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BACKGROUND
RET fusions are oncogenic drivers in 1 to 2% of non–small-cell lung cancers 
(NSCLCs). In patients with RET fusion–positive NSCLC, the efficacy and safety 
of selective RET inhibition are unknown.

METHODS
We enrolled patients with advanced RET fusion–positive NSCLC who had previ-
ously received platinum-based chemotherapy and those who were previously un-
treated separately in a phase 1–2 trial of selpercatinib. The primary end point was 
an objective response (a complete or partial response) as determined by an inde-
pendent review committee. Secondary end points included the duration of re-
sponse, progression-free survival, and safety.

RESULTS
In the first 105 consecutively enrolled patients with RET fusion–positive NSCLC 
who had previously received at least platinum-based chemotherapy, the percentage 
with an objective response was 64% (95% confidence interval [CI], 54 to 73). The 
median duration of response was 17.5 months (95% CI, 12.0 to could not be evalu-
ated), and 63% of the responses were ongoing at a median follow-up of 12.1 months. 
Among 39 previously untreated patients, the percentage with an objective response 
was 85% (95% CI, 70 to 94), and 90% of the responses were ongoing at 6 months. 
Among 11 patients with measurable central nervous system metastasis at enroll-
ment, the percentage with an objective intracranial response was 91% (95% CI, 
59 to 100). The most common adverse events of grade 3 or higher were hyperten-
sion (in 14% of the patients), an increased alanine aminotransferase level (in 12%), 
an increased aspartate aminotransferase level (in 10%), hyponatremia (in 6%), and 
lymphopenia (in 6%). A total of 12 of 531 patients (2%) discontinued selpercatinib 
because of a drug-related adverse event.

CONCLUSIONS
Selpercatinib had durable efficacy, including intracranial activity, with mainly low-
grade toxic effects in patients with RET fusion–positive NSCLC who had previ-
ously received platinum-based chemotherapy and those who were previously un-
treated. (Funded by Loxo Oncology and others; LIBRETTO-001 ClinicalTrials.gov 
number, NCT03157128.)
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The RET proto-oncogene encodes a 
transmembrane receptor tyrosine kinase 
that is involved in normal embryonic 

development.1 Fusions between sequences that 
encode the kinase domain containing the car-
boxy terminal region of RET and various up-
stream gene partners lead to abnormal expres-
sion and oligomerization of chimeric kinase 
fusion proteins. These fusions result in consti-
tutively active, ligand-independent signaling and 
oncogenesis.2 Activating RET fusions typically 
occur in a mutually exclusive fashion with 
other cancer drivers and lead to classic depen-
dency of the tumor cells on the activated onco-
genic kinase.2-4

RET fusions have been identified in 1 to 2% 
of patients with non–small-cell lung cancer 
(NSCLC),3,5,6 and they appear to be associated 
with a high risk of brain metastases.7 Multi
targeted kinase inhibitors that were initially 
designed to target other kinases but that have 
some measure of RET inhibition have been 
evaluated in prospective clinical trials. The use 
of these drugs resulted in only limited clinical 
benefit,8-11 perhaps because of poor anti-RET 
activity, poor pharmacokinetic characteristics, 
and dose-limiting off-target toxic effects that are 
associated with the concurrent inhibition of 
multiple non-RET kinases.2,12 These toxic effects 
lead to frequent dose reductions and even per-
manent drug discontinuation.

Selpercatinib (formerly known as LOXO-292) 
is a novel, ATP-competitive, highly selective 
small-molecule inhibitor of RET kinase. Experi-
mental models showed that it has nanomolar 
potency against diverse RET alterations, includ-
ing fusions, activating point mutations, and 
predicted acquired resistance mutations, while 
mainly sparing non-RET kinases and non-kinase 
targets.13 In addition, selpercatinib was de-
signed to penetrate the central nervous system 
(CNS) and has been shown in preclinical mod-
els to have antitumor activity in the brain. We 
evaluated the efficacy of selpercatinib in a 
phase 1–2 clinical trial (LIBRETTO-001). Ado-
lescent and adult patients with any type of 
solid tumor harboring an activating RET altera-
tion (i.e., fusions or mutations) were eligible. 
Here, we report the efficacy and safety of selp-
ercatinib in patients with RET fusion–positive 
NSCLC.

Me thods

Patients

Full eligibility criteria for the trial are detailed 
in the protocol, available with the full text of 
this article at NEJM.org. Eligible patients were 
12 years of age or older (in areas where this 
criterion was allowed by regulatory authorities 
and institutional review boards; otherwise, the 
patients were 18 years of age or older) and had 
received a diagnosis of advanced or metastatic 
solid tumor. Patients were required to have a 
prospectively identified RET alteration (fusion 
or mutation) after they had reached dose level 
2 (20 mg of selpercatinib twice daily), the dose 
at which steady-state selpercatinib pharmaco-
kinetic exposures were predicted to be effica-
cious as defined by a trough level that exceed-
ed  the 50% inhibitory concentration for RET 
kinase activity. RET alteration status was de
termined by local molecular testing performed 
in a certified laboratory with the use of next-
generation sequencing, f luorescence in situ 
hybridization (FISH), or polymerase-chain-
reaction (PCR) assay. Central confirmation of 
the locally identified RET alteration was not re-
quired.

Other inclusion criteria included an Eastern 
Cooperative Oncology Group performance-sta-
tus score of 0 to 2 (on a scale from 0 to 5, with 
higher scores indicating greater disability), ade-
quate organ function, and a corrected QT inter-
val of 470 msec or less. Any number of previous 
therapies, including immune checkpoint inhibi-
tors, multitargeted kinase inhibitors, and che-
motherapy, were allowed. Patients with previously 
treated or untreated brain metastases who were 
either asymptomatic or had been in neurologi-
cally stable condition for at least 2 weeks were 
also eligible. Patients had to have a RET fusion–
positive NSCLC to be included in the current 
analysis.

This trial was conducted in accordance with 
the Good Clinical Practice guidelines, the prin-
ciples expressed in the Declaration of Helsinki, 
and all applicable country and local regulations. 
The protocol was approved by the institutional 
review board or independent ethics committee at 
each investigative site. All the patients, or guard-
ians of patients younger than 18 years of age, 
provided written informed consent.
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Trial Design and Treatment

This open-label phase 1–2 trial was conducted at 
65 centers in 12 countries (Table S1 in the Sup-
plementary Appendix, available at NEJM.org). 
Selpercatinib was administered orally (in capsule 
or liquid formulation), continuously, in 28-day 
cycles, until disease progression, death, unac-
ceptable toxic effects, or withdrawal of consent. 
Patients who were enrolled in the phase 1 dose-
escalation portion of the trial received selper
catinib at doses ranging from 20 mg once daily 
to 240 mg twice daily. Intrapatient dose escala-
tion to higher doses that were determined by the 
investigators to be safe was permitted after a 
minimum of one cycle of treatment. All patients 
who were enrolled in the phase 2 portion of the 
trial received the recommended dose of 160 mg 
twice daily. Patients with documented disease 
progression could continue to receive selper
catinib if, in the opinion of the site investigator, 
they were deriving clinical benefit from this agent.

The primary end point was an objective re-
sponse (a complete or partial response), as deter-
mined by an independent review committee of 
expert radiologists, according to the Response 
Evaluation Criteria in Solid Tumors (RECIST), 
version 1.1.14 Secondary end points included an 
objective intracranial response, progression-free 
survival, the duration of response, and safety. 
All responses required confirmation by a second 
consecutive radiologic assessment performed at 
least 4 weeks after the first assessment showed 
a response.

Trial Assessments

Radiologic tumor assessments were conducted 
at baseline, every 8 weeks for 1 year, and every 
12 weeks thereafter. Brain imaging during screen-
ing was mandated for all patients who were en-
rolled in the phase 2 portion of the trial. Pa-
tients with brain metastases that were identified 
at baseline underwent repeated brain imaging 
with each response assessment. Adverse events 
were assessed from the first dose of selpercati
nib (or from the date that informed consent was 
obtained in patients with serious adverse events) 
until the safety follow-up visit 28 days after the 
last dose of selpercatinib was administered. Ad-
verse events were graded according to the Com-
mon Terminology Criteria for Adverse Events, 
version 4.03.

Trial Oversight

This trial was designed jointly by the sponsor 
(Loxo Oncology, a wholly owned subsidiary of 
Eli Lilly) and the investigators. The sponsor col-
lected, analyzed, and interpreted the trial data in 
collaboration with the authors. The first draft of 
the manuscript was written by the first author 
and last author in collaboration with the spon-
sor. All the authors provided input to revise the 
manuscript. A medical writer paid by the spon-
sor provided writing assistance. All the authors 
vouch for the completeness and accuracy of the 
clinical data and analyses and for the adherence 
of the trial to the protocol.

Statistical Analysis

All the analyses were conducted in accordance 
with the statistical analysis plan. The primary 
analysis set (Fig. S1), defined with input from 
the Food and Drug Administration (FDA), was 
based on the first 105 patients who were con-
secutively enrolled across both the phase 1 and 2 
portions of the trial and who met the following 
criteria: documented RET fusion–positive NSCLC 
as determined by local testing; measurable dis-
ease according to RECIST, version 1.1; and re-
ceipt of one or more lines of chemotherapy, in-
cluding platinum-based chemotherapy, and one 
or more doses of selpercatinib. By agreement 
with the FDA, patients with nonmeasurable 
disease who were enrolled in the phase 1 dose-
escalation part of the trial were also included in 
the primary analysis. Efficacy was also sepa-
rately investigated in a supplemental analysis set 
composed of the first 39 consecutively enrolled 
untreated patients with RET fusion–positive 
NSCLC who otherwise met the above criteria.

Efficacy analyses were performed according 
to the intention-to-treat principle. The incidence 
of a true objective response of at least 50% in the 
primary analysis set was hypothesized, and we 
estimated that a sample of 105 patients would 
provide the trial with 98% power to establish a 
lower boundary of 30% for a two-sided 95% 
exact binomial confidence interval. Ruling out a 
lower limit of 30% for the objective response 
was considered to be clinically meaningful for 
patients who had tumor that had progressed 
while they were receiving previous platinum-
based chemotherapy and who had limited re-
maining treatment options for advancing dis-
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ease. No power calculations were carried out in 
relation to the previously untreated patients. 
Confidence intervals for responses were calcu-
lated with the use of the Clopper–Pearson 
method. The duration of response and progres-
sion-free survival were estimated with the Kaplan–
Meier method. Safety was analyzed in both the 
patients with RET fusion–positive NSCLC who 
had received platinum-based chemotherapy and 
those who had been previously untreated (as 
defined above) as well as in the overall cohort of 
531 patients in the trial who had received selper
catinib by June 17, 2019. The data cutoff date 
was December 16, 2019.

R esult s

Patients

From May 2017 through December 2018, a to-
tal of 105 patients with RET fusion–positive 
advanced NSCLC who had previously received 

at least platinum-based chemotherapy were 
consecutively enrolled and received treatment 
across both the phase 1 dose-escalation por-
tion of the trial (49 patients) and the phase 1 
dose-expansion or phase 2 portion of the trial 
(56 patients). In addition, from December 2017 
through June 2019, a total of 39 previously un-
treated patients with advanced RET fusion–
positive NSCLC were enrolled. The demograph-
ic characteristics of the patients in both cohorts 
are summarized in Table 1.

The patients who had previously received 
platinum-based chemotherapy were heavily pre-
treated. They had received a median of 3 previ-
ous systemic therapy regimens (range, 1 to 15); 
55% had received previous anti–programmed 
cell death protein 1 (PD-1) or anti–programmed 
cell death ligand 1 (PD-L1) therapies, and 48% 
had received previous multitargeted kinase in-
hibitors with anti-RET activity. A total of 36% of 
the patients had brain metastases at baseline as 

Table 1. Baseline Characteristics of the Patients.*

Characteristic

Previous Platinum 
Chemotherapy 

(N = 105)
Previously Untreated 

(N = 39)

Age — yr

Median 61 61

Range 23–81 23–86

Sex — no. (%)

Female 62 (59) 22 (56)

Male 43 (41) 17 (44)

Race — no. (%)†

White 55 (52) 28 (72)

Asian 40 (38)   7 (18)

Black 5 (5) 3 (8)

Other 3 (3) 1 (3)

Missing data 2 (2) 0

Smoking status — no. (%)

Never smoked 75 (71) 29 (74)

Former smoker 29 (28)   9 (23)

Current smoker 1 (1) 1 (3)

ECOG performance-status score — no. (%)‡

0 31 (30) 18 (46)

1 72 (69) 21 (54)

2 2 (2) 0
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assessed by the investigators. Baseline character-
istics (other than previous therapy) were gener-
ally similar in the previously treated and previ-
ously untreated groups, although previously 
untreated patients tended to have better perfor-
mance status and had a lower incidence of brain 
metastases at enrollment. A total of 88% of the 
patients who had previously received platinum-
based chemotherapy received at least one dose of 
selpercatinib at the recommended phase 2 dose 

of 160 mg twice daily. All the previously un-
treated patients received 160 mg twice daily.

In patients who had received platinum-based 
chemotherapy, RET fusions were prospectively 
identified by next-generation sequencing (in tu-
mor in 85 patients and in blood or plasma in 9), 
FISH (in 9), or reverse-transcriptase PCR assay 
(in 2). In total, 62 unique locally obtained assays 
were used to enroll patients across all groups 
(Table S2).

Characteristic

Previous Platinum 
Chemotherapy 

(N = 105)
Previously Untreated 

(N = 39)

NSCLC histologic subtype — no. (%)

Adenocarcinoma 90 (86) 34 (87)

Large-cell neuroendocrine carcinoma 2 (2) 0

Squamous-cell carcinoma 1 (1) 0

NSCLC-NOS 12 (11)   5 (13)

Median previous systemic regimens — no. (range) 3 (1–15) 0

Previous regimen

Platinum-based chemotherapy — no. (%) 105 (100) NA

Anti–PD-1 or anti–PD-L1 therapy — no. (%) 58 (55) NA

Multitargeted kinase inhibitor — no. (%)§ 50 (48) NA

1 — no./total no. (%) 37/50 (74) NA

≥2 — no./total no. (%) 13/50 (26) NA

Brain metastases — no. (%) 38 (36)   7 (18)

Measurable disease — no. (%) 104 (99)   39 (100)

RET fusion — no. (%)

KIF5B-RET 59 (56) 26 (67)

CCDC6-RET 24 (23)   8 (21)

NCOA4-RET 2 (2) 0

RELCH-RET 2 (2) 0

Other¶ 6 (6) 1 (3)

Not determined‖ 12 (11)   4 (10)

*	�Percentages may not total 100 because of rounding. Anti–PD-1 denotes anti–programmed cell death protein 1 (PD-1), 
anti–PD-L1 anti–programmed cell death ligand 1, NA not applicable, NOS not otherwise specified, and NSCLC non–
small-cell lung cancer.

†	�Race was reported by the patients.
‡	�Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher scores indicat-

ing greater disability.
§	� Multitargeted kinase inhibitors administered included cabozantinib (in 16 patients), vandetanib (in 8), lenvatinib (in 7), 

and others (in 36). Patients may have received more than one multitargeted kinase inhibitor.
¶	�Other fusions identified in single tumors included CLIP1-RET, RBPMS-RET, DOCK1-RET, ARHGAP12-RET, CCDC88C-RET, 

TRIM24-RET, PRKAR1A-RET, and ERC1-RET.
‖	�RET fusion was indicated by molecular analysis, but the fusion partner was not identified.

Table 1. (Continued.)

The New England Journal of Medicine 
Downloaded from nejm.org by STEPHEN ROTHENBERG on February 22, 2024. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;9  nejm.org  August 27, 2020818

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

Efficacy
Among patients who had previously received 
platinum-based chemotherapy, the percentage 
with an objective response was 64% (95% confi-
dence interval [CI], 54 to 73), as determined by 
the independent review committee (Table 2 and 
Fig. S2). Two patients (2%) had a complete re-
sponse, 65 (62%) had a partial response, 30 
(29%) had stable disease, 4 (4%) had progressive 
disease, and 4 (4%) could not be evaluated (NE). 
Responses were observed regardless of previous 
therapy with anti–PD-1 or anti–PD-L1 agents 
(Table S3) or multitargeted kinase inhibitors 
(Table S4). The median duration of response ac-
cording to the independent review committee 
was 17.5 months (95% CI, 12.0 to NE), and 63% 
(42 of 67) of the responses were ongoing at a 
median follow-up of 12.1 months (Fig. S3). At 
1 year, 66% (95% CI, 55 to 74) of all the patients 
were progression-free, and the median progres-

sion-free survival was 16.5 months (95% CI, 13.7 
to NE). Overall, 5 patients (5%) were lost to 
follow-up or withdrew.

According to investigator assessment, the per-
centage of patients with a response was 70% 
(95% CI, 60 to 78) (Table 2 and Fig. 1). Responses 
were also observed regardless of the specific 
RET fusion partner (Fig. S4). The median time to 
response was 1.8 months, consistent with the 
first protocol-mandated assessment (Fig. S5). 
The median duration of response according to 
investigator assessment was 20.3 months (95% 
CI, 15.6 to 24.0) (Fig. 2A). Overall, 58% (42 of 
73) of the responses were ongoing at a median 
follow-up of 14.8 months, and 71% (52 of 73) of 
the patients with a response continued to receive 
treatment (treatment was administered beyond 
RECIST progression in some patients because of 
ongoing clinical benefit). The longest response 
was ongoing at 26.0 months. The median dura-

Table 2. Efficacy.*

Response Previous Platinum Chemotherapy Previously Untreated

Independent 
Review 

(N = 105)

Investigator 
Assessment 

(N = 105)

Independent 
Review 
(N = 39)

Investigator 
Assessment 

(N = 39)

Objective response — % (95% CI) 64 (54–73) 70 (60–78) 85 (70–94) 90 (76–97)

Best response — no. (%)

Complete response 2 (2) 2 (2) 0 1 (3)

Partial response 65 (62) 71 (68) 33 (85) 34 (87)†

Stable disease 30 (29) 25 (24) 4 (10) 2 (5)

Progressive disease 4 (4) 2 (2) 1 (3) 1 (3)

Could not be evaluated 4 (4) 5 (5) 1 (3) 1 (3)

Duration of response

Patients with a response — no. 67 73 33 33‡

Patients with censored data — no./total no. (%) 44/67 (66) 45/73 (62) 26/33 (79) 26/33 (79)

Median duration of response — mo (95% CI) 17.5 (12.0–NE) 20.3 (15.6–24.0) NE (12.0–NE) NE (12.0–NE)

Median follow-up — mo 12.1 14.8 7.4 7.4

Progression-free survival

Patients with censored data — no. (%) 61 (58) 58 (55) 30 (77) 30 (77)

Median progression-free survival — mo (95% CI) 16.5 (13.7–NE) 18.4 (16.4–24.8) NE (13.8–NE) NE (13.8–NE)

Median follow-up — mo 13.9 16.4 9.2 9.2

1-yr progression-free survival — % (95% CI) 66 (55–74) 68 (58–76) 75 (56–87) 75 (55–87)

*	�Percentages may not total 100 because of rounding. NE denotes could not be evaluated.
†	�Data include two patients with an unconfirmed partial response pending confirmation at the data cutoff date.
‡	�Data include only confirmed responses.
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tion of response was similar in the overall group 
of patients who had previously received platinum-
based chemotherapy and in the subgroup who 
had received previous anti–PD-1 or anti–PD-L1 
treatment. At 1 year, 68% of all the patients were 
progression-free according to investigator assess-

ment, and the median progression-free survival 
was 18.4 months (95% CI, 16.4 to 24.8) (Table 2 
and Fig. 2B).

Among 38 of 105 patients who had previous-
ly  received platinum-based chemotherapy and 
who had investigator-assessed CNS metastasis at 

Figure 1. Efficacy.

Shown are waterfall plots of the maximum change in tumor size in all target lesions, according to investigator as-
sessment (Panel A), in intracranial target lesions in patients who had previously received platinum-based chemo-
therapy, according to independent review (Panel B), and in all target lesions in previously untreated patients, ac-
cording to investigator assessment (Panel C). Data for five patients who had previously received platinum-based 
chemotherapy are not shown, since one had nontarget lesions only and four did not undergo measurement of the 
target lesion after the baseline measurement. Data for one patient in the untreated group are not shown because 
the patient discontinued treatment before any imaging after baseline was performed. The dashed lines at 20% and 
−30% indicate growth and shrinkage of target lesions, respectively. Anti–PD-1 denotes anti–programmed cell death 
protein 1 (PD-1), and anti–PD-L1 anti–programmed cell death ligand 1.

A All Target Lesions

B Intracranial Target Lesions
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baseline, 11 patients were deemed to have mea-
surable lesions according to RECIST, version 1.1, 
by independent review. Among these 11 patients, 
the percentage with an objective intracranial re-
sponse was 91% (10 of 11 patients; 95% CI, 59 to 
100) according to independent review, including 
3 complete responses (in 27%), 7 partial respons-
es (in 64%), and 1 stable disease. The median 
CNS duration of response was 10.1 months (95% 
CI, 6.7 to NE).

A total of 39 previously untreated patients 

were evaluated to determine efficacy. Among 
these patients, the percentage with a response 
was 85% (95% CI, 70 to 94) according to inde-
pendent review and 90% (95% CI, 76 to 97) ac-
cording to investigator assessment (Table 2 and 
Fig. S6). At 6 months, 90% of the responses were 
ongoing. Neither the median duration of re-
sponse nor the median progression-free survival 
had been reached at a median follow-up of 7.4 
and 9.2 months, respectively. None of the pa-
tients were lost to follow-up or withdrew.

Figure 2. Kaplan–Meier Plots of the Duration of Response and Progression-free Survival.

Shown are data (according to investigator assessment) for patients who had previously received platinum-based 
chemotherapy. Panel A shows the duration of response among 73 patients with a confirmed response, and Panel B 
shows progression-free survival among all 105 patients. Tick marks indicate censored data.
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Adverse Events

Table 3 shows adverse events that occurred dur-
ing treatment, regardless of attribution, as well 
as adverse events that were judged by the inves-
tigators to be related to selpercatinib. The most 
common adverse events of grade 3 or 4 were 
hypertension (in 14% of the patients), an in-
creased alanine aminotransferase level (in 13%), 
an increased aspartate aminotransferase level 
(in 10%), hyponatremia (in 6%), and lymphope-
nia (in 6%). Six grade 5 adverse events (in 4% of 
the patients) were observed; they included sepsis 
(in 2 patients) and cardiac arrest, multiple organ 
dysfunction syndrome, pneumonia, and respira-
tory failure (in 1 patient each). These events were 
deemed by the investigators to be unrelated to 
selpercatinib. The adverse-event profile of selper
catinib in the patients evaluated was broadly 
similar to the overall safety profile for all 531 
patients who received selpercatinib (Table S5). 
Of all 531 patients who received selpercatinib, 
dose reduction was warranted in 160 (30%) be-
cause of treatment-related adverse events, and 12 
patients (2%) discontinued selpercatinib because 
of treatment-related adverse events, the most 
common of which were an increase in the ala-
nine aminotransferase level (in 2 patients) and 
drug hypersensitivity (in 2 patients).

Discussion

It is estimated that RET fusions account for a 
global lung-cancer burden of more than 10,000 
new cases each year. RET fusions were first iden-
tified in lung cancer in 2012.15 At that time, only 
multikinase inhibitors with some degree of pre-
clinical anti-RET activity, such as cabozantinib 
and vandetanib, were available in the clinic. 
These drugs were repurposed and investigated 
in clinical trials for patients with RET fusion–
positive lung cancer. Unfortunately, these agents 
were associated with both limited responses and 
limited response durability, probably because of 
poor pharmacokinetic features and substantial 
side effects resulting from non–RET kinase in-
hibition. For example, in a phase 2 trial of cabo-
zantinib, the percentage of patients with an 
objective response was 28% and the median 
progression-free survival was only 6 months, 
and dose modifications were warranted in 73% 
of the patients.9

The initial clinical testing of selpercatinib in 
2017 presented an opportunity to explore the 
efficacy and safety of a selective RET inhibitor in 
this genetically defined lung-cancer subgroup. 
Selpercatinib had rapid and durable antitumor 
activity in patients with RET fusion–positive lung 
cancer, and these outcomes surpassed those pre-
viously achieved with multikinase inhibitors.9-11,16 
These findings established RET fusions as bona 
fide and clinically actionable drivers in lung 
cancer. Patients had meaningful benefit, even 
though 56% had been heavily pretreated with at 
least three previous systemic therapies and 55% 
had received previous immunotherapy. Neverthe-
less, 64% of the patients who received selper
catinib had an objective response, including 
durable responses. Among previously untreated 
patients, 85% had a response, and the responses 
appeared to be durable, although the period of 
follow-up for this subgroup of patients was less 
than 1 year.

The activity of selpercatinib in our trial was 
broadly similar to that of targeted therapy in 
patients with NSCLC that harbors other estab-
lished oncogenic drivers (i.e., EGFR mutations,17 
and ALK,18 ROS1,19 or NTRK20,21 fusions) for which 
tyrosine kinase inhibitors have been established 
as first-line therapy.22 Furthermore, the promis-
ing frequency of intracranial response to selper-
catinib is important, given the high estimated 
lifetime risk of brain metastases among patients 
with RET fusion–positive lung cancer,8 although 
the incidence of brain metastases observed in 
our trial was lower than that in previous trials. 
Selpercatinib was also associated with mainly 
low-grade toxic effects; this finding is consistent 
with its RET-selective profile and lack of sub-
stantial off-target activity. Most treatment-relat-
ed adverse events did not warrant dose interrup-
tion or modification. The most common grade 3 
adverse events were reversible with dose modifi-
cations; this finding suggests that long-term 
treatment is feasible, particularly in light of the 
responses observed with selpercatinib at doses 
as low as 20 mg once daily. Only 2% of the pa-
tients discontinued selpercatinib because of a 
drug-related adverse event.

Selpercatinib had substantial antitumor ac
tivity in patients with RET fusion–positive lung 
cancers, including those who received selper
catinib as first-line therapy, those who had pre-

The New England Journal of Medicine 
Downloaded from nejm.org by STEPHEN ROTHENBERG on February 22, 2024. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;9  nejm.org  August 27, 2020822

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
Ta

bl
e 

3.
 A

dv
er

se
 E

ve
nt

s 
in

 1
44

 P
at

ie
nt

s 
w

ith
 R

ET
 F

us
io

n–
Po

si
tiv

e 
N

SC
LC

 W
ho

 R
ec

ei
ve

d 
Se

lp
er

ca
tin

ib
.*

A
dv

er
se

 E
ve

nt
A

dv
er

se
 E

ve
nt

s,
 R

eg
ar

dl
es

s 
of

 A
tt

ri
bu

tio
n 

(N
 =

 1
44

)
Tr

ea
tm

en
t-

R
el

at
ed

 A
dv

er
se

 E
ve

nt
s 

(N
 =

 1
44

)

G
ra

de
 1

G
ra

de
 2

G
ra

de
 3

G
ra

de
 4

A
ny

 G
ra

de
G

ra
de

 3
G

ra
de

 4
A

ny
 G

ra
de

nu
m

be
r o

f p
at

ie
nt

s 
(p

er
ce

nt
)

A
ny

 a
dv

er
se

 e
ve

nt
8 

(6
)

47
 (

33
)

69
 (

48
)

14
 (

10
)

14
4 

(1
00

)
39

 (
27

)
2 

(1
)

13
1 

(9
1)

D
ia

rr
he

a
46

 (
32

)
18

 (
12

)
5 

(3
)

0
69

 (
48

)
2 

(1
)

0
36

 (
25

)

D
ry

 m
ou

th
48

 (
33

)
11

 (
8)

0
0

59
 (

41
)

0
0

52
 (

36
)

H
yp

er
te

ns
io

n
3 

(2
)

22
 (

15
)

20
 (

14
)

0
45

 (
31

)
13

 (
9)

0
25

 (
17

)

In
cr

ea
se

d 
as

pa
rt

at
e 

am
in

ot
ra

ns
fe

ra
se

 le
ve

l
18

 (
12

)
11

 (
8)

12
 (

8)
2 

(1
)

43
 (

30
)

7 
(5

)
1 

(1
)

32
 (

22
)

Fa
tig

ue
26

 (
18

)
16

 (
11

)
0

0
42

 (
29

)
0

0
19

 (
13

)

In
cr

ea
se

d 
al

an
in

e 
am

in
ot

ra
ns

fe
ra

se
 le

ve
l

14
 (

10
)

6 
(4

)
15

 (
10

)
3 

(2
)

38
 (

26
)

11
 (

8)
2 

(1
)

29
 (

20
)

C
on

st
ip

at
io

n
33

 (
23

)
3 

(2
)

2 
(1

)
0

38
 (

26
)

1 
(1

)
0

16
 (

11
)

N
au

se
a

32
 (

22
)

5 
(3

)
1 

(1
)

0
38

 (
26

)
0

0
14

 (
10

)

Pe
ri

ph
er

al
 e

de
m

a
29

 (
20

)
6 

(4
)

0
0

35
 (

24
)

0
0

19
 (

13
)

U
ri

na
ry

 tr
ac

t i
nf

ec
tio

n
4 

(3
)

21
 (

15
)

7 
(5

)
0

32
 (

22
)

0
0

0

H
ea

da
ch

e
21

 (
15

)
7 

(5
)

2 
(1

)
0

30
 (

21
)

0
0

6 
(4

)

R
as

h
20

 (
14

)
6 

(4
)

2 
(1

)
0

28
 (

19
)

2 
(1

)
0

17
 (

12
)

A
bd

om
in

al
 p

ai
n

18
 (

12
)

8 
(6

)
1 

(1
)

0
27

 (
19

)
0

0
5 

(3
)

C
ou

gh
24

 (
17

)
3 

(2
)

0
0

27
 (

19
)

0
0

3 
(2

)

In
cr

ea
se

d 
bl

oo
d 

cr
ea

tin
in

e 
le

ve
l

21
 (

15
)

3 
(2

)
0

0
24

 (
17

)
0

0
13

 (
9)

D
ys

pn
ea

15
 (

10
)

6 
(4

)
3 

(2
)

0
24

 (
17

)
0

0
4 

(3
)

V
om

iti
ng

17
 (

12
)

6 
(4

)
1 

(1
)

0
24

 (
17

)
1 

(1
)

0
5 

(3
)

Pr
ol

on
ge

d 
Q

T 
on

 e
le

ct
ro

ca
rd

io
gr

ap
hy

9 
(6

)
7 

(5
)

7 
(5

)
0

23
 (

16
)

3 
(2

)
0

14
 (

10
)

Py
re

xi
a

14
 (

10
)

8 
(6

)
1 

(1
)

0
23

 (
16

)
1 

(1
)

0
8 

(6
)

D
ry

 s
ki

n
19

 (
13

)
3 

(2
)

0
0

22
 (

15
)

0
0

13
 (

9)

Th
ro

m
bo

cy
to

pe
ni

a
13

 (
9)

6 
(4

)
3 

(2
)

0
22

 (
15

)
2 

(1
)

0
15

 (
10

)

*	�
Th

e 
ad

ve
rs

e 
ev

en
ts

 li
st

ed
 a

re
 t

ho
se

 t
ha

t 
oc

cu
rr

ed
 a

t 
an

y 
gr

ad
e 

in
 a

t 
le

as
t 

15
%

 o
f t

he
 p

at
ie

nt
s,

 r
eg

ar
dl

es
s 

of
 a

tt
ri

bu
tio

n.
 T

he
 r

el
at

ed
ne

ss
 o

f t
he

 t
re

at
m

en
t 

to
 a

dv
er

se
 e

ve
nt

s 
w

as
 d

et
er

-
m

in
ed

 b
y 

th
e 

in
ve

st
ig

at
or

s.
 T

he
 t

ot
al

 p
er

ce
nt

ag
e 

fo
r 

an
y 

gi
ve

n 
ad

ve
rs

e 
ev

en
t 

m
ay

 b
e 

di
ffe

re
nt

 t
ha

n 
th

e 
su

m
 o

f t
he

 c
om

po
ne

nt
s 

fo
r 

th
e 

in
di

vi
du

al
 g

ra
de

s 
be

ca
us

e 
of

 r
ou

nd
in

g.
 I

n 
to

ta
l, 

si
x 

pa
tie

nt
s 

ha
d 

gr
ad

e 
5 

ad
ve

rs
e 

ev
en

ts
, i

nc
lu

di
ng

 s
ep

si
s 

(i
n 

tw
o 

pa
tie

nt
s)

, a
nd

 c
ar

di
ac

 a
rr

es
t, 

m
ul

tip
le

 o
rg

an
 d

ys
fu

nc
tio

n 
sy

nd
ro

m
e,

 p
ne

um
on

ia
, a

nd
 r

es
pi

ra
to

ry
 fa

ilu
re

 (
in

 o
ne

 e
ac

h)
; 

al
l t

he
se

 e
ve

nt
s 

w
er

e 
de

em
ed

 b
y 

th
e 

in
ve

st
ig

at
or

s 
to

 b
e 

un
re

la
te

d 
to

 s
el

pe
rc

at
in

ib
.

The New England Journal of Medicine 
Downloaded from nejm.org by STEPHEN ROTHENBERG on February 22, 2024. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;9  nejm.org  August 27, 2020 823

Selpercatinib in RET Fusion–Positive NSCLC

viously received at least platinum-based chemo-
therapy, and those with brain metastases. The 
follow-up of this patient cohort was shorter for 
patients who received selpercatinib as first-line 
therapy than for those who had previously re-
ceived at least platinum-based chemotherapy, 
but responses continued in the majority of pa-
tients more than 1 year after the initiation of 
treatment. Antitumor activity was observed re-
gardless of previous exposure to anti–PD-1 or 
anti–PD-L1 agents or multikinase inhibitors. The 
continued implementation of molecular screen-
ing strategies that include the ability to detect 

RET fusions will be critical for identifying pa-
tients with NSCLC who may benefit from selp-
ercatinib.
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