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ABSTRACT

First line tyrosine kinase inhibitors are standard of care for non-small-cell lung cancers (NSCLC)
harbouring an EGFR mutation, ALK fusion, or ROS1 rearrangement Other targetable oncogenic
drivers have been identified but testing for these is neither funded nor commonly performed in
Australia. Using a case example, we discuss the importance of considering several other genomic
aberrations in our population, such as rearrangements in the RET proto-oncogene, which occur in 1-
2% of lung adenocarcinoma. New oncogenic drivers and corresponding targeted agents are constantly
being discovered; these will continue to refine the treatment of NSCLC in the era of precision

medicine.
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INTRODUCTION

Non-small cell lung cancer (NSCLC) remains the leading cause of cancer-related deaths in Australia,
with a 5-year overall survival rate of 16.5%". While tobacco exposure continues to be the main risk
factor?, a proportion of lung cancers result from molecular drivers and are not always associated with
a smoking history. The Epidermal Growth Factor Receptor (EGFR) mutation, Anaplastic Lymphoma
Kinase (ALK) translocation and c-ros oncogene 1 (ROS-1) rearrangement are the most common of
these drivers, and since the discovery of effective targeted therapies for these subtypes, several newer
generation agents have been developed, which continue to improve survival rates®4. In recent years,
other platforms including Fluorescent In Situ Hybridisation (FISH) and next generation sequencing

have led to the identification of other oncogenic drivers such as NTRK, BRAF, MET, HER-2 and RET.

RET (rearranged during transfection) is a tyrosine kinase receptor which activates downstream cell
proliferation and differentiation pathways. Point mutations in the RET gene were originally found to
be associated with medullary thyroid carcinoma®. In NSCLC, chromosomal rearrangements create a
fusion gene between the RET gene and another domain, most commonly kinesin family 5B (KIF5B)

and coiled coil domain containing-6 (CCDCS6), leading to overexpression of the RET protein®.

The RET fusion oncogene occurs in 1-2% of NSCLC’, particularly in younger, non-smoking patients
with adenocarcinoma histology. RET rearrangements are thought to be exclusive of EGFR, ALK,
KRAS and BRAF mutations, suggesting that it has its own oncogenic driver potential. However, one
series reported that 8/11 (73%) of patients with the KIF5B-RET fusion gene also harboured an EGFR
or KRAS mutation®. Importantly, RET-rearranged tumours have been shown to respond to tyrosine

kinase inhibitors (TKIs) with anti-RET activity, such as cabozantinib®, vandetanib®! and lenvatinib.

Testing for RET rearrangements is uncommonly performed in Australia due to lack of reimbursement.
Here we describe a remarkable response to TKI treatment in a case of RET-rearranged NSCLC in
Australia to illustrate the importance of considering these novel oncogenic mutations in our

population.
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CASE

A 54-year-old Australian-born Caucasian woman, a former smoker of 25 pack-years, was referred to
the lung oncology service at the Olivia Newton-John Cancer and Wellness Centre in December 2015
with stage 11IB NSCLC. Computed tomography (CT) of the chest demonstrated a 36mm right hilar
mass and extensive bilateral mediastinal lymphadenopathy. Transbronchial fine needle aspiration of a
subcarinal node revealed lung adenocarcinoma. Next generation sequencing using the TruSight panel
did not show any mutations in EGFR, KRAS or BRAF and her ALK and ROS1 immunohistochemistry

(IHC) staining was negative.

Her case was discussed at our thoracic multidisciplinary meeting and the volume of disease was
considered too extensive for radical-intent chemo-radiotherapy. Therefore, she was enrolled onto a
clinical trial and received treatment with carboplatin and paclitaxel chemotherapy, in addition to
bevacizumab, an anti-vascular growth factor agent. A partial response was achieved after four cycles
of induction chemotherapy, and she received four further cycles of maintenance bevacizumab until
disease progression, at six months from commencing therapy. An increase in pulmonary

lymphadenopathy was demonstrated on a restaging CT.

Thereafter, the patient received nivolumab, an anti-programmed cell death 1 receptor antibody,
however after six cycles was found to have extensive disease progression with development of
vertebral and liver metastases, right-sided pleural effusion and lymphangitis carcinomatosis.
Clinically, she developed dyspnoea, cough and weight loss with a rapid decline in her performance

status.

Her archival tumour sample was sent overseas for further mutational profiling beyond the standard

oncogenic alterations and a RET-CCDC6 rearrangement was discovered. She was commenced on

vandetanib, an oral TKI with broad activity against several mutations including RET, at 300mg daily.

This article is protected by copyright. All rights reserved.



Within three days, she reported dramatic improvement in energy levels, with complete resolution of
her cough and exertional dyspnoea. A restaging CT scan 2 months later showed a near complete
response to therapy. (Figure 1). Importantly, the treatment was well tolerated; the only side effect was

hypertension, which was medically managed.

After four months, she developed signs of early resistance to vandetanib, with evidence of increasing
right hilar lymphadenopathy. Treatment was changed to carboplatin and pemetrexed chemotherapy
which was poorly tolerated and ceased after two cycles due to disease progression. She was
subsequently commenced on alectinib, another TKI with documented anti-RET activity?. She did not
experience any side effects, however a repeat CT scan six weeks later showed re-emergence of the
right sided pleural effusion and progressive mediastinal disease. She was also experiencing
haemoptysis and severe back pain. She received two cycles of oral vinorelbine chemotherapy without
benefit, followed by lenvatinib, an oral TKI with anti-RET activity (24mg daily) for three weeks

before dying from her disease, 21.6 months after the initial diagnosis of NSCLC.

DISCUSSION

Upfront tumour molecular profiling is the standard of care for all patients with advanced NSCLC.
Joint guidelines from the College of American Pathologists, International Association for the Study of
Lung Cancer (IASLC), and Association for Molecular Pathology™ recommend testing for eight
genomic alterations in advanced lung adenocarcinoma (Figure 2) - EGFR, ALK and ROS1 as a
minimum, and if negative, multiplex genetic sequencing for the remaining genes (RET, MET, ERBB2,
BRAF and KRAS) in an expanded panel. Alternatively, a comprehensive cancer panel can be

performed upfront to analyse all 8 genes.

In Australia, only EGFR,ALK and ROSL1 testing is funded and routinely performed, predominantly via

next generation sequencing (NGS) for EGFR, IHC or FISH for ALK, and FISH for ROS1. Broad

genomic profiling has the ability to identify the full range of genomic alterations with higher
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specificity and sensitivity, without the need to perform multiple individual tests. If performed upfront,
it may be more cost and time efficient than sequential testing, and has been shown to identify
additional patients who would benefit from targeted therapy“. It is strongly recommended by the
NCCN for advanced lung adenocarcinoma. However, is it not publicly reimbursed in Australia and
local options include participation in a clinical trial which involves genomic testing or privately

funded testing in laboratories with validated assays.

As such, it is likely that RET rearrangements are underreported in our Australian population. There
have been very few identified cases in Australia, yet in previous studies, the prevalence of RET

fusions has been as high as 16% in tumours negative for ALK, EGFR and KRAS® .

Our case highlights several important reasons to consider testing for RET and relatively uncommon
oncogenic drivers in all advanced lung adenocarcinoma patients. Firstly, appropriate targeted agents
such as vandetanib can produce substantial clinical benefit in rapidly progressive disease. Our patient
reported almost immediate resolution of her symptoms and achieved several more months of
markedly improved quality of life. Similarly impressive responses to other TKIs such as alectinib,

cabozantinib, sorafenib and sunitinib in pre-treated RET-rearranged tumours have been reported*6,

Due to the rarity of RET-rearranged NSCLC, the best evidence for vandetanib currently comes from
two phase Il multicentre clinical trials in the Asian population 11, These reported a median

progression-free survival (PFS) of 4.7 months and 4.5 months, and response rates of 53% and 18%.

Admittedly, these response rates and duration of response are lower than that seen with selective TKIs
for EGFR mutations and ALK fusions. The TKIs with RET activity are not specific for RET and may
not achieve sufficient RET inhibition levels, as dosing is limited by toxicities associated with other
targets. However, exciting novel therapies are on the horizon. Blu-667 17 and LOX0-292 8 are highly
selective RET inhibitors with considerably greater RET potency in vitro; Phase I trials of these agents

are currently ongoing, with impressive interim results from the LOX0-292 trial (LIBRETTO-001)

This article is protected by copyright. All rights reserved.



presented at the ASCO Annual Conference in May 2018. At the April 2018 cut off, 90% of NSCLC
patients remain on treatment, 77% had confirmed objective response, and none had developed
progressive disease. Importantly, two-thirds of patients enrolled had received prior treatment with at
least one TKI, and most adverse events were mild (Grade 1), with tumour lysis syndrome the only

dose-limiting toxicity observed. The maximum tolerated dose has not yet been reached.

Secondly, these agents may have a more favourable toxicity profile. In the first phase 11 trial of
vandetanib in 331 patients with advanced medullary thyroid carcinoma?®, the most common adverse
events were diarrhoea, rash, nausea and hypertension, occurring in over 30% of participants.
However, dose discontinuation was uncommon (12%), even with a median treatment duration of 90
weeks. In most cases, an early, proactive approach to management of these side effects enables
prolonged use of kinase inhibitors?. In contrast, platinum doublet chemotherapy is associated with
myelosuppression, nausea, vomiting and neuropathy, and increasing toxicity with further lines of

chemotherapy. This is often challenging in patients with poor baseline performance status.

Furthermore, while there is gaining momentum for use of immunotherapy in lung cancer, this subset
of oncogene-driven tumours may not derive the same benefit from these treatments. Patients with
EGFR mutations and ALK rearrangements appear to be less responsive to immune checkpoint
blockade?!, presumably due to a lower tumour mutational burden. This has been demonstrated in
pooled subgroup analyses of several large randomized trials for immune checkpoint inhibitors (ICI)
versus docetaxel chemotherapy in NSCLC; no survival benefit was found in patients with EGFR
mutations??. Subsequent studies have explored various combinations of TKI therapy and ICI, however
high rates of severe hepatotoxicity 224 and interstitial pneumonitis?, as well as lack of improvement
in response rates, have led to premature termination of several trials and uncertainty regarding the
clinical feasibility of these combinations. While there is no specific data for ICI in RET-rearranged

NSCLC, RET-targeted therapy alone is likely to be the preferred upfront strategy.

This article is protected by copyright. All rights reserved.



Finally, as recommended in guidelines®, testing for these mutations should not be performed on the
basis of clinical characteristics. Indeed, we have described a case of a Caucasian, middle-aged ex-

smoker, whose driver mutation was only detected by chance after completing two lines of treatment.

At present, neither testing for RET rearrangement nor RET inhibitor treatment is currently funded in
Australia. FISH and NGS are the preferred tests and these may be accessed either at certain academic
centres with established FISH testing, via self-funded expanded sequencing panels, or through clinical
trials with sequencing panels. Access to RET-targeted drugs is either through clinical trial

participation or application to respective pharmaceutical industry partners.

CONCLUSION

In the absence of EGFR mutations and ALK/ROSL1 rearrangements, clinicians should consider testing
for these less common oncogenic drivers, especially given the increasing availability of well tolerated,
rapidly-effective oral treatment options for a significant proportion of patients with metastatic lung
adenocarcinoma. Due to the relative rarity of mutations such as RET, large phase 11 studies are
challenging to conduct. Instead, large international collaborations, such as the Thoracic Alliance for
Cancer Trials, are focusing their efforts on matching patients with rare oncogenic driver mutations to

Phase I and Il clinical trials to ensure that patients gain access to novel therapies.
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FIGURE LEGENDS

Figure 1: Post contrast computed tomography (CT) images of the patient’s chest A) at progression
after 2" line nivolumab - demonstrating confluent right hilar and mediastinal lymphadenopathy,
moderate right-sided pleural effusion, and lymphangitis carcinomatosis and B) Marked treatment
response at 8 weeks after commencing vandetanib

Figure 2: Common genomic alterations recommended for inclusion in a comprehensive cancer panel
for advanced lung adenocarcinoma, and examples of targeted therapies. In RET-rearranged tumours,
an inversion on chromosome 10 creates a fusion between the RET tyrosine kinase domain and a
partner gene, leading to overexpression of RET tyrosine kinase. This activates downstream pathways
involved in cell proliferation, differentiation, migration and survival.

PBS = Pharmaceutical Benefits Scheme

This article is protected by copyright. All rights reserved.





