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Abstract

In the era of precision medicine, with the deepening of the research on malignant tumor driving genes, clinical oncology has fully
entered the era of targeted therapy. For non-small-cell lung cancer (NSCLC), the development of targeted drugs targeting driver
genes, such as epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK), has successfully opened up a
new model of targeted therapy. At present, proto-oncogene rearranged during transfection (RET) fusion gene is an important
novel oncogenic driving target, and specific receptor tyrosine kinase inhibitors (TKIs) targeting RET fusion have been approved.
This article will review the latest research about the molecular characteristics, pathogenesis, detection, and clinical treatment
strategies of RET rearrangements especially in China.
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Introduction

Lung cancer is the leading cause in cancer mortality with 1.79
million deaths worldwide accounting for 18%, and ranks
second in new cases with approximately 2.20 million account-
ing for 11.4% in 2020, according to the report by the
International Agency for Research on Cancer (IARC)." With
the advent of targeted drugs, the treatment approaches of lung
cancer, especially non-small cell lung cancer (NSCLC), have
been to a large extent expanded. Targets represented by epider-
mal growth factor receptor (EGFR), anaplastic lymphoma
kinase (ALK) have created the era of tumor precision targeted
therapy.” To date, the targeted drugs such as osimertinib and
crizotinib are not only widely used in locally advanced or met-
astatic NSCLC, but also in postoperative adjuvant therapy.*
With the continuous in-depth research on NSCLC driver
genes, rearranged during transfection (RET) gene fusions are
one type of driver genes identified in recent years.” For NSCLC
patients with the mutations, specific tyrosine kinase inhibitors
(TKIs) Selpercatinib® and Pralsetinib’ targeting RET gene
fusions have been approved for marketing. This article will
review the latest research advances in the pathogenic mechanism
of RET gene fusions, audience population and detection methods,
and targeted therapy drugs around the world, especially in China.

Overview and Pathogenic Mechanism of RET
Gene

Overview of RET Gene

In 1985, Takahashi, et al. discovered a gene in transformed mouse
NIH3T3 cells for the first time, which was produced during the
recombination of 2 unconnected DNA fragments during the trans-
fer process, later named the RET gene.®® The gene is confirmed
to be a proto-oncogene formed by rearrangement or fusion during
the transfection process. RET gene is located in the 10q11.2
region of the long arm of chromosome 10, contains 21 exons,
60kb in size, and mainly encodes for a protein of approximately
1100 amino acids belonging to the tyrosine kinase receptor super-
family (single transmembrane receptor glycoprotein) with at least
4 transcription products.'® The expression of RET can be detected
in normal neurons, para/sympathetic ganglia, parafollicular cells
of thyroid, adrenal medulla cells, which is necessary for normal
development of the nervous system and kidney. RET is a
member of the gail cell line-derived neurotrophic growth factor

(GDNF) family receptor complex and a receptor for the ligands
GDNF, Neurtirin, Artemin, or Persephin, which contains 3 rela-
tively independent domains, including carboxy-terminal intracel-
lular tyrosine kinase domain, transmembrane domain and
cysteine-rich cadherin-like extracellular domain.'" RET protein
can be activated by the complex of GDNF family ligand-GFRa
complex-RET kinase between 4 co-receptors called GFRal-4
and 4 GDNF family ligands. GFRa can specifically bind to GDNFs
family members, promote the phosphorylation of RET protein
receptors and activate RET, thereby triggering RAS-RAF-
MARK, PI3K-AKT-mTOR, and JAK-STAT signal pathways
to promote the occurrence and development of tumors.'*!?

Mutant Form of RET Gene

RET gene is a new type of proto-oncogenic driver gene, which has
been proved to be closely related to the occurrence and develop-
ment of various tumors.'* The overall mutation rate of RET is
1.8%," including deletion, point mutation, amplification, rear-
rangement, and fusion.'® (1) RET deletion: Related to the onset
of congenital Hirschsprung’s disease (CHD). (2) Point mutations
in RET gene: The most common M918T point mutation is com-
monly found in familial medullary thyroid carcinoma (FMTC);
(3) Rearrangement and fusion of RET gene: Under certain circum-
stances, the nucleotide sequences of RET gene and other genes are
rearranged or fused to form a brand new fusion transcript and fusion
protein. These genes combined with RET gene are called gene part-
ners. After RET fused with gene partners, oncogenic activation
relies on the activation of RET kinase, thus to maintain the prolifer-
ation and survival of tumor cells, that is, the carcinogenic gene
addiction.'”"” Carcinogenic gene addiction is mainly found in pap-
illary thyroid carcinoma (PTC) and NSCLC (especially lung ade-
nocarcinoma, LADC), which is also observed in tumors of the
digestive system, breast cancer, and ovarian cancer.?**!

Pathogenic Mechanism of RET Rearrangement

RET gene can be an oncogene in a variety of tumors, and the
RET rearrangement protein that retains the kinase domain is
the driving target of NSCLC and medullary thyroid carcinoma
(MTC). Currently, more than 50 types of RET rearrangement
have been found in patients with PTC and NSCLC.
Abnormal structural activation is achieved mainly through
chromosomal rearrangement (Table 1).%* For different diseases,
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Table 1. RET Fusions and Common Tumors.

RET fusions PTC NSCLC  Other tumor types
CCDC6-RET RET/ \/ \/ Breast cancer, colon
PTC1 cancer
PRKARIA-RET  RET/ 4/
PTC2
NCOA4-RET RET/ \/ \/ Breast cancer, colon
PTC3 cancer
ELE1-RET RET/ v/
PTC4
GOLGAS-RET ~ RET/  +/
PTC5
TRIM24-RET RET/ v/ v/ Colon cancer
PTC6
TRIM33-RET RET/ 4/ v
PTC7
KTNI1-RET RET/ v/
PTC8

Abbreviations: CCDC6, coiled-coil domain-containing protein 6; NCOA4,
nuclear receptor coactivator 4; NSCLC, non-small-cell lung cancer; PTC,
papillary thyroid carcinoma; RET, rearranged during transfection.

the rearrangement and fusion forms are varied. In PTC, coiled-
coil domain-containing protein 6 (CCDC6)-RET contributes to
about 60%; nuclear receptor coactivator 4 (NCOA4)-RET con-
tributes to 30%; and protein kinase A regulatory subunit lo
(PRKARIA)-RET contributes to 9%.%>* In NSCLC, the
most common RET rearrangement are pericentric or paracentric
inversion with kinesin family member 5B (KIF5B) contributing
to ~68.3%; with CCDC6 contributing to 16.8%; with NCOA4
contributing to 1.2% and rare fusions EPHAS-RET,
TRIM33-RET, and CLIP1-RET.**?°

It is reported that the molecular mechanism of RET rear-
rangement is similar to that of ALK fusion in NSCLC.?® The
recombination is mainly through its own DNA breakage and
connection with connecting with other genes. The resulting
fusion gene containing the N-terminus of the fusion partner
joined with the C-terminus of the RET gene, including the cat-
alytic tyrosine kinase domain. The breakpoints of the gene
partner can provide dimer domains for the successful formation
of fusion genes in the cytoplasm. The degraded fusion partner
after ubiquitination can alter domains and expose the phosphor-
ylation site, thus activating the RET gene, leading to the occur-
rence and development of tumors.'%2%%7

In addition, RET rearrangement may affect the function of gene
partners to some extent. The pro-apoptotic CCDC6 can inhibit the
expression of transcription factor CREBI, and negatively regulate
the growth and differentiation of cell. Overexpression of CCDC6
can induce thyroid cell death. NCOA4 is a co-activator of peroxi-
some proliferator-activated receptors (PPARs) and androgen recep-
tors (ARs), and its expression is down-regulated in aggressive
prostate cancer and breast cancer.2530 Overall, on the one hand,
the generation of this new fusion gene may cause the abnormal acti-
vation of downstream signaling pathways; on the other hand, it
weakens the anticancer effect of gene partners to a certain extent,
leading to the occurrence and development of tumors.*!

Detection of RET Rearrangement

Population Undergoing RET Rearrangement Detection

With the development of medicine, drugs targeting rare gene
mutations are commonplace. The reason is that they have
brought revolutionary breakthroughs and even subversions to
the original treatments. Although the incidence of RET rearrange-
ment in NSCLC is only 1.4% to 2.5%,>* it is primarily seen
mainly seen in young patients with poorly differentiated LADC
who do not smoke or have a history of mild smoking.**** Due
to China’s huge population base in NSCLC patients, the
number of new cases with RET rearrangement-positive NSCLC
is not small every year.

It is currently believed that RET rearrangement is independent
and mutually exclusive with the existence of EGFR, ALK, ROSI,
and other driver genes.*® In contrast, some studies show that RET
rearrangement is one of the potential resistance mechanisms after
targeted drug therapy.®®>” Therefore, when patients are patholog-
ically diagnosed as locally advanced or metastatic NSCLC, or
adenosquamous carcinoma containing adenocarcinoma compo-
nents or even combined small-cell lung cancer (C-SCLC)®;
patients develop drug resistance after EGFR-TKI and ALK-TKI
treatments; and patients with invasive adenocarcinoma are patho-
logically confirmed after surgery, RET rearrangement detection is
recommended if possible.?*>

Conditions and Methods of RET Rearrangement
Detection

Accurate detection is prior to precise treatment. In practice,
detection is mainly based on tumor tissue and cytology DNA
or RNA, cell-free DNA (cfDNA), or protein. The common
molecular pathology detection methods are summarized as
follows, next-generation sequencing (NGS), reverse transcrip-
tion polymerase chain reaction (RT-PCR), fluorescence in situ
hybridization (FISH), immunohistochemistry (IHC), and so
on. However, any detection method can be limited to the
requirements of detection conditions, sample quantity, and
quality, amount and type of gene mutations, instruments, and
technology. It is recommended to use multiple platforms to
cross-complement each other for verification, if necessary.

FISH Technology

Currently, FISH technology is the gold standard for gene fusion
and translocation detection. The main principle is to use fluores-
cently labeled specific nucleic acid probes to hybridize with the
corresponding sequences of target DNA in the cell, and then to
determine the fusion/separation status of the target gene by
monitoring fluorescence signal intensities. Considering the
high requirement for clinical operation and interpretation and
the flaw in clarifying the fusion information of gene partners,
FISH technology is not recommended.***' In addition, some
studies have shown that FISH technology has low sensitivity
compared to some nonclassical fusions.*
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NGS

The detailed information of gene partners and other potential
therapeutic targets can be clarified for detecting RET rearrange-
ment by NGS based at the DNA and RNA levels.***
Currently, NGS is preferentially recommended by the
National Comprehensive Cancer Network Guidelines
(NCCN) and the Chinese Society of Clinical Oncology
(CSCO) for detecting RET rearrangement. It is noted that the
result based on detecting DNA could not completely represent
the result based on detecting RNA. In addition, in rare cases,
gene translocation at the DNA level would not cause the spe-
cific expression of the fusion gene. The detection at the RNA
level effects sequencing library construction, which is limited
to specific common types of RET rearrangements, and requires
high-quality sample, narrow time window, and higher operation
skills.*34¢

RT-PCR

It is characterized by quickly and easily identifying the known
RET rearrangement variants. However, there may be a possibil-
ity of false negative results.®

Liquid Biopsy-Based Free DNA Detection

cfDNA widely exists in various body fluids, such as blood, pol-
yserositis (pleural effusion, ascites, and pelvic effusion), cere-
brospinal fluid, and so on. Circulating tumor DNA (ctDNA)
with the size 130 to 150 kb is the free DNA containing tumor-
specific mutation information that was released by tumor cells
into the circulatory system through apoptosis, necrosis, or
secretion.*”™*° At present, clinical guidelines recommend that
gene mutation information can be obtained based on liquid
biopsy when solid tumor tissue is not accessible.>
Considering the low concentration of ctDNA and its short half-
life of only a few hours,>'*? the detection equipment has higher
requirement for the sensitivity and time limit and the detection
result needs to be viewed dialectically, even if it’s negative.

The Treatment Strategy of NSCLC with RET
Rearrangement Gene

Limitations of Existing Treatments

Before the emergence of specific RET inhibitors, the treatments
of RET rearrangement-positive NSCLC are limited and lacked
specificity, and the first-line treatment was basically the same
with NSCLC patients harboring negative driver mutations.

Chemotherapeutic Drug Treatment. In 108 RET-rearranged
patients with NSCLC, the progression-free survival (PFS)
was 6.6 months, and ORR was 51%.>> A multicenter retrospec-
tive study in China showed that PFS is 5.2 to 9.2 months on
chemotherapy-based comprehensive treatment  first-line
program, 2.8 to 4.9 months on the second-line program and

ORR 45%, and that chemotherapeutic drug treatment contain-
ing pemetrexed was more effective.’

Treatment of Immune Checkpoint Inhibitors (ICls). ICIs is not an
effective treatment for NSCLC patients with RET rearrange-
ment gene. First, the expression of programmed cell death
ligand 1 (PD-L1) in RET-rearranged patients varies greatly,
about 0% to 70%.>> Second, the response rate to programmed
cell death protein 1 (PD-1)/PD-L1 treatment is low. Three ret-
rospective analyses revealed that the median progression-free
survival (mPFS) ranged from 2.1 to 7.6 months and the ORR
ranged from only 6.0% to 37.5% after ICIs treatment in patients
with RET rearrangement-positive NSCLC.>®~® The safety and
efficacy of immunotherapy in relation to patients with RET
gene abnormalities as shown in Table 2.

Multi-TKI. Cabozantinib, known as the “anti-cancer
all-rounder”, is a TKI targeting vascular endothelial growth
factor receptor 1 (VEGFR1), VEGFR 2, VEGFR 3, neurotro-
phin receptor kinase (NTRK), ROS1, mesenchymal—epithelial
transformation factor (MET), RET, AXL, and KIT (CD117).
We summarized the clinical trials of multi-target inhibitors for
RET-rearranged patients with NSCLC (Table 3). In phase II
clinical trial (NCT01639508), adverse reactions are responsible
for 96.2% of patients with advanced RET-rearranged NSCLC,
and 73% of patients required drug reductions due to
treatment-related adverse events (TRAEs).*® Vandetanib is a
small molecule TKI targeting RET, EGFR, VEGFR, and
other driver oncogenes. The LURET phase II study evaluated
the efficacy and safety of vandetanib in previously treated
patients with RET-rearranged advanced NSCLC and the rele-
vant results were shown in Table 3.%' In 2017, Solomon et al.
summarized the application effects of the multi-target inhibitors
cabozantinib, vandetanib, sunitinib, sorafenib, and lenvatinib in
53 patients, which showed the median duration of response
(DOR) of only 1.8 months, mPFS 2.3 months, and median
overall survival (mOS) 6.8 months.®® In addition, these TKIs

Table 2. Summary of Safety and Efficacy of Immunotherapy for
Patients With RET Fusion-Positive Metastatic NSCLC.

mPFS mOS PD-L1
Study n ORR  (months) (months)  positive rate
Mazieres 16 6.0% 2.1 21.3 /
et al.
2019°°
Bhandari 69 / 4.2 19.1 46%
et al.
2021°7
Guisier et al. 9 37.5% 7.6 / 33%
2019°%
Meng et al. 49 21.0% 6.7 / /
2022°°

Abbreviations: ORR, objective response rate; NSCLC, non-small-cell lung
cancer; RET, rearranged during transfection, mPFS, median progression-free
survival, mOS, median overall survival.
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Table 3. Summary of Clinical Trials of Multi-Target Inhibitors for RET-Rearranged Patients With NSCLC.

mPFS mOS Downgraded dose Treatment
Trial n Dosage ORR (months) (months) rate termination rate
Cabozantinib I 26 60mg daily 28% 5.5 9.9 73% 8%
Japan Vandetanib I 19 300mg daily 18% 4.7 11.1 53% 21%
Korea[*] 18 53% 45 11.6 23% -
Vandetanib + I 17 300mg+ 10mg daily  73% 8 - - -
everolimus [*°]

Sorafenib [*°] I 3 400mg daily 0 - - 33% -
Sunitinib [*7] I 22 50mg daily 9% 2.95 5.85 9.10% 0

(4 weeks on, 2

weeks off)
Lenvatinib [%] I 25 24mg daily 16% 73 - 64% 20%
RXDX-105 [*] I/Ib 31 275mg daily 19% - - - -

Abbreviations: ORR, objective response rate; NSCLC, non-small-cell lung cancer; RET, rearranged during transfection; mPFS, median progression-free survival;

mOS, median overall survival.

could simultaneously inhibit proteins such as RET, VEGR,
EGFR, and induce vasoconstriction to bring about adverse reac-
tions such as hypertension and cardiovascular and cerebrovas-
cular diseases.®

It can be seen that multi-target inhibitors do not have an ideal
therapeutic effect with high-efficiency, low-toxicity, and
precise targeting. Whether it is chemotherapy, ICIs, or multi-
targeted TKIs, the effectiveness is very limited in patients
with RET rearrangement-positive NSCLC.***’

Specific Drugs That Target RET Rearrangement Genes

It is urgent to find targeted drugs with better clearance rates and
longer half-lives that can strongly inhibit wild-type RET and
RET mutation, avoid VEDF-2, and drug-resistant mutations.

Selpercatinib (LOXO0-292). Selpercatinib (LOX0-292, Retevmo®,
Eli Lilly and Company) is a novel, highly selective, and potent,
small-molecule inhibitor of RET. A global phase I/I clinical
trial LIBRETTO-001 enrolled 144 patients with RET
rearrangement-positive NSCLC from 65 medical centers in 12
countries.”’ 105 patients with RET-rearranged NSCLC were
given platinum-based chemotherapy, including 49 patients in a
phase I dose escalation trial, and 56 patients in a phase I dose esca-
lation trial or a phase II dose expansion trial. In addition, 39
treatment-naive patients participated in phase II clinical trial.
The findings demonstrated that a 64% objective response rate
(ORR) (95% CI: 54-73) in patients given platinum-based chemo-
therapy and 85% ORR (95% CI: 70-94) in treatment-naive
patients with RET rearrangement-positive NSCLC (n=39), a
median PFS of 18.4 months and 1-year PFS rate of 68%.
Especially, for brain metastasis, Selpercatinib showed good
ability to control intracranial lesions with 82% intracranial ORR
and 100% intracranial disease control rate (DCR). In all 80 patients
with brain metastasis, the intracranial mPFS was 13.7 months. The
majority of adverse reactions were grades 3/4 TRAEs occurring in
increased ALT level (12%), increased AST level (10%), hyperten-
sion (21%), and hyponatremia (11%). Selpercatinib was

designated as an orphan drug by the US FDA in 2019, and then
granted breakthrough therapy, accelerated approval, and priority
-review designations.”! (1) Patients with RET rearrangement-
positive NSCLC who have progressed after platinum-based che-
motherapy and PD-(L)1 treatment; (2) Patients with RET mutant
MTC who have progressed after previous treatment and have no
alternative treatments; (3) Patients with advanced RET
rearrangement-positive thyroid cancer who have progressed after
previous treatment and have no alternative treatments, and
require systemic treatment. Selpercatinib was approved by the
US FDA in May 2020, and became the first broad spectrum anti-
cancer drug that carries the RET gene over the world.”*"?
Currently, a phase III clinical trial LIBRETTO-431
(NCT04194944) is still in progress, which aims to compare the
effectiveness between Selpercatinib used as first-line treatment
and pemetrexed + cisplatin or carboplatin + Prembrolizumab for
advanced or metastatic RET rearrangement NSCLC, and the pre-
liminary results are expected to be announced in 2023.7
Libretto-321 Trial (NCT04280081) was a part of the
LIBRETTO-431 study and led by Professor Lu Shun from
Shanghai, China. At the World Conference on Lung Cancer
(WCLC) in 2021, Professor Lu Shun shared the efficacy and
safety of Selpercatinib in Chinese patients with advanced
RET rearrangement NSCLC.”* The study was divided into 3
cohorts: (1) Cohort 1 (n=30) included patients with advanced
RET rearrangement solid tumors who were progressive or intol-
erable during the previous standard first-line treatment; (2)
Cohort 2 (n=26) included patients with advanced RET
mutant MTC who had received or not systemic treatment; (3)
Cohort 3 (n=21) included patients who met the criteria of
cohort 1 or 2 but had no measurable lesions, or patients who
did not meet the criteria of cohorts 1 or 2, or patients whose
ctDNA was RET rearrangement but had no lesions. In the
main analysis group (n=26), patients who received
Selpercatinib 160mg bid showed an ORR (a complete or
partial response) of 69.2%, as determined by an Independent
Review Committee (IRC) after 9.7 months of follow-up; and
an ORR 87.5% in treatment-naive patients with RET
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rearrangement-positive NSCLC, and an ORR 61.1% in previ-
ously treated patients. Safety analysis (n=77) showed the
most common grade 3 TRAEs were hypertension (19.5%),
increased ALT level (15.6%), and increased AST level
(15.6%). There were 35.2% of patients adjusting treatment
doses due to related TEAESs, and 3 patients had undergone treat-
ment interruptions. The findings were basically consistent with
the results of the previous Phase I/II clinical trial
LIBRETTO-001 (NCT03157128) among the global and East
Asian populations. Selpercatinib demonstrated high specificity,
high efficiency, and low side effects.

In addition, the LIBRETTO-121 study (NCT03899792) is an
open-label, multicenter Phase 1/2 study of oral LOX0-292 in pedi-
atric participants with an activating RET alteration and an
advanced solid or primary CNS tumor, which is still ongoing. As
of October 2, 2020, 11 patients have been treated and the best
response evaluation profile shows unconfirmed partial responses
in 4 patients, stable disease in 6 patients (2 patients lasting >16
weeks), and progressive disease in 1 patient. Conclusions consis-
tent with the results of the adult trial, preliminary evidence of the
safety and efficacy of Selpercatinib in pediatric patients with
solid tumors with RET mutations was demonstrated.”

Pralsetinib (BLU-667). Pralsetinib (BLU-667, developed by
Blueprint Medicines), an oral RET inhibitor, was approved by
the US FDA in September 2020°” and approved conditionally
by NMPA China in March 2021 on basis of ARROW
(NCT03037385) clinical trial.”® ARROW study was a phase
/I clinical trial, which aimed at evaluating the safety, tolerabil-
ity, and effectiveness of Pralsetinib in patients with
RET-rearranged NSCLC, RET mutant MTC, and RET-driven
advanced solid tumors. The study enrolled patients with meta-
static NSCLC with RET rearrangement who had progressed
after platinum-based chemotherapy or did not receive systemic
treatment in different cohorts. In the cohort of 87 patients who
have previously received platinum-based chemotherapy drugs,
37 Chinese patients were included. According to the RECIST
version 1.1, ORR and DOR were evaluated by blinded indepen-
dent central review (BICR) (Table 4). In terms of drug safety,
the most common grade 3 TRAEs were mainly neutropenia
(43 cases, 18%), hypertension (26 cases, 11%), and anemia
(24 cases, 10%). No treatment-related deaths were reported.
The findings of the study demonstrated that Pralsetinib has a
wide-ranged and long-lasting anti-tumor activity in RET
rearrangement-positive NSCLC, and the data for the Chinese
population is basically consistent with the global trial.

Based on precise research and development, these potent
RET inhibitors have currently changed the guidelines and clin-
ical practice, which makes “de chemotherapy” possible in the
era of precision medicine.

Zeteletinib (BOS172738). Zeteletinib is an oral targeted RET
mutation-specific  inhibitor. In phase [ clinical study
(NCT03780517),”” a dose escalation clinical trial and a cohort
study of 67 cases with advanced solid tumors with RET mutation
were included. Notably, of the 67 cases, 30 patients with NSCLC

Table 4. Statistics of Basic Information and Validity Results of
ARROW Clinical Trial Among Patients who Have Previously
Received Platinum-Based Chemotherapy and RET Fusion-Positive
Metastatic NSCLC.

Global cases  Chinese cases

n=287) n=37)
Basic information
Median age (years) 60 (28-85) 54 (26-77)
Sex
Male 44 (51%) 17 (46%)
Female 43 (49%) 20 (54%)
Previously received treatments (n, %) 2 2
CNS metastasis 37 (43%) 15 (41%)
PD-1/PD-L1 treatment 39 (45%) 14 (38%)
Kinase inhibitor therapy 22 (25%) 14 (38%)
Radiotherapy 45 (52%) 11 (30%)
Detection method for RET fusion
NGS 67 (77%) —
FISH 18 (21%) —
Others 2 (2%) —
Common RET fusion gene
KIF5B 65 (75%) 23 (62%)
CCDC6 15 (17%) 7 (19%)
Effective cases (n) 87 32
ORR (95% CI) 57 (46-68) 56 (38-74)
CR 5.70% 3.10%
PR 52% 53%
DOR (n) 50 18

Median (months, 95% CI)
DOR >6 months

NE (15.2-NE) NE (NE-NE)
80% NE

Abbreviations: CR, complete remission rate; CNS, central nervous system;
CCDC6, coiled-coil domain-containing protein 6; DOR, duration of response;
FISH, fluorescence in situ hybridization; KIF5B, kinesin family member 5B;
ORR, objective response rate; DOR, duration of response; NE, not yet
estimable; NGS, next-generation sequencing; NSCLC, non-small-cell lung
cancer; PR, partial remission rate; RET, rearranged during transfection.

and 16 patients with MTC were recruited, whose ORR was 33%
(n=10/30) and 44% (n="7/16), respectively. The ORR estimated
by the investigator was 33% (n=18/54). The most common
TEAEs are elevated creatine kinase accounting for 54%, and
dyspnea accounting for 34%. The overall safety of Zeteletinib
is controllable. Currently, Zeteletinib is undergoing a phase I/II
clinical study (NCT04161391) .°

TAS0953/HM06. TAS0953/HMO06, a novel adenosine triphos-
phate-competitive and highly selective RET inhibitor. The
binding of TAS0953/HMO06 analogue to RET does not fill the
space in the direction of the side chain of G810, suggesting
that TAS0953/HMO06 could effectively circumvent steric
hindrance from solvent front substitutions. TAS0953/
HMO06 is highly active in the exnograft tumor model
derived from Ba/F3 cells from mice expressing wild type
(WT) or G810R KIF5B-RET. Therefore, most of the muta-
tions induced by Selpercatinib or Pralsetinib resistance
showed strong inhibition and showed a more potent anti-
tumor effect in tumor models in theory. The drug is undergo-
ing a phase I/II clinical study (NCT04683250).®
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RXDX105. RXDX105 is an oral VEGF-sparing potent RET
inhibitor. RXDX-105, a potent RET inhibitor developed by
Ignyta, had an ORR of 0% in 20 patients with KIF5SB-RET rear-
rangement NSCLC and 67% in 9 patients without KIFSB-RET
rearrangement. Obviously, RXDX-105 does not have the
potential to cover KIFSB-RET gene fusion .”° Possible
reasons for this include the fact that KIFSB-RET-containing
cell lines were not readily and widely available early in the
development of RET inhibitors and that studies have shown
at least a twofold increase in cellular IC50 values for
KIF5B-RET-containing cell lines compared to CCDC6-RET
or NCOA4-RET cell lines; also, KIF5B is thought to lead to
KIF5B-RET rearrangement tumors with high levels of RET
expression, compared to other chaperone genes such as
CCDC6 and NCOA4, which are thought to lead to low levels
of RET expression in tumors, implying that tumors containing
KIF5B-RET rearrangement may have higher levels of RET chi-
meric proteins that require more precise targeted therapy to
overcome. The most common adverse reactions were malaise
(25%), diarrhea (24%), hypophosphatemia (18%), maculopap-
ular rash (18%), and non-papular rash (17%), with no grade 4
adverse reactions observed.®®”’

Drug Resistance of RET Inhibitors

It is to be appreciated that the 2 drugs Selpercatinib and
Pralsetinib are effective against the gatekeeper mutations, such
as V804M and S904F, produced by the multitarget inhibitors
cabozantinib, levatinib, and vandetanib.®*%! However, new
problem emerged along with the launch of two highly selective
and potent RET TKIs—Selpercatinib and Pralsetinib. Similar
to drug resistance of the first-generation RET inhibitors, a key
question is how long they can be used. Drug resistance resulting
from RET solvent front mutations in 2 cases was reported in the
Journal of Thoracic Oncology in January 2020. Solvent frontal
mutations refer to the region on the kinase surface where selec-
tive inhibitors can attach, and is destroyed by drug-resistant
mutations, which greatly increases the possibility of drug resis-
tance. Structural model predicted that the G810R/S/C/V mutant
form of the RET solvent front mutations (ie, the evolution of
G810) could spatially hinder the binding of Selpercatinib,
leading to a common mechanism of drug resistance .°* In vitro
experiments have confirmed that multikinase RET inhibitors
such as cabotinib and vandetanib, and selective RET-TKIs
would lose their drug activity due to such mutations. In addition,
amplification of MET or KRAS is also one of the mechanisms of
acquired resistance.®

Currently, the second-generation RET inhibitors are still in
different stages of clinical trials. The phase I/Il SWORD study®
is aimed to verify the safety and efficacy of TPX-0046 (Turning
Point Therapeutics) for patients with RET mutations, and the pre-
clinical studies of TPX-0046 have shown that the drug is sensitive
to solvent front mutation G810R/S. The study recruited 21
patients, including 10 NSCLC and 11 MTC patients. The pre-
liminary results showed that among the 5 patients who had
not received RET inhibitor treatment, 4 patients showed significant

tumor regression with a sustained remission time exceeding 5.5
months, accounting for 42%, 37%, 23%, and 3%, respectively.
Among the 9 patients treated with RET inhibitor, the regression
ratio of 3 patients reached 44%, 27%, and 17%, respectively.
Finally, we look forward to the final results of clinical trial.

China Exploration and Research With RET
Rearrangement in NSCLC

Long before selective RET inhibitors were approved by China,
Chinese scholars have already recognized and explored the
NSCLC with RET-rearranged. In an NGS analysis of 6125
Chinese NSCLC patients, 84 cases were found to be associated
with RET-rearranged (1.4%), mostly in female LADC patients
with no smoking history.** A statistical analysis of 39 Chinese
NSCLC patients with RET-rearranged found that KIFSB-RET
was the most common type of fusion (52%), with a PFS of 4.0
months (95% CI: 3.2-4.8) and mOS of 25 months (95% CI:
1.5-48.5), with no significant difference in PFS and OS
between the 2 group of patients treated with or without
multi-TKIs but not RET-selective inhibitors.*> In another
Chinese multicenter study exploring the relationship between
RET rearrangement and pemetrexed efficacy in patients with
NSCLC, 62 patients with NSCLC with RET-rearranged, 40 of
whom received pemetrexed-based first-line chemotherapy com-
pared to other regimens, had a significant difference in mPFS
of 9.2 versus 5.2 months (P=.007). The difference in mPFS
between the KIF5B-RET rearrangement and non-KIF5B-RET rear-
rangement groups was not statistically significant. For OS, it was
35.2 versus 22.6 months, respectively, for those who received
and didn’t receive pemetrexed-based chemotherapy (P =.052).>*

In March 2021, the State Drug Administration of China
approved Pralsetinib for the treatment of adult patients with
locally advanced or metastatic NSCLC with RET rearrangements
who had previously received platinum-containing chemotherapy.
This marked the approval of the first and only selective RET inhib-
itor in China. In June, the Chinese Anti-Cancer Association
(CACA) and the Pathology Branch of the Chinese Medical
Association jointly released the Expert Consensus on Clinical
Testing for RET rearrangements in NSCLC in China. Although
Chinese mainland was late in receiving approval for such drugs
compared to the United States, there has been relevant therapeutic
experience and exploration for the treatment of the drug.

In a pathologic histological analysis of 9431 Chinese
NSCLC patients, 167 (1.77%) were found to have concomitant
RET rearrangements, with the majority of patients being non-
smoking female LADC patients. The most common forms of
fusion were KIF5B-RET (68.3%), CCDC6 (16.8%), and
NCOA4 (1.2%). The concordance of result between FISH
and NGS in this study was 83.3% (25/30), while the concor-
dance between IHC and NGS was lower at 28.1% (16/57).
NGS and FISH assays performed well in identifying RET rear-
rangement, but IHC was not as sensitive for RET detection.®*

A Chinese scholar who reviewed real-world data from 75
patients with RET rearrangement from 2017 to September
2021 showed that 73% (55 of 75) of patients carried the
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RET identified as an oncogene
RET-PTC fusions identified in PTC

Vandetanib approved for MTC

Cabozantinib approved for MTC

The discovery of RET germline mutations in MEN2 and RET somatic mutations in sporadic MTC
RET mutations identified in Hirschsprung disease

Gail cell line-derived neurotrophic growth factor(GDNF) discovered as a functional RET kinase ligand
X-ray structure of RET tyrosine kinase domain determined

RET fusions discovered in lung cancer(adenocarcinoma)

Selective RET-TKIs selpercatinib, pralsetinib and BOS-172738 were identified
FDA approved selpercatinib and pralsetinib

NMPA conditional approved pralsetinib for NSCLC with RET rearrangement
Pralsetinib as neoadjuvant therapy for NSCLC with RET rearrangement

Figure 1. Identification of rearranged during transfection (RET) proto-oncogene and progress of targeted therapy.

driver gene KIFSB-RET. 15 patients who received Pralsetinib/
Selpercatinib had an ORR of 53.3% (8/15) and a PFS of 10.0
months (95% CI: 5.2-14.9), and an additional 15 patients
received chemotherapy combined with immunotherapy in the
second-line treatment, with 5 (33.3%) achieving objective
remission and mPFS of 6.6 months (95% CI: 4.7-8.4), with 1
patient with a PD-L1 TPS of 90% achieving PR after optimal
efficacy in first-line treatment with Pembrolizumab and PFS
of 5.5 months.*”

In addition, Pralsetinib achieved good therapeutic results
even in patients with advanced NSCLC after multiline therapy
and with rare RET rearrangement double fusion of mutations
(ANK3-RET and CCDC6-RET), further suggesting the importance
of highly selective targeting of our driver genes.®

In terms of neoadjuvant therapy, Chinese scholars reported
the first case in the world in which neoadjuvant therapy with
Pralsetinib was applied and achieved success. The patient
underwent successful surgery 1 month after the application of
targeted therapy and the patient achieved an optimal treatment
outcome of PR after neoadjuvant therapy. This encouraging
result further suggests that neoadjuvant treatment with
Pralsetinib is effective and exciting compared to chemotherapy
for patients with driver genes and Pralsetinib has the potential to
further expand the indications.®®

Meanwhile, the LIBRETTO-432 study (NCT04819100) is a
phase III clinical study of Selpercatinib adjuvant treatment of
patients with early stage RET rearrangement NSCLC, with
the primary endpoint of investigator-assessed event-free sur-
vival (EFS). The study is an evaluation of adjuvant treatment
with Selpercatinib in patients with stages IB-IIIA RET
rearrangement-positive NSCLC after radical therapy. The
major difference between this study and previous adjuvant-
targeted therapies is the inclusion of patients not only after
radical resection but also after radical radiotherapy.®’ The

Chinese study centers were fully enrolled in the trial at the
start of the study, and China has already completed the
dosing of the first patient worldwide, although it started 6
months later than global research. This may show that the
changing role of China in global clinical research has gradually
changed from follower to leader.

Conclusions

In the era of precision medicine, the small RET rearrangement-
positive population should not be ignored. Although the inci-
dence of RET rearrangement-positive NSCLC is as low as
ALK fusion mutation, the specific targeted RET selective inhib-
itors show the high-efficiency and low-toxicity and can bring
long-term survival benefits to such patients.*® With the develop-
ment of medicine, the diagnosis and treatment mode of lung
cancer has gradually changed from a simple pathological classi-
fication to a combination of pathological and molecular classifi-
cation (Figure 1). In clinical practice, it is important to discover
the patients with RET rearrangement-positive NSCLC as much
as possible to prevent the loss of precise treatment opportunities.
It is also critical to actively identify RET rearrangement subtypes
and explore potential drug resistance mechanisms. In addition,
for postoperative adjuvant and neoadjuvant therapies,
EGFR-TKIs already have the support of relevant evidence-based
medicine, making it possible to “de-chemotherapy”. However,
there is still a gap in the exploration of RET rearrangement muta-
tions. The research of targeted drugs for rare gene mutations is in
the ascendant, and the research results are worth expecting.
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