 40% of patients in arm B, respectively.

		Gefitinib trial		NCT02447419		Prospettico		1		2		basket		1		5		Oncomine 		1		NA		0		No		0		60		NA		NA		NA		15		13		ERROR:#VALUE!		1		ORR		1		complete (CR) or partial response (PR)		2.10		NA		7.69		NA		NA		NA		NA		NA		NA		ERROR:#VALUE!										21		N		2.00		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		Two-tailed p values of < 0.05 were considered significant.

		MEDIOLA (breast)		NCT02734004		Prospettico		1		2		Basket		1		4		Commerciale		1		NA		0		No		0		11		NA		NA		30		34		30		4		19		DCR 12W		1		The primary efficacy endpoint was disease control rate at 12 weeks, defined as the percentage of patients who had at least one complete or partial response in the first 12 weeks or stable disease that was maintained until RECIST 1.1 assessment at 12 weeks. 		8.20		21.50		63.30		NA		NA		NA		NA		NA		NA		ERROR:#VALUE!				2		3		1.00		24		N		1.00		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		Using previous data for olaparib monotherapy with median progression-free survival of 5·7 months,24 a target median progression-free survival of 7·5 months was set, equivalent to a target disease control rate at 12 weeks of 75%, assuming an exponential distribution of progression events. A disease control rate of 55% or less was considered undesirable. These values resulted in a target sample size of 30 patients, the minimum sample size that results in type I error rates under 0·10 and type II error rates under 0·20.

		MyPathway		 NCT02091141		Prospettico		1		2		Basket		1		35		NA		NA		NA		0		No		0		31		NA		NA		300		251		230		-49		52		ORR		1		PR-CR		NA		NA		22.60		NA		NA		NA		NA		NA		NA		ERROR:#VALUE!				1		2		0.25		NA		N		NA		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		For each tumor-pathway cohort, Simon’s two-stage design was used to make a preliminary assessment of treatment activity. For treatment-resistant tumor types (eg, non–small-cell lung cancer [NSCLC] and biliary), at least one response in the first 12 patients was required for cohort expansion; otherwise, the cohort was closed for futility (testing hypothesis: ORR, 5% v 20% at 10% one-sided type I error, 80% power).

		SUMMIT- HER kinase inhibition in patients with HER2- and HER3-mutant cancers-		 NCT01953926		Prospettico		1		2		Basket		1		21		Local test		2		3		0		No		0		9		NA		175		77		143		141		66		12		ORR		1		Confirmed Objective Response Rate		4.60		NA		8.00		NA		NA		NA		NA		NA		NA		ERROR:#VALUE!				1		2				55		n		2.00		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		For each HER2-mutant tumour type and the HER3-mutant cohort, a Simon optimal two-stage design with a true ORR8 ≤10% was considered unacceptable (null hypothesis) whereas a true ORR8 ≥30% (alternative hypothesis) merited further study. Efficacy in each cohort was analysed independently and the study was not designed to formally compare efficacy across cohorts.

		VE-BASKET Study		NCT01524978		Prospettico		1		2		Basket		1		17		Local test		2		1		0		No		0		26		NA		NA		104		122		122		18		18		RRw8		1		PR-CR		5.20		8.30		15.00		NA		NA		NA		NA		NA		NA		ERROR:#VALUE!				0		1		1.00		69		N		1.00		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		In this study, a response rate of 15% at week 8 was considered to be low, a response rate of 45% was considered to be high, and a response rate of 35% was considered to be low but still desirable and indicative of efficacy. Assuming response rates as specified in the hypothesis testing, a power of 80% for a high response rate and 70% for the low but still desirable response rate, and a two-sided alpha level of 0.1, we calculated that the number of patients required in each cohort would be 7, 13, or 19, depending on the results obtained. The study would be analyzed for efficacy at stage 1, at stage 2, and 9 months after the last patient was enrolled. Because the study remains open, available stage 1 and 2 results are presented, in addition to preliminary safety and efficacy results for all patients enrolled at the time of the cutoff date. Final response rates and time-to-event analyses might change with additional follow-up.

		Ado-Trastuzumab Emtansine for Patients With HER2-Mutant Lung Cancers: Results From a Phase II Basket Trial		NCT02675829		Prospettico		1		2		Basket		1		1		MSK-IMPACT		1		505		0		No		0		9		517		28		18		18		18		0		8		ORR		1		All partial and confirmed responses		5.00		NA		44.00		1.0		3.0		3.0		2.0		1.0		4.0		19.0		2.00		2		3		1.00		11		N		1		0.0348		0.0696		0.1044		0.1044		For each cohort of the basket trial including HER2-mutant lung cancers, a Simon two-stage optimal design was used to determine whether ado-trastuzumab emtansine has sufficient activity to warrant further development in each cohort. Target accrual was a minimum of seven patients (stage 1) and a maximum of 18 patients (stage 1 and 2) in each cohort. The primary end point was best confirmed ORR per RECIST v1.1 as assessed by investigator. The Simon’s optimal two-stage design is used with a multiple testing adjusted type I error rate for each cohort. For a targeted agent where higher response rates are expected, a true ORR of ≤ 10% will be considered unacceptable (null hypothesis), whereas a true ORR of ≥ 40% will merit further study (alternative hypothesis). In the first stage, seven patients were accrued; if there were no responses observed at interim analysis of the seven patients in a particular cohort, the cohort would be closed. Otherwise, 11 additional patients would be accrued for a total of 18 patients. For the overall trial, the null hypothesis would be rejected for each cohort separately if at least five responses were observed in each cohort. This design controls type I error rate at 2.7% and generates 89% power for detecting active cohorts. The overall family-wise error rate at the study level was < 10%. The exact 95% CI for ORR was calculated using the Clopper-Pearson method. PFS time was estimated using the Kaplan-Meier method. Follow-up time was calculated from the start of treatment to the most recent patient follow-up assessment.

		CREATE		NCT01524926		Prospettico		1		2		Basket		1		1		Local test		2		1		0		No		0		60		35		24		35		16		12		-19		6		ORR		1		PR-CR		9.00		NA		50.00		1.0		3.0		1.0		2.0		4.0		4.0		18.0		2.00		1		2		1.00		40		N		1.00		0.3429		0.3429		0.6857		0.6857		We implemented a Simon's optimal two-stage design separately for the ALK-positive and ALK-negative subcohorts with the aim of excluding an objective response of 10% or less under the alternative assumption that 30% of patients could achieve an objective response with crizotinib. The type I and type II errors were set at 10%. The study was conceptually focused on ALK-positive disease, while ALK-negative patients served as a non-randomised, treated, internal control. The inclusion of allcomers, independent of their ALK status, served the main purpose of providing reference data for future research on either subset in the absence of other specific prospective trials in IMFT. 

		PANGEA		NCT02213289		Prospettico		1		2		expansion-platform type II 		3		1		 FoundationOne		1		236		0		No		0		48		110		59		NA		80		54		ERROR:#VALUE!		40		one-year OS		2				8.20		15.70		74.07		4.0		4.0		1.0		1.0		4.0		4.3		17.3		1.00		2		3		1.00		81		N		1.00		0.4909		0.9818		1.4727		1.4727		Using a z-test based on the Greenwood standard error to accommodate censoring, 68 patients treated per ITT provided 80% power to detect an improvement in one-year OS rate from 50% historically to 63% with a one-sided alpha of 10%. Assuming exponential survival, this corresponds to an HR of 0.67. 

		Battle		NCT00409968		Prospettico		1		2		umbrella		2		1		Local test		2		11		1		No		0		48		341		NA		250		255		244		5		9		DCR 8W		1		which was defined as a complete or partial response or stable disease according to the Response Evaluation Criteria in Solid Tumors (RECIST15) at the end of 8 weeks (start of treatment to end of second treatment cycle).		1.90		8.80		3.69		1.0		1.0		3.0		2.0		5.0		2.0		17.0		1.00		0		1		1.00		7		N		2.00		0.7155		0.0000		0.7155		0.7155		The accrual goal was 250 randomized patients to achieve a sample size of 200 patients with complete marker profiles, which would allow an 80% power, with a 20% type-I error rate, to identify effective treatments within each marker group. A high type-I error rate prevented missing any potentially effective treatments that could be confirmed in larger, future studies.The primary end point was the 8-week DCR (complete or partial response or stable disease via RECIST criteria), which we compared with the historical 30% DCR estimate in similar patients.17 Treatment efficacy (a positive finding) was defined as a greater than 0.80 probability of achieving greater than a 30% DCR.

		I-PREDICT		NCT02534675		Prospettico		1		NA		basket		1		8		 FoundationOne		1		236–405		0		No		0		60		1144		460		75		149		73		74		17		DCR		1		rate of [stable disease (SD) ≥6 months + partial response (PR) + complete response (CR)] according to RECIST 1.1;		3.67		11.80		23.29		1.0		2.0		3.0		2.0		2.0		3.0		17.0		1.00		1		2		1.00		19		N		2.00		0.0638		0.0638		0.1276		0.1276		. Since this was a hypothesis-generating, descriptive trial, this number was later expanded to permit enrollment of up to 1,000 patients. Based on the fact that a minority of patients is usually matched to therapy on precision medicine trials, it was expected that we would show feasibility with 40% of the 75 evaluable patients (N=30) being matched and 60% treated with no matched therapy (N=45). With the sample size of 30 matched versus 45 unmatched, we would have 79% power to detect a response rate of 0.25 versus 0.05 in the two arms with one-sided 10% type I error rate using the continuity corrected chi-square test. We calculated we would have more than 80% power to detect the difference between the two groups using the log-rank test when the median PFS is 4 months and 2 months for the two arms, respectivel

		NCI-MATCH (subprotocol H)		NCT02465060		prospettico		1		2		basket		1		16		Oncomine assay 		1		143		0		no		0		30		4902		106		35		35		29		0		11		ORR		1		PR-CR		11.4		28.6		37.93		1.0		2.0		3.0		2.0		1.0		4.0		17.0		2.00		0		1		1.00		19		N		1.00		0.0059		0.0000		0.0059		0.0059		 A response rate of 16%

		Tapur (breat-TMBh)		NCT02693535		prospettico		1		2		basket		1		1		commerciale		1		236		0		No		0		21		1000		NA		28		28		28				6		ORR		1		PR-CR		2.65		7.65		21.00		1.0		2.0		3.0		2.0		1.0		4.0		17.0		2.00								11		N		1.00

		ROAR		NCT02034110		Prospettico		1		2		Basket		1		10		 THxID-BRAF kit		1		1		0		No		0		55		626		57		25		43		43		18		22		ORR		1		The primary endpoint was the overall response rate, defined as either a complete or partial response using RECIST version 1.1, 		9.00		14.00		51.20		1.0		3.0		1.0		2.0		1.0		4.0		15.0		2.00		1		2		1.00		40		N		1.00		0.0687		0.0687		0.1374		0.1374		For every histological cohort, we planned to enrol a maximum of 25 participants in the primary analysis cohort. We did simulation studies in C++ and R version 2.15.2 to evaluate the performance of the design under various assumptions for the distribution of true overall response rates across histological cohorts and accounting for anticipated small sample sizes; enrolment sensitivity scenarios are described in the study protocol. When treatment effects are similar across all histological cohorts, the design maintains 84–98% power and a type I error rate of no more than 0·04. The estimated overall response rate threshold for activity is based on a historical control of 10% and a clinically meaningful overall response rate of 50% for the biliary tract cancer cohort. To increase the precision of overall response rate estimates in the small sample size per histological cohort, we used a Bayesian hierarchical model that borrowed overall response rate information across histological cohorts, with more borrowing occurring if response rates were similar. A Markov chain Monte Carlo method was used to estimate the posterior distribution. Interim analyses for both activity and futility were done approximately every 12 weeks during study enrolment. Response data from a minimum of ten patients and a posterior probability greater than 0·95 of exceeding the protocol-defined historical overall response rate of 10% were required before discontinuing study enrolment for activity, at which point an expansion cohort could be opened to allow additional enrolment.

		NCI-MATCH (subprotocol Q)		NCT02465060		prospettico		1		2		basket		1		21		Oncomine assay 		1		143		0		no		0		NA		4902		38		35		38		36		3		2		ORR		1		PR-CR		3.10		8.40		5.56		1.0		1.0		3.0		2.0		1.0		4.0		15.0		2.00		0		1		1.00		16		N		2.00		0.0073		0.0000		0.0073		0.0073		The proposed design had the operating characteristics of at least 92% power to distinguish an ORR of 25% from a null of 5% with one-sided Type 1 error of 1.8%. T-DM1 would be declared promising and worthy of further study if ≥5/31 (16%) patients achieved ORR

		 Drug Rediscovery protocol		NCT02925234		Prospettico		1		NA		basket		1		9		commerciale		1		NA		0		No		0		24		642		600		NA		294		215		ERROR:#VALUE!		33		clinical benefit		1		Clinical benefit was defined as objective response, or absence of disease progression for ≥16 weeks 		3.00		10.00		15.35		1.0		1.0		1.0		2.0		4.0		4.0		14.0										69		N		NA		0.3349		0.0000		0.0000		0.0000		A Simon-like two-stage ‘admissible’ design

		NCI-MATCH Subprotocol EAY131-Y 		NCT02465060		prospettico		1		2		basket		1		10		Oncomine assay 		1		143		0		no		0		13		5548		68		35		35		35				10		ORR		1		PR-CR		5.5		14.5		28.00		1.0		2.0		1.0		2.0		1.0		5.0		14.0		2.00								50		N		1.00

		plasmaMATCH		NCT03182634		Prospettico		1		2		Umbrella		2		1		Guardant360		1		73		0		No		0		28		1051		357		126		136		130		10		17		ORR		1		objective response rate defined as a confirmed complete response or partial response according to RECIST criteria at any point during trial treatment. 		5.20		NA		13.10		1.0		1.0		2.0		2.0		2.0		3.5		13.5		1.00		0		1		0.25		NA		N		2.00		0.1237		0.0000		0.1237		0.0309		All cohorts used a single-stage A'Hern design with α 5%, to have 80% power. Cohort A assumed an unacceptable response rate of 10% and a target response rate of 20% in the final design, requiring 13 or more responses from 78 evaluable patients to infer activity. 

		CUSTOM 		 NCT01306045		Prospettico		1		2		Basket		1		3		illumina		1		224		0		No		0		20		647		257		600		45		43		-555		11		ORR		1		PR-CR		2.30		6.50		25.58		1.0		2.0		1.0		2.0		1.0		3.0		12.0		1.00		0		1		1.00		60		N		2.00		0.0665		0.0000		0.0665		0.0665		Each of these arms was considered independent and conducted as a phase II trial using an optimal two-stage design.27 It was hypothesized that the patient selection based on molecular alterations would result in a high objective response rate (ORR). In all arms, with the exception of EGFR mutant NSCLC, the trial was conducted to rule out an unacceptably low 10% ORR in favor of 40%. The EGFRmutant NSCLC arm aimed to rule out an unacceptably low 30% ORR (p0 = 0.30) in favor of 60% (p1 = 0.60), based on prior report				10 (9 EGFR M) nei risultati di RR

		NCI-MATCH (subprotocol Z1D)		NCT02465060		prospettico		1		2		basket		1		10		Oncomine assay 		1		143		0		no		0		10		4902		99		35		47		42				15		ORR		1		PR-CR		6.3		17.3		35.71		1.0		1.0		1.0		2.0		1.0		5.0		12.0		2.00		1		2		1.00		41		N		1.00		0.0086		0.0086		0.0171		0.0171

		National Lung Matrix Trial		NCT02664935		Prospettico		1		2		Umbrella		2		1		SMP-2 panel		1		28		0		No		0		88		5467		2007		690		302		289		-388		30		ORR		1		PR-CR		3.00		NA		10.00		1.0		1.0		1.0		2.0		1.0		3.8		10.8		1.00		0		1		1.00		41		N		2.00		0.0529		0.0000		0.0529		0.0529		Target recruitment for each drug–biomarker cohort is 30 patients, with interim analyses after 15 patients to allow early termination for futility. Pre-specified guidelines for decision-making at interim and final analyses are specific to the treatment arms. For treatment arms A, B, D, F and G, if the interim PP shows a high chance (>0.9) that the true OR or DCB rate is <30% then the cohort is recommended for early closure. Further, if the final PP shows a moderate chance (>0.5) that the true OR and/or DCB rate >30% then the signal in that cohort is considered worthy of further investigation. The guidelines are similar for treatment arm E, but as it is testing a combination of agents, it has a higher clinically relevant cut-off of 40%. For treatment arm C, if the interim PP shows a high chance (>0.8) that the true median PFS is less than 3 months then the cohort is recommended for early closure

		Lung-MAP SWOG S1400		NCT02154490		Prospettico		1		2		Umbrella		2		1		 FoundationOne		1		255		1		Docetaxel		1		54		1841 		1404		1047		655		514		-392		10 in TT; 53 In IO		ORR		1		To summarise clinical outcomes, the response rate (complete, partial, confirmed or unconfirmed by Response Evaluation Criteria in Solid Tumors [RECIST], version 1.1), progression-free survival, and overall survival distributions were evaluated in an exploratory analysis for the targeted therapies, docetaxel, and anti-PD-1 and anti-PD-L1 therapies (durvalumab, nivolumab plus ipilimumab, or nivolumab) for anti-PD-1 or anti-PD-L1-naive disease. For these analyses, progression-free survival was defined as the duration from substudy registration to progression per RECIST (version 1.1) or death due to any cause (whichever came first), and overall survival followed the definition above measured from substudy registration. 		NA		NA		NA		4.0		1.0		0.0		1.0		2.0		3.5		10.5		1.00				1				NA		N		2.00		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!		To evaluate whether there was a survival difference by screening type, the Kaplan-Meier method was used to estimate the survival distribution for assigned patients alive at least 2 weeks after substudy assignment. The analyses included the subset alive at least 2 weeks from assignment given that this is the typical window needed to carry out the required tests and procedures to establish patient eligibility. Overall survival, defined as the duration from 2 weeks after assignment to death due to any cause or censored at the date of last contact, was compared using a log-rank test and summarised with a hazard ratio (HR) and 95% CI using a Cox model. A significance level of 5% was used.

		NCI-MATCH (subprotocol W)		NCT02465060		prospettico		1		2		basket		1		16		Oncomine assay 		1		143		0		no		0		11		4902		70		35		52		48				4		ORR		1		PR-CR		3.4				8.33		1.0		1.0		1.0		2.0		1.0		3.0		10.0		2.00		0		1		1.00		42		N		2.00		0.0098		0.0000		0.0098		0.0098

		NCI-MATCH (subprotocol R)		NCT02465060		prospettico		1		2		basket		1		9		Oncomine assay 		1		143		0		no		0		20		4902		50		35		35		32		0		1		ORR		1		PR-CR		1.80		5.70		3.13		1.0		1.0		1.0		2.0		1.0		3.0		10.0		2.00		0		1		1.00		41		N		2.00		0.0065		0.0000		0.0065		0.0065		The proposed design had the operating characteristics of at least 92% power to distinguish an ORR of 25% from a null of 5% with one-sided Type 1 error of 1.8%. T-DM1 would be declared promising and worthy of further study if ≥5/31 (16%) patients achieved ORR

		CoPPO		NCT02290522		prospettico		1		1		basket		1		28		Illumina NextSeq500		1		NA		0		no		0		42		591		352		97		101		101		4		15		PFS		2				3.00		NA		14.85		2.0		3.0		0.0		1.0		2.0		3.0		10.0		1.00		0		1		0.25		NA		N				0.1709		0.0000		0.1709		0.0427		A total of 97 evaluable patients were needed to reject the null hypothesis that PFS ratio >1.3 in less than 15% with a power of 90% and a significance level of 5%. This is with an assumption that the true proportion was 27% based on prior studies (24). According to this study design, sample size was estimated to include 500 biopsied patients, based on our pilot study (25) that we could allocate 21% of included patients to matched treatment.

		MOSCATO		NCT01566019		prospettico		1		NA		basket		1		10		 Ion AmpliSeq		1		75		0		no		0		51		1035		411		165		199		193		34		22		PFS2/PFS1 ratio was >1.3		3		The primary endpoint was defined as the PFS2/PFS1 ratio or growth modulation index (15), in which the progression-free survival on matched therapy (PFS2) was compared with the progression-free survival for the most recent therapy on which the patient had just experienced progression (PFS1). 		2.30		11.90		11.40		2.0		2.0		0.0		1.0		2.0		3.5		9.5		1.00		1		2		0.25		NA		N				0.1865		0.1865		0.3729		0.0932		The null hypothesis was that the PFS ratio >1.3 for 15% of patients or fewer (17). In order to reject this null hypothesis with 90% power at a one-sided significance level of 0.05, and assuming the true proportion of patients with a PFS ratio >1.3 was equal to 24%, a total of 165 evaluable patients was required.

		SHIVA		NCT01771458		Prospettico		1		2		Basket		1		26		Ion Ampliseq cancer panel V2 		1		45		1		terapia scelta da medico		1		22		741		293		200		195		191 (99 nel braccio sperimentale)		-5		4		PFS		2		Progression-free survival (PFS) defined as the timeframe between randomization and death or progression according to RECIST 1.1, whatever the cause is 		2.30		NA		4.00		2.0		2.0		1.0		1.0		2.0		2.0		9.0		1.00		0		1		1.00		43		N		2.00		0.1336		0.0000		0.1336		0.1336		The objective of the study was to detect a difference in progression-free survival between the treatment groups. Expected 6-month progression-free survival in the control group was 15%.17 We postulated that the experimental group would have 40% longer progression-free survival than that of the control group (hazard ratio [HR] 0·625). A total of 142 events was needed to detect a statistically significant difference with a type I error rate of 5% and a power of 80% in a two-sided setting. To be able to see these events, we planned to include a total of 200 patients.

		NCI-MPACT		 NCT01827384		prospettico		1		2		basket		1		10		local test		2		NA		1		SOC		1		51		198		108		120		64		49				1		ORR		1		PR-CR		NA		NA		2.00		1.0		1.0		1.0		1.0		3.0		3.0		9.0		1.00								45		N

		SU2C/MRA		NCT02094872		prospettico		1		2		umbrella		2		1		local test		2		NA		1		SOC		0		32		49		32		20		25		20				1		ORR		1		PR_CR		NA		NA		5.00		1.0		1.0		2.0		0.5		4.0		3.0		9.0		2.00								20		N		2.00

		Cancer Therapy Directed by CGP		NCT02437617		prospettico		1		NA		basket		1		9		 FoundationOne		1		236		0		no		0		30		500		317		NA		188		122		ERROR:#VALUE!		23		DCR		1		SD ≥6 months/PR/CR 		2.80		NA		18.85		1.0		1.0		0.0		1.0		3.0		3.0		8.0		1.00		0		1		0.25		NA		N				0.2440		0.0000		0.2440		0.0610

		Exoma trial		NCT02840604		Prospettico		1		2		Basket		1		20		Foundation One		1		317		0		No		0		28		506		342		506		79		79		-427		3		PFS2/PFS1 ratio		3		This ratio corresponds to the comparison of the progression-free survival on matched therapy (PFS2) with the progression-free survival for the most recent therapy, on which the patient had just experienced progression (PFS1). Progression-free survival on matched treatment (PFS2) was defined as the time from start of treatment to progression, as defined by RECIST 1.1, clinical progression, or death from any cause. Progression-free survival on prior therapy (PFS1) was defined as the time from start of the last prior treatment to progression as defined by RECIST 1.1 or clinical progression [		2.30		NA		3.80		2.0		2.0		0.0		0.5		2.0		3.5		7.5		1.00		1		2		0.25		NA		N				0.1561		0.1561		0.3123		0.0781		The primary objective was that more than 30% of included patient could receive a therapeutic proposal. In order to estimate this proportion with a precision of the 95% confidence interval of 4%, 506 patients will have to be included in the study. 

		afatinib		NA		Prospettico		1		2		Basket		1		4		NA (screning non fa parte protocollo)		NA		NA		0		No		0		24		385		47		48		20		20		-28		1		ORR		1		complete response [CR] or partial response [PR] according to RECIST 1.0 criteria		2.70		NA		5.00		1.0		1.0		1.0		0.5		1.0		4.0		6.5		2.00		0		1		1.00		45		N		2.00		0.0519		0.0000		0.0519		0.0519		The sample size was based on the assumption that the underlying response rate for the selected patient population would be 20%. Sample size calculations also met the requirement for the exact 90% confidence interval (CI) to rule out a 10% response rate if the true response rate was ≥20%. The recommended total sample size was 48 patients, with 12 patients in each of the 4 tumor categories; 10 responders were required overall to meet study assumptions.

		TAPUR (subprotocol kras, Nras or BRAF)		NCT02693535		prospettico		1		2		basket		1		1		commerciale		1		236		0		no		0		17		1000		NA		28		49		48				0		DCR		1		disease control (DC) defined as complete response (CR) or partial response (PR) observed at 8 weeks or later or stable disease (SD) lasting for at least 16 weeks as determined by RECIST version 1.1		1.9		4.8		0.00		1.0		1.0		3.0		0.5		1.0		1.0		4.5		2.00		0		1		1.00		12		N		2.00		0.0480		0.0000		0.0480		0.0480		Simon’s optimal two-stage approach is used in the design of each cohort. The trial was designed to have 85% power and a type I error rate of 10% to reject the null hypothesis of a DC rate (DCR) of 15% when the true DCR is 35%. In the first stage, 10 patients are required to be enrolled, and if fewer than two patients have DC, the cohort is permanently closed. If at least two patients experience DC, the cohort expands to stage II and enrolls an additional 18 patients. The null hypothesis is rejected if at least seven patients have DC and it is concluded that a signal of activity has been identified.

		TAPUR (subprotocol) FLT-3 colon		NCT02693535		prospettico		1		2		basket		1		1		commerciale		1		236		0		no		0		17		1000		NA		28		10		10				0		DCR		1		disease control (DC) defined as complete response (CR) or partial response (PR) observed at 8 weeks or later or stable disease (SD) lasting for at least 16 weeks as determined by RECIST version 1.1		2.5		9.5		0.00		1.0		1.0		3.0		0.5		1.0		1.0		4.5		2.00		0		1		1.00		10		N		2.00		0.0100		0.0000		0.0100		0.0100		Simon’s optimal two-stage approach is used in the design of each cohort. The trial was designed to have 85% power and a type I error rate of 10% to reject the null hypothesis of a DC rate (DCR) of 15% when the true DCR is 35%. In the first stage, 10 patients are required to be enrolled, and if fewer than two patients have DC, the cohort is permanently closed. If at least two patients experience DC, the cohort expands to stage II and enrolls an additional 18 patients. The null hypothesis is rejected if at least seven patients have DC and it is concluded that a signal of activity has been identified.





Foglio1

		Trial 		NTC number		PFS		OS		ORR		Attrition

		CREATE		NCT01524926		9.00		NA		50.00		34%

		PANGEA		NCT02213289		8.20		15.70		74.07		49%

		Battle		NCT00409968		1.90		8.80		3.69		72%

		I-PREDICT		NCT02534675		3.67		11.80		23.29		6%

		NCI-MATCH (subprotocol H)		NCT02465060		11.4		28.6		37.93		1%

		Tapur (breat-TMBh)		NCT02693535		2.65		7.65		21.00

		ROAR		NCT02034110		9.00		14.00		51.20		7%

		NCI-MATCH (subprotocol Q)		NCT02465060		3.10		8.40		5.56		1%

		 Drug Rediscovery protocol		NCT02925234		3.00		10.00		15.35		33%

		NCI-MATCH Subprotocol EAY131-Y 		NCT02465060		5.5		14.5		28.00

		plasmaMATCH		NCT03182634		5.20		NA		13.10		12%

		CUSTOM 		 NCT01306045		2.30		6.50		25.58		7%

		NCI-MATCH (subprotocol Z1D)		NCT02465060		6.3		17.3		35.71		1%

		National Lung Matrix Trial		NCT02664935		3.00		NA		10.00		5%
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alteration (A,B,C,D)

R

2:1

Previously reported?3

Hierarchical testing
Step 1: PFS in ESCAT /Il
(n=115)

Step 2: PFSin ITT (n = 238)

After a predefined number
of events was reached in
ESCAT I/11

In a preplanned pooled
analysis of SAFIR02-BREAST
and SAFIR-PI3K

|—'- Andre, F., Filleron, T., Kamal, M. et

al. Nature 610, 343—-348 (2022).



Matched genomic alteration/targeted therapy decision by MTB

IGF1R amplification (n=3), TSC1/2 mutation (n=3), STK11 deletion 7 (4%) 1(1%)
(n=1), RPTOR amplification (n=1) and AZD2014
AKT1 mutation and AZD5363 12 (8%) 4 (5%)

8(°%)

2 (2%)

PIK3CA (n=36), PIK3R1 (n=2); mutations/PIK3CB (n=1), AKT1 (n=1),
AKT3 (n=1), PDPK1(n=1): amplifications and AZD5363

FGFR1(n=19), FGFR2 (n=1), FGF4 (n=4), FGFR3 (n=1); amplifications/
FGFR2 (n=1), FGFR4 (n=1); mutations and AZD4547

30 (19%)

17 (M%)

12 (15%)

10 (12%)

ERBB2 mutation and AZD8931 1(0.5%) 2(2%)

EGFR mutation/amplification (n=3) or ERBB3 mutation (n=2) and 2(1%) 3(4%)

AZD8931

FRS2 amplification (n=10), NF1 mutation (n=7), KRAS mutation (n=4), 17 (11%) 6 (7%)

BRAF amplification (n=1), BRAF mutation (n=1) and selumetinib

VEGFA amplification (n=3), RET mutation (n=1), EGFR amplification 3(2%) 3 (4%)

(n=1), KDR mutation (n=1) and vandetanib

AR amplification and bicalutamide 0 1(1%)

BRCA1 mutation and olaparib M (7%) 10 (12%) I
BRCA2 mutation and olaparib 26 (16%) 10 (12%) I
PALB2 mutation and olaparib 1(0.5%) 2(2%)
AT R7AT Tt o detetioTraTt o tapaTt 2{1%) #{5%) ]
PIK3CA mutation and alpelisib 20 (13%) 1M (14%) |

NA NA -
12 (16%) 4 (10%)

4 (5%) 1(3%)

NA NA

NA NA

1(1%) 2 (5%)

NA NA

NA NA

NA NA

NA

11 (15%)

10 (25%)

26 (35%)

10 (25%)

1(1%)

2 (5%)

NA

NA

20 (27%)

F., Fillerog

11(27%)

., Kamal, M. et
al. Nature 610, 343-348 (2022).
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= Targeted therapy matched to
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HR adjusted for stratification factors:
0.41 (90% CI: 0.27, 0.61)

P < 0.001
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PFS in patients with ESCAT /Il genomic alterations (n = 115)

— Maintenance chemotherapy
— Targeted therapy matched to
genomic alteration

HR adjusted for stratification factors:
0.41 (90% CI: 0.27, 0.61)
P < 0.001
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PFS in the overall population (7 = 238)

1.00
— Maintenance chemotherapy
0.75 — Targeted therapy matched to
: genomic alteration
1% HR adjusted for stratification factors:
& o0.50 0.77 (95% CI: 0.56, 1.06)
P =0.109
0.25
O -
o 6 12 18 24 30 36 42 48 54 60
Months
Maintenance 81 18 7 2 1 1 1 o (0] (0] o]
chemotherapy
Targeted therapy 157 66 26 11 7 3 1 1 1 1 (0]
matched to
genomic alteration
C PFS in patients presenting genomic alteration beyond ESCAT V/Il (n = 123)

1.00 H
0.75
o 0.50
0.25

0 -
Maintenance

chemotherapy

Targeted therapy
matched to
genomic alteration

— Maintenance chemotherapy
— Targeted therapy matched to
genomic alteration
Unadjusted HR:
1.15 (95% Cl: 0.76, 1.75)
1
T T
(0] 12 18 24 30 36 42 48 54 60
Months

41 9 2 2 1 1 1 (0] (o] (0] (0]
82 20 4 2 1 (6] (6] (6] (6] (6] (6]

Il vantaggio si ottiene esclusivamente
nelle mutazioni ESCAT I/II

E’ molto debole e (non statisticamente
significativo nella popolazione generale,
test gerarchico)

Nullo (dato forte) nella popolazione con
mutazione ESCAT lII-

Questo dato puo essere
considerato piu una validazione
dell’ESCAT come fattore
predittivo nelle pazienti mBC
HER2- che un’informazione
aggiuntiva rispetto a quanto
noto!!



Nel mondo reale...

* || valore del biomarker e misurato sulla base del suo ruolo di
«target» per l'inibizione farmacologica (valore predittivo).

* Ci si e concentrati molto spesso sul valore predittivo
ignorando quello prognostico

e Questo non ci consente di valutare correttamente il valore di
un farmaco in una popolazione target e crea dei:
* Dati scontati
* Potenziali paradossi



10

e( ORR | X)
5 0

-10

-10 -5

coef =-.11, se = .20984121,t =-.52

0
e( ATT | X)

Not for sharing - unpublished data



*Quale metodologia per produrre dati
«rilevanti»



LETTERS TO THE EDITOR

Why will there never be a randomized trial for @
NTRK-rearranged tumors?

The optimal assessment of the risk-to-benefit ratio of a new
treatment, particularly in oncology, has always been based
on the results of prospective randomized trials, ideally
carried out in a double-blind manner with a large sample
size and overall survival as the primary endpoint. This is still
the best level of evidence available and has been an
indisputable metric for discussing approval and reimburse-
ment with health authorities for decades. This remains true
in clinical oncology. However, it is no longer an appropriate
standard in personalized medicine, particularly when
focusing on rare subtypes. Indeed, molecular screening can
categorize common diseases into several ultra-rare pathol-
ogies, each grouping a limited number of patients. For
example, patients with NTRK-rearranged tumors are text-
book cases. They could be identified and receive personal-
ized treatment; but, in some countries, access to treatment
is suspended pending the results of randomized trials.
However, the demand is insurmountable.

However, (RCT) is no longer
approriate for Precision
Oncology...

...Rarity of the molecular
alteration (ultra-rare tumorus)
and the absence of standard-
of-care pose risk to
EQUIPOISE!!

3Department of Medical Oncology, Centre Léon Bérard, Lyon;
“Medical Oncology Department, Université Claude Bernard,
Lyon, France

(*E-mail: n-penel@o-lambret.fr).
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E voi randomizzereste i pazienti
NTRK??



Take home message

Bisogha fare ancora molta ricerca
sulla ricerca in oncologia di
precisione.
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