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Abstract (248 words: max 250)

Purpose: I '
Precision Ives molecularly matching patients to targeted agents usually in early drug

developmentafERBY) programs. Molecular profiling (MP) identifies actionable targets.

Comprehehﬂmercial MP platforms are costly and in resource limited environments, a more

C

practical agproachfo MP is necessary to support EDD and precision oncology. We adopted a

clinician-di ,®ailored approach to MP to enrol patients onto molecularly targeted trials. We

S

report the feasibility of this approach.

Methods:

nu

All patient to the Royal Melbourne Hospital (RMH) EDD between Sep-2013 and Sep-2015

were identifie prospective database. Key captured data included clinicopathological data, MP

d

platfor any), molecular targets identified and subsequent enrolment onto clinical trials.

EDD-clinicia ns to order MP and the platform utilized was guided by patient consultation,

V]

tumor type, trial availability and requirement for molecular information.

Results:

Or

We identifi atients referred to RMH EDD. 216 (57%) had MP ordered. The remainder had

known acti@nable targets (19%), or were inappropriate for clinical trials (24%). In those undergoing

g

MP, 187Wrrations were found in 113 patients with 98 considered actionable targets in 86
patients. atients were enrolled onto a clinical trial, including 40 (11%) receiving

molecularly matc

enrolled r-ﬁ@

1.9 months, HR 0.5

ed treatments. Median progression free survival was improved in patients

olecularly matched trials compared to those on unmatched trials (3.6 months versus

(0.38-0.89), p=0.013).
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Conclusion:

A cIinician-lirecte’ tailored approach to the use of MP is feasible, resulting in 11% of patients

enrolled or&ularly matched trials.

H I
Keywords: m
Precision 05

Molecular profili

Matched trials

ManusEuords: max 3,500)

Introductis

Precision ng

@ in oncology is a two step process which involves identifying molecular drivers in

an individual’s cancer and then matching therapeutics targeted towards those drivers. It is hoped

that thi&nproves patient outcomes while also limiting treatment toxicity. The use of anti-

HER2 thMtastatic breast cancer was the first example of successful implementation of

precision oncologsz.

<
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In recent years, precision oncology has progressed rapidly, mainly due to next generation
sequencing (NGS). NGS enables the interrogation of thousands of variants (somatic or germline)
from huMenes in a single test through massively parallel DNA sequencing. NGS has
allowed th uencing the whole genome to fall from an estimated $2 billion to ~$1000°
while af%o rFsuungprocessing time from a decade to days®. Subsequent increases in accessibility to
NGS in the laboratory, has led to the discovery of innumerable genetic aberrations which have
provided in to mechanisms of tumorigenesis, leading to the identification of novel
therapeutiw As increasing numbers of targets are identified, the numbers of novel
molecularl agents being tested in the clinic have also increased, with many requiring a
companior;:c for patient selection. Recent introduction of NGS into the clinic has enabled
clinicians t@itest patients for multiple targets at the same time, shifting testing away from single or

sequentialml molecular tests and allowing patients to be identified for molecularly matched
s Mo

treatment ficiently.

Despite growing interest around precision medicine, the ability to personalise treatment as part of

standard oLnains limited. Since 2006 the FDA has approved only 24 molecularly targeted

agents thafia 2d to a companion diagnostic®, limited to only 14 unique indications involving

only 11 tu s (Supplement A)°. Subsequently, most precision oncology is currently being

1

conduc imiarge early drug development (EDD) programs, where there is access to a large

|

number of molecularly targeted agents being tested in early phase clinical trials. These programs

e

must balance cong@rns regarding cost and clinical benefit®’. Commercial molecular testing using
large gene an cost upwards of US$5000 and current data suggests that molecular profiling

results in on patients receiving a matched treatment ®°.

A
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Prior to mqﬁinﬁ W h the Peter MacCallum Cancer Centre in August 2016, the Department of

Medical Omyal Melbourne Hospital (RMH) ran an EDD program consisting of 15-25 open
phase | cli en at any one time. To support the number of trials testing molecularly

I I
targeted ag@nts, a molecular profiling program was initiated to support the precision oncology
approach. gFestinglutilised NGS and was tailored towards the availability and relevance to

molecularly matched treatments within the EDD program. To keep costs low, custom panels only
o

included g terest and cost approximately US$300 per patient, which is an order of
magnitude lower San commercial panels. Additionally, patients were only offered molecular

profiling if te deemed appropriate candidates for molecularly targeted trials.

Herein, we re:po;he feasibility of this approach to molecular profiling. We proposed that this

method wou llow a comparable number of patients to be matched to molecularly targeted

agents als. Additionally, we explore the impact of molecularly matched treatments on

progressio!free survival (PFS) relative to unmatched trials.

-

Patient iﬁlfilﬁﬂ ad testing

An ethics departm@nt approved prospective database recorded basic clinical, pathological and

U

molecular inf on for all new cancer patients seen within the RMH EDD program. Clinical
informati ded included type of cancer, treatment lines, performance status, comorbidities

and eligibility/interest in early phase trials, enrolment onto early phase trials and benefit from trials,

This article is protected by copyright. All rights reserved.



including duration on treatment and response rates. Molecular information recorded included pre-
existing known molecular aberrations (i.e. from standard-of-care companion diagnostic tests such as
RAS testin*o olorectal cancer), rationale for ordering (or not ordering) molecular profiling, results

(if perform ification of results as actionable and/or druggable.

]
The datab@terrogated in June 2016 and all new patients seen between September 2013

and SeptemS were identified.

In general, r testing was not offered to patients who were not candidates for early phase
trials (e.g. ormance status, deranged organ function, not willing to comply with study
requireme@ho had previous molecular testing considered to be adequate (e.g. commercial

pIatfor/zundation Medicine or Caris).

Mutations gvere deemed actionable or druggable following thorough literature review by two

specific ge

oncologists; i ure reviews were directed at both the specific mutation identified, as well as the
held the mutation, all in the context of the patient’s tumour type. Actionable

mutations !ere deemed as either predictive or potentially druggable. A mutation was only deemed

druggabw:ularly matched treatment was easily accessible either through the EDD program

or via off—lgss to an approved treatment.

Patient$nrolled onto an EDD clinical trial were classified as either receiving a molecularly

matched treatment or an unmatched treatment.
This article is protected by copyright. All rights reserved.



Molecular Fstinﬁ'

Several ma @ psts were available to those who were deemed suitable. During the course of the

.

two yeans, westsamsitioned from using the TruSeq Amplicon Cancer Panel (48 genes — Supplement B)
to an in—howhomized somatic mutation panel (16 genes — Supplement C) and a specific
colorectal @ad mutation panel (4 genes — KRAS, NRAS, BRAF, PIK3CA). Additional molecular
testing off ur program included fluorescence in-situ hybridization (FISH) used to detect
amplification in ERBB-2, FGFR-1, FGFR2, FGFR-3; and immunohistochemistry (IHC) used to detect

deficient narepair protein (dMMR). Specimens used for molecular analysis were archival

formalin fi!E paraffin embedded (FFPE) specimens. If two or more specimens were available, the

most recent specimen was tested. DNA was extracted as per standard protocols. If there was
insufficienﬁ an unsuccessful result (e.g. DNA quality inadequate for NGS), a fresh biopsy was
discuss e patient. Results were generally received within 3 weeks of request. Patients and

referrin an were informed of the result and any potential matched treatments. Our program

did not involve sequencing of germline DNA.

L

Patients wit gable genetic aberrations were enrolled onto trials using molecularly matched

treatment&here ;)ossible. When not available, patients were considered for non-matched options.

=

Endpoints and analysis

The prima oint of this study was the proportion of patients who received a molecularly

matched treatment. The secondary endpoint was PFS for patients who received molecularly
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matched treatment, compared to those who received non-matched treatment within our EDD list of
trials. PFS was defined as the time from trial enrolment to the date of progression or the date of
death frhse. PFS was calculated using the Kaplan-Meier method and compared using the
log-rank te jate Cox regression analysis was performed using IBM SPSS Statistics version
21 to compare Prs for those put on matched trials versus those on unmatched trials. The difference
at 4 months between the two groups was calculated by Fisher’s exact test. The Kaplan-Meier

estimator i@fs for PFS were visualized on R version 3.3.2 using the survival 2.40-1 and

survminer wkages.
Results s

We identifm‘ew patients seen within our EDD program between September 2013 and
September 2015 Multiple tumour sites were represented; the most common being colorectal,
gynaecologicE, ogical and upper gastrointestinal cancers (Table 1). Most patients (84%) were
ECOGO e of initial consultation. The median number of prior treatments was 2. A
summary c!initial baseline characteristics is outlined in Table 1.

FoIIowiKview, 91 (24%) patients were deemed unsuitable for early phase trials and
therefofe’ o benefit from MP. Of the remaining patients, 70 (19%) had a known actionable
target. The remaining 216 (57%) patients had additional molecular testing ordered (Figure 1). 41 of

the 179 (Zlmpanels ordered were unsuccessful due to insufficient DNA (Figure 1).

<
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The most common genetic aberrations identified through our molecular profiling program include
TP53, KRAS, PIK3CA and BRAF (Figure 2). In those who underwent molecular testing through our
program, ¢ identified 187 genetic aberrations within 113 (52%) patients. Of these targets, 98 were

considere argets, occurring in 86 (23%) patients (Figure 1).

-
£

In the suitalle pati€nts who had prior molecular testing, there were 72 actionable targets in 70

patients; KRAS RAF mutations were most common (Supplemental Figure D).

US

Overall, of atients who were referred to our EDD program, 98 (26%) were enrolled onto an

1

EDD clinic "sing our tailored approach to molecular profiling, we enrolled 40 (11% of the

entire coh

t)

ts onto a molecularly matched treatment. Table 2 details the types of genetic

d

aberrat d and the matched treatment that was received. Half of these patients (20

patients) h ctionable target identified through our clinician directed tailored molecular

)

testing program; the remaining 20 patients had previously identified actionable targets.

3

We examin or patients who received a matched treatment versus non-matched treatment.

The mediaf[PFS in the matched group was 3.6 months versus 1.9 months in the unmatched group

g

(Hazard — 0.58, 95%Cl 0.38 — 0.89, p=0.013) (Figure 3). At four months, a significantly

{

greater pr f patients receiving matched treatment remained on study compared to

U

patients receiving unmatched treatment (40% versus 21%, p=0.044).

A

Discussion
This article is protected by copyright. All rights reserved.



This study demonstrates that a tailored, clinician directed approach to molecular testing is feasible.

The rate of patients enrolled onto matched therapies on clinical trials was 11%. When compared

t

rip

with more Complex and costly programs, this approach did not compromise the proportion of

patients re cularly matched treatment through early phase clinical trials.

Other centges havgreported their experience with molecular profiling and precision oncology.

C

Institut Gugfay, ssy’s MOSCATO-01 program enrolled 1110 patients and reported 19% (n=199)

S

of patients receiving molecular matched treatment as a direct result’®. MD Anderson reported 4%

U

(n=83)int rt of 2000 patients®, while Princess Margaret Cancer Centre’s IMPACT study has

reported 4f6 (n=84) in their cohort of 1,893 patients’. The 11% (n=40) reported by our smaller

i

population is the range described. The contrast between these studies can be explained by a

number of es with respect to each institution’s molecular profiling and study pipeline.

These i e types of tumours enrolled, testing platforms utilized and the accompanying range

M

of trials e at each institution. The MOSCATO-01 program’s higher rate of trial enrolment is

partially explained by their procurement of fresh biopsy in most cases (948/1035) and use of array

[

Comparati e Hybridisation (CGH) to detect copy number variations. Of note, they were able

to action P HGFR, FGFR and ERBB2 amplifications whereas our testing was limited to FGFR.

Both the M on® and Princess Margaret® programs focused on NGS of known hotspots within

n

key can espite testing a substantial proportion of patients considered to have high

|

mutational®urden (e.g. melanoma and non-small cell lung cancer), their rates of molecularly

matched treatmegts was 4%. Our cohort had a low proportion of patients with these tumour types,

U

reflecting able comparison to these larger institutional testing strategies. Importantly, the

A

11% observ in our cohort is based upon all patients referred to our program, not just those

deemed suitable for early phase studies and having successful molecular testing.

This article is protected by copyright. All rights reserved.
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The value 1 anx ﬁrcision medicine program is dependent on access to targeted agents. This was

demonstra ilot study conducted by the British Colombia Cancer Agency involving highly
complex g g, including whole genome analysis (WGA) and RNA-sequencing, to inform
I I

treatment @ecisions'’. Extensive testing of 100 patients resulted in 1 patient being enrolled onto a

clinical trialThe | of this pilot study was not to identify patients for matched treatments.

However, the trial enrolment rate reported highlights that more complex molecular testing in
isolation w t

ilitate precision medicine. Clearly, all requisite components of a precision
medicine programs molecular profiling and linked trial program — must be available to enable this

to be succtoint which the authors acknowledge. To illustrate this further, over half (n=21)

of matche in our study were enrolled onto a pan-RAF inhibitor study (Table 2). If this trial

had been rom the analysis, the proportion of patients receiving matched treatment would

have b 9 ich is in agreement with other larger institutional programs®°. Molecular profiling
programs mu accompanying trials to be valuable.

A major criticisg of the precision oncology movement is that improvement in clinical outcomes have
not beenr emonstrated®’. The only prospective, randomized study evaluating the role of
molecuﬂn informing treatment strategy did not display benefit. The SHIVA study
randomizei patie’s harbouring genetic alterations within three key pathways (hormone receptor,
PI3K/AKT/ APK) to either a predefined molecularly matched treatment, or physicians’
choice of t t (usually chemotherapy)®. No difference in PFS (median 2.3 versus 2.0 months,

=&

hormone therapy,

HR 0.88 ) was demonstrated. There were many criticisms of this study including the use of

(se of only drugs licensed in France and suboptimal targeting of the

This article is protected by copyright. All rights reserved.
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PI3K/AKT/mTOR pathway. Overall, while the SHIVA study suggests that off-label use of approved

targeted agents is unlikely to provide benefit, the authors did encourage ongoing use of molecular

t

P

testing to ide patients for molecularly targeted trials.

S
o)

In the clini tting, a number of retrospective studies have reported improved patient
outcomes With malecular profiling strategies. A retrospective study from MD Anderson reported

that matc ent in the phase | setting resulted in improved median PFS (3.9 versus 2.2

months, p=0.001)">. A meta-analysis of 346 phase 1 trials also reported better outcomes in trials

that used s as selection criteria for enrolment (median RR 31% vs 5% and median PFS 5.70

months vs @795 months)™*. Our findings of improved PFS in matched versus unmatched treatments

£

(median PFS nths vs 1.9 months, HR 0.58, p=0.013) adds to the literature supporting the use

of molecul g to inform treatment decisions and improve patient outcomes.

Ma

There are a number of limitations to this study. The first is that it is a retrospective analysis of our

practice patgerns. Additionally, it is non-randomized and subsequently, the improved PFS observed

1

in patients matched treatments should be interpreted with caution. Like most other

0O

programs, o ecular testing was performed on archival FFPE which may have affected the

number of @nsuccessful tests due to poor quality specimens as formalin is known to degrade nucleic

h

acid qu ke all other studies of precision medicine, poor representation of the genomic

t

landscape as a res@it of tumour evolution or heterogeneity between primary and metastatic sites'®

Ul

7 may influenc rer than expected response rates in the matched group. Until the development

of acces validated non-invasive molecular profiling, we accept these as real world

A

limitations of EDD programs at present. Finally, the application of these results in today’s trial

This article is protected by copyright. All rights reserved.
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landscape may already be outdated. The period reported (2013-2015) arguably encompassed the
peak of targeted kinase inhibitor drug development, where large numbers of novel agents required
compathics for selection. Most EDD programs are now increasingly focused on novel
immunoth e the role of molecular pre-selection remains uncertain. In the absence of
seIective‘mearers for these agents, precision oncology and molecularly matching patients to
treatments becognes more difficult. However, it is likely that our understanding of how to
personalize otherapies will improve; the challenge for molecular profiling programs will then
be to remwnd adapt molecular testing as necessary. Importantly, this highlights the fact

that molec;ng needs to be pragmatic and be tailored towards the treatments that are

s within individual EDD programs.

C

available t

In summar a demonstrates that a low-cost, tailored and clinician-directed approach to
molecu Ing can be implemented successfully. This resulted in a comparable rate of patient
enrolm molecularly matched trials which potentially leads to better outcomes for patients.

In an era where the cost of such programs is being increasingly scrutinised, tailoring molecular
th
Acknowle&ments:

=
<

testing to ble clinical trials may be a pragmatic alternative to more extensive testing.
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Figure Legend

{

Table 1: Ba aracteristics of patients seen within RMH EDD Program

re

¢

Total Patie @ H EDD Clinic 377

Gender

Male 194 51.4%

Median Age 59.9 Years

bs

Treatment Li

0 C 23 6.1%
j 79 21.0%

2 117 31.0%

3 E 80 21.2%

4 34 9.0%

>4 s 15 4.0%

Unknown 29 7.7%
Median Tr@ines 2

129 34.2%

Colorecta I '
Ovarian 33 8.8%
Prostate : 24 6.4%

21 5.6%

Renal

Endometrial 19 5.0%
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Breast 18 4.8%

Lung 18 4.8%
msH 16 4.2%

ECOG at fi

0 B E— 117 31.0%
14L 199 52.8%

2 O 32 8.5%
m 9 2.4%

Unknown 20 5.3%

U
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Table 2: Molecularly matched treatments received

Molecularll Tarﬁwd Agent(s)

Molecular Target

PIK3CA mutation (3); FGFR1 amplification (1)

PI3K and Fmitors (combination)
BRAF and rs (combination)

BRAF mutation (6)

H I
RAF—dimerShibitor

BRAF mutation (2); KRAS mutation (17); NRAS
mutation (2)

FGFR inhibO

FGFR1 amplification (2); FGFR3 amplification (1)

PD-1 and ibitors (combination)

Deficient MMR (1)

BRAF and PI3K inhibitors
(combination)

BRAF mutation (2)

KIT mutation (1)

KIT targete y Drug Conjugate
Pan HER in

ERBB2 mutation (1)

EGFR inhibE§ S

EGFR mutation (1)

=
G
=
-
<C
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Figure 1: Consort diagram
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Figure 2: Genetic aberrations identified within RMH EDD program

{

|
Figure 2
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Figure 3: Progression Free Survival for matched versus non-matched treatments
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Supplement A: FDA approved agents approved with a molecular indication from 2006 to March

2017 L

Suppleme seq Amplicon Cancer Panel Genes

Suppleme!C: Somatic Mutation Panel Genes

Supplement D: Genetic aberrations identified prior to being seen at RMH EDD Program
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