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Resumo

Contexto: O cancro do pulmao é a principal causa de morte por cancro em todo o mundo e também um dos
canceres mais diagnosticados, ficando atrds apenas dos dois principais cancros especificos por sexo: cancro
de mama e cancro de prostata. O cancro do pulmado de ndo-pequenas células representa mais de 80% dos
casos de cancro de pulmdo, sendo a maioria diagnosticada em estadios avangados da doenga, tornando-as
inoperaveis. Portanto, ha a necessidade de utilizar terapias sistémicas, com o objetivo atual do uso de
medicamentos direcionados para mutagdes genéticas encontradas no tumor, que tém vindo a melhorar as
taxas de sobrevida nestes pacientes. Uma dessas mutagGes envolve o gene rearranged during transfection
(RET), presente em cerca de 1-2% dos casos de cancro do pulm3o de ndo-pequenas células, identificado pela
primeira vez em 2011. Esse gene codifica uma proteina que existe na membrana celular e é essencial para o
desenvolvimento de numerosas células nervosas, bem como do rim e da espermatogénese. Ele pode se fundir
com outro gene parceiro, tornando-se auto-sinalizador, o que leva a ativagdo continua de suas vias de
sinalizacdo e a oncogénese. Esta revisdao tem como objetivo identificar as terapias dirigidas a mutagdo RET ja

utilizadas e atuais para o cancro do pulmao de ndo-pequenas células.

Métodos: Esta revisdo foi realizada utilizando as bibliotecas PubMed e Cochrane Central Register of
Controlled Trials no periodo de janeiro de 2012 a janeiro de 2023. Os termos de busca utilizados foram:
"clinical trial", "lung cancer" e "RET", com todos os sindnimos relevantes e variagGes de palavras, bem como
os Descritores em Ciéncias da Saude (MeSH Terms). Os registos de ensaios clinicos Clinical Trials e
International Clinical Trials Registry Platform (ICTRP) foram pesquisados manualmente em busca de ensaios
em curso relevantes sobre o tema. Além disso, revisGes sobre o assunto foram consideradas para busca de

citagdes.

Resultados: A pesquisa resultou num total de 97 resultados Unicos, cujos titulos e resumos foram analisados.
Um total de 19 estudos foram considerados para leitura do texto completo; a presente revisdo englobou 11
estudos. Os cancros com alteracGes no gene RET foram inicialmente tratados com inibidores de quinases
multiplas. A sua eficacia foi modesta, com uma taxa de resposta geral (ORR) de 0-47%, com toxicidades
proeminentes devido a sua atividade fora do alvo, o que frequentemente levava a reducdes da dose ou
interrupcdes de ciclos. Os novos inibidores altamente eficazes e especificos para o RET, selpercatinib e
pralsetinib, mostraram grande promessa, com ORR de 58-91%, no entanto, mantendo alguns efeitos

adversos.

Conclusdo: Embora a eficacia destes novos farmacos, o desenvolvimento de resisténcias a estes inibidores e
a ocorréncia de alguns eventos adversos graves tenham levantado a novas preocupagles, isto tem
incentivado as empresas farmacéuticas a explorar este campo com farmacos que ultrapassem estas

dificuldades.

Palavras-chave

Adenocarcinoma do pulmao, Ensaios Clinicos, c-RET



Abstract

Background: Lung cancer is the leading cause of death by cancer worldwide, and also one of the most
diagnosed cancers, only behind the two main sex-specific cancers: breast and prostate cancer. Non-small cell
lung cancer (NSCLC) accounts for more than 80% of the lung cancers, being most of them diagnosed in later
stages of disease, inoperable. Therefore, there’s a need to use systemic therapies, with the aim currently
being in targeted drugs for genetic mutations found in the tumour, which have improved survival rates in
these patients. One of these mutations is of the rearranged during transfection (RET) fusion gene, present in
about 1-2% of the NSCLC, first identified in 2011. This gene codifies a protein that exists in the cell membrane
and is essential to the development of numerous nerve cells, as well as the kidney and spermatogenesis. It
can fuse with another partner gene, when it becomes self-signalling, which leads to continuous activation of
its downstream activation and oncogenesis. This review aims to identify the previously used and ongoing

targeted therapies for RET fusions in NSCLC.

Methods: This review was conducted using PubMed and Cochrane Central Register of Controlled Trials
libraries in the time frame between January 2012 and January 2023. The search terms used were: “clinical
trial”, “lung cancer” and “RET”, with all relevant synonyms and word variations, as well as Medical Subject
Headings (MeSH Terms). The Clinical Trials and International Clinical Trials Registry Platform (ICTRP) were
manually searched for relevant, on-going trials on the topic. In addition, reviews on the topic were considered

for citation search.

Results: The search yielded a total of 97 unique results, all titles and abstract of which were analysed. A total
of 19 studies were considered for full-text reading; the current review comprised 11 studies. RET-altered
cancers were initially treated with multikinase inhibitors (MKls). The efficacy of MKls was modest, with an
overall response rate (ORR) 0-47%, with prominent toxicities from their off-target activity, which frequently
led to dose reductions or interruptions. New, highly effective and RET-specific inhibitors selpercatinib and

pralsetinib have shown great promise, with ORR 58-91%, however mainting some adverse effects.

Conclusion: Although the efficacy of these new drugs, development of resistances to these inhibitors and the
maintenance of some serious adverse events have brought new concerns, which is encouraging

pharmaceuticals in exploring this field with drugs that can overcome these problems.

Keywords

Lung adenocarcinoma, Clinical Trials, c-RET
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ROS1 - ROS proto-oncogene 1 kinase

BRAF - B-Raf proto-oncogene serine/threonine-protein kinase
NTRK - neurotrophic tyrosina kinase receptor

KRAS - Kirsten rat sarcoma viral oncogene

MET - mesenchymal epithelial transition

HER2 - human epidermal growth factor

RET - rearranged during trasnfection

OS - overall survival

PFS - progression-free survival

AEs - adverse events

DNA - deoxyribonucleic acid

mRNAs - messenger ribonucleic acids

GDNF - glial cell line-derived neurotrophic factor
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GFRa - GDNF-family receptor-a
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AKT - AKT serine/threonine kinase

RAS - Rat sarcoma virus
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PCR - polymerase chain reaction
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VEGF - vascular endothelial growth factor

ORR - overall response rate

DoR - duration of response
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MYOS5C - myosin VC

DCR - disease control rate

FGFR - fibroblast growth factor receptors

PDGFRa - platelet-derived growth factor receptor alpha
FDA - Federal Drug Administration
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CNS - central nervous system
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MAPK - mitogen-activated protein kinase
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Introduction

Lung cancer is the leading cause of death by cancer worldwide, with an estimated 1,796
million deaths per year (18,0 % of all cancers), and an yearly-incidence of 2,207 million (11,4%),
being also one of the most diagnosed cancers, only behind the two main sex-specific cancers —
breast and prostate cancers —, by estimations of the 2020 GLOBOCAN report. (1) In Portugal, the
most up-to-date information on the epidemiology of cancers can be found in Registo Oncoldgico
Nacional. (2) Lung cancer represents in Portugal the second most common cancer for men, with
an incidence of 51/100 000 person-year, and the fourth most common for women, with an
incidence of 17/100 000 person-year, showing an ever-increasing incidence since this registry

began in 2010. (2)

However, it is important to look at its history and trend (Figure 1). (3) In the United States,
lung cancer incidence has been steadily declining in the last three decades for men, at about 3%
annually since 2009, but only since the mid-2000s there has been an inflexion point on the
incidence curve for women, now declining at 1% annually, (4) which is in line with most of the
developed world. (3, 5) Most of the differences between global and temporal trends on the
incidence of lung cancer can be best defined by tobacco smoking, including its prevalence, habits,
types, intensity, and age of initiation and cessation, which also explains the difference between

sexes, as the smoking epidemic began later in women. (6, 7)

Traditionally, lung cancer is divided in two main histopathological categories — non-small -
cell lung cancer (NSCLC) and small-cell lung cancer (SCLC) — with clear differences in incidences:

NSCLC accounts for 89% and SCLC for 11% of all lung cancers in the United States. (5, 8) However,
due to the development of research in this area, there was a need for more precise and specific
histologic typing. In the new 2021 WHO classification of Thoracic Tumours, lung carcinomas are
generally divided in: adenocarcinomas, squamous cell carcinomas, adenosquamous carcinomas,
sarcomatoid carcinomas, large cell carcinomas, neuroendocrine carcinomas (which include the
SCLC), other epithelial tumours, and salivary gland-type tumours. In fact, each of these groups is
further divided in subgroups, with special focus on the molecular and genetic classification, trying
to provide greater diagnostic accuracy and improved outcomes with the new therapeutic

strategies. (9)

In spite of the relative age of its work, Alberg et al. (10) made one of the best reviews of
lung cancer risk factors and epidemiology. Tobacco smoking is the leading cause of lung cancer,

accounting for 80 to 90% of the cases in the United States, with an up to 20-fold increased risk



compared with never-smokers. However, this risk is highly dependent on the tobacco
consumption over the persons’ lifetime (11). Among other known risk factors are the exposure to
second-hand smoke (12), residential radon (13), silica (14), air pollution (15), asbestos (16, 17),
occupation as painter (18), previous lung disease(s) (19), and history of lung cancer (20). Some
commonly cited risk factors, such as socio-economic status and geography, can be explained by
the historical patterns in cigarette smoking, with low-income households and/or lower education

having a higher prevalence of tobacco consumption. (21)

In an early-stage tumour, surgery is the current mainstay of treatment, as it can be
performed with a curative intent. (22) Nevertheless, close to half of the lung cancers are
metastasized at the time of diagnosis, when surgery is no longer an option. (8) This has led to a
need for research in this area, with the discovery of new therapeutic targets, new drugs, and
better outcomes, which have been predominantly made by improvements in the NSCLC

treatment. (23)

Targeted therapy in lung cancer

Although all the improvements in early-diagnosis, lung cancer is most frequently
diagnosed when it is already metastized, at what time treatment with curative intent is no longer
an option. (8) Until the beginning of this century, these patients were treated with aggressive
chemotherapy, often with poor results. (24) A new era came with the advent of targeted
therapies in tumours possessing oncogenic mutations, beginning with gefitinib, an epidermal
growth-factor receptor (EGFR) inhibitor demonstrating positive results in NSCLC with this
mutation in 2001. (25)

These mutations are commonly referred as driver mutations. All cancers derive from
mutations in the DNA of cancerous cells, but only a subset of these mutations is oncogenic,
meaning a minority confers growth advantage and is positively selected in the microenvironment

of the tissue in cause, leading downstream to the arise of a cancer. (26)

In this line of thought, other targets for tyrosine kinase (TK) inhibitors with clinical
significance were found, mainly the anaplastic lymphoma kinase (ALK), ROS proto-oncogene
kinase (ROS1), B-Raf proto-oncogene serine/threonine-protein kinase (BRAF) and neurotrophic
tyrosine kinase receptor (NTRK). Other targets currently with approved drugs are the Kirsten rat
sarcoma viral oncogene homolog (KRAS), mesenchymal epithelial transition (MET), human

epidermal growth factor receptor 2 (HER2), and rearranged during transfection (RET). (27)



These new drugs have shown an improvement in longer overall survival (OS), progression-

-free survival (PFS), and better symptom and adverse events (AEs) control. (28-30)

Moreover, the cancer is a dynamic and ever-changing pathological tissue and, worryingly,
can also adapt to its environment. Several mechanisms of resistance to targeted therapy have
already been described, the main ones being on-target resistance, either by another mutation of
the kinase or upregulation of the driver mutation, activation of a bypass pathway that mimics the
original driver mutation, or transformation of the whole lineage, making it independent of the
original driver mutation. This occurs because the targeted therapy cannot eliminate every tumour
cell, enabling the surviving ones to proliferate and adapt to its new microenvironment, thus

undermining its success in the long term. (26, 31)

RET structure and function

The RET gene, which resides in the pericentromeric region of chromosome 10 (region
10q11.2), was first detected in 1985 by Takashi et al. whom, by transfection of NIH 3T3 cells with
deoxyribonucleic acid (DNA) from human T-cell lymphoma, induced transformation with high
efficiency. (32, 33) Later, it was found that this gene coded a transmembrane receptor of the TK

family, required for normal development and maintenance of multiple tissues and cell types. (34)

The TK receptor encoded by RET is composed by three different domains: a large
extracellular domain, a hydrophobic transmembrane domain, and an intracellular kinase domain.
(34-36) The extracellular domain includes a segment of four cadherin-like domains, with a
calcium-binding motif in between each domain, and a cysteine-rich region close to the plasma

membrane, all essential and necessary for correct ligand interaction. (37, 38)

Its expression is regulated in multiple ways, either by DNA-binding factors that attach to
its upstream promoter sequences, or by messenger ribonucleic acids (mRNAs) that bind to the 3’
region of the RET introns, which induce alternative splicing. (39-42) This alternative splicing in the
C-terminal creates three isoforms of the receptor, of which two — RET9 and RET51 — are well
conserved throughout the species, from Drosophila melanogaster to higher primates, with the

highest rates of similarity between mammals, implying the essential function of this gene. (37, 43)

RET is the signalling receptor of a multimolecular complex that binds the growth factors of
the glial cell line-derived neurotrophic factor (GDNF), neurturin, artemin and persephin, all
belonging to the GDNF family ligands (GFLs) with neurotrophic effects. (44-49) However, RET does
not link itself directly to GFLs, but to a complex of a GFL and one of the four GDNF-family

3



receptor-a (GFRa) proteins, which are co-receptors anchored to the cell surface, more specifically
to a lipid-rich raft that floats on the plasma membrane. (50, 51) However, RET is located mostly
outside the rafts, and after GFL and GFRa binding, RET is rapidly recruited to the raft to form a
GFL-GFRa-RET complex, followed by homodimerization with another complex and
autophosphorylation of the intracellular tyrosine residues. (52-54) The lipid raft act as a meeting
point between the complex, where the intracellular tyrosine residues act as a docking site and
meet with the downstream signalling cascades, such as the phosphatidylinositol-4,5-
biphosphonate 3-kinase (PI3K)/AKT serine/threonine kinase (AKT), Rat sarcoma virus
(RAS)/rapidly accelerated fibrosarcoma (RAF)/extracellular signal-regulated kinases (ERK), and the
signal transducer and activator of transcription proteins (STAT)/Janus kinases (JAK) pathways, all
of which induce and promote cell proliferation, differentiation, as well as tumorigenesis (Figure

2). (53, 55, 56)

RET-mediated signalling has been found in kidney and nervous system development,
neuronal differentiation and survival, and maintenance of hematopoietic and spermatogonial

stem cells. (57-61)

RET oncogenic mechanisms in lung cancer

The RET gene can induce oncogenic transformation by two mechanisms: chromosomal
rearrangements, or gain-of-function mutations, although only the first has been described in lung
cancer. (60, 62) RET rearrangements occur predominantly with the 3’ of the sequence that
encodes the TK domain, often breaking off at intron 11, with the 5’ sequence of its fusion partner,
who shares the dimerization domain, leading to a TK activation regardless of ligand status,
continuous downstream activation and, consequently, oncogenesis. The intron 11 break implies
that only the intracytoplasmic portion of the RET protein is maintained which, when fused with its
partner, avoids endosomal transport and lysosomal processing that would down-regulate its

expression. (53, 54, 62-64)

The RET fusion in lung cancer was first identified in 2012 by a Korean group (65), who
reported, after massive parallel DNA and RNA sequencing, a patient with an intrachromosomal
fusion of two remote genes — the kinesin family member 5B (KIF5B) and the RET gene. The KIF5B
is a kinesin motor that contains a coiled-coil domain which induces homodimerization, a
necessary step in RET activation. Importantly, it is also a gene that is universally expressed,

allowing expression of RET in cells in which it is normally transcriptionally silent. (65, 66)



Furthermore, it has been shown that the KIF5B-RET fusion can induce a 2 to 30-fold higher RET

transcription than in normal lung tissues, which supports its oncogenic addiction. (67)

In a recent database study, the most common fusion partners of RET in NSCLC were KIF5B
(66%), coiled-coil domain containing 6 (CCDC6) (18,2%), and nuclear receptor coactivator 4
(NCOA4) (2,9%), all of whom are located in the chromosome 10. (68) This is just a short list, as the
total number of RET fusion partners is always expanding, with 61 new mutations added to the list

from this same study. (68)

Characteristics of RET-rearranged NSCLC

With the almost synchronous discovery of the RET fusion on NSCLC by multiple
investigation teams (65, 67, 69, 70), prompt characterization of its clinicopathologic
characteristics proceeded. (71) RET fusions are present in 1-2% of all NSCLCs, with
adenocarcinoma as its main histology. (72, 73) A recent database study of 523 patients with RET-
fusion positive NSCLC confirmed previous findings (72) — a prevalence of 1.14% of a RET-fusion, a
younger age (median age = 64 vs 68) and a never-smoker/ low pack-year predominance (tobacco
exposure 0,6% vs 13%). (68) Another recent multicentre study, the RET-MAP, with 218 patients
reported similar findings. (73) Although, the first studies suggested that there was no sex
predominance (71, 72), the more recent studies agree in a slightly higher incidence in females,

with a majority of 56%. (68, 73)

Unfortunately, most patients are only diagnosed when disease is advanced, as 72-75% of
RET-fusion positive NSCLC patients are diagnosed at stage IV. (72, 73) Adenocarcinomas of the
lung have a particularly high incidence of brain metastases, being present in approximately 14% of
patients at diagnosis, and occurring frequently on the progression of disease. (74) However, RET
gene rearrangements have been independently associated as risk factor for brain metastasis,
present in 21-25% of patients at diagnosis of stage IV disease, which further negatively impacts

the prognosis of these patients. (73, 75, 76)

Furthermore, the majority of RET fusions are mutually exclusive with other known
targetable mutations, as only 4% has other co-occurring targetable driver mutation, although
both EGFR and KRAS represent 3% each of concurrent drivers. (68) Moreover, a mechanism of
acquired EGFR TK inhibitor-resistance in EGFR-mutant NSCLC is acquired RET fusion, mainly with

the fusion partner CCDC6. This resistance has been described even with third generation



metastasis inhibitors, such as osimertinib, which luckily could be overcome with the use of an

additional RET-specific inhibitor. (77-81)

Another purpose of the RET-MAP was to ascertain the controversy of whether RET-
rearranged NSCLC was associated with a low programmed death-ligand 1 (PD-L1) expression and
low tumour mutational burden, which it confirmed. (73) However, RET-rearranged NSCLC can
benefit from pemetrexed-based chemotherapy, as these tumours have shown to have a longer
median PFS than in patients treated with other chemotherapy regimens, making it the currently

first-line chemotherapy in this subset of patients. (30, 82, 83)

RET fusion detection in NSCLC

RET fusions can be detected by immunohistochemistry (IHC), fluorescent in situ
hybridization (FISH), polymerase chain reaction (PCR) assays, or by next-generation sequencing
(NGS). In the case of IHC, it was traditionally used as a diagnostic tool in thyroid pathology, but
due to its variable sensitivity and specificity in the detection of RET fusions in NSCLC, it is currently
not recommended as a screening tool. (84-86) On the contrary, FISH or reverse transcription PCR
is the current standard for the detection of RET fusions. It has a good overall sensitivity and
specificity, and it is comparatively less expensive than the alternatives. (85) However, since the
approval of RET-specific inhibitors, RET-fusion detection is a must when screening for targetable
biomarkers. As such, NGS has multiple advantages — possibility of probing multiple genes in the
same assay, reducing the amount of required tissue, and close to 100% sensibility and specificity —
being presently the recommended screening assay where feasible. (85, 86) If no solid tumour
specimens can be obtained, liquid biopsy is recommended, as it is non-invasive. Nevertheless, a
negative NGS on liquid biopsy does not rule-out RET fusion, as its positivity depends on the

nanograms of cell-free DNA or RNA that can usually be isolated from the plasma. (85, 87)

Methods

Search strategy

As the first evidence of the presence of a RET mutation in NSCLC dates back to 2012, a
search was performed in MEDLINE (PubMed) and Cochrane Central Register of Controlled Trials
libraries in the time frame between January 2012 and January 2023. The search terms used were:

“clinical trial”, “lung cancer” and “RET”, with all relevant synonyms and word variations, as well as
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Medical Subject Headings (MeSH Terms); for more information consult Appendix A. Published
data of trials assessing the efficacy and safety of RET inhibiting drug therapies on NSCLC were
identified.

Only studies in peer-reviewed journals were considered. The Clinical Trials and
International Clinical Trials Registry Platform (ICTRP) were manually searched for relevant, on-

going trials on the topic. In addition, reviews on the topic were considered for citation search.

Inclusion criteria consisted of clinical trials including patients (i) with pathologically
diagnosed RET-fusion positive NSCLC and (ii) receiving RET-inhibiting therapy. Of the selected

trials, the most up to date information and reports were searched and selected.

The following types of papers were excluded: (i) papers reporting on duplicate results, (ii)
study protocols, (iii) reviews, (iv) editorials, (v) case reports, (vi) papers in non-English languages,
(vii) retrospective studies, (viii) meta-analyses, (ix) research papers, (x) poster or meeting
abstracts, (xi) patients with other known targetable mutations, and (xii) studies with less than 5

patients enrolled.

Results and Discussion

The search yielded a total of 97 unique results, all titles and abstract of which were
analysed. Applying the previously mentioned exclusion criteria, a total of 19 studies were
considered for full-text reading; the current review comprised 11 studies (Figure 3). The results of

the trials are summarized in Table |
Cabozantinib

Cabozantinib (XL184) is a small-molecule multikinase inhibitor (MKI) with activity against
RET, in addition to potent activity toward MET and vascular endothelial growth factor (VEGF)
receptor 2 , as well as a number of other TK receptors, showing firstly activity in vitro and in
mouse models, with a decrease in tumor size and endothelial cell proliferation, being first

approved in 2012 for patients with medullary thyroid cancer, regardless of RET status. (88, 89)

In July 2012, a phase Il study involving cabozantinib was initiated (NCT01639508) in three
patients, the first study targeting RET-positive NSCLC. In 2013 the first results were published, in
which two of these patients showed marked improvement both clinically and radiographically,

with progression-free at a minimum of 4 months, while another patient with a KIF5B-RET fusion



had a roughly 8-month period of stable illness. However, two of the patients needed a dose

reduction due to adverse events of the MKI. (90)

In 2016, the results of this trial were updated. At this point 26 patients had been enrolled
in the trial, receiving a cabozantinib dose of 60 mg once daily, although one was excluded of
analysis because it failed to undergo repeat protocol imaging. Disease was assessed clinically and
by CT-scan of the chest, abdomen, and pelvis at baseline, 4 weeks after cabozantinib initiation,
and every 8 weeks thereafter. Notably, the main mutation was the KIF5B-RET fusion, present in
62% of patients. Although achieved a complete response, the overall response rate (ORR) was
28%, with a median PFS of 5,5 months and a median duration of response (DoR) of 7,0 months.

(91)

The main grade three or higher treatment-related AEs was increased lipase (15%),
increased alanine aminotransferase (ALT) or aspartate aminotransferase (AST) (8%/8%),
thrombocytopenia (8%), and hypophosphatemia (8%), all of which resolved with dose

modifications. (91)

Results are still awaited from the CRETA trial, a phase Il Italian study with an expected

enrolment of 25 patients started in 2019 (NCT04131543). (92)

Currently, no drug agencies have approved the use of cabozantinib in RET-positive NSCLC.
However, it is featured in guidelines as a first-line or subsequent therapy option in RET-

rearranged metastatic NSCLC. (93)
Vandetanib

Vandetanib is a MKI developed in 2002 that inhibits mainly RET, VEGF receptors and EGFR
TKs. (94) Since then, it has been approved for the treatment of unresectable, locally advanced or
metastatic medullary thyroid cancer, regardless of RET status. (89) In what regards lung cancer, it
first showed promise after the demonstration of it being the most significant suppressant of RET’s
signalling pathways in a case of NSCLC with CCDC6-RET fusion from the available MKIs. (95)
Afterwards, two trials were initiated to evaluate vandetanib efficacy in NSCLC with RET
rearrangements. It is important to note that both studies were single-arm, with patients that had

undergone platinum-based chemotherapy and progressed.

The first is Korean phase Il trial (NCT01823068), who enrolled a total of 18 patients
treated with a 300mg dose of vandetanib daily, with an intention-to-treat. Radiologic tumour
assessment was performed at baseline, every 8 weeks thereafter and, if there wasn’t disease

progression, continued every 12 weeks for 1 year, and then every 24 weeks for another year. No
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brain imaging was required if not for clinical guidance. Only eight patients were evaluated for the
RET fusion partner, with five being with KIF5B, two with CCDC6, and one with myosin VC
(MYOS5C). Moreover, 72% of the patients had already performed two or more lines of

chemotherapy before the initiation of vandetanib. (96, 97)

The ORR was 18%, with a disease control rate (DCR) of 65%, as eight patients achieved
stable disease. The median PFS was 4,5 months, the median DoR was not calculated, but median

OS was 11,6 months. (97)

The most common AEs were grade 1 or 2 hypertension (89%), rash (72%), and diarrhea
(44%), with five patients experiencing AEs of grade 3 — three with hypertension, two with
asymptomatic QTc prolongation and one with elevated serum level of AST/ALT, which led to dose

reduction. No grade 4 or 5 AEs were stated. (97)

The second main trial that evaluated vandetanib’s efficacy in RET-rearranged NSCLC is the
LURET trial (UMINO0O0010095). It enrolled 19 patients receiving a 300mg dose of vandetanib daily.
Radiologic tumour assessment was performed at baseline, every 4 weeks for 3 months, and every
8 weeks afterwards until disease progression. As in the last trial, no brain imaging was required.
The main RET fusion partner was KIF5B, present in 52,6% of the cohort, followed by the CCDCS6,
present in 31,6%. As previously stated, all patients had previously undergone chemotherapy,

89,5% with a pemetrexed-based regimen. (98, 99)

The ORR was 47,4%, with nine patients being able to achieve a partial response, with a
median DoR of 6,5 months. The median PFS was 6,5 months and the median OS was 13,5 months.
Regarding safety, all patients exhibited AEs, with 84,2% having grade 3 or 4; the most common
grade 3 or 4 were hypertension (68,4%) and rash (15,8%). It ultimately led to the discontinuation

of treatment (21,1%), dose interruption (89,5%) or dose reduction (57,9%). (99)
Lenvatinib

Lenvatinib is a MKI with potent activity against VEGF receptors, fibroblast growth factor
receptors (FGFR), platelet-derived growth factor receptor alpha (PDGFRa), RET, and proto-
oncogene c-Kit. It is currently approved by the Federal Drug Administration (FDA) as a first-line
treatment of patients with unresectable hepatocellular carcinoma, as well as endometrial cancer,
when combined with pembrolizumab; also in advanced renal cell carcinoma, when in combination
with pembrolizumab or everolimus, and in radioactive iodine-refractory differentiated thyroid

cancer. (100, 101)



A phase Il trial was conducted to assess lenvatinib’s efficacy and safety in RET-rearranged
NSCLC (NCT01877083). It enrolled 25 patients, 13 with the fusion partner KIF5B and 12 with
CCDC6, receiving a dose of 24mg of lenvatinib daily. Radiologic tumour assessment was
performed at baseline and followed by an assessment every 8 weeks. Only two patients were

treatment-naive, while five had already received RET-targeted therapy. (102, 103)

At the end of follow-up, the ORR was 16%, all of which partial responses, with 80% of
patients experiencing a tumour size reduction. The median PFS was 7,3 months, with a significant
difference when accounting for the partner gene, with 9,1 months for CCDC6 and 3,6 months for

KIF5B, while the median OS was not reached. (102)

All patients reported at least one treatment-emergent AEs, and grade 3 or higher
treatment-emergent AEs were reported in all but two patients (92%), the most common being
hypertension (56%), hyponatremia (20%), proteinuria (16%), and pneumonia (16%). These
required either treatment interruption (76%), dose reduction (64%), or discontinuation altogether
(24%). Unfortunately, three patients died due to AEs, with one considered treatment related.

(102)
RXDX-105

RXDX-105 was developed as a dual RET and BRAF MKI, but sparing VEGF receptor 1/2, and
it showed potent inhibition in patient-derived xenografts with KIF5B, CCDC6 and NCOA4 RET-
rearranged NSCLC. As such, it was hypothesized that it would allow an increase in drug dosage,
with further RET inhibition, without the AEs frequently associated with angiogenesis inhibition.

(104)

A phase I/Ib trial (NCT01877811) was initiated to evaluate its efficacy in RET-rearranged
NSCLC, colorectal cancer, hepatocellular carcinoma, medullary thyroid cancer, among other solid
tumours. A total of 152 patients, of which 40 with RET-rearranged NSCLC, were enrolled, receiving
a RXDX-105 daily dose of 275 mg. At the beginning of phase b, tumour assessment was
performed with thoraco-abdominal CT scan, and every 8 weeks thereafter, with brain imaging at
screening for NSCLC patients. The most common fusion partners were KIF5B (65%) and CCDC6
(20%), and 31 patients (78%) had not received prior MKI-treatment. (105, 106)

The ORR was 19% in the MKI-naive cohort, all of which partial responses, while the 9 MKI-
pretreated patients achieved no response, with disease progression within the first two to four
cycles. Additionally, a statistically significant difference in response was evident between KIF5B

and non-KIF5B fusion partners, with no responses being observed in KIF5B—RET tumours, while
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tumours with a non-KIF5B partner achieved an ORR of 67%. (105) To investigate this discrepancy,
the authors produced Ba/F3 cell lines with KIF5B-RET, CCDC6-RET, and NCOA4-RET, and observed
a near two-fold increase in the half maximal inhibitory concentration (ICso) of KIF5B-RET cells
when compared to others. Moreover, KIF5B-RET cells have a significantly higher mRNA
expression, which the authors argue translates into a higher number of oncogenic proteins that
the targeted therapy needs to silence. In summary, this would explain the inability of RXDX-105 to

have efficacy in the most common RET gene fusion. (105)

The AEs were not differentiated for tumour type, being reported for the total number of
patients of phase I. The most common grade 3 or higher treatment-related AEs were
hypophosphatemia (9%), elevated ALT (8%), maculopapular rash (7%), elevated AST (5%), and

diarrhea (5%), which required either dose reduction (28%) or dose discontinuation (16%). (105)
Alectinib

Alectinib is a second generation ALK inhibitor, currently approved for ALK-rearranged
NSCLC. (83, 93) It first showed that it could inhibit ALK at a 1Cso = 1,9nmol/L, while its RET
inhibition was also significant (ICso = 4,8nmol/L) in vitro and in vivo, with an overall lower
inhibitory concentration needed when compared to cabozantinib and lenvatinib in the KIF5B-RET
fusion. (107, 108) Thus, it was hypothesized that alectinib would have a clinical advantage when
compared to MKiIs, as it was well-tolerated in previous trials, and avoids common MKI AEs such as

hypertension. (108)

Alectinib was tested in RET-rearranged NSCLC in a phase /Il Japanese trial
(UMINO00020628). A total of 34 patients were enrolled in phases | and Il. Phase | was conducted
with 9 patients to determine the dose regimen of either 600mg or 450mg twice daily. Because of
the development of grade 3 or higher AEs in 3 out of 6 patients in the 600mg cohort, it was
agreed that the 450mg twice daily was the recommended dose. Radiologic tumour assessment
was performed with full body CT scan at baseline, at 21 days after beginning of treatment, and
every 6 weeks afterwards. Rearrangements were detected by NGS, with KIF5B-RET being the most
common fusion gene, present in 61,8% of the patients, followed by the CCDC6-RET fusion,
identified in 26,5%. (109, 110)

The efficacy was determined for the MKI-naive patients — 22 in phase Il and 3 in the
450mg twice daily cohort of phase I. The ORR was 4%, as only one patient had a partial response,
but DCR was achieved in 52%. Moreover, PFS was calculated to be at 3,4 months and OS at 19
months. (110)
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In what regards AEs, the most common in those treated with 450mg of alectinib twice
daily were grade 1 or 2 constipation (42,9%), increase in creatine phosphokinase (46,4%), and
creatinine increase (28,6%). Grade 3 AEs included diarrhea, pneumonitis, increase in creatine
phosphokinase and bilirubin, hyponatremia, and neutropenia, all of which with only one patient

developing them; no grade 4 AEs were observed. (110)

The ALERT-lung trial was a phase Il trial started in 2018 (NCT03445000) also studying
alectinib in RET-rearranged NSCLC. But it was prematurely terminated in 2021 due to its low
recruitment rate (14 out of the expected 44 patients) and no results have yet been published.

(111)

Another phase I/Il study was conducted (NCT03131206) to assess alectinib’s efficacy.
Despite being a trial designed for RET-rearranged NSCLC and RET-mutated medullary thyroid
cancer, 1 out of the 5 patients enrolled had an ALK rearrangement. In phase | it enrolled only
NSCLC patients. Partial response was only seen in 1 patient (ORR = 20%), and no grade 3 or higher
AEs were reported, while fatigue, hypokalemia and dyspnea were the most frequent AEs. The

study ended due to slow recruitment and lack of efficacy. (112)
Ponatinib

Ponatinib is an oral MKI that potently inhibits breakpoint cluster region protein-ABL
protooncogene 1 nonreceptor tyrosine kinase (BCR-ABL), as well as MKIs, including RET, with an
ICso of 25,8 nmol/L, when tested for the most frequent fusion partner, KIF5B, being the most

potent inhibitor when compared to cabozantinib, vandetanib and lenvatinib. (113, 114)

Later, a phase |l trial (NCT01813734) was planned to know if the prediction translated to
real-world efficacy, evaluating ponatinib’s efficacy and safety in treating RET-rearranged NSCLC. It
enrolled a total of 9 patients that were given 30 mg daily of ponatinib, with tumour assessment at
baseline and every month afterwards. The ORR was 0%, but 55,6% of patients achieved a DCR,
with a median PFS of 3.8 months. All patients reported AEs, with constipation, diarrhea, non-
cardiac chest pain and hypertension being the most frequent ones, while two patients reported

grade 3 dry skin and maculo-papular rash. (115)
Selpercatinib

Selpercatinib, formerly known as LOX0-292, is a highly selective adenosine triphosphate-
competitive inhibitor of RET kinase, which demonstrated potent pre-clinical activity in RET-

positive NSCLC, higher than that provided by MKiIs. (116, 117)
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Currently, the main study assessing its safety and efficacy is the LIBRETTO-001, a phase I/l
trial (NCT03157128). In phase |, patients were given selpercatinib in doses ranging from 20mg
once daily to 240 mg twice a day. In phase I, all patients started by receiving the recommended

phase Il dose - 160 mg twice a day. (118, 119)

Radiologic tumor assessments were performed at baseline, every 8 weeks for 1 year, and
then every 12 weeks, as well as brain imaging at baseline for all phase Il patients. A total of 356
patients enrolled in the study, a more than doubling the initial 105 patients (116), of which 69
were treatment-naive, and 247 had previously been treated with platinum-based chemotherapy,
as well as other therapies, including immunotherapy and MKIs. The main mutations were fusions
of the RET gene with the KIF5B or CCDC6 gene, present in 56,5% and 17,7% of the patients,

respectively. (120)

The ORR was high for both cohorts, with 84% for treatment-naive patients and 61% for
pretreated patients, which highlights selpercatinib’s efficacy. Moreover, selpercatinib also showed
great impact in central nervous system (CNS) metastasis, with an ORR of 85%, and a median DoR
intracrannialy of 9,4 months. As CNS metastasis is a poor prognostic factor and a significant
source of clinical morbidity, selpercatinib’s efficacy in reducing their burden indoubetly improves
these patients’ lifes. (120-122) Furthermore, with a median overall DoR and PFS of 20,2 and 22,0
months, respectively, in treatment-naive patients, and 28,6 and 24,9 months in pretreated

patients, respectively, this drug has a durable and sustained efficacy. (120)

Regarding AE, the most common grade 3 or 4 treatment-related AE include hypertension
(13.2%), AST/ALT elevations (6.3%/9.0%) and QTc prolongation (3,4%). In addition with other AE,

it led to dose reduction in 41% of patients. (120)

LIBRETTO-321 is a phase Il study being conducted in 15 Chinese centers (NCT04280081),
as LIBRETTO-001 did not include this population. It had the same procedures as LIBRETTO-001,
with the same inclusion and exclusion criteria, dose of the drug, and radiologic tumour
assessement. It enrolled a total of 47 patients with RET-fusion positive NSCLC, of which a subset
of 26 were included for analysis, owing to a need for central laboratory confirmation of RET-
fusion. 18 had previously received chemotherapy or immunotherapy, and 8 were treatment
naive. Results were similar to those of LIBRETTO-001 trial, with an ORR of 87.5% in treatment-
naive patients, and 61.1% in previously treated patients, although median PFS and OS were still
not reached at data cut-off. In what regards intracranial response and AEs, the results were also

overlapping. (123, 124)
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Due to LIBRETTO-001 initial findings, selpercatinib was first approved by the FDA in 2020,
and subsequently by European Medical Agency (EMA) in 2021; since then it has been included in
international guidelines. (93, 125-127) Presently there are multiple ongoing trials with
selpercatinib: (NCT04268550), (NCT05364645), (NCT03899792), (NCT03944772) and chiefly the
phase Il LIBRETTO-431 (NCT04194944), which seeks to assess the PFS of selpercatinib in RET-
positive NSCLC, comparing it to a platinum and pemetrexed-based chemotherapy, with or without
pembrolizumab; also, the phase Il LIBRETTO-432 (NCT04819100), comparing selpercatinib as an
adjuvant treatment in delaying cancer return in patients with early-stage RET positive NSCLC, who

have already had surgery or radiation, to placebo. (111, 128-134)
Pralsetinib

Pralsetinib, formerly known as BLU-667, is a new, highly selective inhibitor of RET kinase,
either the wild-type or the mutated one, with higher pre-clinical activity in cancer models than

MKiIs, including its main fusion partners (KIF5B and CCD6). (135)

The ARROW trial (NCT03037385) is a phase I/Il study assessing its safety, efficacy,
pharmacodynamics and cynetics, as well as tolerability. Patients were initially enrolled in phase |
with pralsetinib dose escalation, from 30mg to 600 mg, in order to determine optimal phase I

dose. It was determined that 400 mg once daily was the recommended phase Il dose. (136, 137)

Radiologic tumor assessments were performed at baseline, every 8 weeks while the
patient was on treatment, and then every 3 to 4 months after last dose for patients who
discontinued without disease progression. Brain imaging at baseline was also performed for all
patients. A total of 233 patients had enrolled at the time of data cut-off point, of which 75 were
treatment-naive, and 158 had previously been treated with platinum-based chemotherapy or
other systemic therapy. The main mutations were fusions of the RET gene with the KIF5B or

CCDC6 gene, present in 70,4% and 17,6% of the patients, respectively. (138)

The ORR was 64% for both cohorts, with 72% for treatment-naive patients, 59% for
patients previously treated with platinum-based chemotherapy and 73% for patients previously
teated with other systemic therapies. Moreover, pralsetinib showed tumor size reduction in all
treatment-naive patients, and in 97% of those pretreated with platinum-based chemotherapy.
Until the latest results, the median DoR was still not established in the treatment-naive
population, but it was 22,3 months in those previously teated with platinum-based
chemotherapy. As with selpercatinib, pralsetinib also showed a response in CNS metastases, with
an ORR of 70% and a median DoR intracrannialy of 10,5 months. Furthermore, the PFS was

estimated to be 13,0 months in the treatment-naive patients, as end-point was still not reached,
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and determined as 16,5 months in the patients previously teated with platinum-based

chemotherapy. (138)

In what regards safety, the most common grade 3 or 4 treatment-related AEs were
neutropenia (20,3%), anaemia (12,5%) and hypertension (12,1%). The patients achieved a median
dose intensity of 92%, which supports the tolerability and clinical maneagibility of pralsetinib, as

ORR remained high. (138)

Pralsetinib has been approved by the FDA in 2020 and by the EMA in 2021, as well as by
other agencies, and it has been included in international guidelines. (93, 126, 139-141) Currently
there are some ongoing trials featuring pralsetinib: (NCT04302025), (NCT05170204); mainly the
phase Ill AcceleRET (NCT04222972), which seeks to assess the PFS of pralsetinib in RET-positive
NSCLC, comparing it to 1 of 6 platinum chemotherapy-based regimens chosen by investigators, all

integrating current standard of care practices. (142-145)

Resistance to RET Inhibitors

In patients undergoing molecularly targeted therapy, cancer resistance is frequently seen.
Globally, these mechanisms can be divided in primary resistance, when there is a lack of
oncogene addiction or the presence of multiple targets in the same tumour due to its
heterogeneity, and secondary or acquired resistance. In kinase inhibitors, one of the main
mechanism of resistance is on-target mutations, often seen in the intracellular kinase domain.

(146)

The first example of resistance to RET inhibitors was a RET S904F secondary mutation that
induced lower affinity to vandetanib, the MKI being used, which ultimately led to progression due
to decreased effectiveness. (147) Other case-reports of vandetanib resistance in RET-rearranged
NSCLC surfaced, mainly by the gatekeeper RET V804M/L mutations, which increase adenosine
triphosphate affinity in its phosphorilating domains, leading to increased kinase activity, similar to
that seen in ALK and ROS1. (148, 149) The current selective RET inhibitors, selpercatinib and
pralsetinib, were designed to have action against these mutations, first preclinically, and later, in

2018, showing evidence in patients. (150, 151)

More recently, Solomon et al. reported two patients whom, in the course of the
LIBRETTO-001 trial, relapsed due to the surgence of RET G810 C-lobe solvent front mutations. The

substitution of this glycine residue with residues that have large side chains causes an alteration
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in the protein structure that disrupts the drug’s binding site, directly inhibiting it. Moreover, in
one patient the RET V804 gatekeeper mutation developed de novo with the RET G810 mutation, a
phenomenon which was replicated in a xenograft. (152) The mutation of RET G810 has also been
found in the cell-free DNA of two NSCLC patients treated with pralsetinib. (153) Similarly,
mutations at the L730 N-lobe solvent front have shown to be resistant to pralsetinib in patients,
but sensitive to selpercatinib in xenografts, due to pralsetinib’s stronger steric conflict. (153, 154)
Other mutations that caused the relapse of patients were at the RET Y806 hinge site, which
borders the adenosine triphosphate pocket that selpercatinib and pralsetinib occupy. The tyrosine
residue has a hydrophobic side that, when substituted by residues that contain non-hydrophobic,
shorter side chains, interferes with the drug interactions and induces resistance. (155, 156)
Moreover, the V738 B2 strand has also shown to be resistant to selpercatinib and pralsetinib in

xenografts. (155)

The other main mechanism of resistance to kinase inhibitors is off-target, primarily by
bypass and alternative activation of one of the oncogenic signaling pathways. (146) In what
regards RET, this has been shown particularly with the kinases that activate the mitogen-activated
protein kinase (MAPK) pathway, mainly EGFR, KRAS, neuroblastoma RAS viral oncogene homolog
(NRAS) or BRAF mutations, or MET and fibroblast growth factor receptor 1 amplification. Rosen et
al. analysed the mechanisms of resistance in patients enrolled in LIBRETTO-001 trial, in which they
report two patients with primary resistance to treatment due to KRAS G12 mutations, detected in
liquid biopsy cfDNA at a low allele frequency, but not in the tissue. During treatment, an inversion
in prevalence was observed — RET rearrangements decreased, while KRAS mutations=allele
frequency increased, at time of disease progression. This was also observed in another patient
that developed a KRAS G12V mutation, suggesting the presence of multiple heterogeneous

subclones in the tumour. (156)

Moreover, MET amplification has also shown to be one of the reasons for poor results to
both selpercatinib and pralsetinib, with all patients, except one, achieving a PFS no longer than 6
months, which validates the previous reports of its agressiveness. (156-159) Combining
selpercatinib treatment with crizotinib, a MET inhibitor, enabled the patients to overcome the

resistance, even though for a short time, due to disease progression. (160)

There has also been a case report of a KH domain-containing, RNA-binding, signal
transduction-associated protein 1- NTRK3 fusion occurring in a KIF5B-RET rearranged NSCLC

patient after treatment with selpercatinib, which induced transformation in cell cultures but,
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when exposed to both RET and NTRK3 inhibitors, the kinases were suppressed and apoptosis

ensued. (161)

TPX-0046 is a drug purposedly built to overcome the the G810 solvent front mutation
currently under a phase /11 trial (NCT04161391) that has shown to be a potent RET inhibitor, with
an IC50 < 10 nM . However, it has also been shown that it is also susceptible to other mutations,

mainly the gatekeeper mutations V804L/M. (162, 163)

Another RET inhibitor that has shown ability to overcome mutations is the SYHA1815. It
has shown in vitro and in vivo that it can inhibit wild-type RET and overcome the V804L/M
mutation. Moreover, it has also shown to have a nearly 20-fold selectivity for RET over VEGFR2,
which is important to avoid common AEs associated with its inhibition, mainly hypertension. (164)
It is also currently under a phase I/l trial to evaluate its safety, tolerability and preliminary

efficacy (NCT05105464). (165)

Similarly, BOS172738 showed nanomolar potency for the wild-type RET and the V804L/M
gatekeeper mutants, all with a 300-fold selectivity against VEGFR2. (166) BOS172738 is currently
in an active phase | trial (NCT03780517). (150)

LOXO0-260, previously known as LOX-18228, is a selective next-generation RET inhibitor. It
has shown in a pre-clinical study to inhibit multiple RET mutations, including both V804M and
G810S, and is currently undergoing a phase | trial to assess its safety, side effects and efficacy

(NCT05241834). (167, 168)

Conclusion

The discovery of RET rearrangements in NSCLC implemented a race for the discovery of
alternative therapies to the chemo and immunotherapy mainstay that could improve these
patients’ prognosis and, ultimately, lives. Firstly, available therapies with success in cancers with
different drivers were tried, with somewhat positive results, mainly the MKls vandetanib and
cabozantinib, as RET was a prime target for them. However, the lack of specificity and,

consequently, prominent adverse events, led ultimately to dose reductions and a lack of efficacy.

This led to the development of the new drugs and targeted therapies for RET specific
inhibitors, e.g., selpercatinib and pralsetinib, which have proven to be safe and effective in both
medullary thyroid carcinoma and NSCLC patients. As previously mentioned, both drugs are

currently in phase lll trials with the purpose of consolidating their status as first-line standard of
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care in patients with advanced RET-rearranged NSCLC. Nevertheless, concerns have already been
observed, mainly the development of resistances to these inhibitors and the maintenance of
some serious adverse events. Presently, there is an array of drugs under clinical trial to overcome

these resistances, mainly the solvent front G810 mutation, that have shown promising results.

Other RET-inhibitors, including TPX-0046, SY-5007, SYHA1815, BOS172738, LOX0-260, and

TAS0953/HMO6, are also underway to expand the current portfolio of available therapies.
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Figure 1 - Trends in lung cancer incidence rates by country for both sexes, from 1978 — 1982 to 2008
—2012. Rates are per 100,000 person-years and age-adjusted to the world standard population.
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authorization
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CLD 1-4

GFRa 1-4 GFLs

CRD
LR

Proliferation,
differentiation,
p survival

Figure 2 - Rearranged during transfection (RET) normal function and pathway

Notes: CLD 1-4 — cadherin-like domain 1-4; CRD — cysteine rich domain; TK — tyrosine kinase; P —
phosphorylation site; GFLs - glial cell line-derived neurotrophic factor (GDNF), neurturin, artemin
and persephin; GFRa, 1-4 — GDNF-family receptor-a 1-4; LR — lipid raft; PI3K - phosphatidylinositol-
4,5-biphosphonate 3-kinase; AKT - AKT serine/threonine kinase; RAS - Rat sarcoma virus; RAF -
rapidly accelerated fibrosarcoma; ERK - extracellular signal-regulated kinases; STAT - signal
transducer and activator of transcription proteins; JAK - Janus kinases
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Identification

Identification of studies via databases and registers ]

Records identified from™*:

Pubmed, (n = 59)
Cochrane Library (n = 44)

A 4

Screening

Included

Figure 3 - PRISMA 2020 flowchart for study selection

Records screened
(n=97)

Records removed before
screening:
Duplicate records removed
(n=6)

\4

A 4

Reports sought for retrieval

(n=14)

Reports assessed for eligibility
(n=14)

A4

Studies included in review
(n=11)

Reports of included studies
(n=12)
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Records excluded**
Not in English language (n = 4)
Clinical trial protocol (n = 6)
Qther protocols (n = 1)
Reviews (n = 10)
Retrospective studies (n = 1)
Poster/meeting abstract (n = 26)
Case report (n = 2)
Not met inclusion criteria (n = 32)
Editorial (n = 1)

Reports not retrieved
(n =0)

Reports excluded:
Other known targetable
mutations (n = 1)
Less than 5 patients enrolled
(n=1)




Table | - Clinical data and results for RET inhibitors in patients with advanced RET-rearranged NSCLC by trial

Trial Type | RET Inhibitor Number of | RET- Pretreated ORR (%) Median PFS | Median Grade 3 or 4 AEs (%
of patients fusion patients (% of (months) (o} of patients)
Trial with RET- | partner/ patients) (months)
rearranged | Number
NSCLC of
patients
Drillon et | Phase | Cabozantinib 60 | 26 KIF5B (16) | Chemotherapy 1 | 28% 5,3 months | 9,9 Increased lipase
al. (2016) | Il mg/daily CCDC6 (1) | regimen—13 (50%) (3,8-9,2) months (15%)
(91) single TRIM33 Chemotherapy > 2 (8,6-NR) | Increased AST/ALT
arm (1) regimens — 7 (27%) (8%/8%)
CLIP1 (1) Hypertension (4%)
ERC1 (1)
Unknown
(6)
Lee et al. | Phase | Vandetanib 18 KIF5B (5) Chemotherapy 1 | 18% 4,5 months 11,6 Hypertension (17%)
(2017) Il 300mg/daily CCDC6 (2) | regimen—5 (28%) months Prolonged QT
LURET single MYO5C Chemotherapy 2 interval (11%)
(97) arm (1) regimens — 2 (11%) Increased
Unknown | Chemotherapy =23 transaminases (6%)
(10) regimens - 11
(61%)

22




Yoh et al. | Phase | Vandetanib 19 KIF5B (10) | Surgery —5 (26%) 47% (24,4- | 6,5 months | 13,5 Hypertension (68%)
(2021) Il 300mg/daily CCDC6 (6) | Radiotherapy — 4 | 71,1) (3,9-9,3) months Acneiform rash
(99) single Unknown | (21%) (9,8- (16%)
arm (3) Chemotherapy 23 28,1) Diarrhea (11%)
regimens — 8 (42%) Prolonged
QT interval (11%)
Hida et al. | Phase | Lenvatinib 25 KIF5B(13) |1 - anticancer | 16% (4,5-36,1) | 7,3 months | NR Hypertension (56%)
(2019) Il 24mg/daily CCDC6 therapy — 8 (3,6-10,2) Hyponatremia
(102) single (12) (32%) (20%)
arm 2 anticancer Proteinuria (16%)
therapies— 6 Pneumonia (16%)
(24%)
>3 anticancer
therapies —9
(36%)
Drillon et | Phase | RXDX-105 40 KIF5B (20) | 21 MKI—-9 19% (8-38) in | NA NA Maculopapular rash
al. (2019) | Ib 275mg/daily CCDC6 (6) | (23%) MKI naive (10%)
(105) single EMLA4 (2) 0% (0-34) in Increased ALT (8%)
arm PARD3 (1) MKI Hypophosphatemia
Unknown pretreated (7%)
(2) Increased AST (5%)
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Takeuchi Phase | Alectinib 34 KIF5B (21) | Chemotherapy 1| 4% (0-20) in | 3,4 months | 19 Increased bilirubin
et al. |l 450mb/twice CCDC6 (9) | regimen—7 (21%) MKI naive (2,0-5,4) in | months (1%)
(2021) single | daily Unknown | Chemotherapy 2 MKI naive (5,4-NR) | Hyponatremia (1%)
ALL-RET arm (4) regimens - 11 in  MKI | Neutropenia (1%)
(110) (32%) naive Increased creatine
Chemotherapy =23 phosphokinase (1%)
regimens - 16
(47%)
Awad et | Phase | Alectinib in dose | 5 NA NA 20% NA NA None reported
al. (2018) || escalation/twice
(112) single | daily
arm
Shaw et | Phase | Ponatinib 9 NA NA 0% 3,8 months | NA Rash
al. (2019) | 1l 30mg/daily (1,8-5,3) maculopapular
(115) single (11%)
arm Dry skin (11%)

24




Drillon et | Phase | Selpercatinib 356 KIF5B Chemotherapy — | 84% (73-92) in | 22,0 months | NA Hypertension (20%)
al. (2023) | Il 160mg/twice (201) 247 (69%) chemotherapy | (13,8-NR) in Increased ALT
LIBRETTO- | single | daily CCDC6 Immunotherapy - | naive chemotherapy (11%)
001 arm (63) 144 (40%) 61% (55-67) in | naive Increased AST (9%)
(120) NCOA4 (6) | MKI— 85 (24%) chemotherapy | 24,9 months Diarrhea (5%)
Others pretreated (13,9-NR) in Prolonged QT
(48) chemotherapy interval (5%)
pretreated
Lu et al. | Phase | Selpercatinib 47 KIF5B/ Chemotherapy — 34 | 91% (58,7- | NR NR Hypertension (20%)
(2022) Il 160mg/twice CCDCe/ (72%) 99,8) in Increased AST/ALT
LIBRETTO- | single | daily NCOA4 Immunotherapy — | treatment (16%/16%)
321 arm (42) 11 (23%) naive Thrombocytopenia
(123) Others (5) | MKI -2 (4%) 58% (40,8- (10%)
74,5) in Prolonged
pretreated QT interval (8%)

25




Griesinger
et al.
(2022)
ARROW
(138)

Phase

single

arm

Pralsetinib

400mg/daily

281

KIFB5B
(164)
CCDC6
(41)
NCOA4 (1)
Others
(27)

Chemotherapy
138 (59%)
Immunotherapy
69 (30%)

MKI — 44 (19%)

72% (60-80) in
treatment
naive

59% (50-67) in
chemotherapy

pretreated

13,0 months
(9,1-NR)  in
treatment
naive

16,5 months
(10,5-24,1) in
chemotherapy

pretreated

NR

Neutropenia (20%)
Anaemia (12%)
Hypertension (12%)
Lymphopenia (9%)
Leukopenia (8%)

Notes: AEs — adverse events; ALT — alanine aminotransferase; AST — aspartate aminotransferase; CCDC6 — coiled-coil domain containing 6; CLIP1

- CAP-Gly domain containing linker protein 1; ERC1 - ELKS/RAB6-Interacting/CAST family member 1; MKI — multi-kinase inhibitor; MYO5C — myosin VC; NA —
not available; NCOA4 — nuclear receptor coactivator 4; NR — not reached; NSCLC — non-small cell lung cancer; ORR — overall response rate; OS — overall
survival, PARD3 — Par-3 family cell polarity regulator; PFS — progression-free survival; RET — rearranged during transfection; TRIM33 — tripartite motif

containing
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Appendix A

Search string for PubMed: (((((randomized controlled trial[pt]) OR (controlled clinical trial[pt]) OR
(clinical trial[pt]) OR (randomized.ab) OR (placebo.ab) OR ("Clinical Trials as Topic"[Mesh]))) NOT
((animals not (humans and animals)).sh)) AND (("Lung Neoplasms"[Mesh]) OR (nsclc[tw]) OR
(nscles[tw]))) AND (("Proto-Oncogene Proteins c-ret"[Mesh]) OR (RET [tw]))

Search string for Cochrane Library: ("non small cell lung cancer"):ti,ab,kw AND ("RET"):ti,ab,kw

AND ("clinical trial"):ti,ab,kw
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