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Establishing a consensus on

the testing of NTRK gene fusions via
the NHS Genomic Medicine Service
and Genomic Laboratory Hubs

Agreed aims/objectives

Laboratory Hubs (GLHSs)

Provide expert guidance on:

— How the testing process can be streamlined

Clarify the process of NTRK testing, from testing request to delivery of results, via the Genomic

Identify and discuss the unmet needs associated with NTRK testing in England

— Which patients should be eligible for NTRK testing
— When in the treatment pathway NTRK testing should be conducted for different tumour types

Introduction

NTRK gene fusions are drivers of oncogenesis
found with varying frequency across multiple
tumour types.'? High frequencies of NTRK gene
fusions (=75%) are predominantly found in rare
adult and paediatric tumour types. Examples of
these tumours include secretory carcinoma of the
breast, mammary analogue secretory carcinoma
of salivary glands (MASC), congenital mesoblastic
nephroma (CMN) and infantile fibrosarcoma (IFS),®
in which the ETV6-NTRK3 fusion is considered
pathognomonic.* Conversely, common tumour
types such as non-small cell lung cancer (NSCLC)
and colorectal cancer (CRC) display NTRK
fusions at low frequencies of <6%.% NTRK gene
fusions typically occur when the 5 region of an
unrelated fusion partner gene joins the 3 region of
an NTRK1, NTRK2 or NTRK3 gene.® NTRK gene
fusions are typically mutually exclusive of other
driver mutations or rearrangements.5-°

The first precision medicine, imatinib for
Philadelphia  chromosome  positive  chronic
myeloid leukaemia, was approved for use 20
years ago, in 2001."'® Since then, precision
medicine has revolutionised the way in which
cancer is treated and has resulted in molecular
and genetic testing becoming an essential step
in the treatment pathway of many tumour types.'?
Vitrakvi® W (larotrectinib) and Rozlytrek‘;%
(entrectinib), tyrosine kinase inhibitors against
tropomyosin receptor kinase (TRK) A, B and C,
represent a new wave in precision medicine as
they are among the first tumour-agnostic targeted
treatments. Unlike most previously developed
precision-medicine agents aimed at specific
disease/histological subtypes, TRK inhibitors
are approved based on the presence of specific
genetic aberrations, irrespective of tumour
type_4,14‘15
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Larotrectinib is a TRK-specific inhibitor whereas entrectinib has
additional activity against c-ros oncogene 1 (ROS1) and anaplastic
lymphoma kinase (ALK).* The efficacy and safety of larotrectinib
and entrectinib in NTRK fusion-positive solid tumours has been
demonstrated in pooled analyses of phase I/ll single arm clinical
trials.’®'” Larotrectinib and entrectinib were granted conditional
marketing authorisation in Europe in July 2019 and May 2020,
respectively.’®1® Subsequently, both treatments were recommended
for reimbursement in the UK as part of the Cancer Drugs Fund,
as follows:

e Larotrectinib is recommended for use within the Cancer Drugs
Fund as an option for treating NTRK fusion-positive solid tumours in
adults and children if the disease is locally advanced or metastatic
or surgery could cause severe health problems and they have no
satisfactory treatment options®®

e Entrectinib is recommended for use within the Cancer Drugs Fund
as an option for NTRK fusion-positive solid tumours in adults and
children 12 years and older if the disease is locally advanced or
metastatic or surgery could cause severe health problems and they
have not had an TRK inhibitor before and they have no satisfactory
treatment options?

Tumour-agnostic therapies and companion diagnostics pose new
challenges for healthcare systems that are designed with services set
up in an organ of origin/tumour-orientated manner. The use of TRK
inhibitors is contingent on the presence of an NTRK gene fusion.20:2!
Given that NTRK gene fusions are found across tumour types, there
is a need to prioritise testing for patients who would most benefit
from treatment in order to maximise cost-effectiveness and use
limited resources optimally. Additionally, the implementation strategy
of biomarker testing may differ across tumour type, depending on
what other testing is already in place.'

The most appropriate testing method used to identify NTRK gene
fusions is under debate. There are several different methods available,
each with their own benefits and limitations. The main techniques
used for NTRK fusion detection include immunohistochemistry
(IHC), fluorescent in situ hybridisation (FISH), reverse transcription-
polymerase chain reaction (RT-PCR), and multiplex testing via
RNA-based and DNA-based next-generation sequencing (NGS).2224

IHC relies on the expression of the precise antigen detected by the
immunohistochemical antibody.?* It is also dependent on tissue fixation
and processing techniques, which if not optimised and carefully
controlled may adversely affect reactivity of these proteins and lead
to a false negative result.?® IHC has demonstrated high sensitivity
and specificity for NTRK gene fusions.?®?? In terms of predicting drug
response, IHC has the benefit of directly detecting the protein target
of the drug therapy. IHC using a pan-TRK immunohistochemical
antibody is therefore a useful screening tool for NTRK fusions which
can be easily performed in conjunction with other diagnostic IHC
tests on a sample, but due to the risk of false negative results should
not be used to rule patients out of FISH or NGS-based testing.?”23

Similarly to IHC, FISH has proven high sensitivity and high specificity
for NTRK gene fusions.?? FISH is an established method for the
identification of the ETV6-NTRK3 fusion in tumours with high NTRK
gene fusion frequency; for example, the aforementioned secretory
carcinoma of the breast, MASC, CMN and IFS.222® However, although

FISH has high specificity for NTRK gene fusions and can discriminate
rearrangements from polysomy and amplification, it cannot determine
that a functional fusion gene has been created. This can lead to false
positives and tumours that do not respond to treatment.?® Additionally,
FISH is unable to detect the expression of TRK proteins or the partner
gene. FISH also requires a separate probe per fusion gene making in
unsuitable for screening purposes.??

RT-PCR is also an effective method of identifying the ETV6-NTRK3
fusion in tumours with high NTRK gene fusion frequency. RT-PCR
detects NTRK gene fusions using primers in the coding sequence
of the 5’ fusion partner and the NTRK kinase domain. However,
the target sequence must be known for RT-PCR and novel fusion
partners are not detected.??23

Multiplex testing via NGS has the benefit of testing multiple
biomarkers in one sample. Both DNA- and RNA-based NGS may
be used for NTRK gene fusion analysis, though RNA-based NGS
has notable advantages; while both methods are highly specific,
sensitivity is higher with the RNA-based method. RNA-based NGS
detects gene fusions and rearrangement events regardless of where
the breakpoints are within the two genes. Provided the probes for the
target gene are included in the hybridisation-capture NGS method,
the partner gene will also be sequenced. Therefore, both genes
involved in the gene fusion will be characterised and the breakpoint
also identified. Additionally, as only transcriptionally active fusions are
detected by RNA-based NGS, there is additional certainty that the
identified fusion is oncogenic. DNA-based NGS only detects gene
fusions and rearrangement events if the entire gene sequence of
the NTRKT, 2 and 3 gene likely to be involved at the breakpoint is
included as probes. A hybridisation capture NGS method will need to
be used to pull through the sequence of the fusion partner gene for
its characterisation and the identification of the breakpoint. In regard
to practical considerations, the fixation process of samples can affect
DNA and RNA quality and thus limit the utility of NGS.?82?

Obtaining a tumour biopsy with sufficient tumour content for molecular
analysis can be challenging, in particular from deep, inaccessible
anatomical locations such as the liver, pancreas and lung. In these
tumours, tissue acquisition may require an invasive procedure.?®
Additionally, biomarkers do not always present uniformly in tumour
cells and therefore tumour biopsies need to be of sufficient size to
be representative.?®

Lack of awareness of tumour-agnostic treatments and biomarker
testing processes may also present a barrier to testing, in particular
within . common tumours where the likelihood of ever identifying a
patient with NTRK gene fusion-positive cancer is rare.?

Despite the obstacles of tumour-agnostic treatments and precision
medicines in general, the benefit to the patient has been recognised
by health services globally, and strategies to ensure optimum and
equitable accessibility are underway.°

In October 2018, following on from the 100,000 Genomes Project,
NHS England launched the NHS Genomic Medicine Service (GMS),
a national reorganisation of services with the overarching aim of
implementing genomic medicine including whole genome sequencing
analysis into routine NHS care by 2025.%'%2 The GMS has a single
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national laboratory network consisting of 7 genomic laboratory
hubs (GLHs) and a stipulated test list within national genomic test
directories for cancer (somatic) and rare (germline) disease.®'*? The
key objectives of this systematic approach are to enable quicker and
more accurate diagnoses, ensure patients are matched with the most
effective treatments and increase the number of patients surviving
cancer.®'® The national genomic test directory specifies which
genomic tests are commissioned by NHS England and the most
appropriate test for each indication. 332

Currently, the national test directory includes NTRK testing indications
for all solid tumour types. However, the full implementation of these
tests has been delayed during the COVID-19 pandemic. A phased
approach to the NHS implementation of NTRK testing in England was
initiated in early 2020 to gradually build testing capacity. Guidance
on phase 1 of the implementation plan was released in April 2020
detailing eligibility criteria and which of the 7 GLHs would be offering
the testing.®* Patients eligible for testing in phase 1 included those with
tumours with very high NTRK gene fusion incidence (>90%; secretory
carcinoma of the breast, MASC, CMN and IFS), those with tumours
with an NTRK gene fusion incidence between 5% and 25% (gastro-
intestinal stromal tumours [GISTs], thyroid cancers and spitzoid
melanocytic neoplasms), and patients <25 years of age with solid
tumours.®* Testing was assigned to the following 4 GLHs: North East
and Yorkshire; North West; Central and South; and North Thames.
Central and South GLH was also assigned referrals from the South
West GLH, and the North Thames GLH was assigned referrals from
both South East GLH and East GLH.3* In November 2020, phase 2 of
the implementation plan was initiated. In phase 2, patients eligible for
NTRK testing included all those specified in phase 1 and additionally
patients with metastatic or locally-advanced solid tumours, or solid
tumours where surgical resection is likely to result in severe morbidity,
for whom standard therapies have failed or are unavailable and the
patient is fit for further treatment. The South West GLH became a
testing laboratory in phase 2 and so no longer refers samples to the
Central and South GLH.3*

Roundtable consensus meeting

Given the novelty of the tumour-agnostic treatments larotrectinib
and entrectinib, the ongoing reorganisation of NHS genomic testing
services and the added complexity of the COVID-19 pandemic, there
is a need to clarify the NTRK testing process in England. Therefore,
9 UK-based oncology, pathology and clinical scientist experts
involved in the GMS and GLHs joined a virtual roundtable meeting in
July 2020 to establish a consensus on the process of NTRK testing.
The meeting and subsequent consensus document were sponsored
by Bayer UK. Information in this section is based on the experience
and expertise of the scientists involved in this roundtable meeting.

The following article consolidates the key discussions of the meeting
and provides:
1. Clarity on the NTRK testing process
2. Recommendations on how to streamline the NTRK
testing process
3. Recommendations on how to prioritise tumour types for
NTRK testing
4.  Recommendations on how to integrate NTRK testing into
current algorithms

Discussion and recommendations

1. Clarity on the NTRK testing process

A general overview of the NTRK testing process is outlined in Figure 1.
The initial steps of requesting a test and obtaining a tissue sample
may take up to 2 weeks, although this is dependent on the tumour
type. Testing may be ad hoc at oncologist request, a reflex test
requested by the pathologist, or part of the diagnostic work-up.
Testing may also be carried out on stored samples following tumour
progression or exhaustion of other treatment options. Reflex testing
is the most efficient process. Samples are prepared by the referring
histopathology laboratory as slide mounted unstained formalin-fixed
paraffin-embedded (FFPE) tissue sections, accompanied by a

Figure 1. Overview of NTRK testing via GLHs
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*As ad hoc, reflex testing, as part of diagnostic work-up request or a testing request of stored samples following tumour progression or exhaustion of other treatment options;
**Time dependent on tumour type, reflex testing requests are the most efficient; TMay take longer in practice; *Dependent on number of testing runs; SAmbiguous cases only.
Abbreviations: GLH, genomic laboratory hub; GTAB, genomic tumour advisory board.
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haematoxylin and eosin (H&E)-stained section with the area of greatest
tumour cellularity outlined and any areas of necrosis excluded. A copy
of the test request form and pathology report containing information
on the tissue type, histological diagnosis and tumour (percentage
neoplastic nuclei) content of the representative tumour block should
also be provided. If tumour content assessment or tissue preparation
optimised for subsequent molecular analysis is not available in the
referring histopathology department, then it may be preferable
for paraffin blocks or tissue sections to be sent to another referral
histopathology centre for sample preparation before being forwarded
to the GLH laboratory. Alternatively, samples may be sent directly to
the GLH laboratory for preparation, depending on local processes
established within the GLH. Sample preparation (Figure 1, step 3) is
estimated to take 2-3 days, but in practice may take much longer.
The extraction and testing of samples by NGS and interpretation of
results take place in the GLH laboratory and take on average 2 weeks
depending on the number and frequency of NGS runs. The aim of
GLHs is to reduce the duration of step 4 to 7 days.

Results are then sent preferably electronically to the requesting
oncologist and/or pathologist at the referring centre. Results may
be reviewed at a regional genomic tumour advisory board if further
clinical interpretation or integration with other genomic analysis is
advised, although this rarely occurs. The total estimated time for the
process, from steps 1 to 5, is 3-4 weeks.

Prepared samples sent to the GLH laboratory may be unsuitable for
NGS due to low tumour quantity and/or sample quality. Samples may
be screened by histopathologists working in conjunction with the GLH
and redirected for alternative testing. A potential GLH salvage pathway
for any samples insufficient for NGS analysis is outlined in Figure 2. In
the GLH salvage pathway, samples are tested for NTRK fusions with
IHC and confirmatory FISH in place of NGS (steps 4A and 4B).

2. Recommendations on how to streamline the NTRK

testing process
The current NTRK testing process is estimated to take 3-4
weeks, although delays can occur at any stage of the pathway.
Recommendations to streamline the process are described below.

Samples must be prepared by local histopathology laboratories as cut
FFPE tissue sections with marked-up H&E before sending to the GLH
laboratory. GLH laboratories are genetic laboratories and the majority
do not have on-site access to histopathology services. As a result,
unprocessed paraffin blocks sent to a GLH laboratory will incur a delay.
The authors recommend that protocols for the preparation of samples
are clearly stipulated and adopted by local histopathology laboratories.

The increasing demand on histopathology departments for tissue
processing requires additional resource. The authors recommend
increased dialogue between relevant stakeholders and funders,
including NHS England, NHS Improvement, the Royal College of
Pathologists and regional cancer alliances, to resolve this issue.

A closer working relationship between histopathology departments
and GLH laboratories with clear communication and understanding
of each other’s roles will be essential for optimal delivery of the GMS
and personalised medicine for patient care. Optimised preparation of
tissue for molecular analysis will increasingly be required. The authors
recommend sample preparation requirements are communicated
efficiently and effectively to histopathology laboratories. The authors
also recommend collaboration between histopathology and GLH
laboratories to optimise protocols, share best practice and identify
pathology-related reasons for false positives and sample fails.

During previous biomarker testing implementations by the NHS, self-
nominated Local Champions, usually an oncologist, would assume

Figure 2. Overview of salvage pathway for NTRK testing via GLHs
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responsibility to oversee adoption and implementation of a new
precision medicine biomarker. Similarly, during the 100,000 Genomes
Project, Genomic Champions were nominated. The purpose of the
Champion was to communicate information regarding the testing
process and requirements to their peers within the tumour-specific
multidisciplinary team and be a ‘point of contact’ for the wider clinical
network. For a disease agnostic biomarker, the identification of a
Local Champion is more challenging because multiple cancer types
are involved and oncologists are highly subspecialised. However, a
champion for NTRK-fusion positive cancer may be useful to help
disseminate important information on eligibility, sample preparation
requirements and testing processes and to tighten communication
between disease-specific testing pathways and the GLH. The authors
recommend identification of suitable clinical lead(s) to act as a point of
contact for the wider clinical network regarding NTRK testing.

Communication  between  oncologists, local histopathology
laboratories and GLH laboratories is essential to ensure the testing
process runs smoothly. Currently, the GMS is evolving and NGS
schedules regularly change. However, once schedules become
stable and fixed, the authors recommend that the GLH laboratories
notify histopathology laboratories and hospitals of testing schedules.
This may help to coordinate preparation and sending of samples to
the GLH laboratory and to ensure samples are included on the next
available testing run.

The demand for NTRK testing will increase as the implementation
plan progresses and an increase in workforce will be needed to meet
this demand. The authors identified clinical scientists as a specific
group in which resource is lacking. Clinical scientists perform the
interpretation and analysis of NGS sequence data to issue the clinical
report. The authors highlight the inclusion of the clinical scientists in the
multidisciplinary team. The GMS can play a role in raising awareness of
the crucial role of the clinical scientist in genomic testing. Additionally,
the authors recommend upskilling other roles within the GMS, such
as genetic technologists, to assist with the analysis and interpretation
of NGS data prior to final approval by the clinical scientist. It was also
suggested that clinical scientists would be a valuable participant of
multidisciplinary team meetings. However, there was concern around
this due to the relative shortage of clinical scientists in the UK.

NTRK gene fusions are rare but found across tumour types.'?
Ensuring awareness of NTRK fusions, available TRK inhibitors and
NTRK testing amongst the relevant healthcare professionals and
scientists across tumour types is a key challenge. The authors
recommend increased education around NTRK fusions, the testing
process and sample requirements. The authors also recommend
that a prospective audit is undertaken to assess for any geographic
variations in testing patterns that might arise and require to be
addressed by ongoing education.

3. Recommendations on how to prioritise tumour types for
NTRK testing

Patients eligible for treatment with a TRK inhibitor include adults and
children, in the case of larotrectinib, or adults and children over 12 years
of age, in the case of entrectinib, with locally advanced or metastatic
solid tumours, or tumours in which surgery could cause severe health
problems, that have no satisfactory treatment options and, in the case
of entrectinib, have not received a prior NTRK inhibitor.2>?' During

phase 2 of the implementation plan, patients eligible for NTRK testing
include patients with metastatic or locally-advanced solid tumours,
or solid tumours where surgical resection is likely to result in severe
morbidity, for whom standard therapies have failed or are unavailable
and the patient is fit for further treatment (as described above).®* Given
the large number of patients now potentially eligible for treatment, it is
essential to devise a plan that prioritises patients for testing according
to need and potential benefit.

The co-occurrence of gene fusions with driver mutations is extremely
rare, although occasionally reported.®'° For example, a retrospective
US study using data from 15,971 samples from the Flatiron Health-
Foundation Medicine Clinico-Genomic Database found a total of 29
patients with NTRK fusion-positive cancer. Of these patients, none
had a co-occurrence with ALK rearrangement, ERBB2 amplification
or ROST alteration. One patient had a co-occurrence with a BRAF
alteration, one with an EGFR alteration and 3 with a KRAS alteration.
18% (N=17) of patients with NTRK gene fusions had a microsatellite
instability-high status.(9) A second US study by Foundation Medicine,
of over 300 cancer-related genes on 166,067 tumours from 75 solid
tumour types, found that NTRK and ROST fusions generally did not
occur with other clinically actionable or oncogenic genetic alterations.
No enrichment or exclusivity was seen with EGFR, ERBB2, RET, ALK
or MET. However, there was significant co-occurrence of NTRK fusions
with alterations in 15 genes, including IGF1R, CDKN2B and CDK4.1°
Another analysis of 2,314 advanced CRC samples that identified a
total of 21 fusions. Eight of the 21 fusions were NTRK fusions and
occurred in BRAF/RAS wildtype CRC samples.® A separate analysis of
11 patients with NSCLC and NTRK gene fusions found no co-occurrence
with alterations in KRAS, EGFR, ALK, ROS1 or other known oncogenic
drivers.” Another study compared characteristics of 27 patients with
metastatic CRC and ALK, ROS7 and NTRK rearrangements with a
cohort of 319 patients without rearrangements. The frequency of gene
fusion and BRAF codon600 mutation co-occurrence was low; however,
one patient showed a co-occurrence of SLC34A2-ROST fusion and a
BRAFVB00E mutation.® Finally, a study of 186 GISTs identified an NTRK
gene fusion (ETV6-NTRK3) in a quadruple wild-type GIST sample.®®
Taking current data into account, the authors recommend prioritising
patients without other known driver mutations for NTRK testing. This
recommendation is in line with international consensus,® although it is
acknowledged that the data are relatively immature given the rarity of
NTRK gene fusion. Therefore, more information on the co-occurrence
of fusions with other mutations would be valuable to collect in order
to refine the testing strategy. Further characterisation of NTRK gene
fusions, in terms of tissue-specific mechanisms and prognosis, is also
recommended by NICE.?

4. Recommendations on how to integrate NTRK testing into
current algorithms

There is no national guidance for when NTRK testing should occur in
the treatment pathways of individual tumour types. Different genetic
testing approaches and processes across tumour types add to the
complexity of implementing NTRK testing. The authors recommend
NTRK testing should be incorporated into existing molecular testing
pathways, where possible.

The authors recommend developing separate testing algorithms for
the following groups of tumours:
e Tumours that currently receive RNA-based NGS testing
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e Tumours that currently do not receive RNA-based NGS testing
e Tumours for which NTRK gene fusions are diagnostic

Examples of tumours in which RNA-based NGS testing is evolving
include NSCLC and central nervous system tumours.®'? In these
tumour types, the authors recommend NTRK testing be included as
part of the RNA-based NGS panel (Figure 3A). The rationale behind
this is that for the majority of RNA-based NGS panels, NTRK1, 2 and
3 are already included, so their inclusion in the sequencing analysis
occurs no additional cost or sample tissue; it is effectively a free test.
The only additional work is the recording of the NTRK gene fusion
result, should a fusion be detected, in the patient’s record for the time
when treatment with a TRK inhibitor is suitable.

In tumours such as CRC, testing currently uses DNA-based rather
than RNA-based techniques in view of the requirement to detect
point mutations to guide therapy.'> DNA-based NGS panels do not
generally include probes to detect NTRK7, 2 and 3 gene fusions.

One potential solution is to include an RNA-based NGS panel in the
upfront testing; however, given the high prevalence of CRC this would
involve a considerable increase in cost and workload. Additionally,
patients identified with NTRK-positive cancer would not be eligible
for treatment with a TRK inhibitor until later in the pathway.?°?!
Alternatively, NTRK testing may be carried out later in the pathway for
patients who would be eligible for TRK inhibitor treatment and without
other known driver mutations, and this is a recommended approach
until phase 3 NTRK testing is established (Figure 3B). The authors
recommend that the timing of NTRK fusion testing in tumours without
existing RNA-based NGS testing should be based on the frequency
of NTRK fusions expected and on economic modelling.

The presence of NTRK gene fusions is diagnostic for certain rare
tumours such as MASC.?” The authors recommend NTRK testing to
be included as part of the diagnostic work-up for this group. The
type of testing platform most suitable for this group is not clear;
however, IHC is commonly used as part of the diagnostic work-up for

Figure 3. Examples of where NTRK testing may sit in the treatment pathways of tumours A) with reflex RNA-based NGS

testing and B) without reflex RNA-based NGS testing
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characterising morphologically unusual tumours and is likely to have
utility as a screening tool in this situation. As NGS becomes more
widely used, it may be used for rare tumours in place of IHC.

The availability of TRK inhibitors and the implementation of NTRK
testing mark a new wave in precision medicine. In the UK, the
organisation of genomic testing across seven regional GLHs provides
a platform to progress adoption of NTRK into routine diagnostic and
care pathways across multiple cancer types. The GLH network creates
a forum to standardise and harmonise high quality testing nationally.
This article highlights where clarity is needed to fully embed NTRK
testing and reinforces the need to consider the process according to
cancer type and patient pathway to realise the full potential of disease
agnostic precision medicines.

Summary of recommendations:

Clarity on the NTRK testing process

e 1.1 A general overview of the NTRK testing process is outlined
in Figure 1

¢ 1.2 A potential salvage pathway for unsuitable samples is
outlined in Figure 2

Recommendations on how to streamline the NTRK testing

process

e 2.1 Ensure protocols for the preparation of samples are
adopted by local histopathology laboratories

e 2.2 Ensure sample preparation requirements are
communicated regularly by the GLHSs to histopathology
laboratories

e 2.3 Collaboration between histopathology and GLH
laboratories to optimise protocols, share best practice and
identify pathology-related reasons for false positives and
sample fails

e 2.3 Consider identification of suitable clinical lead(s) to act
as a point of contact for the wider clinical network regarding
NTRK testing

e 2.4 Maintain coordination across the GLHs to ensure a
standardised and equitable approach to NTRK testing

e 2.5 Consider upskilling other roles within the GMS, such
as genetic technologists, to assist with the analysis and
interpretation of NGS data prior to final approval by the
clinical scientist

e 2.6 Increase education on NTRK fusions, the testing process
and sample requirements for healthcare professionals across
tumour types and the clinical teams involved

e 2.7 Consider undertaking a prospective audit to assess for
any geographic variations in testing patterns that might arise
and require to be addressed by ongoing education

Recommendations on how to prioritise tumour types for

NTRK testing

e 3.1 Prioritise patients according to the TRK inhibitor licences
and NICE recommendations

e 3.2 Prioritise patients without any other known driver
mutations for NTRK testing

Summary of recommendations:

Recommendations on how to integrate NTRK testing into
current algorithms
e 4.1 Develop separate testing algorithms for the following
groups of tumours: tumours that currently receive RNA-based
NGS testing; tumours that currently do not receive
RNA-based NGS testing; and tumours for which NTRK gene
fusions are diagnostic
e 4.1iInclude NTRK testing in existing RNA-based NGS
panels in tumours for which they already exist
* 4.1ii Base the timing of NTRK testing on the frequency
of NTRK fusions and economic modelling in tumours for
which RNA-based NGS testing does not occur
e 4.1iii Include NTRK testing as part of the diagnostic
work-up for tumours in which NTRK gene fusions are
diagnostic

Tumour-agnostic treatments and companion diagnostics present
unique challenges to healthcare systems. However, efforts to achieve
a streamlined testing process and equitable service are essential to
ensure optimum care of patients. In addition, the lessons learned
and the progress made with TRK inhibitors will be a paradigm to
aid implementation of future tumour-agnostic treatments, moving
personalised treatment of cancer forward another significant step.



Establishing a consensus on the testing of NTRK gene fusions via the NHS Genomic Medicine Service and Genomic Laboratory Hubs
This Medicine Matters is a Bayer-sponsored article and the declaration of interests can be found on page 1.

References

1.

2.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

Stransky N, Cerami E, Schalm S, Kim JL, Lengauer C. The landscape
of kinase fusions in cancer. Nat Commun. 2014;5:4846.

Okamura R, Boichard A, Kato S, Sicklick JK, Bazhenova L, Kurzrock
R. Analysis of NTRK Alterations in Pan-Cancer Adult and Pediatric
Malignancies: Implications for NTRK-Targeted Therapeutics. JCO
Precis Oncol. 2018;2018.

Yoshino T, Pentheroudakis G, Mishima S, Overman MJ, Yeh KH,
Baba E, et al. JSCO—ESMO—ASCO—JSMO—TOS: international
expert consensus recommendations for tumour-agnostic treatments
in patients with solid tumours with microsatellite instability or

NTRK fusions. Supplementary materials. Annals of Oncology.
2020;31(7):861-72.

Cocco E, Scaltriti M, Drilon A. NTRK fusion-positive cancers and TRK
inhibitor therapy. Nat Rev Clin Oncol. 2018;15(12):731-47.

Yoshino T, Pentheroudakis G, Mishima S, Overman MJ, Yeh KH,
Baba E, et al. JSCO-ESMO-ASCO-JSMO-TOS: international expert
consensus recommendations for tumour-agnostic treatments in
patients with solid tumours with microsatellite instability or NTRK
fusions. Ann Oncol. 2020;31(7):861-72.

Pietrantonio F, Di Nicolantonio F, Schrock AB, Lee J, Tejpar S, Sartore-
Bianchi A, et al. ALK, ROS1, and NTRK Rearrangements in Metastatic
Colorectal Cancer. J Natl Cancer Inst. 2017;109(12).

Farago AF, Taylor MS, Doebele RC, Zhu VW, Kummar S, Spira Al, et al.
Clinicopathologic Features of Non-Small-Cell Lung Cancer Harboring
an NTRK Gene Fusion. JCO Precis Oncol. 2018;2018.

Cocco E, Benhamida J, Middha S, Zehir A, Mullaney K, Shia J, et al.
Colorectal Carcinomas Containing Hypermethylated MLH1 Promoter

and Wild-Type BRAF/KRAS Are Enriched for Targetable Kinase Fusions.

Cancer Res. 2019;79(6):1047-53.

Jiao X, Lokker A, Snider J, Castellanos E, Nanda S, Fisher V, et al.
Co-occurrence of NTRK fusions with other genomic biomarkers in
cancer patients. Ann Oncol 2019. p. v25-v54.

Wilson TR, Sokol ES, Trabucco SE, Y NJ, Simmons B, TR, et al.
Genomic characteristics and predicted ancestry of NTRK1/2/3 and
ROS1 fusion-positive tumors from >165,000 pan-solid tumors. Ann
Oncol. 2019;30:v159-v93.

EMC. Glivec 100 mg film-coated tablets summary of product
characteristics. Available from: https://www.medicines.org.uk/emc/
product/7779/smpc [Accessed January 2021]

Awad K, Dalby M, Cree IA, Challoner BR, Ghosh S, Thurston DE. The
precision medicine approach to cancer therapy: Part 1 — solid tumours.
Pharm J. 2019.

European Medicines Agency. Glivec (imatinib) European Public
Assessment Report. Available from: https://www.ema.europa.eu/en/
medicines/human/EPAR/glivec [Accessed January 2021]

Hierro C, Matos |, Martin-Liberal J, Ochoa de Olza M, Garralda E.
Agnostic-Histology Approval of New Drugs in Oncology: Are We
Already There? Clin Cancer Res. 2019;25(11):3210-19.

Jorgensen JT. A paradigm shift in biomarker guided oncology drug
development. Ann Transl Med. 2019;7(7):148.

Doebele RC, Drilon A, Paz-Ares L, Siena S, Shaw AT, Farago AF, et
al. Entrectinib in patients with advanced or metastatic NTRK fusion-
positive solid tumours: integrated analysis of three phase 1-2 trials.
Lancet Oncol. 2020;21(2):271-82.

Hong DS, DuBois SG, Kummar S, Farago AF, Albert CM, Rohrberg KS,
et al. Larotrectinib in patients with TRK fusion-positive solid tumours:
a pooled analysis of three phase 1/2 clinical trials. Lancet Oncol.
2020;21(4):531-40.

European Medicines Agency. Vitrakvi (larotrectinib) Committee for
Medicinal Products for Human Use Summary of Opinion (Initial
Authorisation). Available from: https://www.ema.europa.eu/en/
documents/smop-initial/chmp-summary-positive-opinion-vitrakvi_
en.pdf [Accessed January 2021]

European Medicines Agency. Rozlytrek (entrectinib) Committee

for Medicinal Products for Human Use Summary of Opinion (Initial
Authorisation). Available from: https://www.ema.europa.eu/en/

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

documents/smop-initial/chmp-summary-positive-opinion-rozlytrek _
en.pdf [Accessed January 2021]

National Institute for Health and Care Excellence. Larotrectinib for
treating NTRK fusion-positive solid tumours. Final appraisal document.
Available from: https://www.nice.org.uk/guidance/ta630/documents/
final-appraisal-determination-document [Accessed January 2021]
National Institute for Health and Care Excellence. Entrectinib for Treating
NTRK Fusion-Positive Solid Tumours. Final appraisal document.
Available from: https://www.nice.org.uk/guidance/ta644/documents/
final-appraisal-determination-document [Accessed January 2021]
Marchio C, Scaltriti M, Ladanyi M, lafrate AJ, Bibeau F, Dietel M, et

al. ESMO recommendations on the standard methods to detect
NTRK fusions in daily practice and clinical research. Ann Oncol.
2019;30(9):1417-27.

Penault-Llorca F, Rudzinski ER, Sepulveda AR. Testing algorithm

for identification of patients with TRK fusion cancer. J Clin Pathol.
2019;72(7):460-67.

Bruno R, Fontanini G. Next Generation Sequencing for Gene Fusion
Analysis in Lung Cancer: A Literature Review. Diagnostics (Basel,
Switzerland). 2020;10(8):521.

Ramos-Vara JA, Miller MA. When tissue antigens and antibodies get
along: revisiting the technical aspects of immunohistochemistry--the
red, brown, and blue technique. Vet Pathol. 2014;51(1):42-87.
Gatalica Z, Xiu J, Swensen J, Vranic S. Molecular characterization of
cancers with NTRK gene fusions. Mod Pathol. 2019;32(1):147-58.
Hechtman JF, Benayed R, Hyman DM, Drilon A, Zehir A, Frosina

D, et al. Pan-Trk Immunohistochemistry Is an Efficient and Reliable
Screen for the Detection of NTRK Fusions. Am J Surg Pathol.
2017;41(11):1547-51.

Hsiao SJ, Zehir A, Sireci AN, Aisner DL. Detection of Tumor NTRK
Gene Fusions to Identify Patients Who May Benefit from Tyrosine
Kinase (TRK) Inhibitor Therapy. J Mol Diagn. 2019;21(4):553-71.
Russano M, Napolitano A, Ribelli G, luliani M, Simonetti S, Citarella F,
et al. Liquid biopsy and tumor heterogeneity in metastatic solid tumors:
the potentiality of blood samples. Journal of Experimental & Clinical
Cancer Research. 2020;39(1):95.

Brazil R. Cancer World Spotlight: Are tumour-agnostic approaches
the future for oncology? Available from: https://cancerworld.net/
wp-content/uploads/2020/06/CW89_web-46-51.pdf. [Accessed
January 2021]

National Health Service. NHS Genomic Medicine Service. Available
from: https://www.england.nhs.uk/genomics/nhs-genomic-med-
service/. [Accessed January 2021]

Robinson J. Everything you need to know about the NHS

genomic medicine service. Pharm J. 2020. Available from: https://
www.pharmaceutical-journal.com/news-and-analysis/features/
everything-you-need-to-know-about-the-nhs-genomic-medicine-
service/20207495.article?firstPass=false. [Accessed January 2021].
National Health Service. National Genomic Test Directory. Available
from: https://www.england.nhs.uk/publication/national-genomic-test-
directories/ [Accessed January 2021].

NHS Manchester University NHS Foundation Trust. NTRK Fusions
Eligibility Criteria. Available from: https://mft.nhs.uk/circular-larotrectinib-
for-ntrk-gene-fusion-pos-solid-tumours/. [Accessed January 2021].
Shi E, Chmielecki J, Tang CM, Wang K, Heinrich MC, Kang G, et al.
FGFR1 and NTRK® actionable alterations in “Wild-Type” gastrointestinal
stromal tumors. J Transl Med. 2016;14(1):339.

NHS. The Leeds Teaching Hospitals. CNS tumour molecular testing
2020 Available from: https://www.leedsth.nhs.uk/a-z-of-services/the-
leeds-genetics-laboratory/oncology-genetics/molecular-oncology/
cns-tumour-molecular-testing/. [Accessed January 2021]

Bissinger O, Gétz C, Kolk A, Bier HA, Agaimy A, Frenzel H, et al.
Mammary analogue secretory carcinoma of salivary glands: diagnostic
pitfall with distinct immunohistochemical profile and molecular features.
Rare tumors. 2017;9(3):7162-62.



Establishing a consensus on the testing of NTRK gene fusions via the NHS Genomic Medicine Service and Genomic Laboratory Hubs

This Medicine Matters is a Bayer-sponsored article and the declaration of interests can be found on page 1.

vVITRAKVI® (Larotrectinib) 20 mg/mL oral solution
VITRAKVI® (Larotrectinib) 25 mg / 100 mg hard capsules
Prescribing Information (Refer to full Summary of Product
Characteristics (SmPC) before prescribing)

Presentation: Oral solution available in Northern Ireland: One bottle
of 100 mL oral solution. Each mL of oral solution contains
larotrectinib sulfate equivalent to 20 mg of larotrectinib. Oral
Solution available in England, Scotland and Wales: Twobottles of 50
mL oral solution. Each mL of oral solution contains
larotrectinib sulfate equivalent to 20 mg of larotrectinib. Hard
capsules: Each hard capsule contains larotrectinib sulfate
equivalent to 25 mg or 100 mg larotrectinib. Indication(s):
Larotrectinib as monotherapy is indicated for the treatment of
adult and paediatric patients with solid tumours that display a
Neurotrophic Tyrosine Receptor Kinase (NTRK) gene fusion, - who
have a disease that is locally advanced, metastatic or where
surgical resection is likely to result in severe morbidity, and -
who have no satisfactory treatment options. VITRAKVI has
been authorised wunder a conditional approval scheme.
Posology & method of administration: The presence of an NTRK
gene fusion in a tumour specimen should be confirmed by a
validated test prior to initiation of treatment with larotrectinib. For
oral use. VITRAKVI is available as a capsule or oral solution with
equivalent oral bioavailability and may be used interchangeably. Do
not take with grapefruit or grapefruit juice. Oral solution: The oral
solution should be administered by mouth using an oral syringe of
1 mL or 5 mL volume or enterally by using a nasogastric feeding
tube. Do not mix with feeding formulas. Hard capsules: The capsules
should be swallowed whole. Adults: The recommended dose is 100
mg larotrectinib twice daily, until disease progression or until
unacceptable toxicity occurs. Children & adolescents: Dosing is
based on body surface area (BSA). The recommended dose in
paediatric patients is 100 mg/m2 larotrectinib twice daily with a
maximum of 100 mg per dose until disease progression or until
unacceptable toxicity occurs. Refer to SmPC for recommended dose
modifications for adverse reactions. Hepatic impairment:
The starting dose of larotrectinib should be reduced by 50% in
patients with moderate (Child-Pugh B) to severe (Child-Pugh C)
hepatic impairment. No dose adjustment is recommended for
patients with mild hepatic impairment (Child-Pugh A). Renal
impairment: No dose adjustment is required. Elderly: No
dose adjustment is recommended. Co-administration with
strong CYP3A4 inhibitors: Reduce larotrectinib dose by 50%,
refer to SmPC. Contra-indications: Hypersensitivity to the
active substance or to any of the excipients. Warnings &
precautions: Larotrectinib should only be used if there are no
treatment options for which clinical benefit has been established,
or where such treatment options have been exhausted (i.e.,
no satisfactory treatment options). Neurologic reactions
including dizziness, gait disturbance and paraesthesia were
reported in patients receiving larotrectinib. Withholding,
reducing, or discontinuing larotrectinib dosing should be
considered, depending on the severity and persistence of these
symptoms. ALT and AST increase have been observed therefore
liver function including ALT and AST assessments should be
monitored before the first dose and monthly for the first 3 months
of treatment, then periodically during treatment, with more
frequent testing in patients who develop transaminase elevations.
Withhold or permanently discontinue larotrectinib based on the
severity. If withheld, the larotrectinib dose should be modified
when resumed.

Avoid co-administration of strong or moderate CYP3A4/ P-gp
inducers with larotrectinib due to a risk of decreased exposure.
Women of childbearing potential must use highly effective
contraception while taking larotrectinib and for at least one
month  after stopping treatment. Males of reproductive
potential with a non-pregnant woman partner of childbearing
potential should be advised to use highly effective contraception
during treatment with larotrectinib and for at least one month
after the final dose. Oral solution available in Northern Ireland:
VITRAKVI 20 mg/mL oral solution in 100 ml bottle contains
excipients with known effects: sucrose, sorbitol, propylene
glycol, parahydroxybenzoate. Essentially sodium free (<1
mmol/5 ml). Oral solution available in England, Wales and
Scotland: VITRAKVI 20 mg/mL Two bottles of 50ml oral solution.
contains sodium benzoate. Interactions: For the effects of other
agents on the action of larotrectinib (e.g CYP3A, P-gp and BCRP
inhibitors; and CYP3A and P-gp inducers) and the action of
larotrectinib on other agents (CYP3A substrates, CYP2B6
substrates, other transporter substrates and PXR regulated
enzymes) refer to SmPC. Unknown if larotrectinib interacts with
hormonal contraceptives, advise to use additional barrier
method and continue for 1 month after final dose. Pregnancy &
lactation: Avoid the use of larotrectinib during pregnancy.
Breast-feeding should be discontinued during treatment with
larotrectinib and for 3 days following the final dose. Effects on
ability to drive and use machines: Patients should be advised
not to drive and use machines, until they are reasonably certain
larotrectinib  therapy does not affect them adversely.
Undesirable effects: Very common: anaemia, neutrophil count
decreased (neutropenia)*, leukocyte  count  decreased
(leukopenia), dizziness, nausea, constipation, vomiting, myalgia,
fatigue, alanine aminotransferase (ALT) increased*, aspartate
aminotransferase (AST) increased*, blood alkaline phosphatase
increased, weight increased (abnormal weight gain). Common:
gait disturbance, paraesthesia, dysgeusia, muscular weakness.
Serious: cf. CI/W&P; in addition, the above undesirable effects
may also be serious. *Grade 4 reactions were reported.
Prescribers should consult the SmPC in relation to other side
effects. Overdose: In the event of overdose, physicians should
follow general supportive measures and treat symptomatically.
Special Precautions for Storage: Oral solution: Store in a
refrigerator (2 °C - 8 °C). Do not freeze. Hard capsules: None
Legal Category: POM. Package Quantities & Basic NHS
Costs: Oral solution: one bottle of 100 mL oral solution
£5,000 (available in Northern Ireland); two bottles of 50 mL
oral solution £5,000 (available England, Scotland and Wales).
Hard capsules: one bottle of 56 x 25 mg hard capsules £3,500;

one bottle of 56 x 100 mg hard capsules £14,000.
MA Number(s): EU/1/19/1385/001-003 and PLGB
00010/0741-0743. Further information available from:

Bayer plc, 400 South Oak Way, Reading RG2 6AD, United
Kingdom. Telephone: 0118 206 3000. Date of preparation:
January 2022

VITRAKVI® is a trademark of the Bayer Group

Adverse events should be reported. Reporting forms
and information can be found at
https://yellowcard.mhra.gov.uk or search for MHRA Yellow
Card in Google Play or Apple App Store. Adverse events
should also be reported to Bayer plc. Tel: 0118 206 3500,
Fax: 0118 206 3703, Email: pvuk@bayer.com

PP-VIT-GB-0811. January 2022




ISSN 1744-5906

OPEN HEALTH

PP-VIT-GB-0891 Date of preparation: January 2022

Published by: OPEN Health Medical Communications
The Weighbridge, Brewery Courtyard, High Street, Marlow, SL7 2FF
Tel: +44 (0)1628 897900 Fax: +44 (0)1628 486972 E-mail: editor@openhealthgroup.com

© 2000-2021, OPEN Health Medical Communications.

All rights reserved, including translation. Printed in the UK.
The views expressed in this publication are those of the authors and not necessarily those of the publisher or the sponsor.






