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Abstract: RET fusion is one of the key driver oncogenes in lung cancer. Selective RET inhibitors have become the standard of care
for these patients. However, acquired resistance remains inevitable Among the mechanisms of on-target resistance, solvent front
mutations in the RET kinase domain are the most common. In contrast, kinase domain insertion mutations are rarely reported as
a mechanism of resistance. This article reports a case of a patient with advanced lung adenocarcinoma. Initial genetic testing at
diagnosis revealed a CCDC6-RET fusion. The patient achieved partial response after treatment with pralsetinib, but subsequently
developed disease progression. After resistance developed, next-generation sequencing (NGS) was performed. The results showed that
the original RET fusion persisted. Additionally, a newly acquired insertion mutation (p.L730_G731insL) was detected in the RET
kinase domain. Based on this resistance mechanism, the patient discontinued pralsetinib. Treatment was switched to another selective
RET inhibitor, selpercatinib. Follow-up imaging evaluation showed that the pulmonary lesions achieved a partial response (PR).This
suggests that selpercatinib has therapeutic activity against the tumor carrying this RET insertion mutation. However, the patient
received concurrent brain radiotherapy and radiofrequency ablation of liver lesions; therefore, the response in intracranial and hepatic
sites cannot be solely attributed to selpercatinib. The observation is hypothesis-generating rather than proof of sensitivity. This case
provides a reference for precision treatment strategies after resistance to RET inhibitors.
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Introduction

Receptor-tyrosine kinase gene (RET) fusion occurs in 1.4% of non-small cell lung cancer (NSCLC) and 1.7% of lung
adenocarcinoma in China.' In recent years, the introduction of selective RET inhibitors, represented by pralsetinib and
selpercatinib, has significantly improved the prognosis of patients with advanced RET fusion-positive NSCLC.? These
agents have become the first-line standard of care recommended by clinical guidelines (NCCN and CSCO guidelines) for
this patient population.Although initial treatment usually achieves favorable objective response rates and durable disease
control, acquired resistance remains inevitable It has become a major challenge limiting long-term survival in these
patients.Currently, solvent front mutations are known to be the most common acquired resistance mechanism to second-
generation inhibitors.® They prevent drug binding through steric hindrance, such as G810C/S/R and others.* However,
the response of selpercatinib to novel RET insertion mutations remains unknown. Here, we report a patient with lung
adenocarcinoma who harbored a novel RET insertion mutation (p.L730_G731insL) and showed response to selpercatinib.
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Case Representation

A 66-year-old male with a long-term smoking history presented with progressively worsening symptoms, including right-
sided chest pain, cough, and sputum production. Imaging revealed a 2.7 cm X 2.2 ¢cm mass in the right middle lobe. He
underwent video-assisted thoracic surgery (VATS) at another hospital, with right middle lobectomy and lymph node
sampling. Postoperative histopathological examination confirmed lung adenocarcinoma. The pathological stage was
pT2aN2MO, stage IITA. In December 2018, genetic testing was performed on the surgical tissue using high-throughput
next-generation sequencing (NGS:Geneseeq’s Chudekang® Lung 14-gene mutation detection kit). The results detected
a CCDC6-RET gene fusion (CCDC6:exonl~RET:exonl2, 6.1%). Postoperatively, the patient received adjuvant che-
motherapy with pemetrexed plus cisplatin for 6 cycles, followed by maintenance therapy with pemetrexed alone for 4
cycles. During the treatment period, the disease remained stableln December 2020, follow-up imaging revealed multiple
liver metastases. A second NGS (Geneseeq’s Quanjing® Cancer Gene Detection Panel) test was performed on a blood
sample, but no clear mutations were detected. Thereafter, the patient received multiple lines of treatment, including
another attempt at chemotherapy with pemetrexed plus cisplatin, local radiotherapy to the lung lesions, and treatment
with anlotinib. During follow-up, pleural effusion and bone metastases developed (some diagnostic and treatment records
from other hospitals were missing).In July 2022, a third NGS (Geneseeq’s Baimaikang®™ Lung Cancer Gene Panel) test
was performed on a blood sample. The results again detected the CCDC6-RET fusion (0.9%), confirming that this driver
gene persisted. In March 2023, the patient was transferred to our hospital for further treatment.At that time, both
domestic and international clinical guidelines recommended highly selective RET inhibitors as the first-line treatment for
advanced non-small cell lung cancer with RET fusion positivity. After evaluation, treatment with pralsetinib was initiated
in March 2023.Pralsetinib was administered orally at the standard dose of 400 mg once daily. The patient tolerated the
treatment well, and no dose reduction or interruption was required. No grade >3 adverse events were observed during
pralsetinib therapy. In October 2024, follow-up contrast-enhanced abdominal CT showed enlargement of the liver
metastases compared to previous imaging, as well as new metastatic lesions in both lungs and the pleura. Cranial
MRI suggested possible intracranial metastases. Based on the comprehensive imaging findings, the patient was deter-
mined to have developed acquired resistance to pralsetinib.To clarify the mechanism of resistance, in October 2024, the
patient underwent a needle biopsy of a liver metastasis. A fourth NGS (Geneseeq’s Baimaikang®™ Lung Cancer Gene
Panel)test was performed concurrently (during the biopsy, radiofrequency ablation was also performed on some of the
liver metastases for local treatment). The test results showed that the original CCDC6-RET fusion (35.17%) persisted,
while a newly acquired insertion mutation in the RET kinase domain, p.L730 G731linsL (exonl2, 24.17%), was
detected. Comparison of pre-treatment (July 2022, blood) and post-resistance (October 2024, liver) NGS showed that
the only newly emerged alteration was the RET p.L730_G731insL (24.17%), while the original CCDC6-RET fusion
persisted (0.9% — 35.17%). No other RET resistance mutations or bypass pathway alterations (MET, KRAS, EGFR,
BRAF, PIK3CA) were detected in either sample, confirming that p.L730 G731linsL is the sole acquired resistance
mechanism. A literature review revealed that this mutation has not been previously reported in populations with
resistance to RET inhibitors. Based on the above test results, combined with the 2024 Chinese Society of Clinical
Oncology (CSCO) Guidelines for the Diagnosis and Treatment of Non-Small Cell Lung Cancer and relevant evidence-
based medicine, a multidisciplinary team (MDT) discussion was conducted. After full communication with the patient
and his family, treatment was switched to another highly selective RET inhibitor, selpercatinib,at a dose of 160 mg twice
daily orally (160 mg bid po), in November 2024. Concurrently, stereotactic radiotherapy was administered to the
intracranial lesions. Given the patient’s history of rapid disease progression on prior therapies and the need for early
efficacy assessment to guide subsequent treatment, the first on-treatment imaging was performed at 1 month after
selpercatinib initiation. One month after starting selpercatinib, Follow-up imaging evaluation showed that the pulmonary
lesions achieved a partial response (PR) (Figure 1).At 3 months after selpercatinib initiation, follow-up CT of the chest
confirmed that the pulmonary lesions maintained a partial response (PR).Concurrently, serum CEA levels decreased from
163.82 ng/mL before selpercatinib to 38.72 ng/mL at the 3-month follow-up, consistent with the partial response
observed on imaging.The patient’s clinical symptoms also improved, suggesting that selpercatinib has good inhibitory
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activity against the tumor carrying the p.L730 G731linsL insertion mutation. No severe drug-related adverse events
occurred during treatment, and the patient tolerated the therapy well.

The patient’s complete treatment course, including key clinical events, genetic testing results, treatment decisions, and
corresponding efficacy assessments, is visually presented in a timeline format in (Figure 2).

Discussion

Although selpercatinib and pralsetinib have shown high response rates and more durable responses in RET-altered
cancers,”” several recent studies have identified acquired resistance mutations. These mutations are located at the bottom
of the RET ATP-binding site (G810C/S/R), the hinge region (YS806C/N), and the B2 strand (V738A).* In addition, bypass
mechanisms have also been reported.® Among these mutations, G810C/S/R mutations show the strongest resistance.’
This case is the first to report a novel acquired in-frame insertion mutation in the RET kinase domain, p.L730_G731insL.
This mutation inserts an additional leucine residue between L730 and G731. We speculate that this may lead to local
outward protrusion of the main chain, further increasing spatial occupation in this region.Due to the cyclohexane ring of
pralsetinib being closer to residue 730 and having greater structural rigidity, it may cause severe steric clash with the
inserted leucine side chain. This could significantly weaken drug binding.In contrast, selpercatinib has a smaller volume
and greater spatial allowance in this region. Its flexible chain may avoid the inserted side chain through conformational
adjustment. It may even form new interactions with the added hydrophobic residue, thereby maintaining binding
capacity. Therefore, we speculate that selpercatinib may maintain inhibitory activity against the L730-G73 linsL mutation,
whereas pralsetinib may develop resistance to this mutation.This finding shares similarity with the previously reported
L730V/I (amino acid substitution) mutations.'® The latter have been shown to confer high-level resistance to pralsetinib.
Together, these findings suggest that residue 730 plays a critical role in drug binding.However, when evaluating the
efficacy of selpercatinib, careful analysis of therapeutic responses across different lesions is required.In this case, the

Figure | (A) Chest CT before selpercatinib: pulmonary lesions (arrows). (B) Chest CT at | month after selpercatinib: partial response. (C) Chest CT at 3 months:
maintained PR. (D) Liver lesions before and after radiofrequency ablation. (E) Brain MRI before and after stereotactic radiotherapy.
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Figure | Continued.
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Figure 2 Treatment flow chart. The timeline shows key clinical events, NGS results, treatment decisions, and efficacy assessments from diagnosis to 3-month follow-up after

switching to selpercatinib.
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patient received radiotherapy for brain metastases at the time of switching to selpercatinib. Additionally, radiofrequency
ablation was performed concurrently with the biopsy of liver metastases after resistance had developed.Therefore, the
control of intracranial lesions may be primarily attributed to radiotherapy. Similarly, the local treatment effect of
radiofrequency ablation cannot be ruled out as a contributing factor to the changes observed in the liver lesions.
However, it is worth noting that the lung lesions showed significant shrinkage after selpercatinib treatment, and this
area did not receive any local intervention.This observation provides relatively independent clinical evidence that
selpercatinib has inhibitory activity against tumors harboring the p.L730_G731insL mutation.This limitation suggests
that future studies with more controlled clinical designs, such as sequentially administered treatment or monotherapy
regimens, are needed to further validate the inhibitory activity of selpercatinib against tumors with this type of mutation.

Conclusion

In this case, a potential novel acquired insertion mutation—RET p.L730 _G731insL—was detected in a patient with
CCDC6-RET fusion-positive lung adenocarcinoma. The patient had developed resistance after treatment with pralsetinib.
This finding supports the continued implementation of molecular monitoring during targeted therapy to identify emerging
resistance mechanisms.After the detection of this mutation, the treatment strategy was switched to selpercatinib. The
patient achieved partial response (PR) in the lung lesions.This observation suggests that, in select cases, selpercatinib
may retain therapeutic activity against tumors harboring this mutation.However, as the patient concurrently received
cranial radiotherapy and radiofrequency ablation of liver lesions, the results of this study cannot establish a causal
relationship. Nor are they sufficient to define a standard treatment regimen.Future prospective studies are needed to
further clarify the sensitivity of this mutation to selpercatinib. Such studies will provide evidence to support clinical

decision-making in the context of acquired resistance to RET inhibitors.
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