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Abstract

Background: Central nervous system (CNS) metastases develop in nearly half of patients and 

cause morbidity and mortality in RET fusion-positive non-small cell lung cancers (NSCLCs). 

The selective RET inhibitor selpercatinib treats existing intracranial disease, but no studies have 

investigated whether early initiation of selpercatinib is associated with decreased development of 

CNS metastases.

Patients and methods: Sixty-one patients with RET fusion-positive advanced NSCLC 

with and without CNS metastases treated with selpercatinib on the LIBRETTO-001 trial 

(NCT03157128) or the LIBRETTO-201 expanded access program (EAP, NCT03906331) were 

identified. Cumulative incidence rates (CIRs) for CNS metastases were assessed as an event-of-

interest; systemic progression of disease and death were considered competing risks.

Results: The median age was 65 years, and the most common 5’ fusion partners were KIF5B 
(67%) and CCDC6 (18%). Twenty-four patients (39%) received prior platinum chemotherapy; 

twenty patients (33%) received prior multikinase inhibition. The median time on selpercatinib was 

21.8 months. Thirty patients (49%) had CNS disease at baseline, and thirty-one patients (51%) had 

no baseline CNS disease. CIRs of CNS progression among patients with baseline CNS disease 

were 3% (95% CI: 0–10%), 10% (95% CI: 0–22%), 17% (3–30%), 17% (3–30%), and 20% 

(5–35%) at 6, 12, 18, 24, and 36 months, respectively. CIRs for CNS progression among patients 

without baseline CNS disease were 0% at 6, 12, 18, 24, and 36 months (95% CI: 0–0%).

Conclusions: CNS progression was not observed with selpercatinib therapy in patients without 

baseline CNS disease. CNS progression on selpercatinib was rare in patients with baseline CNS 
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disease. Early initiation of selpercatinib is associated with decreased rates of CNS metastasis 

formation and progression, and may play a preventive role.
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Introduction

Fusions involving the RET tyrosine kinase drive 1–2% of non-small cell lung cancers 

(NSCLCs).1–3 Breakpoints in chromosome 10, which encodes the RET gene, lead to 

recurrent fusions of the kinase domain with a variety of genetic partners, most commonly 

KIF5B.3–6 These fusions, in turn, drive downstream oncogenesis, including via constitutive 

activation of RET kinase.3, 4, 7 Many RET fusion-positive lung cancers occur in younger 

patients and non-smokers.1–3, 5

One of the most devastating complications of RET fusion-positive NSCLC is central 

nervous system (CNS) disease. We previously reported that nearly 46% of patients with RET 
fusion-positive lung cancers develop intracranial disease8, demonstrating the significant 

clinical need for therapeutic options that prevent and/or treat CNS metastases. Selpercatinib 

(LOXO-292) is an oral, selective tyrosine kinase inhibitor (TKI) directed against RET’s 

adenosine triphosphate binding site. Regulatory approval of selpercatinib for patients with 

RET fusion-positive NSCLC was based on the LIBRETTO-001 trial which reported an 

overall response rate (ORR) of 64% in patients with prior exposure to platinum-based 

chemotherapy and an ORR of 85% in those with no prior treatments.9 An intracranial 

response rate of 82% was reported for selpercatinib in 22 patients with measurable CNS 

metastases,10 and the drug is active in leptomeningeal disease.11 Although preliminary 

studies are promising, little is known about (1) the pattern of CNS spread in patients 

treated with selpercatinib who do not have CNS disease at baseline, or (2) the time to CNS 

progression in those with baseline CNS disease.

Determining whether selpercatinib can prevent or delay the acquisition of CNS disease 

constitutes a significant question for multiple reasons. First, targeted therapies for NSCLC 

are increasingly being studied as part of the treatment for earlier stage disease. The risk-

benefit calculation for adding neoadjuvant or adjuvant targeted therapy to the treatment 

regimen of patients with early-stage disease differs from the calculation for patients with 

later stage disease. Knowing whether a drug can prevent CNS metastases, one of the most 

challenging complications of progressive NSCLC, is therefore critical to understanding the 

preventive benefits of the drug. More generally, early initiation of selpercatinib becomes 

increasingly important if the drug can help prevent CNS disease for patients who have 

not yet developed metastases to the brain. Second, many systemic treatments, such as 

chemotherapeutic agents, used for patients with RET fusion-positive NSCLCs that have 

progressed through selpercatinib, have limited CNS penetration. Whether there is a potential 

role for continuation of selpercatinib together with chemotherapy to optimize the prevention 

of CNS metastases formation or progression remains unknown.
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This study is the first report of the rates of de novo CNS metastasis and progression of 

CNS disease in a large cohort of patients with RET fusion-positive NSCLC treated with 

selpercatinib. Patients were treated on either the multicenter, global LIBRETTO-001 trial, or 

the expanded access LIBRETTO-201 trial of the drug.

Methods

Patients.

Patients were considered eligible for inclusion in this study if they (1) had confirmed 

NSCLC harboring a RET fusion, (2) were enrolled on a trial of selpercatinib as part of either 

the LIBRETTO-001 trial (NCT03157128)9 or the multi-center expanded access program 

(EAP; LIBRETTO-201; NCT03906331). Given that both protocols initially did not require 

serial CNS imaging in patients without baseline CNS disease, the analysis solely focused on 

accrual at a single center (Memorial Sloan Kettering Cancer Center) at which standard of 

care CNS imaging complementary to protocol-prescribed imaging was performed serially as 

outlined in detail in the following section. Participants were enrolled between May of 2017 

and March of 2020 and were followed through the data cut-off of October 13, 2022.

Because selpercatinib was approved by the US Food and Drug Administration for the 

treatment of RET fusion-positive NSCLC in May 2020, some patients went from being 

treated on either LIBRETTO-001 or the EAP to being treated with selpercatinib using 

standard of care commercial supply. Development of CNS or systemic progression was 

assessed throughout patients’ time on treatment, whether selpercatinib was received on or 

off trial.

Patients provided written informed consent to clinical trial participation and both trials 

were approved by an Institutional Review Board at MSK. The full trial protocol for 

LIBRETTO-001 was previously published.9 Key inclusion criteria included a RET fusion-

positive cancer in patients of at least 18 years of age. Patients with symptomatic CNS 

disease were excluded unless they had 14 days of stable symptoms, imaging, and steroid 

dosage. Patients had to have completed a washout of 28 days from any CNS surgery 

or radiation, except for stereotactic surgery where the washout was 14 days prior to 

selpercatinib initiation. For LIBRETTO-201, patients were considered eligible if they had 

a RET fusion-positive lung cancer but were not able to go on the LIBRETTO-001 trial 

for either clinical reasons (such as not meeting eligibility criteria due to comorbidities or 

concomitant medications) or logistic reasons.

Assessments and CNS imaging.

The multicenter LIBRETTO-001 trial initially did not require baseline or serial CNS 

imaging in patients without known brain metastases. As such, a single center effort to secure 

baseline and serial CNS imaging that accompanied protocol-defined extracranial imaging 

was undertaken when feasible until the protocol was later amended to include serial CNS 

imaging. Regarding the latter, in phase 2 of the trial, all patients with RET fusion-positive 

NSCLC regardless of the presence of baseline CNS metastases had baseline magnetic 
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resonance imaging (MRI) of the brain. Subsequent MRIs were performed every eight weeks 

during the first year of treatment and at least every 12 weeks thereafter.

For LIBRETTO-201, MRIs of the CNS were carried out at the discretion of the treating 

physician. Again, even in patients without known brain metastases at baseline, an effort was 

made to secure serial CNS imaging at the single center to accompany extracranial imaging, 

and was performed up to approximately every 8 weeks at the discretion of the investigator.

On LIBRETTO-001, investigator assessment of the presence of CNS metastases and 

response was performed by the study radiologist according to RECIST 1.1 criteria. While 

not required by LIBRETTO-201, a centralized investigator-assessed evaluation of response 

and extent of disease was performed for this analysis.

Statistical Analysis.

Categorical variables, including sex, histology, and stage at diagnosis, were analyzed using 

Fisher’s exact test. Cumulative incidence rates (CIRs) for CNS disease were calculated using 

a competing risk methodology,12 with CNS progression of disease (PD) considered the event 

of interest and systemic PD as well as death considered as competing risks. Where CNS 

progression was detected concomitantly with systemic progression, the patient was counted 

as having had CNS progression for purposes of analysis. Gray’s test was used to compare 

the CIRs for progression between patients with and without baseline brain metastases.

For sensitivity analyses, progression-free survival was assessed from the time of trial 

enrollment to progression using the Kaplan-Meier method, with censoring at the time 

of death, coming off treatment, or being lost to follow-up. Statistical analyses were 

performed using STATA (version 16, College Park, Texas), GraphPad Prism (version 8, San 

Diego, California), or R (version 4, Vienna, Austria). Results were considered statistically 

significant if P < 0.05.

Molecular profiling.

An exploratory descriptive analysis of molecular alterations associated with selpercatinib 

progression or CNS tropism was performed, with data collected on molecular alterations 

that have been well-characterized in these contexts including bypass mutations in the MAPK 

pathway (e.g. MET amplification), EGFR, TERT, TP53, and RBM10. We explored whether 

patients with and without baseline CNS metastases had alterations in any of these genes, 

as well as whether any of these developed at the time of CNS progression. Alterations 

classified as variants of unknown significance were excluded. Patients whose cancers 

underwent next generation sequencing (NGS), either of tumor tissue or liquid biopsies, 

were eligible for inclusion.

Results

Patients.

Sixty-one patients with RET fusion-positive lung cancers met criteria for inclusion and were 

treated with selpercatinib (47 on LIBRETTO-001 and 14 on LIBRETTO-201). Baseline 

clinicopathologic features and prior therapies are summarized in Table 1 along with a 
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comparison of these features in patients with (n=30) and without (n=31) baseline brain 

metastases. The median age of the cohort was 65 years (interquartile range (IQR): 56–71 

years) and thirty-two (52%) patients were female. Most patients (75%; 46/61) had stage IV 

disease at the time of their lung cancer diagnosis. KIF5B was the most common 5’ fusion 

partner, occurring in 41 patients (67%) and CCDC6 was found in 11 patients (18%) (Table 

S-1). The median line of treatment at which selpercatinib was given was 2 (IQR: 1–3). 

Twenty-four patients (39%) had received prior platinum chemotherapy, and 20 had received 

prior treatment with a multikinase inhibitor (MKI), with some patients having received 

multiple lines of MKIs. Prior MKI treatments included cabozantinib (n=13), ponatinib 

(n=1), vandetanib (n=1), or an experimental inhibitor (n=5).

The course of each patient on selpercatinib therapy is summarized in Figure 1. Median 

follow-up for the 29 surviving patients was 41 months (IQR: 26–50); median follow-up 

was 33 months (IQR: 16–45) in the 11 surviving patients with baseline CNS disease, and 

45 months (IQR 36–52) in the 18 surviving without baseline CNS disease. At the time 

of the data lock, 19 patients (31%) were still being treated with selpercatinib, including 

patients who went on commercial supply of selpercatinib following regulatory approval. 

One additional patient was lost to follow-up. The median time-to-treatment discontinuation 

was 22 months (95% CI: 14–33) for the whole cohort. The median time on treatment was 

14 months (95% CI: 7–25) for patients with baseline CNS disease, and was 37 months in 

patients without baseline CNS disease (95% CI: 17-not reached). Median progression-free 

survival was 16 months for the whole cohort (11–25).

CNS activity.

Thirty-one patients (51%) did not have baseline CNS metastases. Interestingly, none 

exhibited CNS progression on selpercatinib for the duration of therapy. As of the data cut, 

twelve patients without baseline CNS metastases experienced progression on selpercatinib, 

but progression was extracranial in all cases. CIRs of CNS progression on selpercatinib are 

shown in Figure 2. The CIR of CNS metastases was 0% at 6, 12, 18, 24, and 36 months on 

selpercatinib. The median overall progression-free survival among patients without baseline 

CNS metastases was 25 months (95% CI: 14-not reached) as shown in Figure S-1.

Of 30 patients with CNS metastases at baseline (49%), 23 experienced progression 

during the follow-up period, with 14 patients progressing exclusively outside the CNS, 6 

progressing in both the CNS and systemically, and only 3 progressing in the CNS alone. 

The CIRs for CNS progression at 6, 12, 18, 24, and 36 months were 3% (95% CI: 0–10%), 

10% (95% CI: 0–21%), 17% (95% CI: 3–30%), 17% (95% CI: 3–30%), and 20 (5–35%), 

respectively (Figure 2). The median overall progression-free survival among patients with 

CNS metastases at baseline was 12 months (95% CI: 7–19) as shown in Figure S-1.

Patients with CNS disease at baseline were significantly more likely to have progression of 

disease in the CNS than those without baseline CNS disease (P=0.01, Figure 2). There was 

no significant difference in the risk of progression outside of the CNS between patients with 

and without baseline CNS metastases (P=0.20), with a 6-month CIR for non-CNS PD of 

6% (95% CI: 0–15%) and 20% (5–35%) in patients without and with CNS metastases at 

baseline, respectively. At 12 months, the CIRs were 23% (8–38%) and 30% (13–47%) for 
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patients without and with baseline CNS disease, respectively. At 18 months, the CIRs were 

27% (10–43%) and 40% (22–58%), respectively; at 24 months, these were 34 (16–51%) and 

50 (31–69%), respectively, while at 36 months they were 37 (19–55%) and 57 (38–75%). 

There was also no significant difference in the CIR of death between patients with and 

without baseline CNS disease (P=0.99, Figure 2).

Notably, our cohort included one patient with baseline brain metastases who developed 

both systemic and CNS progression of disease on selpercatinib who was later treated with 

selpercatinib plus chemotherapy with bevacizumab, remaining on this combination for over 

a year. The patient did not developed clear evidence of further intracranial progression, 

though infarcts were observed on bevacizumab.

Molecular profiling.

Of the 9 patients in our cohort who developed CNS progression, 7 (78%) had NGS available 

from around the time of CNS PD (range: 175 days after CNS PD to 7 days before). 

Sequencing results are shown in Tables S-2 and S-3. One patient had an alteration in the 

MAPK pathway following CNS progression that was not detected at the time of treatment 

initiation, namely a KRAS G12V mutation. Two patients without pre-treatment alterations in 

TP53 alterations had alterations detected at the time of CNS progression. Given the known 

association of MET alterations with resistance,13 MET copy number gain and MET fusions 

were assessed and were observed pre-treatment in two patients, neither of whom developed 

CNS PD. No MET alterations were detected at the time of CNS progression.

Discussion

Rational drug design has increasingly maximized the likelihood of preventing CNS 

metastasis by optimizing the intracranial coverage of novel agents.14 CNS metastases are 

an especially devastating and frequent complication of RET fusion-positive cancers, with 

intracranial disease occurring in nearly half of patients with RET fusion-positive lung 

cancers in a historical series.8 Preventing the acquisition and attenuating the progression of 

CNS metastases remain critical goals of therapy at all stages of lung cancer.

We studied patterns of CNS disease in patients with RET fusion-positive NSCLC treated 

with selpercatinib on the registrational LIBRETTO-001 trial or the LIBRETTO-201 EAP 

trial. This study makes the seminal observation that among patients with no prior history 

of CNS disease, no new cases of CNS metastasis were observed with the selective RET 

inhibitor selpercatinib. This striking result augments existing data we previously published 

showing a high response rate of existing CNS lesions to selpercatinib10 and affirms the 

role of selective RET inhibition as a preferred first-line therapy for metastatic RET fusion-

positive lung cancers. Furthermore, this activity justifies the investigation of this agent 

in earlier stage settings for patients who have not yet developed stage IV disease. To 

prospectively address the role of selpercatinib in earlier stage disease, the LIBRETTO-432 

clinical trial is now underway randomizing patients to selpercatinib or placebo in the 

adjuvant setting (NCT04819100). An analysis of patterns of CNS metastasis acquisition 

on this trial will complement the results we present here.
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These data also raise questions about whether selpercatinib may play a CNS-protective 

role as part of combination therapy. This approach could be considered in patients 

who experience extracranial progression on single-agent selpercatinib in the absence of 

intracranial progression of known CNS metastases, or in those without known CNS 

metastases. Such a strategy of combining a TKI with chemotherapy has gained traction 

in other oncogene-driven contexts such as EGFR-mutant NSCLC. Proof-of-concept studies 

combining chemotherapy and first-generation EGFR TKIs have been published,15–19 and 

osimertinib, a third-generation EGFR TKI with CNS activity, is now being investigated in 

combination with chemotherapy in an ongoing trial (NCT04410796).20, 21

In patients with baseline brain metastases, the low CIRs of CNS progression with 

selpercatinib (11% at 12 months) compare favorably to that of next-generation TKIs 

for other fusion-positive NSCLC (Table S-4).22 In ALK fusion-positive lung cancers 

with baseline CNS metastases, 12-month CIR estimates of CNS progression are ~21% 

with alectinib,23, 24 and 27–33% with brigatinib.25 In ALK fusion-positive lung cancers 

without baseline CNS metastases, historical CIRs for CNS progression are ~9–13% at 12 

months,23, 25, 26 although in one study of alectinib, the 24-month CIR was 8%.24 Recent 

updated data on lorlatinib has shown particular success at reducing brain metastases if used 

earlier in a patients’ treatment course; 12-month CIRS for CNS progression on lorlatinib 

have been estimated as approaching 22–23% in patients with prior crizotinib and/or other 

TKIs, but were just 1% in treatment-naïve patients with no prior brain metastases and 7% 

in those who had prior brain metastases.26–28 These results in ALK fusion-positive NSCLC 

parallel the results of the present study in RET fusion-positive disease in suggesting that 

earlier initiation of brain penetrant drugs may be especially beneficial.

Our study also included exploratory analyses of mutations found on NGS of patients’ tumors 

and liquid biopsies. Reported selpercatinib resistance alterations include RET kinase domain 

mutations, as well as bypass mutations in the MAPK pathway (e.g. MET amplification).13 

Acquisition of CNS metastases in patients with lung cancer have also been associated 

with alterations in EGFR, TERT, and TP53. By contrast, RBM10 has been correlated with 

lower rates of CNS metastases in this population.29 One patient developed KRAS G12V 

alterations at the time of CNS progression. This is in keeping with previous work we 

published showing that alterations in the MAPK pathway can serve as resistance mutations 

for selpercatinib,13 suggesting that bypass pathway resistance may unsurprisingly also play 

an important role in CNS progression. Direct interrogation of circulating tumor DNA in 

cerebrospinal fluid or sequencing of brain metastases at progression in future studies may 

provide further evidence in support of these mechanisms of resistance.

Our study has several limitations. While it analyzes a large dataset of patients, including 

data from the registrational trial that led to FDA approval of selpercatinib, it is nonetheless 

the experience of a single institution. Furthermore, many of the patients in our cohort had 

received prior lines of therapy, including approximately a third of patients who received 

a prior MKI. Selpercatinib is now approved for first-line therapy, and the co-mutational 

profile of the tumors that were treated on our study may differ somewhat from those that 

are treatment-naive. Despite this, the more heavily pre-treated nature of our cohort actually 

underscores the efficacy of selpercatinib in the CNS. Given that rates of CNS disease may 
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increase with the prolonged selective pressure owing of multiple prior lines of therapy, we 

expect that our study may consequently overestimate the rate of CNS disease development 

with selpercatinib. In conclusion, CIRs of CNS progression on selpercatinib were low in 

patients with RET fusion-positive lung cancers with baseline CNS metastases and zero 

in patients without baseline CNS metastases. These new observations add to a growing 

body of literature demonstrating the substantial intracranial activity of this selective RET 

inhibitor that is currently approved or authorized by multiple regulatory agencies. The 

ongoing LIBRETTO-432 study (NCT04194944) randomizing treatment-naïve patients with 

RET fusion-positive lung cancers to selpercatinib or placebo in the adjuvant setting for 

earlier stage disease will help serve to confirm the data presented here on the association of 

selpercatinib with decreased occurrence of CNS disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Selpercatinib therapy duration.
A swimmer’s plot showing time on therapy, systemic and/or CNS progression of disease, 

and radiation treatments administered while on selpercatinib is shown. Grey bars show time 

on treatment.
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Figure 2: Intracranial activity of selpercatinib.
The cumulative incidence rates (CIRs) of central nervous system (CNS) progression in 

patients with (right) and without (left) metastases to the CNS at baseline are shown.
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Table 1.
Baseline characteristics.

The clinicopathologic features of patients with RET fusion-positive lung cancers treated with selpercatinib are 

summarized according to presence or absence of central nervous system (CNS) metastases at baseline. 

Statistical comparisons of the difference between these features in both populations (no CNS metastases and 

CNS metastases at baseline) are shown. Abbreviations: IQR – interquartile range.

Clinicopathologic Features All Cases (n=61) No CNS metastases (n=31) CNS Metastases (n=30) P value

Age (median, IQR) 65 (56, 71) 64 (57, 71) 65 (55–70) 0.76

Sex n, %

0.13 Male 29 (48%) 18 (58%) 11 (37%)

 Female 32 (52%) 13 (42%) 19 (63%)

Smoking n, %

0.24 Former 15 (25%) 10 (32%) 5 (17%)

 Never 46 (75%) 21 (68%) 25 (83%)

Histology n, %

0.61 Adenocarcinoma 58 (95%) 30 (97%) 28 (90%)

 Other 3 (5%) 1 (3%) 2 (6%)

5’ partner*n, %

KIF5B present 41 (67%) 20 (65%) 21 (70%) 0.79

Prior RET-directed tyrosine kinase inhibitor
#
n, 

%
20 (33%) 8 (26%) 12 (40%) 0.28

Selpercatinib therapy line mean, (range) 2 (1, 3) 2 (1, 3) 2 (2, 3) 0.37

CNS treatment

 Prior CNS RT 12 (20%) 0 (0%) 12 (40%) <0.001

 Prior CNS surgery 3 (5%) 0 (0%) 3 (10%) 0.11

*
Some patients had >1 fusion.

#
some patients had more than one prior line of TKI therapy.
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