N

N

Efficacy of molecularly targeted agents given in the
randomised trial SHIVAO1 according to the ESMO Scale
for Clinical Actionability of molecular Targets
A. Moreira, J. Masliah-Planchon, C. Callens, S. Vacher, C. Lecerf, M. Frelaut,

E. Borcoman, N. Torossian, F. Ricci, S. Hescot, et al.

» To cite this version:

A. Moreira, J. Masliah-Planchon, C. Callens, S. Vacher, C. Lecerf, et al.. Efficacy of molecularly
targeted agents given in the randomised trial SHIVAOl according to the ESMO Scale for Clin-
ical Actionability of molecular Targets. FEuropean Journal of Cancer, 2019, 121, pp.202 - 209.
10.1016/j.ejca.2019.09.001 . hal-03488907

HAL Id: hal-03488907
https://hal.science/hal-03488907

Submitted on 21 Dec 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche frangais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-03488907
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S095980491930499X
Manuscript_05228a063fc232a641134e82d004d92d

Efficacy of molecularly targeted agents given in the randomized trial SHIVA01

according to the ESMO Scale for Clinical Actionability of molecular Targets (ESCAT)

Authors: A. Moreira!, J. Masliah-Planchon?, C. Callens?, S. Vacher?, C. Lecerf!, M. Frelaut',
E. Borcoman', N. Torossian!, F. Ricci!, S. Hescot!, M.P. Sablin!, P. Tresca', D. Loirat!, S.
Melaabi?, O. Trabelsi-Grati?, G. Pierron?, D. Gentien®, V. Bernard?, A. Vincent Salomon®, N.

Servant’, I. Bieche>%, C. Le Tourneau'>’", M. Kamal'"

1: Department of Drug Development and Innovation (D3i), Institut Curie, Paris & Saint-
Cloud, France; 2: Department of Genetics, Institut Curie, PSL Research University, Paris,
France; 3: Department of translational research, Institut Curie, PSL Research University,
Paris, France; 4: Department of Pathology, Institut Curie, PSL Research University, Paris,
France; 5: INSERM U900, Institut Curie, Mines Paris Tech, Paris, France; 6:INSERM
U1016 Research Unit, Cochin Institute, Paris, France; 7: Paris-Saclay University, Paris,
France

*contributed equally and should be considered co-last authors

Corresponding author:

Dr. Maud Kamal

Department of Drug Development and Innovation (D31)
Institut Curie

26 Rue d'Ulm

75005 Paris - France

Phone : +33 1 44 32 44 20

Email: maud.kamal @curie.fr

Word Count:
Pages = 34; Abstract = 250 words (max: 250 words); Article = 1, 838 words (max: 2,500
words); Figures = 1; Tables = 2; References = 38 (max: 40); Supplementary Figures = 1;

Supplementary Tables = 1; Supplementary Material = 1.

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S095980491930499X
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S095980491930499X

Abstract

Background SHIVAOI randomized trial compared efficacy of matched molecularly targeted
therapy outside their indications based on a prespecified treatment algorithm versus
conventional chemotherapy in patients with metastatic solid tumours who had failed standard
of care. No statistical difference was reported between the two groups in terms of
progression-free survival (PFS), challenging treatment algorithm. ESMO Scale for Clinical
Actionability of molecular Targets (ESCAT) recently defined criteria to prioritize molecular
alterations (MAs) to select anticancer drugs. We aimed to retrospectively evaluate the
efficacy of matched molecularly targeted agents (MTAs) given in SHIVAO1 according to
ESCAT Tiers.

Patients and methods MAs used in SHIVAO1 were retrospectively classified into ESCAT
Tiers and PFS and overall survival (OS) were compared using log-rank tests.

Results Hundred and fifty-three patients were treated with matched MTAs in SHIVAOI.
MAs used to allocate MTAs were classified in Tiers II, IIIA, IIIB, and IVA according to
ESCAT. Median PFS was 2.0 months in Tier II, 3.1 in Tier IIIA, 1.7 in Tier IIIB, and 3.2 in
Tier IVA (p=0.13). Median OS in Tier IIIB was worse than in Tiers II, IIIA and IVA (6.3
months versus 11.7, 11.2 and 12.1, p=0.002).

Conclusions Most MAs used to allocate therapy in SHIVAOl were shown to improve
outcome in other tumour types (Tier IIIA). Worst outcome was observed in patients treated
based on another type of alteration than the one reported to improve outcome (Tier 1IIB),
highlighting the crucial impact of the type of the alterations beyond the gene and the
signaling pathway.

Key words Molecularly targeted agents, ESMO Scale for Clinical Actionability of
molecular Targets (ESCAT), actionable molecular alterations, treatment algorithms, precision

medicine, SHIVAO1



INTRODUCTION

Molecularly targeted agents (MTAs) given based on specific molecular alterations (MAs)
were shown to be highly effective in several cancer types, such as vemurafenib in V60OE
BRAF-mutated melanoma patients or gefitinib in EGFR-mutated non-small cell lung cancer
(NSCLC) patients [1, 2]. Several actionable MAs were identified across tumour types raising
the question of comprehensive molecular profiling clinical utility to guide therapy. Precision
medicine trials have been designed to assess the value of molecular profiling to allocate
therapy in a histology-independent way [3-5].

SHIVAOI (NCTO01771458) was the first randomized trial comparing matched MTA
versus conventional therapy in patients with any kind of metastatic solid tumour refractory to
standard of care [3]. SHIVAOl was negative for its primary endpoint with no statistical
difference in progression-free survival (PFS) between the experimental and the control
groups suggesting that SHIVAOI treatment algorithm was not able to improve patient
outcomes. Improving treatment algorithms used in precision medicine trials represents a
major challenge [6].

Several scales of actionability have been developed aiming at grading the levels of
evidence associated with MAs [7-11], the latest one being the ESMO Scale of Actionability
of molecular Targets (ESCAT) [12]. We aimed to retrospectively classify the MAs used to
allocate MTAs in SHIVAOI according to ESCAT, and to evaluate MTAs efficacy

accordingly.

PATIENTS AND METHODS
SHIVAOI1 was a proof-of-concept open-label randomized controlled phase 2 trial conducted
in France [3]. MTAs used in the experimental group were drugs given outside their

indications. Patients treated with MTAs following randomization or at cross-over in

SHIVAOI1 were included in the study.



All MAs used to allocate MTAs in SHIVAO1 were classified according to ESCAT by
assessing the level of evidence in the literature (Supplementary Figure S1). To this end, for
each MA, we first searched for clinical trials performed with the MTA in the same tumour
type that would support ESCAT levels of evidence Tiers I or II. If no data supported Tiers I
or II, we then searched for clinical trials performed with the same MTA and based on the
same MA but in other tumour types that would support Tier III. If no data supported ESCAT
Tier III, we searched for preclinical and in silico data that would support Tier IV. MAs were
classified in Tier V if no clinically meaningful benefit was reported.

PES and overall survival (OS) according to the ESCAT levels of actionability were

compared using log-rank tests (GraphPad Prism7).

RESULTS

Patient population

Hundred and one out of the 153 included patients (66%) were females (Table 1). Median age
was 57 years [range: 14-86]. MAs used to allocate therapy involved the PI3K/AKT/mTOR
pathway in 77 patients (50%), the hormone receptor pathway in 56 patients (37%), and the
Tyrosine Kinase Receptor (TKR)/RAF/MEK pathway in 20 patients (13%). Most frequent

cancer types were breast (17%), ovarian (16%), and colorectal (12%) cancer.

Classification of MAs according to ESCAT
Extensive justification of MAs’ classification according to ESCAT is available

Supplementary Material and Table S1.

PI3BK/AKT/mTOR pathway
Among 77 patients treated with everolimus, 28 patients (36%) had a PIK3CA activating

hotspot mutation, 43 patients (56%) a PTEN inactivation, five patients (6%) an AKT



mutation/amplification, and one patient (1%) a STK11 inactivating mutation associated with a
loss of heterozygosity (Table 2).

PIK3CA mutations, PTEN inactivations, and AKT] mutations were shown to predict
the efficacy of everolimus in HER2-positive breast cancer patients [13]. These alterations
were therefore classified in Tier IIA according to ESCAT for breast cancer, and in Tier IIIA
for the other cancer types. AKT amplifications were classified in Tier IIIB based on data
reported with AKT mutations. STK1 inactivations were classified in Tier IVA, since only

preclinical data supported the use of everolimus for this MA [14].

TKR/RAF/MEK pathway

ERBB?2 amplifications were identified in two patients with NSCLC and urothelial cancer in
SHIVAOI. Given the OS benefit obtained with the combination of lapatinib and trastuzumab
in ERBB2-amplified breast cancer patients [15], and the lack of clinical evidence supporting
the use of this combination in ERBB2-amplified NSCLC and urothelial cancer patients,
ERBB?2 amplifications were classified in Tier IIIA in these cancer types. ERBB2 mutations
were classified in Tier IIIB for the two patients with neuroendocrine and colorectal cancers
treated with this combination, based on the ERBB2 amplifications data.

KIT mutations are present in most GIST patients, explaining the high efficacy of
imatinib in this patient population [16]. KIT exon 11 mutations were shown to predict the
efficacy of imatinib in GIST [17], and were therefore classified in Tier IIIA in NSCLC. KIT
mutations were classified in Tier IIB for melanoma, given the efficacy reported with imatinib
in melanoma patients with KIT mutations/amplifications in a single-arm phase II trial [18].
KIT exon 18 mutations in ovarian cancer and KI7T exon 15 mutations in hepatocellular cancer
were classified in Tier IIIB, assuming the same functional impact of these mutations then for

KIT exon 11 mutations.



EGFR amplifications in oesophageal cancers were classified in Tier IIA, given the OS
improvement in EGFR-amplified tumours in a retrospective analysis of a randomized trial
with gefitinib [19]. Based on these results and given the lack of clinical evidence in head and
neck squamous cell carcinoma (HNSCC) and squamous cervical cancer, EGFR
amplifications were classified in Tier IIIA for these cancer types.

BRAF V600E mutation are classified in Tier IA for melanoma patients treated with
vemurafenib [20]. Based on these results and given the limited efficacy of vemurafenib in
BRAF V600E-mutated colorectal cancer patients [21, 22], BRAF V600E mutations were
classified in Tier IIIA for colorectal cancer.

The predictive value of PDGFR, RET, LCK, and FLT3 alterations of PDGFR, RET,
LCK, and FLT3 inhibitors’ efficacy was only evaluated in preclinical models [14, 23-25].

These M As were therefore classified in Tier IVA.

Hormone receptor pathway
Hormone therapy based on the expression of estrogen and/or progesterone receptors (ER/PR)
is standard of care in breast cancer [26]. Since antitumor activity was only reported in
ER/PR-positive ovarian cancer [27], these MAs were classified in Tier IIB for ovarian
cancer, and in Tier IIIA in all other cancer types.

Androgen receptor (AR) are expressed in prostate cancer, explaining the high efficacy
of abiraterone in this patient population [28]. Antitumor activity was reported in AR-positive
breast cancer patients in a single-arm phase II trial [29]. AR expression was therefore

classified in Tier IIB in breast cancer, and in Tier IIIA in all other cancer types.

Efficacy of MTAs given in SHIVAO(1 according to ESCAT levels of evidence
In total, out of the 153 patients treated with matched MTA in SHIVAOI, 98 patients (64%)

had a Tier IIIA MA, 38 patients (25%) a Tier 1, seven patients (5%) a Tier 1IIB, and 10



patients (7%) a Tier IVA. No MAs were classified in Tier I because of the SHIVAO1 design,
and none in Tiers IVB and V.

Median PFS was 2 months [range: 0.5-18.2] in Tier II, 3.1 months [range: 0.4-18.0] in
Tier IITA, 1.7 months [range: 0.3-3.7] in Tier IIIB, and 3.1 months [range: 1.2-8.9] in Tier
IVA (p=0.13) (Figure 1a). OS was worse in Tier IIIB than in Tiers II, IITA and IVA (median
OS of 6.3 months [range: 2.3-11.1] versus 11.7 months [range: 2.5-37.4], 11.2 months [range:

2.1-29.9], and 12.1 months [4.4-20.3], p=0.002) (Figure 1b).

DISCUSSION

Our study is, to our knowledge, the first study to retrospectively classify MAs used in a
precision medicine trial according to ESCAT, and to reassess survival according to levels of
actionability. Since ESCAT relies on published preclinical and clinical scientific data, the
distribution in the different Tiers will certainly evolve with time.

Most MAs used to allocate therapy in SHIVAOlI were MAs shown to improve
outcome in other tumour types (ESCAT Tier IIIA). Worst outcome was observed in patients
who were treated based on another type of alteration (example: amplifications versus
activating mutations in oncogenes) in a specific gene than the one reported to improve
outcome (ESCAT Tier IIIB). The functional impact of unvalidated MAs within actionable
genes may be assessed using in vitro/vivo analyses [30]. Patients with MAs in Tier IVA had a
longer OS than patients with MAs in Tier IIIB. Although the numbers are small, this result
suggests that in silico functional analyses may be more informative than extrapolating
potential functional impact of MAs relying on a same gene or pathway.

We encountered several limitations while classifying SHIVAO1 MAs according to
ESCAT. First, we noticed that the literature interpretation was subject to inter-individual
variability. In an attempt to limit this variability, the classification was validated by several

experts. Second, some MTAs considered as reference treatment in some indications were not



assessed in randomized trials with a molecular selection based on the MA of interest, as was
the case for KIT mutations and imatinib efficacy in GIST [31]. Other scales of actionability
have overcome this limitation by classifying in Tier I FDA-approved drugs in a specific
tumour type [7, 9, 10]. Third, there is no guidance in ESCAT on how to classify MAs
associated with a lack of efficacy in specific tumour types. We classified BRAF V600E
mutations in Tier IIIA for colorectal cancer based on melanoma data. However, given the
limited efficacy of vemurafenib in colorectal cancer [21, 22], this MA may be rather
classified in Tier V. Fourth, ESCAT doesn’t take into account the impact of coexisting MAs
that may confer resistance to therapy. As an example, PI3K inhibitors were shown to be
effective in patients with tumours harbouring a PIK3CA mutation, while coexisting PIK3CA
and KRAS mutations have been reported to predict limited efficacy of PI3K inhibitors [32].
Several parameters may impact the efficacy of MTAs beyond ESCAT level of
actionability such MTA’s affinity for a specific target. No recommendation exists on what
should be the minimum affinity of a drug for a target to claim that a MA should be
considered as a relevant target. The importance of MTA specificity is well illustrated by
PIK3CA mutation and the use of alpelisib, an a-specific PI3K inhibitor, classified in Tier IA
in breast cancer based on the SOLAR-1 trial [33, 34] while the same mutation in the same
tumour type is classified in Tier IIA for everolimus [13]. Despite the preclinical potency of
sorafenib to inhibit RAF kinases [35], sorafenib did not demonstrate any efficacy in
frequently RAF-mutated melanoma [36]. The efficacy of a drug can also be impacted by
comedications or food that may influence pharmacokinetics, as well as an inappropriate dose

reductions [37, 38].

CONCLUSIONS
The majority of MAs used in SHIVAOLI to allocate therapy had a low level of actionability

according to ESCAT. This might in part explain the negative result of SHIVAOI. Taking into



account other MAs in a specific gene than the one shown to improve outcome (Tier IIIB) was
associated with worst outcome. This highlights the crucial importance of the type of
alteration beyond the gene and/or the signaling pathway itself. Patients with MAs classified
in Tier IVA had a better outcome than Tier IIIB, suggesting the value of in vitro and in vivo
data for predicting MTA efficacy based on a specific MA.
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Figure 1. Kaplan—Meier estimates of (a) progression-free survival (PFS), and (b)
overall survival (OS) of patients treated with matched molecularly targeted therapy in

SHIVAO1 according to ESCAT Tiers
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Table 1. Characteristics of patients treated with matched molecularly targeted

therapy in SHIVAO1

N (%)
(Total = 153)

Gender
Male

Female

52 (34)
101 (66)

Tumour location

PIBK/AKT/mTOR pathway
Colorectal

Breast

Ovarian

Lung

HNSCC

Endometrial

Cervical

Pancreatic

Sarcoma
Cholangiocarcinoma
Oesogastric

Anal

Melanoma

Adenoid cystic
Hepatocarcinoma
ACUP

Germline

Urothelial

Parotid

TKR/RAF/MEK pathway
Lung

Colorectal
Sarcoma
HNSCC

ACC
Neuroendocrine
Ovarian
Hepaticarcinoma
Melanoma
Oesogastric
Cervical
Urothelial

Hormone receptor pathway
Breast

77 (50)
14 (9)
12 (8)
10 (7)

(0]

56 (37)
14 (9)
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Ovarian

Lung

Sarcoma

Cervical

HNSCC

ACUP

Urothelial

Cavum
Oesogastric
Colorectal

Kidney
Endometrial
Hepatocarcinoma
Mixopapillary ependymoma
Pancreatic
Parotid

Uveal melanoma

—
o
©

e T T ST RN I I RS I NG N
AN TN TN N N N N N N N N N N N S S
B e T i S S e O N S S N S N \ G B g BN O]
—_— — e e e v N e e e N N S~ —

ACC = Adenoid Cystic Carcinoma; ACUP = Adenocarcinoma of Unknown Primary;
HCC = Hepatocellular carcinoma; HNSCC = Head and Neck Squamous Cell
Carcinoma
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Table 2. Classification of molecular alterations used in SHIVAO1 to allocate molecularly targeted agents according to ESCAT

Gene

Molecular alteration

Molecular targeted agent

Tumour type (N)

ESCAT Tier

PI3K/AKT/mTOR pathway

PIK3CA

PIK3CA hotspot mutations

PTEN

PTEN inactivation

Everolimus

Breast (8)

A

Colorectal (5)

Endometrial (3)

Cervical (2)

Ovarian (2)

Oesogastric (1)

Pancreatic (1)

Cholangiocarcinoma (1)

HNSCC (1)

ACC (1)

Anal (1)

Lung (1)

Cervical (1)

A

Breast (4)

A

Colorectal (9)

Ovarian (7)

Lung (5)

HNSCC (4)

Pancreatic (2)

Sarcoma (2)

ACUP (1)

A
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PTEN PTEN inactivation

Everolimus

Cervical (1)

Parotid (1)

HCC (1)

Oesogastric (1)

Melanoma (1)

Germline (1)

Endometrial (1)

Cholangiocarcinoma (1)

Urothelial (1)

o HNSCC (1)
AKT1 lif
amplification Lung (1) B
AKT AKT2 amplification Ovarian (1)
AKT1 E17K mutation Endometrial (1) 1A
Cervical (1)
STK11 D194L mutation + LOH Lung (1) IVA
TKR/RAF/MEK pathway
L 1
Amplification U‘:gié“)al 5 A
ERBB2 L ini
S792F mutation apatinip and trastuzumab Colorectal (1) e
T862A mutation Neuroendocrine Anal (1)
D572G mutation (Exon 11) Lung (1) A
P838S mutation (Exon 18) . Melanoma (1) 1B
KIT
V852I mutation (Exon 18) Imatinib Ovarian (1) e
M722V mutation (Exon 15) HCC (1)
EGFR EGFR ampilification Erlotinib HNS_CC ) A
Cervical (1)
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BRAF V600E mutation

Vemurafenib

Colorectal (1)

A

PDGFRA amplification

PDGFRA/B PDGFRB amplification

PDGFRA activation (intragenic deletion)

PDGFRA L655Y mutation

Sorafenib

ACC (2)

Sarcoma (1)

Colorectal (1)

Sarcoma (1)

HNSCC (1)

IVA

FLT3 M665T mutation

Sorafenib

Lung (1)

IVA

RET Amplification

Imatinib

Oesogastric (1)

IVA

LCK Amplification

Dasatinib

Neuroendocrine (1)

IVA

HR pathway

ER-PR

Tamoxifen

Ovarian (11)

1B

Cervical (3)

Sarcoma (2)

Lung (2)

HNSCC (2)

Urothelial (1)

Cavum (1)

Colorectal (1)

Oesogastric (1)

A

AR

Abiraterone

Breast (14)

1B

Ovarian (3)

Sarcoma (2)

Lung (2)

ACUP (2)

HCC (1)

A
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Endometrial (1)
Ependymoma (1)
Cavum (1)

AR Abiraterone Urothelial (1) A
Kidney (1)
Pancreatic (1)
Parotid (1)

Uveal melanoma (1)
ACC = Adenoid Cystic Carcinoma; ACUP = Adenocarcinoma of Unknown Primary; AR = Androgen Receptor; ER = Estrogen
Receptor; HCC = Hepatocellular Carcinoma; HNSCC = Head and Neck Squamous Cell Carcinoma; LOH = Loss Of Heterozygosity;
PR = Progesterone Receptor

PTEN inactivation = homozygous deletion of PTEN, or LOH associated with an inactivating mutation of PTEN, or LOH with loss of
PTEN expression in immunohistochemistry, in all cases validated using immunohistochemistry

PDGFRA activation = intragenic deletion within PDGFRA validated by overexpression of PGDFRA using immunohistochemistry
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