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Abstract | Patients with cancers of differing histologies that express certain
biomarkers are likely to benefit from treatment with targeted therapies. However,
targets can be present in malignancies other than those indicated by a drug’s label,
and as a result, affected patients will have no access to those potentially useful
drugs. To tackle this issue, the French National Cancer Institute developed the
AcSé Programme in 2013. This programme is designed to make treatment
decisions or recommendations on the basis of the presence of relevant biomarkers
for malignancies with no targeted therapies available and also aims to improve
safety, and evaluate the efficacy of targeted drugs used outside of their approved
indications. Patients across France have access to molecular testing in 28 molecular
genetics centres and to targeted therapies within phase II trials provided no other
trials exist in which they could reasonably be included. Trials include patients
below the age of 18 if safe dosing data are available. As of January 2016, 183 French
clinical sites and over 7,000 patients are participating in AcSé led trials. Proof of
concept is being demonstrated through trials designed to investigate the
effectiveness of crizotinib and vemurafenib in a wide variety of cancers.
The principle of personalized medicine
is to ‘give the right drug to the right
patient at the right time’ using molecular
profiling of the tumour to guide treatment.
Many newly approved oncology drugs
have a biomarker that enables selection
of patients who might benefit from the
specific treatment. In the past 16 years,
39 targeted therapies (25 small-molecule
agents and 14 monoclonal antibodies) have
been centrally approved by the European
Medicines Agency (EMA) for the treatment
of patients with malignant solid tumours or
haematological malignancies1. A molecular
test to identify the presence of the drug
target in the tumour, which serves as a
direct biomarker of a response to treatment,
is required before use of 17 of these drugs
across seven different malignancies (TABLE 1).
The market authorization for use of each
targeted drug is limited and specific to the
treatment of patients with the malignancy

that express the relevant biomarker.
However, the biomarker of a targeted drug
is often present in a subset of other cancers
of different organs that are typically not
included in the marketing authorization
for approved drugs: for example, crizotinib,
vemurafenib and HER2 inhibitors are
approved as treatments of certain forms
of non-small-cell lung cancer (NSCLC),
melanoma and breast cancer, respectively,
yet many other tumour types also express
the targets of these agents (TABLE 2). Of
course, a HER2 inhibitor that is effective
in HER2‑amplified breast cancer or gastric
cancer is not necessarily effective in other
malignancies with HER2‑amplification,
such as ovarian and uterine cancers, owing
to substantial differences in tumour biology
and in the tumour microenvironment.
Nevertheless, a strong rationale exists to
support the study of cancer types other
than those that are listed in the market
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authorization to identify other opportunities
for use of targeted therapies. Unfortunately,
pharmaceutical companies do not
necessarily develop or test their drugs in
all biomarker-expressing malignancies,
especially when those malignancies
are rare, thus many targeted therapies are
incompletely tested2.
As a result of this incomplete testing
of targeted therapies, patients with
advanced-stage cancer for whom no further
curative treatments are available might not
have access to potentially effective, targeted
drugs. With the growing expectation
of tumour molecular characterization,
physicians often encounter patients with
advanced-stage malignancies that express a
known biomarker of a marketed drug, but
this agent is not licensed for their particular
malignancy. In this situation, doctors
will have no solution but to prescribe the
targeted drug off-label, or not at all. As
tumour molecular profiling that utilizes
next-generation sequencing of a gene panel
becomes more widely available, this will
result in an even greater dilemma with a
greater number of patients unable to receive
treatments, despite being positive for a
biomarker indicating that they might derive
some benefit from a marketed drug.
This scenario raises the important
questions concerning the safety of patients
who receive drugs that are not authorized,
and therefore not adequately tested, for their
specific condition and equality of access
to treatment for those denied such drugs
owing to their type of cancer. Additionally,
such off-label prescribing does not allow
the necessary generation and collection of
data to guide future treatments, and might
also lead to the prescribing of expensive
drugs with no evidence of activity3. To
tackle this undesirable situation, the French
National Cancer Institute (INCa) has
developed the AcSé (Secured Access to
Innovative Therapies) Programme as part
of the French National Cancer Plan. The
AcSé Programme aims to provide access to
molecular testing and the option to receive
targeted drugs outside of their planned or
approved marketing indication, delivered in
a way that is safe for patients. Furthermore,
the programme was conceived to generate
data on safety and efficacy, in addition to
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new knowledge of these agents, thus further
building the evidence-base on the use of
these drugs.
Principles
When a new targeted therapy is in
advanced development and approaching
market authorization, the goal of the
AcSé Programme is to give patients with
cancer free access to molecular testing
of their tumours, and to provide those
patients who have a relevant biomarkerexpressing tumour secured access to that
therapy within an appropriate clinical trial.
The implementation of this nationwide
Programme is based on two principles. First,
that molecular testing is carried out at one
of the 28 molecular genetics centres that
perform routine testing for biomarkers
that indicate a response to targeted therapies
in their approved indication. Second, an
academic-led phase II trial exploring the
activity of the drug in biomarker-positive
tumours across a variety of cancer subtypes

provided that sufficient evidence exists
in the published literature to warrant this
approach. The AcSé Programme is jointly
implemented with INCa-certified national
cooperative groups working within the
relevant malignancy. The AcSé Programme
is funded by a public national grant
from INCa and by a grant from the ARC
Foundation for Cancer Research charity.
The drugs are provided and distributed by
their marketing authorization holders.
Equal access
The aim of this initiative is to provide equal
access to cancer treatments for all patients
in France with advanced-stage malignancies
who have no further therapy available,
thus complying with the recommendations
of the National Cancer Plan, and to
overcome the treatment bottlenecks
identified for patients with rare malignancies
and molecular subtypes4. Funded by the
INCa and the National Health system,
the 28 molecular genetics centres, located

Table 1 | Malignancies for which a biomarker is required to prescribe a targeted therapy
Pathology

Biomarker

Number
of tests
in 2013*

Agent

Date of
approval
in Europe

Breast cancer

HER2 amplification

8,924

Trastuzumab

2000

Lapatinib

2008

Trastuzumab
emtansine

2013

Pertuzumab

2013

Imatinib

2001

Dasatinib

2006

Nilotinib

2007

Bosutinib

2013

Ponatinib

2013

Leukaemia

BCR–ABL translocation
and ABL mutations

6,750

Gastrointestinal
stromal tumour

KIT and PDGFRA
mutations

2,105

Imatinib

2002

Colorectal cancer

Lack of KRAS and NRAS
mutations

19,347

Panitumumab

2007

Cetuximab

2008

Gastric cancer

HER2 amplification

709

Trastuzumab

2009

Lung cancer

EGFR mutations

23,336

Gefitinib

2009

Erlotinib

2011

Afatinib

2013

ALK translocation

18,861

Crizotinib

2012

Melanoma

BRAFV600 mutation

5,026

Vemurafenib

2012

Dabrafenib

2013

Ovarian cancer

BRCA1 or BRCA2
mutations

NA

Olaparib

2015

Total

85,063

NA, not applicable. *Number of biomarker tests performed by the 28 French molecular genetics centres in
2013.
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throughout France, have, since 2006,
tested for biomarkers that determine the
appropriateness of patients to receive
targeted therapies5 (FIG. 1). In 2013, 85,000
tests were performed on 65,000 patients.
The introduction of this nationwide testing
has enabled the rapid and population-based
implementation of the AcSé Programme
and enables innovation, the nationwide
linking of research and care, and the
provision of equal access for all patients
to precision cancer medicine. Biomarker
tests are performed on available tumour
material, that is, archived, formalin-fixed
paraffin-embedded (FFPE)-tumour samples
in the vast majority of cases. A dedicated
quality assurance programme has been set
up for routine tests and biomarker testing
performed by the 28 centres. In addition,
each AcSé trial needs to be open to accrual
in at least 150 sites across France (including
overseas territories), which are authorized to
deliver chemotherapy treatments. Children
and adolescents are eligible to be included
in the AcSé programme if phase I data on
dosing, safety and pharmacokinetics in
the paediatric population are available.
Access to innovative drugs for children
and adolescents in early phase trials is still
limited, and improving this lack of access is
one of the seven objectives of the European
Society for Paediatric Oncology (SIOPE)
strategic plan6. A patient who is eligible for
another industry-sponsored or academiasponsored clinical trial exploring the
effectiveness of a drug with the same target
is not eligible to participate in an AcSé trial.
Scientific basis and flexibility
Not all tumour or pathology specimens
are appropriate for biomarker testing. The
choice of diseases to be tested for a given
drug biomarker is made on the basis of the
confirmed presence of the biomarker in
human tumour samples. Data can be used
from publications or unpublished reports,
but this comprises a minimum requirement
to launch biomarker testing before treatment
in a given disease setting in the AcSé
Programme, regardless of the frequency
of the biomarker. No cut-off point exists
with regard to the frequency of establishing
biomarker testing in the AcSé programme.
Thus, often only limited published data
on human tumour samples are available.
The objective of the AcSé Programme is
to generate molecular information from
sufficiently large cohorts of tumour samples,
and to describe the biomarker frequency
with greater precision and accuracy than
current indications. Biomarker testing
www.nature.com/nrclinonc
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within the remit of this programme is
stopped when its frequency is below 1%
of 500 tumour samples, unless a tumour
response is observed in patients with a
biomarker-positive malignancy.
The AcSé Programme design is flexible
so that when new relevant molecular data
become available, amendments to both the
testing programme and the clinical trial
can be made in a timely fashion. Research
programmes at four French institutions
include high-throughput sequencing
(next-generation sequencing, whole-exome
sequencing or RNA sequencing) of tumour
samples from patients with advanced-stage
malignancies before they are considered for
participation in an early phase trial, which
include the MOSCATO (NCT01566019)7,
the PROFILER (NCT01774409)8, the
SAFIR02 Breast (NCT02299999)9, and
the Unicancer/IFCT SAFIR02 Lung
(NCT02117167)10 trials. The molecular
testing platforms used at these institutions
are among the 28 genetics centres in
France. Patients with a biomarker-positive
tumour, regardless of the malignancy type,
are eligible to enter the AcSé trials. These
patients are included in a miscellaneous
exploratory cohort. When a new mutation is
found in a tumour sample, an independent
panel of molecular biologists uses in silico
evaluation to determine whether this
alteration is likely to affect protein function
so that it could be a relevant target for
treatment within the AcSé trial. This
approach also encompasses mutation
assessment in noncoding DNA.
Secured access
As opposed to off-label prescribing, the AcSé
Programme provides patients with safe and
secured access to innovative drugs, including
adequate follow‑up and pharmacovigilance.
Proper evaluation of drug activity is assessed
in a phase II design to provide evidence or
lack of evidence for the use of a targeted drug
outside of its marketed indication. Each AcSé
phase II trial includes several cohorts defined
by a disease and a type of target alteration.
In very rare clinical situations, such as some
paediatric malignancies, miscellaneous
diseases that share the same target are
combined in an exploratory cohort. Tumour
response is evaluated every 2 months using
Response Evaluation Criteria In Solid
Tumours 1.1 criteria for almost all solid
tumours, or adequate and validated specific
assessment methods for other solid and
haematological malignancies (such as the
Response Assessment in Neuro-Oncology
criteria for glioblastoma, International

Table 2 | Malignancies targetable by crizotinib, vemurafenib or anti‑HER2 agents
Disease

ALK
T

MET
A

M

A

M

ROS1

B‑RAF

HER2

T

M

A

ALCL

X

—

—

—

—

—

—

—

Bladder cancer

—

—

—

—

—

—

X

—

Breast cancer

X

—

—

—

—

—

—

MA

Cholangiocarcinoma

—

—

—

—

—

X

X

—

CLL

—

—

—

—

—

—

X

—

Colorectal cancer

X

—

—

X

X

—

X

—

Gastric cancer

—

—

—

X

—

—

—

MA

Hairy-cell leukaemia

—

—

—

—

—

—

X

—

High-grade glioma

—

—

—

X

—

—

—

—

IMT

X

—

—

—

—

X

—

—

Kaposi’s sarcoma

—

—

—

—

—

—

X

—

Kidney cancer

X

X

—

—

X

—

—

—

Liver cancer

—

—

—

X

X

—

—

—

Low-grade glioma

—

—

—

—

—

—

X

—

Melanoma

X

—

—

—

—

—

MA

—

Multiple myeloma

—

—

—

—

—

—

X

—

Neuroblastoma

—

X

X

—

—

—

—

—

NSCLC

MA

X

X

X

X

X

X

X

Ovarian cancer

—

—

—

X

—

—

X

X

Prostate cancer

—

—

—

—

—

—

X

—

Rhabdomyosarcoma

—

X

—

—

—

—

—

—

Thyroid cancer

X

—

X

—

X

X

X

—

Uterus

—

—

—

—

—

—

—

X

A, amplification; ALCL, anaplastic large-cell lymphoma; CLL, chronic lymphocytic leukaemia; IMT,
inflammatory myofibroblastic tumour; M, mutation; MA, marketing authorization; NSCLC, non-small-cell
lung cancer; ROS, reactive oxygen species; T, translocation.

uniform response criteria for multiple
myeloma). Clinical benefit, defined as a
complete, or partial response at 2 months,
or durable disease control at 6 months is the
primary end point of these trials.
Governance
The INCa coordinates the implementation
of the AcSé programme, as part of the
National Cancer Plan. The National Disease
Cooperative Groups assess the potential
biological relevance of an anticancer drug
while it is still under development and
nearing first marketing authorization for one
malignant condition. In addition, the INCa
evaluate the probability and risks of off-label
use. The AcSé Strategic Committee selects
and prioritizes drugs proposed by clinicians
from the cooperative groups according to
therapeutic needs, probability of off-label
use and available resources. Crizotinib
and vemurafenib were the first two drugs
to be selected before their marketing
authorization in Europe. In addition, the

NATURE REVIEWS | CLINICAL ONCOLOGY

Strategic Committee monitors the AcSé
Programme according to the results of
each implemented trial, and proposes the
necessary adjustments. Finally, the Strategic
Committee sets up the communication and
dissemination programme, with a specific
focus on communication with patients and
the general public. The Strategic Committee
is chaired and appointed by the INCa
President and comprises clinicians, clinical
trial methodologists, pathologists, molecular
biologists, patient representatives, trial
sponsor representatives, and representatives
of the ARC Foundation for Cancer Research.
The AcSé crizotinib project
The first trial to be coordinated by the AcSé
Programme, and its proof‑of‑concept and
feasibility study investigating crizotinib,
was launched in July 2013; this trial was
sponsored as an investigator-driven
clinical trial by Unicancer, a group that
brings together the French comprehensive
cancer centres (NCT02034981)11.
VOLUME 13 | JUNE 2016 | 387

.
d
e
v
r
e
s
e
r
s
t
h
g
i
r
l
l
A
.
d
e
t
i
m
i
L
s
r
e
h
s
i
l
b
u
P
n
a
l
l
i
m
c
a
M
6
1
0
2
©

PERSPECTIVES
Paris AP-HP
Paris Curie
Versailles

Lille

Gustave Roussy

Amiens
Caen

Brest

Multisite molecular
genetics centres

Rouen

Reims
Nancy

Rennes

Colmar
Mulhouse

Orléans
Angers

Nantes

Strasbourg

Dijon

Besançon

Tours

Poitiers
Limoges

Lyon
ClermontSt.
Etienne
Ferrand
Grenoble

BordeauxReunion
Nîmes
Toulouse

Montpollier

Nice
Marseille

Overseas departments

Reunion
Island

Guadeloupe

Martinique

French
Guyana

Mayotte

Figure 1 | The 28 INCa-certified molecular geneticsNature
centres
in France.
TheOncology
map shows cities
Reviews
| Clinical
where centres are located as well as the borders of the French administration regions. There are three
centres in Paris (left upper vignette).

Participating centres (in total 169) include
60 university hospitals, 50 general hospitals,
39 private hospitals and all 20 comprehensive
cancer centres in France. As of January 2016,
more than 7,000 patients participated in the
molecular testing, and >130 patients have
been recruited to this trial.
Crizotinib is an orally available, selective
adenosine triphosphate-competitive
small-molecule inhibitor of the anaplastic
lymphoma kinase (ALK)12. This agent was
developed for the treatment of patients
with advanced-stage NSCLC that harbour
EML4–ALK translocations,13 and received
marketing authorization in August 2011
from the FDA and in October 2012 from the
EMA. ALK-fusion proteins are the hallmark
of anaplastic, large-cell lymphoma and
are present in NSCLCs and inflammatory
myofibroblastic tumours14. The presence
of ALK mutations also indicates a genetic
predisposition to neuroblastoma, and
ALK mutations and amplifications are
present in 10–15% of patients with
sporadic neuroblastomas15.

Crizotinib is also an inhibitor of the c‑Met/
HGF receptor, the c‑Ros and RON receptor
tyrosine kinases12. These inhibitory effects
are mediated by phosphorylation of the
c‑Met/HGF, RON and c‑Ros receptors16–18.
Overall, crizotinib targets are altered through
translocation, mutation, amplification or
copy number gain in more than 10 different
cancers, including NSCLC13, lymphomas14,19,
neuroblastomas15, cholangiocarcinomas20,
sarcomas14,21, colorectal22, breast23 and kidney
cancers24, and glioblastomas25 (TABLE 2).
In total, 14 different cancer types have
been selected for crizotinib target testing, on
the basis of published data. A golgi-associated
PDZ and coiled-coil motif-containing
protein (also known as fused in glioblastoma;
FIG)–ROS1 fusion has been described in a
glioblastoma cell line26, but no data on human
tumour samples were available. To define
whether testing for FIG–ROS1 fusions should
be offered to patients with glioblastoma,
researchers examined 268 gliomas consisting
of 100 low-grade (grade II) and 168
high-grade (grade III and IV) tumours using
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pyrosequencing technology27. None of the
268 gliomas had any detectable FIG–ROS1
fusions, suggesting that this particular fusion
is not present, or rarely occurs in patients with
high-grade (<0.6%) and/or low-grade gliomas
(<1%). FIG–ROS1 testing was, therefore,
not included in the AcSé Programme.
By contrast, MET gain is detected in
47% of glioblastomas25 and patients with
glioblastoma whose tumours have >six copies
of MET, as indicated by fluorescence in situ
hybridization (FISH), are eligible to enroll in
the crizotinib trial.
Approximately 50% of inflammatory
myofibroblastic tumours have an ALK
gene fusion28. In August 2014, Lovly et al.29
reported the presence of ROS1 or PDGFβ
gene fusion in ALK-negative inflammatory
myofibroblastic tumours (IMT)29. The AcSé
Programme was subsequently amended
to test patients with IMTs systematically
for ROS1 fusions and one child with an
ROS1‑fusion-positive IMT derived clinical
benefit from crizotinib as a result of this
AcSé trial amendment.
Sanger sequencing of ALK (exons 23–25)
and MET (exon 14 and exons 16–19)
mutation tests are routinely included in the
panel of tests performed as part of the AcSé
Programme. In addition, molecular testing
for ALK, MET and ROS1 to detect gene
copy number gains and fusions has been
incorporated into routine procedures. Tests
are performed using immunochemistry
and confirmed using FISH; the detection
threshold was fixed to a minimum of 15% of
cells being fusion-positive on FISH analyses
and to a minimum of six copies of the gene
for copy number gain.
In the AcSé crizotinib trial, adults
and children with an advanced-stage
non-curable malignancy harbouring ALK,
MET or ROS1 alterations will receive
crizotinib for as long as they derive a benefit
from treatment and they continue to meet
clinical and biological eligibility criteria.
Currently, a total of 22 cohorts are open
for accrual (BOX 1). Only 2–5% of patients
whose tumour was tested were expected
to participate in the trial for the following
reasons: firstly, the biomarker frequency was
expected to be ≤10% for the vast majority of
malignancies reflecting the fact that many
of these malignancies are rare or even very
rare; secondly, some patients do not meet all
inclusion criteria; and finally, some patients
participate in other clinical trials with a drug
targeting ALK, MET or ROS1.
The AcSé crizotinib trial is also open
to children older than 1 year of age and
adolescents, owing to the availability of a
www.nature.com/nrclinonc
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previously established recommended dose,
safety profile and optimal pharmacokinetic
parameters in 79 patients aged >1 and
<22 years of age30. Following this phase I
trial, investigators reported a strong efficacy
signal in patients with ALK-positive
anaplastic large-cell lymphomas and IMTs,
as well as encouraging preliminary results in
those with ALK-mutated neuroblastomas;
these observations are despite an original
waiver for development of crizotinib in
children that has already been approved
by the EMA and Paediatric Committee31.
Crizotinib is provided as capsules at the
dose recommended in the drug summary of
product characteristics and as an oral liquid
solution for children under the age of 12, as
well as for use by patients who are unable to
swallow the capsules.
The AcSé vemurafenib project
A second AcSé project was established in
October 2014 (NCT 02304809) to test the
effectiveness of vemurafenib32. This agent
received marketing authorization in 2011
in the USA and in 2012 in Europe, and is
indicated for the treatment of patients with
advanced-stage melanoma with the BRAFV600
mutation. This aberration has been reported
to occur in a wide variety of malignancies
including 50–60% of melanomas, 10% of
colorectal cancers and 6–8% of all cancers33.
Vemurafenib has limited activity as a single
agent in patients with colorectal cancer34.
Some case reports suggest that vemurafenib
is active in non-melanoma BRAF-mutated
malignancies, such as paediatric high-grade
gliomas35. Several international ‘basket’ trials
have opened to explore the potential effect of
vemurafenib or dabrafenib as single agents
or combined with trametinib in other solid
tumours with BRAFV600 mutations (NCT
01524978 (REF. 36), NCT 02034110 (REF. 37))
and are currently ongoing. Patients with
non‑V600 BRAF mutations are not eligible
for these basket trials. Indeed, the activity
of vemurafenib in non‑V600 BRAF-mutant
tumours has not been documented clinically,
and its preclinical activity is uncertain. Thus,
the antitumour activity of vemurafenib
demands rigorous assessment in patients
with other tumours harbouring BRAF
mutations. Patients are first being considered
for inclusion in the various active trials of
BRAF-targeted drugs before the possibility
participation in the AcSé vemurafenib trial.
The vemurafenib AcSé project is being
run through the INCa molecular genetics
centres with an ongoing phase II, open-label
design to assess the safety and efficacy of
vemurafenib as a monotherapy in patients

with BRAF mutations, including V600
and non‑V600 mutations in metastatic
malignancies32. The relevant criteria for
inclusion include: NSCLC, ovarian cancer,
cholangiocarcinoma, thyroid, prostate and
bladder cancer, sarcoma and gastrointestinal
stromal tumour, multiple myeloma, chronic
lymphocytic leukaemia, hairy cell leukaemia
and other cancers with any BRAF mutation
excluding melanoma and colorectal cancer.
The trial is an investigator-driven study
sponsored by Unicancer and includes 11
cohorts (BOX 2).
As with the crizotinib trial, the AcSé
vemurafenib trial will be open in more
than 150 participating centres. Special
surveillance and safety provisions are in
place to monitor the specific skin toxicities
commonly observed with vemurafenib38.
Children and adolescents <18 years of age
are not eligible as no phase I dosage and

safety data are available for these patients.
As of January 2016, more than 200 patients
have participated in BRAF mutation testing,
and 26 patients have been recruited to the
phase II trial.
Statistical designs
In these first two AcSé projects11,32, two
different designs and methodologies are
being explored. The crizotinib trial is a
phase II, nonrandomized, open-label study
designed to assess the safety and efficacy
of crizotinib as a monotherapy in 22
cohorts of patients harbouring ALK, MET
or ROS1 genetic aberrations, as defined
earlier. In each cohort, a two-stage design is
implemented, derived from Simon’s design39,
with a maximum cohort size varying from
20–37 evaluable patients. If no success is
observed among this first cohort, accrual
will be stopped after a predefined number

Box 1 | Main inclusion criteria for the AcSé crizotinib trial11
• Patients ≥1 year, ECOG performance status 0–2
• Advanced malignancy with a crizotinib-biomarker and no therapeutic options
• Not eligible for another clinical trial in France enrolling patients with the same molecular alteration
• Presenting one target alteration defined by the INCa genetic centres, as:
-- ROS or ALK translocation (for IHC ≥1+, positive FISH result on 100 nuclei and >15% positive
cells)
-- ROS1 or ALK amplification (for IHC ≥1+, positive FISH result on 100 nuclei and >6 copies)
-- ALK and MET mutation (exons 23 to 25 for ALK, exons 14 and 16 to 19 for MET)
-- MET amplification (for IHC ≥2+, positive FISH results on 100 nuclei and >6 copies)
• Eligible for one of the following cohorts:
-- Anaplastic large cell lymphoma, children and adults, ALK translocated
-- Colorectal cancer, adults, ALK translocated
-- Colorectal cancer, adults, MET amplified
-- Colorectal cancer, adults, MET mutated
-- NSCLC, adults, MET amplified
-- NSCLC, adults, ROS1 translocated
-- Breast cancer, adults, ALK translocated
-- Gastric and oesogastric junction cancer, adults, MET amplified
-- Cholangiocarcinoma, adults, ROS1 translocated
-- Ovarian cancer, adults, MET amplified
-- Clear-cell renal-cell carcinoma, adults, ALK translocated
-- Clear cell renal-cell carcinoma, adults, ALK amplified
-- Papillary renal-cell carcinoma, adults, MET mutated (and MET amplified)
-- Hepatocarcinoma, adults, MET amplified
-- Neuroblastoma, children and adults, ALK amplified and ALK mutated
-- Inflammatory myofibroblastic tumour, children and adults, ALK translocated
-- Rhabdomyosarcoma (alveolar and embryonal), children and adults, ALK amplified
-- Glioblastoma, adults, MET amplified
-- Anaplastic thyroid cancer, adults, ALK mutated and ALK translocated
-- Thyroid cancer (follicular and medullary and papillary), adults, MET mutated
-- Rare pediatric diseases (limited to hepatoblastoma MET amplified or mutated, renal medullary or
any tumour identified through pangenomic tumour profiling) associated to at least one specific
alteration in one crizotinib target, same or different from those listed above
-- Miscellaneous adult diseases for any tumour with an altered crizotinib-target identified through
pangenomic tumour profiling
ECOG, Eastern Cooperative Oncology Group; FISH, fluorescence in situ hybridization; IHC,
immunohistochemistry; INCa, French National Cancer Institute; NSCLC, non-small-cell lung cancer;
ROS, reactive oxygen species.
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Box 2 | Main inclusion criteria in the AcSé vemurafenib trial32
• Patients ≥18 years of age, ECOG performance status 0–2
• Advanced malignancy and no therapeutic options
• Not eligible for another trial in France targeting the same molecular alteration
• Presenting a BRAF mutation defined by the INCa genetics centres, as:
-- V600 D/E/G/K/M/R mutation
-- Activating mutations on exon 11 and 15
• Presence of BRAF V600 mutations and one of the following pathologies:
-- NSCLC
-- Ovarian cancer
-- Cholangiocarcinoma
-- Thyroid cancer
-- Prostatic cancer
-- Bladder cancer
-- Sarcoma/GIST
-- Multiple myeloma
-- Chronic lymphocytic leukaemia
-- Hairy cell leukaemia (HCL) (this excludes HCL variant types, marginal zone splenic lymphoma,
splenic red pulp lymphoma patients).
-- Other pathology/other alteration than those predefined above.
ECOG, Eastern Cooperative Oncology Group; GIST, gastrointestinal stromal tumour; INCa, French National
Cancer Institute; NSCLC, non-small-cell lung cancer

of patients have been recruited, similar to
the Gehan design40. If at least one success
is observed, the cohort will be considered
worthy of further evaluation and the
following stage of the phase II design will be
opened in this cohort.
The number of patients at both stages
of recruitment and the final decision rule
is predefined for each cohort, assuming
a binomial distribution of the success
rate and allowing some flexibility if the
total target number of patients cannot be
achieved owing to slow accrual. Based on
prior knowledge, more, and less optimistic
hypotheses are considered across the
different cohorts (null hypothesis, P = 0.20
or 0.10); more, or less stringent levels of
evidence (both‑α and β set at 0.10 or 0.15)
are accepted according to the expected
accrual rates. This design was chosen to
minimize the number of patients recruited
at the first stage in the considered cohort if
the drug was inefficient in that cohort; this
operating characteristic is deemed valuable
in this setting of rare or very rare situations41.
A Bayesian method is used to analyse
data from the vemurafenib trial. Briefly, in
each of the studied cohorts, a maximum
sample size of 50 patients is included.
Tumour response rate is assessed with
several analyses performed sequentially,
with interim analyses of the outcomes
of the first 10 patients planned after a
16‑week follow‑up duration and then of
every 5 patients. The probability of success
(objective response) is estimated from a
β‑binomial model42. Initial parameters

of the model are pre-specified (the prior
distribution represents the knowledge of
the probability of non-progression before
observing the data). Successive results
observed are then used to update and refine
the distribution, generating the so‑called
posterior distribution. At each update of the
distribution (interim analysis), a stopping
rule for inefficacy recommends halting the
trial if a high predictive probability (≥80%)
exists that the response rate is lower or
equal to a futility boundary (10%). The trial
continues until the stopping rule applied
at each interim analysis is met, or until the
maximum sample size is reached.
Bayesian modelling of the tumour
response could provide useful information
that provides an efficient indication of
drug efficacy. The use of adaptive Bayesian
response models for small datasets has
been accepted by the EMA in 2006 (REF. 43)
and has been endorsed in numerous
publications44,45. This approach enables
gradual updating of knowledge, rather than
restricting revisions in a trial design with
fixed sample sizes. In both AcSé projects,
emerging new data could lead to the addition
of further cohorts and so consequently
extend the duration of accrual if needed.
The rationale for choosing a (low) 10%
response rate as the null hypothesis or futility
boundary in most of the cohorts of the AcSé
trials was based on the suggestion that for
novel molecular targeted drugs evaluated
as single agents, the traditional null and
alternative hypotheses response rates used
for cytotoxic chemotherapy agents (such as
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a response rate of 20% as a null hypothesis
and of 40% or higher as an alternative
hypothesis) might not be valid. For example,
in a review of published reports of phase II
trials designed to investigate molecular
targeted agents, 38 of 76 trials that reported
objective response outcomes had overall
response rates of 0%; in 19 trials, response
rates were >10%, and in only eight trials were
response rates >20%46. Designing these trials
with a 10% response rate as a null hypothesis
portends a higher risk of a false-positive
result. However, our main consideration
when designing the AcSé trials was primarily
to minimize the risk of false-negative results
(that is, to incorrectly classify an effective
treatment as ineffective) rather than to
minimize the rate of false positivity (that
is, to wrongly conclude effectiveness). Our
choice of identifying a maximum number of
situations that might be appropriate targets
for active targeted drugs at the expense of
a high percentage of our positive results
potentially being falsely positive could be
deemed controversial, but seems reasonable
compared with other alternatives. However,
a more optimistic, and consequently more
stringent, futility boundary (20%) is used
in two cohorts of the ACSé-crizotinib trial11
(including NSCLC with translocation ROS1)
because we could reasonably expect a higher
response rate in these situations.
Competition with other trials
Importantly, the AcSé Programme does not
reduce the availability of patients to other
clinical trials. Uncontrolled access could
have had a negative influence on industry
trials of innovative compounds and their
capacity to recruit patients in France, or alter
the status of France as an attractive country
in which to carry out drug development.
To ensure a minimum of competition with
trials conducted by other research groups
or pharmaceutical companies, the AcSé
Programme specifies inclusion in its trials
only if no others are accessible for that
particular patient in France. Indeed, several
drugs that inhibit ALK, MET, ROS and/or
BRAF are currently being developed and
evaluated in industry-led trials in France,
as well as other investigator-led trials being
run by different academic groups, such as
the European Organisation for Research
and Treatment of Cancer’s (EORTC)
CREATE trial (NCT01524926 (REF. 47))
(which is open in four centres in France)
with crizotinib in ALK-positive and/or
MET positive malignancies; however, the
AcSé Programme poses no threat to patient
availability for these trials.
www.nature.com/nrclinonc
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All drug trials open in France that are
designed to assess the effectiveness of
crizotinib, vemurafenib, and other agents,
are listed and systematically updated by the
National Agency for Medicines and Health
Products Safety, and each patient proposed
to the AcSé Programme is first considered
for these other trials48. However, these
trials might only be open in a limited and
geographically restricted number of centres,
and referral of patients is not always possible.
AcSé trials often enable patients who would
not otherwise have been able to participate in
a clinical trial to have access to these drugs.
The AcSé Programme provides an
important asset, which is valuable for
industry when developing its own trials,
as it can offer additional resources in
terms of available centres and, therefore,
patients. Indeed, MET testing has been set
up in all 28 molecular genetics centres over
the first 18 months of the programme. In
addition, more than 3,500 next-generation
sequencing tests for MET mutations have
been performed in patients with lung,
colon, ovary, stomach, or liver cancer
or in those with glioblastomas. This
availability of testing is a unique situation
for any organization wanting to explore the
effectiveness of a c‑MET inhibitor in patients
with c‑MET-positive tumours.
Delays in precision cancer medicine
The lack of rapid access to innovative
medicines is the main bottleneck in
personalized cancer drug programmes. This
problem occurs because drug development
and labelling for marketing authorization
tend to be disease specific, whereas targeted
drugs often have potential as treatments of a
number of malignancies that are not covered
by the marketing authorization49.
Data from a prospective trial exploring the
feasibility of matching a therapy to a patient’s
molecular tumour profile published in 2014
showed that only 13% of patients with breast
cancer with an actionable target detected
in their metastatic lesions could receive
targeted therapy50. In a phase I study, 44% of
patients with different malignancies whose
tumours were explored using comparative
genomic hybridization arrays and sequencing
of up to 74 genes had an actionable target,
and only 50% of these patients received a
matching therapy51. Similarly, Tsimberidou
and coauthors52 showed that only 38% of
patients in a phase I trial with a targetable
alteration in their tumour received a
matched targeted therapy, but these patients
experienced a response rate and a longer
survival time compared with patients who did

not receive matched therapies. In summary,
in large institutions that have been running
a systematic tumour molecular profiling
programme for several years, and with a large
panel of innovative agents in phase I trials, no
more than one in every two patients with an
actionable target in their tumour receives a
matched targeted therapy50–52.
Various innovative, academic trials
are being set up to expand the number
of targeted therapies available to patients
with data available on the genomic profile
of their tumour. The NCI is organizing
the Molecular Analysis for Therapy
Choice (MATCH) programme53. This is a
phase II trial designed to explore several
investigational drugs as single agents.
Patients with advanced-stage cancer
will receive a matched drug after biopsy
sampling and analysis of 200–300 genes.
In 2013, Novartis launched the Signature
Programme in the USA54. This basket trial
consists of multiple, single-agent protocols
enrolling patients in a tissue-agnostic
manner on the basis of the presence of an
actionable mutation or pathway in their
tumours. Biomarker analysis is carried
out in Clinical Laboratory Improvement
Amendments certified laboratories before
participation in the programme. The
effectiveness of eight different targeted
agents, the majority being in the early stages
of development, is being evaluated.
Reducing off-label use
The AcSé Programme is intended to facilitate
access to an investigational drug, which is
reaching marketing authorization, outside
of the drug’s claimed indication. This
programmealso seeks to reduce off-label
use of a marketed drug. Off-label use is a
controversial issue, especially in oncology,
with an average of >30% of treatments
prescribed to patients with cancer being
off-label prescriptions55. The main criticism
of off-label prescribing relates to patient
safety as the benefit:risk ratio is generally not
routinely monitored or rigorously validated.
In addition, efficacy data are never captured
and, therefore, no knowledge is gained to
guide the future use of the drug in patients
with a given malignancy. However, the AcSé
Programme provides patients with access
to potentially effective treatment when it
is not otherwise available either because
no clinical trial exists, or owing to trial
ineligibility and/or a lack of access to the trial
centre. This is particularly true in patients
with rare cancers and in populations in
which cancer rarely occurs such as children
and/or adolescents.
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The extent of off-label use of anticancer
drugs is not well recorded, but raises
concerns because clinical benefit might
not be positive for the patient and off-label
use fails to capitalize on data generated,
thereby losing a valuable resource. Conti
et al.55 studied the aggregated use of 10
approved anticancer drugs, including
four targeted therapies, in a large national
representative database. Overall, 30%
of prescribing was off-label, including
14% of prescribing that conformed with
the National Comprehensive Cancer
Network compendium recommendations
for off-label use. Investigators in Eastern
Switzerland reported that approximately
32% of anticancer drug use was off-label56.
Such prescribing additionally ignores the
increasing costs and dwindling resources of
health-care institutions and the difficulties
such usage presents to the payers57, as well
as potential conflicts of interest58. Thus, the
safe and effective targeted treatment of rare
cancers requires the involvement of multiple
stakeholders, considerable regulatory
flexibility and robust data collection3.
Off-label use of approved drugs is an
important mechanism for patients to gain
access to drugs outside of their approved
condition. However, two quite different
situations exist: in the first situation, a
marketed drug is prescribed off-label and on
the basis of safety and efficacy data showing a
positive benefit:risk ratio for the patients, but
no approval exists for the indication because
the company does not intend to submit a
file for a variation of the drug marketing
authorization. This is a largely unavoidable
consequence of the regulatory environment
and is necessary for patients with no other
options. In the second situation, a marketed
drug is prescribed off-label, with no efficacy
and safety data available on the condition
the patient is suffering from. In this latter
situation, there is no evidence of benefit
and off-label use potentially exposes the
patient to substantial risks. Furthermore,
information on the efficacy of the drug used
is not obtained and costs of using expensive
drugs are generated, with no proven benefit.
Several initiatives are being developed
to deal with these issues of access to
personalized cancer medicines. To tackle
this problem in the USA, ASCO launched
the Targeted Agent and Profiling Utilization
Registry (TAPUR) study to increase the
availability of approved targeted cancer
drugs for patients with advanced tumours
harbouring targetable genomic abnormalities,
and to generate data on off-label use of
these drugs49. This programme is supported
VOLUME 13 | JUNE 2016 | 391
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by pharmaceutical companies, payers and
regulators, will provide data on safety
and clinical outcomes, and will facilitate
access to drugs and reimbursement. In 2008,
the French Sarcoma Group–Bone Tumour
Study Group created a national registry to
evaluate the clinical outcomes of patients
with sarcoma receiving off-label targeted
therapies59. Over 3 years, in 24 centres, 249
patients with one of 25 histological types
of sarcoma received 278 lines of treatment
using six targeted drugs, either as single
agents or in combination. Data from this
initiative revealed a 15% response rate with a
59% disease control rate among responders
after 2 months of treatment. Efficacy and
safety were comparable to results reported
in the literature. Such initiatives on off-label
prescribing are of great value because they
involve collection of safety and efficacy data
from patients receiving off-label drugs, which
are a valuable, and often neglected source of
information, especially for patients with very
rare cancer subtypes. Compared with these
therapeutic initiatives, the AcSé programme
includes a broad population-based biomarker
testing programme with equal access to
molecular diagnosis for patients with
advanced malignancies, as well as collection
of molecular epidemiology data. In addition,
this programme enables patients with
potentially targetable mutations to receive
therapies based largely on the presence of the
target and not the type of tumour that might
limit their access to novel agents.
Perspective
When considering the multiplicity of
potentially relevant targets and targeted
agents, having several compounds in the
same trial could be relevant for addressing
the needs of patients when multigene
molecular profiling reveals the presence
of several targetable mutations. This
concept will be tested with the next AcSé
project, which is currently in preparation.
This project will address the specific
needs of children and adolescents with
a relapsed, life-threatening malignancy,
and their access to investigational drugs
that match the molecular profile of
their tumour. The e‑SMART trial — a
European proof‑of‑concept, therapeutic
stratification trial designed to investigate
molecular anomalies in children with
relapsed or refractory disease — will explore
the effectiveness of 10 investigational
oncology drugs from at least three different
pharmaceutical companies, as single agents
and in combination. The trial will serve as
a flexible platform that can be amended in

accordance with patients’ needs. The trial
will be twinned with a matching molecular
initiative using whole-exome and RNA
sequencing of tumour specimens obtained
through biopsy sampling at relapse. This
AcSé project will be run throughout Europe
through the Innovative Therapies for
Children with Cancer (ITCC) consortium
and as part of the SIOPE strategic plan6.
Its aim is to speed up access to innovative
therapies for children and adolescents with
cancer and to match targeted therapies to the
molecular profiles of their tumours.
Output and expected impact
The AcSé Programme will enable accrual
of new knowledge, particularly where
current off-label use does not. When a
robust response to an experimental agent
is observed in a cohort, further evaluation is
expected to be carried out in a variation of
the drug’s marketing authorization. Even
if the overall signal of efficacy is negative,
it will still generate invaluable information
and guidance for non-use of the drug, even
when prescribed off-label. When a significant
response rate is observed in a very rare
clinical setting, all efforts should be made,
including the use of regulatory instruments,
such as the Orphan Drug Regulation, to make
the drug available to patients. In the case of a
market authorization holder not submitting a
variation of a drug labeI for a new indication,
relevant safety and efficacy data will be
available to support off-label use and provide
patients with secured access to a validated
treatment. In addition, the AcSé Programme
will also provide invaluable epidemiological
data that can be used by public health
initiatives and to inform policy decisions
by identifying risk factors and thus better
informing preventive health-care initiatives.
Conclusions
The AcSé Programme provides populationbased access to molecular testing and
to innovative therapies for patients with
advanced-stage cancers, and in particular for
those with rare cancers, as well as providing
a careful evaluation of the risk:benefit ratio
of this approach, at a nationwide level.
This programme will generate relevant
information in the field of precision cancer
medicine and contribute to the control and
monitoring of off-label use of new oncology
drugs. The AcSé Programme also aims to
implement further projects with innovative
compounds entering the oncology market,
enabling these agents to be used to treat a
broader scope of indications than the ones
authorized by their labels.
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