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Cancer Molecular Screening and Therapeutics
(MoST): a framework for multiple, parallel
signal-seeking studies of targeted therapies for
rare and neglected cancers
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Abstract
recision medicine aims to link molecular targets in cancers
with corresponding therapies. A number of histotype-
Background: Precision medicine aims to link molecular targets
in tumours with corresponding therapies, particularly for patients
with rare cancers. Innovative approaches are needed to translate
molecular opportunities into clinical care. The Cancer Molecular
Screening and Therapeutics (MoST) program employs a
molecular screening platform to identify molecular changes of
therapeutic relevance (actionable changes) and a master
protocol for multiple, parallel signal-seeking clinical substudies,
focused on therapies for patients with rare and neglected
cancers.

Methods and analysis: Archival pathology laboratory samples
from patients with treatment-refractory advanced solid cancer
of any histologic type undergo molecular tumour profiling.
Following review by a Molecular Tumour Board, eligible patients
are offered treatment in therapeutic substudies. This novel
master protocol allows expedited addition of individual
substudies; at least 12 open label, single arm, signal-seeking
substudies during the initial 4 years of MoST are planned. The
primary objectives are to identify signals of efficacy for
developing biomarker-driven therapies and biomarkers that
more accurately predict response to therapy, as well as to
evaluate the MoST design.

Ethics approval: The program has been approved by the
St Vincent’s Hospital Sydney Human Research Ethics
Committee (reference, HREC/16/SVH/23).

Dissemination of results: A report summarising and interpreting
collected study data will be published. Our findings will be
presented at national and international conferences and
scientific meetings, and published in peer-reviewed journals.

Trial registration: Australia New Zealand Clinical Trials Registry:
ACTRN12616000908437 (8 July 2016).
P specific “basket trials” have yielded successful outcomes,1-4

employing genomic tools to identify potential therapeutic targets
in cancer and test a range of targeted agents.

Molecular tumour profiling has now entered clinical practice,
driven by capacity, reduced costs, and the enormous unmet need
for effective treatments for advanced cancers.5 This particularly
applies to rare cancers (defined by an incidence of less than 6 cases
per 100 000 population), forwhich histotype-specific trials are rare.
However, the translation ofmolecular profiling into clinical benefit
requires testing in a clinical trial, and barriers to conducting such
trials include complex regulatory processes, high costs, and long
timelines.6-9

To translate molecular advances into clinical care for patients with
rare cancers, innovative approaches are needed. The Cancer Mo-
lecular Screening and Therapeutics (MoST) program tests a novel
paradigm for evaluating biomarker-driven treatments for patients
with advanced cancer, with a particular focus on rare and neglec-
ted cancers. The overall aim is to develop a more effective infra-
structure for testing novel rational therapeutic hypotheses.
Additionally, we are undertaking longitudinal exploratory ana-
lyses of the understanding of and the attitudes to genomics among
clinicians and patients.

Methods and analysis

Study design
The master protocol provides a structure for profiling tumours for
actionable molecular targets and for evaluating treatments based
on the molecular signatures of tumours, permitting the develop-
ment and conduct of multiple, parallel, phase 1be2a clinical sub-
studies of novel treatments or indications for eligible patients.
Actionable molecular targets are those clinically relevant to treat-
ment. The recommended treatment can be a MoST substudy or
require an alternative means of access to the relevant treatment.
The master protocol specifies the design structure common to all
clinical substudies, and each substudy is an addendum to the
common design. The addenda provide sufficient details of each
substudy to enable appropriate ethics and governance review,
including of drug background and efficacy, rationale formolecular
subtype selection, and substudy-specific eligibility criteria
(example: Box 1).

Each substudy consists of one ormoremodules of 16 patients in an
open label, single arm, signal-seeking design. A minimum of 12
1 Garvan Institute of Medical Research, Sydney, NSW. 2St Vincent’s Clinical School, Unive
Sydney, Sydney, NSW. 4Psycho-Oncology Co-operative Research Group (PoCoG), Unive
Decision Making, University of Sydney, Sydney, NSW. d.thomas@garvan.org.au j doi: 10
substudymodules are planned for the first 4 years of the program.
Substudies have one of three outcomes. First, negative results will
be published and shared with the clinical community. Second,
substudies finding a signal of efficacy may form the basis for an
expanded substudy for investigating a refined version of the initial
hypothesis and may lead to formal phase 2 testing. Third, for
studies yielding an intermediate, promising result, but not suffi-
cient for initiating a phase 2 trial, iterative substudies may be
considered to increase the opportunity for detecting signals of drug
activity. The MoST study also establishes the infrastructure for
correlative, fundamental investigation of treatment response,
tumour biology, and biomarkers, as well as for bioethical and
psychosocial quantitative and qualitative assessments (study
schema: Box 2).
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1 The palbociclib substudy as an example of the concepts outlined in the protocol and its relationship to therapeutic substudies

� The retinoblastoma protein (pRb)ecell cycle pathway is critical to cancer development. Mutations in genes coding for components of this pathway,
including the cyclin-dependent kinases CDK4, CDK6 and CDKN2A, and cyclin D1, are frequent in people with cancer. The drug palbociclib targets a
central component of this pathway, CDK4.

� We hypothesised that patients whose tumours contain mutations in CDK4 pathway genes might benefit from treatment with palbociclib. The MoST
study has identified 39 patients (among 476 patients, 8%) who carry eligible mutations in CDK4 pathway genes. Sixteen people with four cancer
types, including six sarcoma subtypes, were enrolled in the palbociclib substudy between November 2016 and December 2017.

� Depending on the final outcomes, we may:
< consider extending the substudy to include an additional 16 participants;

< conclude that the evidence for the effectiveness of palbociclib is insufficient to justify further exploration; or

< develop a proposal for a formal phase 2 clinical trial in this population for evaluating its efficacy.

� This substudy has entered the follow-up period; we anticipate reporting our findings by late 2018. u

Study protocol
Aims of the study
� To identify signals of efficacy for developing biomarker-

driven therapies;

� To identify biomarkers that more accurately predict benefit of
therapy;

� To evaluate the utility of the MoST study design.
Study timetable and sites
The program commenced in October 2016 and will complete
accrual in July 2019. Recruitment sites include theKinghornCancer
Centre at St Vincent’s Hospital Sydney, but additional sites will be
added during 2018.
Target population
The target population comprises patients with pathologically
confirmed advanced or metastatic solid cancers of any histological
2 Framework protocol of the Cancer Molecular Screening and
Therapeutics (MoST) program

OTRR ¼ objective tumour response rate; TTP ¼ time to progression. u
type, either duringor after their last line of effective therapy.Weare
particularly interested in rare or neglected cancers and cancers of
unknown primary site. Additional eligibility criteria are outlined
in Box 3.

Study participation is divided into tumourmolecular profiling and
treatment phases, the latter typically based on the discovery of a
suitable biomarker. Eligibility assessments and informed patient
consent are obtained both prior to enrolment in the profiling phase
and prior to the treatment phase. Patients deemed potentially
eligible for treatment in a MoST substudy are assessed for eligi-
bility according to criteria specific to the substudy (Box 3). Treat-
ment may also be recommended outside MoST should there be a
suitable clinical trial, or if an off-label therapy is appropriate.

Statistical aspects
A total of 1000 patients will be recruited during the molecular
profiling phase, with the aim of identifying actionable mutations
and determining eligibility for enrolment in MoST substudies. It is
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planned that a minimum of 12 substudy modules will
be opened in the initial year of the program, each
enrolling 16 patients. As the therapeutic substudies are
signal-seeking in nature and involve a heterogeneous
groupof tumour histologies, formal power calculations
cannot be undertaken. Amodule size of 16 was chosen
as sufficient for detecting a signal of therapeutic effi-
cacy, in analogy to the first of the two stages of the
Simon phase 2 trial design, in which a first signal-
seeking phase with 10e16 participants is typical
when determining whether formal expansion into a
larger phase 2 trial is justifiable.10 A primarily
descriptive analysis will evaluate the feasibility, effi-
ciency, utility, and costs of the master protocol, with
data on the development and conduct of each substudy
contributing to this analysis.

In diseases that are refractory to treatment, a response
in at least three of 16 patients is regarded as clinically
meaningful, justifying further clinical evaluation; sub-
studies with fewer responders are generally viewed as
not supporting the molecular hypothesis underlying
the substudy.11 If appropriate, iterative substudiesmay
be considered to increase the opportunity for detecting
signals of drug activity.

Interventions: molecular profiling phase
Retrieval of archival biospecimens. Archival
formalin-fixed, paraffin-embedded diagnosticmaterial
sourced from pathology laboratories is used for mo-
lecular profiling. In addition, a blood sample is ob-
tained for subtractive analysis of somatic mutation



3 Inclusion and exclusion criteria for the molecular profiling and substudy treatment phases of the Cancer Molecular Screening
and Therapeutics (MoST) program

Molecular profiling phase: inclusion criteria Molecular profiling phase: exclusion criteria

� Adults (� 18 years of age) with pathologically confirmed advanced
or metastatic solid cancer of any histological type, or an earlier
diagnosis of cancer with a poor prognosis

� Sufficient accessible tissue for molecular profiling

� Patients receiving their last line of standard treatment or who have
received and failed all standard anticancer therapy (if available) or
are unsuitable for further standard anticancer therapy. Cancers
with a poor prognosis or low expected response rate to standard
treatment (as judged by the investigator on the basis of available
evidence) may be screened with respect to an earlier line of
treatment.

Definitions:

< Treatment failure: either progression of disease (clinical or
radiological) or intolerance of standard therapy causing
discontinuation

< Unsuitability for further standard therapy: includes documented
hypersensitivity, organ dysfunction or other patient-related
factors that render therapy unsuitable in the judgement of the
responsible investigator

� ECOG performance status of 0, 1, or 2

� Willing and potentially able to comply with study requirements,
including treatment, timing and nature of required assessments

� Signed, written informed consent to participate

� Suitable for standard therapy

� Specific contraindications to exposure to the investigational
products

� Other comorbid conditions that may compromise assessing
key outcomes or, in the judgement of the clinician, limit the ability
of the patient to comply with the protocol

� Symptomatic and uncontrolled central nervous system (CNS)
involvement in a patient with a non-CNS cancer.

� History of another malignancy in 2 years prior to registration, apart
from adequately treated carcinoma-in-situ, basal cell carcinoma
of the skin, squamous cell carcinoma of the skin, or superficial
transitional cell carcinoma of the bladder

� Pregnancy, lactation or inadequate contraception

Treatment phase: inclusion criteria Treatment phase: exclusion criteria

� Confirmation of molecular eligibility by the Molecular Tumour
Board

� Clinical or radiological progression during or after most recent
anticancer therapy

� Adequate organ system function according to the following
minimal laboratory requirements (during the 7 days before first
administration of study drug):

< Bone marrow function: platelet count � 100 � 109/L; absolute
neutrophil count � 1.5 � 109/L; haemoglobin � 9 g/dL

< Liver function: ALT/AST � 3 � ULN in the absence of liver
metastases, � 5 � ULN for patients with liver involvement; total
bilirubin � 1.5 � ULN

< Renal function: serum creatinine � 1.5 � ULN

� Any additional inclusion criteria specified in the relevant substudy
addendum

� Signed, written informed consent to participation in the specific
treatment substudy

� Contraindications to investigational product, as listed in the sub-
study addendum and outlined in the Investigator Brochure appen-
ded to each substudy module

� History of hypersensitivity to active or inactive components of the
investigational product

� Any of the following anticancer therapies prior to study treatment:

< Radiation therapy, surgery or tumour embolisation
within 14 days of the first dose of study treatment. Palliative
radiotherapy (for analgesia) is acceptable only if the
irradiated field does not include target lesions

< Systemic therapy (including chemotherapy, biologic therapy,
immunotherapy or hormonal therapy) within 28 days or five
half-lives of drug of the first dose of study treatment, or until
recovery from previous therapy (whichever is longer)

� Prior treatment with the same agent or same class of agent

� Any additional exclusion criteria specified in the relevant substudy
addendum

ALT ¼ alanine transaminase; AST ¼ aspartate aminotransferase; ECOG ¼ Eastern Cooperative Oncology Group; ULN ¼ upper limit of normal. u
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status if required, and for future (unspecified) research. Details
about collecting biomarker and future research samples for com-
panion studies will be specified in each substudy addendum.

Molecular profiling and other molecular assays. All bio-
specimen collection and processing is conducted in accordance
with the Australasian Biospecimen Network Biorepository Pro-
tocols.12 The molecular profiling assay is based on genomic
sequencing for a broad range of biologically important cancer
genes.Our current protocol employs theTruSight Tumor 170panel
(Illumina), which includes both DNA and RNA components.
These assays identify single nucleotide variations, insertions, de-
letions, highly amplified genes, and gene fusions. The sequencing
panel is updated iteratively throughout the program to include
new targets, and will be improved to reflect the evolution of
the field and for developing new substudies. Patient tumour
samples may also be assessed for biomarkers using other assays
(immunohistochemistry, fluorescence in situ hybridisation) ac-
cording to new therapeutic hypotheses. Validation of the identified
targets will be performed with an appropriate orthogonal tech-
nique, a test accredited by the National Association of Testing
Authorities (https://www.nata.com.au), or a trial-specific assay.

Molecular review and variant classification. The outputs of
tumour genomic sequencing are subjected to bioinformatics
analysis and reviewed by the Garvan Molecular Tumour Board
(MTB) for variant classification and assignment of “actionability”
category on the basis of information in the published literature,
patient history, and availability of therapeutic opportunities.

There are three categories of actionable variants:

� mutations that mean the patient is suitable for a MoST
substudy;

https://www.nata.com.au
https://www.nata.com.au
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� mutations for which an existing funded or unfunded drug is
available; and

� mutations that mean the patient is suitable for an existing
clinical trial.

If several molecular targets are found, the MTB will make a
recommendation based on the clinical profile of the patient and
expected pathogenicity of each mutation; that is, its importance in
the context of other mutations, and its role as a driver of tumour
growth and progression.

Informing patients about molecular profiling results. All par-
ticipants, including those with no actionable biomarkers, are
informed of their tumour profiling results. The MTB report is
provided to the patient’s clinicians for discussion with the patient.
The decision to participate in a MoST substudy is made by the
patient in consultation with their referring oncologist.

Ethically defensible plan for disclosing clinically significant
information. Clinically significant cancer-related heritable ge-
netic factors with implications for future health are sometimes
identified. Research findings are reviewed by the MTB and other
relevant expert committees to determine clinical significance in
accordance with national and international guidelines.13-16

During the consent process, participants are asked whether they
wish to receive information on hereditary cancer risks of potential
importance to their future health or that of their blood relatives.
Participants indicating that they wish to be informed are notified
in writing that a mutation has been found, and are invited to
contact a genetic counsellor, who may in turn arrange contact
with a familial cancer clinic or other medical professional, as
appropriate.
Interventions: treatment phase
Two general classes of drugs will be used in MoST substudies:

� drugs approved for clinical use in Australia by the Thera-
peutic Goods Administration (TGA), but not for the indication
being treated;

� drugs not approved for clinical use in Australia by the TGA,
but which are being tested in phase 2 or 3 clinical trials for
other indications, or are registered outside Australia.

The drugs employed will have well characterised toxicity profiles
and established dose and administration schedules.
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Outcomes
Overall outcome measures include assessment of the trial design,
molecular profiling, and individual outcomes from substudies. A
major technical problem has been developing broadly applicable
outcome measures because of the diversity of cancer types
included in MoST.

Measures for evaluating the modular trial design:
� Key milestones, including the length of time:

< from proposal to opening of a MoST substudy;

< from ethics approval for the MoST program to opening of
the first substudy;

< from ethics approval for the addenda to the opening of
substudies;

< from completion of enrolment to study closure; and

< from study closure to reporting of results.

� The number of MoST substudies that yield a positive signal of
activity and proceed to formal phase 2 testing.
� The number of biomarkers of response that are identified.

� Data from unsuccessful substudies (trial concepts that do not
progress to a substudy in the MoST program).

Measures for evaluating the molecular screening platform:
� The number of actionable molecular biomarkers identified by

tumour profiling.

� The number of patients whose therapy is altered as the result
of molecular tumour profiling.

� The number of patients enrolled in screening over defined
periods.

� The number of patients eligible for enrolment and registered
in a MoST substudy.

� The time from patient consent to communication of profiling
results to the patient’s clinician (date of issue of the MTB
report).

� The time from identification of an actionable mutation by the
MTB to registration of the patient in a substudy.

� Qualitative and quantitative analyses of the molecular
profiling assays, including sequencing failure rate.

� Overall survival of patients whose treatment was altered as a
result of molecular profiling, compared with that of patients
who received standard therapy.

� Qualitative and quantitative analyses of patients’ expectations
and experiences of genomic screening and of clinical
outcomes.

Treatment phase: measures for evaluating clinical activity of
treatments tested in substudies. The primary endpoint for
assessing efficacy and decision making in all substudies will be
disease control, defined as the proportion of patients for whom:

� an objective tumour response is observed: complete and
partial responses according to cancer-specific response
criteria; or

� time to progressive disease during the substudy (TTP2) ex-
ceeds the documented time to progressive disease during the
last treatment prior to substudy entry (TTP1) by at least
30% (ie, TTP2/TTP1 � 1.3),4 or, if TTP1 is not evaluable, time
to progressive disease exceeds 6 months.

Response status (ie, complete response, partial response, stable
disease, progressive disease) will be determined by conventional
criteria.17,18

Stabilisation of disease is also taken into account in the TTP2/
TTP1 component of the composite primary endpoint. Given the
limited historical data available for rare cancer types and the
heterogeneity of the population studied, it is not possible to define
a meaningful minimal interval during which stable disease
criteria should be maintained. In the TTP2/TTP1 ratio, each pa-
tient acts as their own control, and patients who achieve stable
disease relevant to disease control are included. This methodol-
ogy has been applied in previous basket studies.4 When TTP1 is
not available, the minimum period of time for stable disease is set
at 6 months.

Due to the heterogeneity of tumour types, it may be necessary to
define a range of specific measures for determining treatment
response in some patients. In those with specific cancer subtypes,
biomarker-based or qualitative clinical assessment of response
according to defined criteria may be included. Alternative vali-
datedguidelines are employedwhen response cannot be evaluated
with Response Evaluation Criteria in Solid Tumours (RECIST)
1.1.17



4 Schedule of assessments for the Cancer Molecular Screening and Therapeutics (MoST) program

Screening Baseline During treatment
Follow-up after
end of treatment

During 14 days
before

registration

During 7 days
before

registration

Each cycle,
before

treatment

8-weekly
during

treatment Other

30 days
after

last dose

Every
4 weeks until
progression

Confirmation report from MTB X

Informed consent X

Clinical assessment X X X

Haematology* X X

Biochemistry* X X

Concomitant medications report During an SAE

Imaging (eg, CT, MRI, PET) X† X X‡

Circulating biomarkers X X X X

Pregnancy test X

Adverse events X X

Biospecimen collection As specified in each substudy addendum

Quality of life assessment X X

Pain scale X X X

CT ¼ computerised tomography; MRI ¼ magnetic resonance imaging; MTB ¼ Molecular Tumour Board; PET ¼ positron emission tomography; SAE ¼ serious adverse event. * If
sample collected within 48 hours of each time point (eg, treatment), assessment does not need to be repeated, including baseline. † Imaging should be undertaken in the 21 days
preceding registration. ‡ Imaging continues on an 8-weekly schedule after the end of treatment. u
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The secondary endpoints are defined as:

� overall survival: the interval from the date of registration to
date of death from any cause or to the date of last known
follow-up;

� safety and tolerability of treatment: rates of adverse events
graded with the National Cancer Institute Common Termi-
nology Criteria for Adverse Events 4.03 (NCI CTCAE);19

� health-related quality of life during substudy treatment:
assessed with the EORTC QLQ-C30 (version 3) question-
naire20 or Brief Pain Inventory21 as applicable.

Additional measures relevant to the assessment of clinical or bio-
logical activity of the study treatment collected as secondary out-
comes include associations of response, resistance, or tolerability
with biomarkers. The precise nature of any additional data to be
collected is specified in each substudy addendum.

Bioethical and psychosocial quantitative and qualitative
assessments. Validated patient-reported outcomes for assessing
the patient’s knowledge, values, attitudes, coping strategies, and
decisional and psychosocial outcomes are collected during consent
tomolecular profiling, immediately after return of profiling results,
and 2months later. At these assessment points, patients are invited
toparticipate in an audiotaped interview to explore these questions
in greater depth.

Health-related quality of life. Health-related quality of life is
measured by performance status assessments and with the
EORTC QLQ-C30 questionnaire20 during the treatment phase.
The severity of pain and of pain associated with daily functions
is assessed with the Brief Pain Inventory short form when
appropriate.21

Follow-up
Molecular profiling. Clinical data are collected for all patients,
including those not eligible for participation in a clinical trial
substudy. All patients are followedup at 3, 6, and 12months and at
2 years after entry into the molecular profiling phase to determine
survival and disease status and whether or not they received
matched molecular therapy on the basis of tumour profiling
(Box 4).

Substudy. Patients enrolled in a substudy are followed up every
4 weeks until progression, or until end of treatment and for at least
30 days after the end of treatment. The date of death is ascertained
in medical records and appropriate registries.
Ethics approval

The framework protocol and each substudy addendum have
been reviewed in full and approved by the St Vincent’s Hospital
SydneyHumanResearchEthics Committee (reference,HREC/16/
SVH/23).
Funding statement

MoST is funded by the New South Wales Office for Health and
Medical Research (reference, H15/13965; 2 March 2015). Thera-
peutic substudies undertaken to date have been funded and drugs
supplied by AstraZeneca Australia and Pfizer. The psychosocial
substudy is funded by a National Health and Medical Research
Council project grant (APP1124749).
Dissemination of findings

Our results will be disseminated in the clinical study report, pre-
sented at national and international conferences and scientific
meetings, and published (as aggregated data not identifying in-
dividual participants) in peer-reviewed journals. All study data
will be stored in a secure area or on secure servers accessible only to
authorised staff members.
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