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Molecular drugs targeting mutated or rearranged oncogene drivers have become one of
the standard recognized treatments in patients with advanced and recurrent non-small
cell lung cancer. RET is located in the long arm of human chromosome 10 and encodes a
receptor tyrosine kinase protein, and RET fusion-positive lung adenocarcinoma occurs in
1%–2% of cases. Clinical trials of multikinase inhibitors, including cabozantinib,
vandetanib, sorafenib, and lenvatinib, that inhibit RET oncogene activity have shown
their antitumor efficacy. Recently, RET inhibitors such as pralsetinib and selpercatinib that
are specialized for RET kinase have also been developed, and their efficacy was
investigated in previous clinical trials (BLU-667 and LOXO-292). In this review, we
summarized the effects and adverse events of multikinase and selective RET inhibitors
and the various diagnostic techniques for RET gene fusion. In the perspective part, we
focused on the unsolved issues on treatment for RET fusion-positive lung cancer and
future developments.
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INTRODUCTION

In recent years, treatment with molecular targeted drugs, focusing on driver genes of advanced and
recurrent non-small cell lung cancer, has become one of the standard recognized treatments. In
2012, RET fusion gene was identified as a new targetable driver gene (1–3). RET is located in the
long arm of human chromosome 10 and encodes a receptor tyrosine kinase protein. RET fusion-
positive lung adenocarcinoma occurs in 1%–2% of cases, and clinical trials of multikinase inhibitors
that inhibit RET oncogene activity such as vandetanib and cabozantinib have indicated their
antitumor efficacy. Anticipating the efficacy of precision medicine for RET fusion-positive lung
cancer, domestic and international clinical trials of RET inhibitors have been conducted. RET
inhibitors such as pralsetinib and selpercatinib that are specialized for RET kinase have been
developed, and their efficacy was investigated in several clinical trials.
August 2021 | Volume 11 | Article 7040841

https://www.frontiersin.org/articles/10.3389/fonc.2021.704084/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.704084/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.704084/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:setocruise@gmail.com
https://doi.org/10.3389/fonc.2021.704084
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.704084
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.704084&domain=pdf&date_stamp=2021-08-23


Takamori et al. RET Fusion Lung Cancer
MULTIKINASE RET INHIBITORS

Cabozantinib
Cabozantinib is a multikinase inhibitor that inhibits specific
receptor tyrosine kinase such as RET, vascular endothelial
growth factor receptor (VEGFR), mesenchymal–epithelial
transition (MET), ROS1, AXL, immunoglobulin-like and
epidermal growth factor-like domains 2 (TIE2), and KIT (4).
A phase II clinical trial enrolling 26 patients was conducted to
determine the efficacy of cabozantinib in metastatic RET fusion-
positive lung cancer. The response rate was 28% (95% confidence
interval [CI]: 12%–49%), indicating significant efficacy. The
report stated that the median progression-free survival was 5.5
months (95% CI: 3.8–8.4 months), and the overall survival was
9.9 months (95% CI: 8.1 months to unreached) (4). Primary
adverse events of Grade 3 and higher were elevation in lipase,
alanine aminotransferase (AST), and alanine aspartate
aminotransferase (ALT) levels, as well as thrombocytopenia
and hypophosphatemia, thus necessitating a dosage reduction
in 19 patients (73%). The summary of clinical data of RET
inhibitors for RET fusion-positive lung cancer is shown in
Table 1. Table 2 summarizes clinical trials of RET inhibitors.

Vandetanib
Vandetanib is another multikinase inhibitor that inhibits RET,
VEGFR, and epidermal growth factor receptor (EGFR) signaling
(5). A phase II investigator-initiated clinical trial (LURET)
enrolling 19 patients was conducted in Japan to determine the
efficacy of vandetanib in metastatic RET fusion-positive lung
cancer. The response rate was 53% (95% CI: 28%–77%),
indicating significant efficacy. The median progression-free
survival was 4.7 months (95% CI: 2.8–8.5 months) (5). In
addition, 11 retrospective studies conducted by the Global
Multicenter RET Registry (GLORY) showed the response rate to
be 18% and the median progression-free survival to be 2.9 months.
In the GLORY study, the median line of systemic therapy of the
first RET inhibitors administered was third line, ranging from first
to eighth. Primary adverse events included diarrhea, rash,
hypertension, and asymptomatic long QT syndrome. Due to
these adverse events, dosage reduction was imperative in 20% of
the targeted patients, and the treatment was discontinued in 50%
of them (6). A similar phase II clinical trial enrolling 17 patients
was also conducted in South Korea. The response rate was 18%,
and the median progression-free survival was 4.5 months (7).
Based on this result, the NCCN Guideline (Version 3; 2020) listed
vandetanib under Category 2A as an appropriate treatment for
metastatic RET fusion-positive lung cancer (12).

Lenvatinib
Lenvatinib inhibits RET, VEGFR, platelet-derived growth factor
receptor (PDGFR), fibroblast growth factor (FGF), and c-KIT (8).
Phase II clinical trials enrolling a total of 25 patients were
conducted to determine the efficacy of lenvatinib in metastatic
RET fusion-positive lung cancer patients in Japan, the United
States, Singapore, and Taiwan. The response rate was 16% (95%
CI: 12%–49%), and the median progression-free survival was 7.3
months (95% CI: 3.6–10.2 months) (8). Adverse events of Grade 3
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and higher were observed in 92% of targeted patients and
included hypertension, nausea, vomiting, anorexia, diarrhea,
and proteinuria. Dosage reduction was imperative in 64% of
targeted patients, and treatment was discontinued in 20% of the
targeted patients due to these conditions.

Other Multikinase Inhibitors
Retrospective studies conducted by GLORY revealed therapeutic
response in 2/9 sunitinib (inhibitor of RET, VEGFR, PDGFR, c-
KIT, and fms-related tyrosine kinase 3 [FLT3]) cases, 1/2
nintedanib (inhibitor of RET, VEGFR, PDGFR, and FGFR)
cases, 0/2 ponatinib (inhibitor of RET, VEGFR, PDGFR, FGFR,
c-KIT, and Src) cases, 0/2 sorafenib (inhibitor of RET, VEGFR,
PDGFR, FLT3, and KIT) cases, and 0/1 regorafenib (inhibitor of
RET, VEGFR, FGFR, PDGFR, c-KIT, and TIE2) case (6). A phase
II clinical trial enrolling three patients was conducted to determine
the efficacy of sorafenib in metastatic RET fusion-positive lung
cancer. In this trial, one patient exhibited stable disease, and two
patients exhibited progressive disease (9).
SELECTIVE RET INHIBITORS

Pralsetinib
Pralsetinib (BLU-667) is a highly selective RET inhibitor.
Pralsetinib inhibits wild-type RET and oncogenic RET fusions
(KIF5B-RET, CCDC6-RET, etc.) and mutations (V804L, V804M,
and M918T). The ARROW clinical trial (Phase 1/2) reported that
the response rate of pralsetinib in treatment-naive RET-altered
non-small cell lung cancer patients was 73% (95% CI: 52%–88%),
and the response rate in treated patients was 61% (95% CI: 50%–
72%) (10). The median follow-up period was 8.8 months, and
progression-free survival was not reached. Approximately 50% of
the RET-altered non-small cell lung cancer patients were found to
have developed brain metastasis, but the intracranial responses of
pralsetinib that were tested in the patient group with brain
metastasis revealed a satisfactory response rate of 56%. A low
occurrence rate of 6.9% for Grade 3 adverse events such as
elevation in ALT level, tumor lysis syndrome, and hypertension
was reported. No Grade 4 or 5 adverse events were recognized.
The U.S. Food and Drug Administration approved pralsetinib in
September 2020 and designated it as a breakthrough therapy.

Selpercatinib
Selpercatinib (LOXO-292), similar to pralsetinib, is a highly
selective RET inhibitor. Selpercatinib inhibits wild-type RET
and oncogenic RET fusions (KIF5B-RET, CCDC6-RET, etc.)
and mutations (V804L, V804M, and M918T). The LIBRETTO-
001 clinical trial (Phase 1/2) enrolled 39 treatment-naive patients
and 105 patients previously treated with platinum-based
chemotherapy (11). In this clinical trial, the response rate of
selpercatinib in untreated patients was 85% (95% CI: 70%–94%),
and progression-free survival was not reached. The response rate
of selpercatinib in pretreated and untreated patients was 64%
(95% CI: 54%–73%) and 85% (95% CI: 70%–94%), respectively.
The median progression-free survival was 17 months (95% CI:
14 months to unreached). These pretreated patients had
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TABLE 1 | Summary of clinical data of RET inhibitors for RET fusion-positive lung cancer.

Multikinase inhibitors Selective RET inhibitors

Sorafenib Lenvatinib Sunitinib Nintedanib Pona nib Regorafenib Pralsetinib Selpercatinib
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previously received multiple treatments (the median number of
prior treatment lines was 3; 55% had received anti-PD-1/PD-L1
antibodies; and 48% had received at least one multikinase
inhibitor); however, the response rate did not significantly
differ between untreated and pretreated patients regardless of
previous treatments. The intracranial response of selpercatinib
showed a satisfactory response rate of 91% (95% CI: 59%–100%).
Primary adverse events included diarrhea, general malaise, and
xerostomia. Forty-one cases of treatment-related Grade 3 and
higher adverse events out of 144 (28%) were reported, including
tumor lysis syndrome, elevation in AST/ALT levels, diarrhea,
and thrombocytopenia. The U.S. Food and Drug Administration
approved selpercatinib in May 2020 and designated it as a
breakthrough therapy along with pralsetinib. The response rate
of selpercatinib was 60% (95% CI: 43%–75%) in a subgroup of
East Asian patients (n = 40), and the results were announced at
the 2021 World Conference of Lung Cancer, based on which the
therapeutic effects of selpercatinib in East Asians were adjudged
to be equal to those in Europeans and Americans.
PERSPECTIVE

Unsolved Issues on Treatment for
RET Fusion-Positive Lung Cancer
and Future Developments

1) Based on the data above, selective RET inhibitors could be
considered for future clinical trials. The progression-free
survival of RET fusion-positive lung cancer patients treated
with multikinase inhibitors including sunitinib, cabozantinib,
and vandetanib was reported as 2.2–4.7 months. Conversely, the
progression-free survival for selpercatinib, a selective RET
inhibitor, was 17 months, even in pretreated patients. The
difference in the progression-free survival could be attributed
to the difference in the IC50 values of multikinase inhibitors and
selective RET inhibitors (13). For instance, the IC50 value of
vandetanib for V804M is 76 nM, but that of selpercatinib is
0.8 nM, which is many folds lower. V804M is a RET inhibitor-
resistant gatekeeper mutation, which confers a gain of function
on the RET protein. Hypothetically, even if the dose of
vandetanib was increased to increase its blood concentration to
Frontiers in Oncology | www.frontiersin.org 4
inhibit V804M, VEGFR2 is forcefully inhibited, thus increasing
toxicity. Perhaps in future clinical trials of RET fusion-positive
lung cancer, selective RET inhibitors will become mainstream.

2) Recruitment of appropriate patients for determining examination
methods in RET fusion-positive lung cancer is crucial. The
LURET clinical trial required participation of patients who
tested positive by both RT-PCR and fluorescence in situ
hybridization (FISH) methods (5). In a clinical trial that was
performed in South Korea, RET rearrangements were detected
by FISH and further confirmed by immunohistochemistry,
RT-PCR, or targeted deep sequencing-based panel assay in
cases with available study materials (7). A recent study
indicated that the diagnostic sensitivity of RET fusion-positive
lung cancer using the FISH technique was 100% (85.8%–100%),
and the specificity was 85% (62.1–96.8%), although the
specificity may be underestimated given that the study set the
positivity cutoff to be ≥10% tumor cells, demonstrating a RET
rearrangement pattern (14). Analysis of lung and thyroid cancer
tissues showed a positive rate by RET fusion partners such as
KIF5B and CCDC6, and their sensitivities were 100%. However,
the sensitivity for NCOA4 was 66.7% (34.9%–90.1%), although
the study investigated small sample size (12 cases) and definitive
conclusions cannot be drawn at present (14). The FISH
technique may not be accurate for certain fusion partners.
Furthermore, the LIBRETTO-001 and ARROW trials accepted
patients who tested positive for RET fusion using methods that
were utilized at each local facility (next-generation sequencing
(NGS), RT-PCR, or FISH). Neither trials required a central
confirmatory diagnosis. Thus, definitive methods for detecting
RET fusion-positive lung cancer need to be established.

3) In recent years, treatment with immune checkpoint inhibitors,
alone or in combination with chemotherapy, has become
standard for advanced and recurrent non-small cell lung
cancer; therefore, treatment regimens for RET fusion-
positive lung cancer patients must be carefully considered.
Some RET fusion-positive lung cancer patients reported from
their retrospective perspective that targeted treatment is
preferable over treatment with immune checkpoint
inhibitors for better prognosis (15). Moreover, previous
studies indicated that the use of immune checkpoint
inhibitors increases the risk of drug-induced pneumonitis if
various tyrosine kinase inhibitors such as EGFR-TKIs were
TABLE 2 | Summary of clinical trials of RET inhibitors for RET fusion-positive lung cancer.

References Year Types and phases Countries RET inhibitor Number of cases Primary endpoint

Drilon et al. (4) 2016 II USA Cabozantinib 26 ORR
Yoh et al. (5) 2017 II Japan Vandetanib 19 ORR
Gautschi et al. (6) 2017 Retrospective Global (Europe, Asia,

and the USA)
Cabozantinib, vandetanib,
sunitinib, sorafenib, alectinib,
lenvatinib, nintedanib, ponatinib, regorafenib

165 –

Lee et al. (7) 2017 II South Korea Vandetanib 18 ORR
Hida et al. (8) 2019 II USA, Japan, Singapore,

and Taiwan
Lenvatinib 25 ORR

Horiike et al. (9) 2016 II Japan Sorafenib 3 –

Gainor et al. (10) 2020 I/II Global (11 countries) Pralsetinib 121 ORR
Drilon et al. (11) 2020 I/II Global (12 countries) Selpercatinib 144 ORR
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ORR, objective response rate.
11 | Article 704084

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Takamori et al. RET Fusion Lung Cancer
previously administered (16). Therefore, the safety of using
immune checkpoint inhibitors after administering RET
inhibitors is concerning. Previous studies also showed that
RET fusion-positive lung cancer patients may benefit a lot
from pemetrexed-based treatments (17); therefore, treatment
regimens that include immunotherapy and chemotherapy
must be considered. A randomized phase III trial is
currently ongoing for RET fusion-positive lung cancer
patients to determine the efficacy of combination therapy
with selective RET inhibitors and chemotherapy ±
pembrolizumab (18, 19). The results of this trial may
facilitate development of better treatment regimens.

4) It is crucial to thoroughly comprehend the mechanisms of
resistance for RET fusion-positive lung cancer because
resistance is inevitable even in cases of initial success after
administrating an RET inhibitor. In a previous study, analysis
of the biopsy specimens of patients after they received selective
RET inhibitors (n = 18) revealed secondary acquired RET
mutations in two cases (G810), acquired MET amplification in
three cases, and acquired KRAS amplification in one case. It
also reported squamous or small-cell histologic transformation
(20). Further research on RET inhibitor resistance and
development of drugs to overcome the resistance is needed.

5) The LIBRETTO-001 trial involved a subgroup analysis of
response rates considering various fusion partners such as
KIF5B, CCDC6, and NCOA4 and reported that response rates
tended to be higher with the 11CCDC6 fusion partner. Because
of insufficient examination due to the low frequency of RET
fusion gene, further research in a larger sample size considering
various treatment strategies based on fusion partners is expected.

6) RET fusion-positive lung cancer is often followed by brain
metastasis, but among previously enrolled patients in clinical
trials, very few were diagnosed with brain metastasis; thus,
there is a lack of sufficient data concerning brain metastasis at
Frontiers in Oncology | www.frontiersin.org 5
this moment. The LIBRETTO-001 and ARROW trials had 11
and nine RET fusion-positive lung cancer patients,
respectively, who also had brain metastasis (10, 11). Further
examination of the response rates for RET fusion-positive
lung cancer and treatment strategies for symptomatic brain
metastases is critically needed.

7) Global clinical trials for these rare lung cancers are more
beneficial than domestic trials, because global trials allow
faster case registration and delivery of faster positive results,
thus increasing the number of patients who are benefitted.
Furthermore, the bias toward domestic treatment policies can
also be diminished.
CONCLUSIONS

Since the discovery of RET fusion gene as a new driver gene for
lung cancer in 2012, numerous clinical trials have been
conducted, and many highly efficacious selective RET
inhibitors have been developed. For RET fusion-positive lung
cancer patients, this is good news. Pursuing various methods of
RET fusion testing, treatment regimens, response results
involving various fusion partners, and overcoming drug
resistance will allow development of ideal treatment strategies
for RET fusion-positive lung cancer patients.
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