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BACKGROUND
Selpercatinib, a highly selective potent and brain-penetrant RET inhibitor, was 
shown to have efficacy in patients with advanced RET fusion–positive non–small-
cell lung cancer (NSCLC) in a nonrandomized phase 1–2 study.

METHODS
In a randomized phase 3 trial, we evaluated the efficacy and safety of first-line 
selpercatinib as compared with control treatment that consisted of platinum-based 
chemotherapy with or without pembrolizumab at the investigator’s discretion. The 
primary end point was progression-free survival assessed by blinded independent 
central review in both the intention-to-treat–pembrolizumab population (i.e., pa-
tients whose physicians had planned to treat them with pembrolizumab in the 
event that they were assigned to the control group) and the overall intention-to-
treat population. Crossover from the control group to the selpercatinib group was 
allowed if disease progression as assessed by blinded independent central review 
occurred during receipt of control treatment.

RESULTS
In total, 212 patients underwent randomization in the intention-to-treat–pembro-
lizumab population. At the time of the preplanned interim efficacy analysis, me-
dian progression-free survival was 24.8 months (95% confidence interval [CI], 16.9 
to not estimable) with selpercatinib and 11.2 months (95% CI, 8.8 to 16.8) with 
control treatment (hazard ratio for progression or death, 0.46; 95% CI, 0.31 to 0.70; 
P<0.001). The percentage of patients with an objective response was 84% (95% CI, 
76 to 90) with selpercatinib and 65% (95% CI, 54 to 75) with control treatment. 
The cause-specific hazard ratio for the time to progression affecting the central 
nervous system was 0.28 (95% CI, 0.12 to 0.68). Efficacy results in the overall 
intention-to-treat population (261 patients) were similar to those in the intention-
to-treat–pembrolizumab population. The adverse events that occurred with selper-
catinib and control treatment were consistent with those previously reported.

CONCLUSIONS
Treatment with selpercatinib led to significantly longer progression-free survival 
than platinum-based chemotherapy with or without pembrolizumab among pa-
tients with advanced RET fusion–positive NSCLC. (Funded by Eli Lilly and others; 
ClinicalTrials.gov number, NCT04194944.)
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RET gene fusions, which lead to in-
creased oncogenic signaling, are a targe-
table alteration in patients with RET fusion–

positive non–small-cell lung cancer (NSCLC). 
Selpercatinib, a highly selective and potent RET 
kinase inhibitor with central nervous system 
(CNS) penetration, has previously been shown to 
have marked efficacy in nonrandomized studies 
involving patients with RET-driven lung, thyroid, 
and other solid tumors.1-3 Given the magnitude 
of efficacy together with the safety profile, selper-
catinib received health authority approvals in 
several countries for the treatment of adult 
patients with RET-driven cancers, including ad-
vanced RET fusion–positive NSCLC.

On the basis of the results of the KEYNOTE-189 
trial, pembrolizumab with a platinum-based drug 
and pemetrexed has become one of the standard 
treatments for patients with untreated advanced 
or metastatic NSCLC without EGFR or ALK al-
terations.4-7 Patients with NSCLC harboring 
EGFR or ALK alterations were excluded from the 
KEYNOTE-189 trial on the basis of preclinical 
and clinical data, which suggested that patients 
with tumors bearing these alterations were un-
likely to benefit from treatment with the immune-
checkpoint inhibitors.8-10 Retrospective analyses 
suggest that checkpoint inhibitors may also have 
limited effectiveness for patients with RET fusion–
positive NSCLC.10,11 To define the treatment 
regimen to be used for newly diagnosed ad-
vanced RET fusion–positive NSCLC, a random-
ized trial was designed to evaluate selpercatinib 
as compared with platinum-based chemotherapy 
with or without pembrolizumab. Because of the 
uncertainty over the contribution of programmed 
cell death 1 (PD-1) inhibition in RET fusion–
positive NSCLC, the decision for patients to re-
ceive pembrolizumab was left to the investiga-
tor’s discretion.

Me thods

Patients

We enrolled patients who were 18 years of age or 
older with pathologically confirmed unresect-
able stage IIIB, IIIC, or IV nonsquamous NSCLC 
who had not previously received systemic treat-
ment for metastatic disease. Additional eligibil-
ity criteria included measurable disease in ac-
cordance with Response Evaluation Criteria in 
Solid Tumors (RECIST), version 1.1; an Eastern 

Cooperative Oncology Group (ECOG) perfor-
mance-status score of 0 to 2 (scores range from 
0 to 5, with higher numbers reflecting greater 
disability); and adequate organ function. The 
presence of a RET gene fusion was required to be 
identified by next-generation sequencing or 
polymerase chain reaction (PCR) with a local 
certified laboratory or sponsor-enabled testing. 
RET fusion testing results were validated by the 
sponsor before enrollment. Patients were ex-
cluded from the trial if they had additional vali-
dated oncogenic drivers in NSCLC, if they had 
received previous systemic therapy for advanced 
disease, and if they had active cardiovascular 
disease, active uncontrolled infections requiring 
treatment, or uncontrolled disease-related peri-
cardial effusion or pleural effusion. Patients with 
known brain metastases were eligible if they 
were asymptomatic or had been neurologically 
stable for at least 2 weeks before randomization.

The trial was conducted in accordance with 
the International Council for Harmonisation 
Good Clinical Practice guidelines and general 
principles for planning and design of multi-
regional clinical trials, as well as with the prin-
ciples of the Declaration of Helsinki and all ap-
plicable country and local regulations.12 The 
protocol was approved by the institutional re-
view board or independent ethics committee at 
each site and is available with the full text of this 
article at NEJM.org. All patients provided written 
informed consent.

Trial Design and Treatment

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 authors 
provided input to revise the manuscript, and 
writing assistance with the submitted manu-
script was funded by the sponsor. The authors 
vouch for the completeness and accuracy of the 
data and for the adherence of the trial to the 
protocol.

Patients were randomly assigned to receive 
either selpercatinib (160 mg twice daily) in con-
tinuous 21-day cycles or pemetrexed (500 mg per 
square meter of body-surface area) with vitamin 
supplementation along with the investigator’s 
choice of platinum therapy (carboplatin [area 
under the concentration–time curve, 5; maxi-

A Quick Take 
is available at 
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mum dose, 750 mg] or cisplatin [75 mg per 
square meter]) with or without pembrolizumab 
(200 mg) every 21 days. Patients were stratified 
according to geographic region (East Asia vs. 
elsewhere), status with respect to brain metasta-
ses at baseline (absent or unknown vs. present), 
and whether the investigator had intended (be-
fore randomization) to treat the patient with 
pembrolizumab or without pembrolizumab. Ini-
tially, eligible patients were randomly assigned 
in a 1:1 ratio to the selpercatinib group or the 
control group; however, on amendment of the 
protocol, patients were randomly assigned in a 
2:1 ratio to the selpercatinib group or the con-
trol group, and therefore the final ratio of ran-
domization was 1.6:1. After the completion of 
four cycles of control treatment without progres-
sive disease, patients in the control group could 
continue to receive pemetrexed with or without 
pembrolizumab. Pembrolizumab was adminis-
tered for a maximum of 35 cycles. Because of 
differences in treatment administration between 
the groups, the trial was open label to patients 
and investigators; however, the sponsor did not 
review or analyze aggregate data and response 
assessments or the assessments of disease pro-
gression conducted by blinded independent cen-
tral review and by the investigator in accordance 
with RECIST, version 1.1.13 Patients were allowed 
to continue selpercatinib treatment after the oc-
currence of disease progression at the discretion 
of the investigator and with sponsor approval if 
there was clinical benefit. Patients who were 
randomly assigned to the control group and who 
had disease progression confirmed by blinded 
independent central review were eligible for op-
tional crossover to selpercatinib. The efficacy 
and safety results among the patients who 
crossed over are not reported here.

Trial Assessments

Baseline radiologic scans were obtained up to 28 
days before the initiation of treatment, and sub-
sequent scans were performed at 6 and 12 weeks 
and then every 9 weeks for the first year. There-
after, scans were required every 12 weeks until 
disease progression occurred. Initially, only pa-
tients with CNS lesions identified at baseline 
were required to undergo longitudinal magnetic 
resonance imaging (MRI) or computed tomogra-
phy (CT) for intracranial disease evaluation; how-
ever, the protocol was later amended to include 

serial intracranial imaging for all patients. Ad-
verse events were graded in accordance with 
Common Terminology Criteria for Adverse Events 
(CTCAE), version 5.0, and were summarized 
with the use of Medical Dictionary for Regulatory 
Activities, version 25.0, preferred terms. Safety 
analyses were performed in the population of all 
patients who underwent randomization and re-
ceived at least one dose of treatment (safety 
population).

The primary end point — progression-free 
survival assessed by blinded independent central 
review — was sequentially tested, first in pa-
tients in the intention-to-treat–pembrolizumab 
population, which consisted of patients who 
underwent randomization and whose physicians 
had planned to treat them with pembrolizumab 
in the event that they were assigned to the con-
trol group; if the results of that analysis were 
positive, then the primary end point was tested 
in the overall intention-to-treat population (which 
included all patients who underwent randomiza-
tion). Progression-free survival assessed by 
blinded independent central review was defined 
as the time from randomization to the occur-
rence of disease progression or death. Overall 
survival in the intention-to-treat population was 
a key, alpha-controlled, secondary end point. 
Progression-free survival according to investiga-
tor assessment in both the intention-to-treat–
pembrolizumab population and the overall inten-
tion-to-treat population, as well as the percentage 
of patients with a response and the duration of 
response assessed by blinded independent cen-
tral review and by investigator assessment, were 
secondary end points. Intracranial response and 
the time to progression assessed by blinded in-
dependent central review in accordance with 
RECIST, version 1.1, were assessed in all pa-
tients in the intention-to-treat–pembrolizumab 
population who had a baseline CNS assessment 
(CNS–pembrolizumab population) and at least 
one evaluable postbaseline assessment.

Patient-Reported Outcomes

Time to confirmed worsening (deterioration) of 
pulmonary symptoms was evaluated as a sec-
ondary end point in all treated patients who had 
completed a baseline assessment and at least one 
postbaseline assessment.14 Pulmonary symptoms 
were assessed with the use of the NSCLC–Symp-
tom Assessment Questionnaire (SAQ) total score 
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(range, 0 [no symptoms] to 20 [worst symp-
toms]). The time to confirmed worsening of 
symptoms was defined as the time from the date 
of randomization to the date of the first increase 
of 2 or more points (the threshold for clinically 
meaningful change) in the NSCLC-SAQ total 
score with a confirmed increased score at the 
next subsequent assessment.15

Statistical Analysis

All analyses were conducted in accordance with 
the statistical analysis plan (available with the 
protocol). We calculated that a total of 140 
events of disease progression or death in the 
intention-to-treat–pembrolizumab population 
would be required to achieve 89% overall statis-
tical power with a two-sided type 1 error of 0.05. 
The preplanned interim efficacy analysis oc-
curred after 98 events of disease progression 
assessed by blinded independent central review 
or death in the intention-to-treat–pembrolizumab 
population, with data cutoff on May 1, 2023. The 
nominal two-sided alpha level was fixed at 0.012 
at the interim analysis. With the gated testing 
strategy, progression-free survival in the inten-
tion-to-treat population was tested conditionally 
on achievement of significance for progression-
free survival in the intention-to-treat–pembroliz-
umab population, which acted as a gatekeeper 
for testing overall survival in the intention-to-
treat population. Descriptive results of all other 
analyses, including subgroup analyses, are re-
ported as point estimates and 95% confidence 
intervals; the confidence intervals in these analy-
ses were not adjusted for multiplicity and should 
not be used to infer definitive treatment effects. 
The Kaplan–Meier method was used to estimate 
medians and percentages of patients at various 
time points for each group for progression-free 
survival, overall survival, and the time to con-
firmed worsening of symptoms. Hazard ratios 
for time-to-event end points were estimated with 
a stratified Cox regression model. The assump-
tion of proportionality was assessed graphically 
by evaluating whether the estimated log-minus-
log survival curves were parallel.

R esult s

Patients and Treatment

From March 2020 through August 2022, a total 
of 261 patients with RET fusion–positive advanced 

NSCLC were enrolled at 103 sites across 23 
countries (Fig. S1 in the Supplementary Appen-
dix, available at NEJM.org). Of the 261 patients 
who underwent randomization, 5 discontinued 
participation before the start of treatment (1 in 
the selpercatinib group and 4 in the control 
group). As a result, 256 patients received at least 
one dose of treatment (158 in the selpercatinib 
group and 98 in the control group). With a median 
follow-up time of approximately 19 months, the 
median (±SD) time spent receiving treatment was 
16.7±8.3 months in the selpercatinib group and 
9.8±7.2 months in the control group (Table S2).

The intention-to-treat–pembrolizumab popu-
lation included 212 patients who had been ran-
domly assigned to receive selpercatinib (129 pa-
tients) or chemotherapy plus pembrolizumab 
(83 patients). The majority of the patients were 
women, younger than 65 years of age, and never 
smokers. The baseline clinical and demographic 
characteristics of the patients in the intention-
to-treat–pembrolizumab population were gener-
ally well balanced between the groups, although 
more patients from East Asia were enrolled in 
the selpercatinib group than in the control group 
(58% vs. 49%) (Table 1). In the majority of pa-
tients (58%), RET fusions were identified by next-
generation sequencing: from primary tumor in 
56%, from metastatic tumor in 33%, and from 
blood-based testing in 10%. The most common 
RET fusion partners were KIF5B (in 45% of the 
patients) and CCDC6 (10%). In addition, the RET 
fusions in 42% of the patients were identified by 
PCR, which does not specify the RET fusion 
partner. Baseline clinical and demographic char-
acteristics were similarly balanced in the overall 
intention-to-treat population (Table 1).

Efficacy

The preplanned interim efficacy analysis was 
performed after 98 events of death or disease 
progression assessed by blinded independent 
central review had occurred in the intention-to-
treat–pembrolizumab population. In this popu-
lation, median progression-free survival assessed 
by blinded independent central review was 24.8 
months (95% confidence interval [CI], 16.9 to not 
estimable) with selpercatinib and 11.2 months 
(95% CI, 8.8 to 16.8) with control treatment, 
corresponding to a hazard ratio for progression 
or death of 0.46 (95% CI, 0.31 to 0.70; P<0.001) 
(Fig. 1). The percentage of patients with an ob-
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jective response as assessed by blinded indepen-
dent central review was higher in the selperca-
tinib group than in the control group (84% [95% 
CI, 76 to 90] vs. 65% [95% CI, 54 to 75]) (Ta-
ble 2). The median time to response was 1.45 
months with selpercatinib and 1.53 months with 
control treatment. Responses were durable, as 
indicated by a median response duration of 24.2 
months (95% CI, 17.9 to not estimable) in the 
selpercatinib group, as compared with 11.5 
months (95% CI, 9.7 to 23.3) in the control 
group (Table 2). In the preplanned subgroup 
analyses, progression-free survival assessed by 
blinded independent central review was longer 
with selpercatinib than with control treatment 
across all subgroups, including those based on 
race, geographic region, ECOG performance-
status score, fusion partner (KIF5B, CCDC6, or 
other), programmed death ligand 1 (PD-L1) sta-
tus, and status with respect to intracranial dis-
ease at baseline (Fig. S3).

Investigator-assessed efficacy measures were 
generally consistent with those assessed by blind-
ed independent central review in the intention-
to-treat–pembrolizumab population (Table S1). 
Median progression-free survival assessed by the 
investigators was 24.8 months (95% CI, 19.1 to 
not estimable) with selpercatinib and 14.0 
months (95% CI, 10.9 to 22.3) with control treat-
ment, corresponding to a hazard ratio for pro-
gression or death of 0.53 (95% CI, 0.34 to 0.80) 
(Fig. S2).

Similar results were observed in the overall 
intention-to-treat population for end points as-
sessed by blinded independent central review 
and investigator-assessed end points and across 
all prespecified subgroups. Median progression-
free survival assessed by blinded independent 
central review was more than 13 months longer 
in the selpercatinib group than in the control 
group (24.8 months [95% CI, 17.3 to not esti-
mable] vs. 11.2 months [95% CI, 8.8 to 16.8]; 
hazard ratio for progression or death, 0.48; 95% 
CI, 0.33 to 0.70; P<0.001) (Fig. 1).

Data on overall survival are not yet mature; 
the information fraction at this interim analysis 
is 28.6% (50 deaths), based on the target number 
of 175 deaths in the intention-to-treat popula-
tion. The hazard ratios for death in the inten-
tion-to-treat–pembrolizumab and overall inten-
tion-to-treat populations were 0.96 (95% CI, 0.50 
to 1.83) and 1.04 (95% CI, 0.58 to 1.87), respec-

tively (Fig. S8). With approximately 21 months of 
median follow-up time, more than 76% of the 
patients in each group were still alive at the cut-
off date. Among the patients who had been 
randomly assigned to the control group and who 
stopped receiving control treatment or discon-
tinued participation in the control group before 
receiving treatment, approximately 60% crossed 
over to receive selpercatinib within the trial, and 
an additional 15% went on to receive a selective 
RET inhibitor outside the trial.

Intracranial Efficacy

Intracranial baseline assessments were available 
for evaluation by neuroradiologic blinded in-
dependent central review in accordance with 
RECIST, version 1.1, for 192 patients in the 
CNS–pembrolizumab population (120 patients 
in the selpercatinib group and 72 patients in the 
control group). The cause-specific hazard ratio 
for the time to CNS disease progression was 
0.28 (95% CI, 0.12 to 0.68); 8 patients (7%) re-
ceiving selpercatinib had a first event of CNS 
progression, as compared with 13 (18%) receiv-
ing control treatment (Table S2). The 12-month 
cumulative incidence of CNS progression, with 
adjustment for the competing risks of non-CNS 
progression and death, was 6% (95% CI, 2 to 11) 
in the selpercatinib group and 20% (95% CI, 11 
to 31) in the control group (Fig. S9).

Overall, 42 of the 192 patients (22%) were 
confirmed to have brain metastases at baseline, 
29 of whom had measurable metastases (17 in 
the selpercatinib group and 12 in the control 
group). Among the patients with measurable 
brain metastases at baseline, intracranial re-
sponse occurred in 82% (95% CI, 57 to 96) of 
those in the selpercatinib group and 58% (95% 
CI, 28 to 85) of those in the control group (Table 
S3). Complete responses occurred in 6 of the 17 
patients (35%) in the selpercatinib group and 
2 of the 12 patients (17%) in the control group 
(Fig. 2). Data on the median duration of intra-
cranial response were immature, but at 12 
months, 76% of patients continued to have a 
response with selpercatinib, as compared with 
63% with control treatment.

Adverse Events

A summary of the safety profile among the 256 
patients who received treatment is shown in Table 
S4. Adverse events that occurred at a higher inci-
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Table 1. Baseline Clinical and Demographic Characteristics of Patients.*

Characteristic
Intention-to-Treat–Pembrolizumab 

Population
Overall Intention-to-Treat 

Population

Selpercatinib 
(N = 129)

Control 
(N = 83)

Selpercatinib 
(N = 159)

Control 
(N = 102)

Age — yr

Median 60.0 62.0 61.0 62.5

Range 31–84 31–83 31–87 31–83

Age distribution — no. (%)

<65 yr 82 (64) 49 (59) 100 (63) 57 (56)

≥65 yr 47 (36) 34 (41) 59 (37) 45 (44)

Sex — no. (%)

Female 65 (50) 48 (58) 86 (54) 57 (56)

Male 64 (50) 35 (42) 73 (46) 45 (44)

Race — no. (%)†

Asian 76 (59) 41 (49) 92 (58) 52 (51)

White 49 (38) 37 (45) 58 (36) 43 (42)

Black 2 (2) 0 2 (1) 0

Other‡ 2 (2) 1 (1) 3 (2) 1 (1)

Missing data 0 4 (5) 4 (3) 6 (6)

Region of enrollment — no. (%)

East Asia 75 (58) 41 (49) 91 (57) 51 (50)

Europe 31 (24) 36 (43) 42 (26) 42 (41)

North America 4 (3) 1 (1) 6 (4) 2 (2)

Other§ 19 (15) 5 (6) 20 (13) 7 (7)

Smoking status — no. (%)

Never smoked 85 (66) 59 (71) 108 (68) 68 (67)

Former smoker 40 (31) 22 (27) 45 (28) 32 (31)

Current smoker 4 (3) 2 (2) 6 (4) 2 (2)

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

0 45 (35) 27 (33) 58 (36) 40 (39)

1 81 (63) 52 (63) 97 (61) 58 (57)

2 3 (2) 4 (5) 4 (3) 4 (4)

NSCLC histologic type — no. (%)

Adenocarcinoma 128 (99) 80 (96) 158 (99) 99 (97)

NSCLC not otherwise specified 1 (1) 3 (4) 1 (1) 3 (3)

Stage of disease — no. (%)

IIIB or IIIC 7 (5) 7 (8) 9 (6) 8 (8)

IVA 51 (40) 35 (42) 67 (42) 45 (44)

IVB 71 (55) 41 (49) 83 (52) 49 (48)

Metastases identified at baseline  
— no. (%)

Brain metastases

No or unknown 104 (81) 65 (78) 129 (81) 81 (79)
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dence with selpercatinib than with control treat-
ment (by ≥10 percentage points) included in-
creases in aspartate aminotransferase (AST) 
levels (grade ≥3 in 13% of the patients in the 
selpercatinib group), increases in alanine ami-
notransferase (ALT) levels (grade ≥3 in 22%), 
hypertension (grade ≥3 in 20%), diarrhea (grade 
≥3 in 1%), edema (grade ≥3 in 3%), dry mouth 
(no grade ≥3 events), increases in bilirubin levels 

(grade ≥3 in 1%), and a prolonged QTc interval 
on an electrocardiogram (grade ≥3 in 9%) (Ta-
ble 3). Adverse events that occurred at a higher 
incidence with control treatment than with selper-
catinib (by ≥10 percentage points) included ane-
mia, fatigue, neutropenia, nausea, constipation, 
decreased appetite, pyrexia, vomiting, and pru-
ritus (Table 3). Overall, the incidence of grade 3 
or higher adverse events was higher with selper-

Characteristic
Intention-to-Treat–Pembrolizumab 

Population
Overall Intention-to-Treat 

Population

Selpercatinib 
(N = 129)

Control 
(N = 83)

Selpercatinib 
(N = 159)

Control 
(N = 102)

Yes 25 (19) 18 (22) 30 (19) 21 (21)

Liver metastases

No 109 (84) 65 (78) 137 (86) 80 (78)

Yes 19 (15) 17 (20) 21 (13) 20 (20)

PD-L1 status — no. (%)

Negative 31 (24) 12 (14) 38 (24) 20 (20)

Positive 55 (43) 39 (47) 66 (42) 47 (46)

<1% 8 (6) 8 (10) 8 (5) 9 (9)

1–49% 25 (19) 17 (20) 29 (18) 21 (21)

≥50% 22 (17) 14 (17) 29 (18) 17 (17)

Missing data 43 (33) 32 (39) 55 (35) 35 (34)

RET fusion result — no. (%)

Positive‖ 58 (45) 31 (37) 69 (43) 39 (38)

KIF5B–RET 54 (42) 41 (49) 70 (44) 50 (49)

CCDC6–RET 13 (10) 8 (10) 16 (10) 9 (9)

NCOA4–RET 0 1 (1) 0 2 (2)

KIF13A–RET 0 1 (1) 0 1 (1)

KIAA1549L–RET 1 (1) 0 1 (1) 0

KIAA1468–RET 1 (1) 0 1 (1) 0

PRKAR1A–RET 0 1 (1) 0 1 (1)

Other** 2 (2) 0 2 (1) 0

*  Percentages may not total 100 because of rounding. The intention-to-treat–pembrolizumab population included 
patients whose physicians had planned to treat them with pembrolizumab in the event that they were assigned to 
the control group. Treatment in the control group was the investigator’s choice of platinum-based chemotherapy 
plus pembrolizumab (intention-to-treat–pembrolizumab population) or the investigator’s choice of platinum-based 
chemotherapy with or without pembrolizumab (intention-to-treat population). NSCLC denotes non–small-cell lung 
cancer, and PD-L1 programmed death ligand 1.

†  Race was reported by the patients. Data are missing for patients who did not disclose their race.
‡  “Other” included American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, and multiple races.
§  “Other” included the following countries of enrollment: Argentina, Australia, Brazil, Israel, and Turkey.
¶  Eastern Cooperative Oncology Group (ECOG) performance-status scores range from 0 to 5, with higher numbers re-

flecting greater disability.
‖  In this category, RET fusion was indicated by molecular analysis but the RET fusion partner was not identified.
**  Two patients had multiple RET fusion partners identified (KIF5B–RET and CDKAL1–RET in one patient and NCOA4–

RET and ZNF32-AS3–RET in the other).

Table 1. (Continued.)
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catinib than with control treatment (70% vs. 
57%) (Table S4). Adverse events leading to dose 
reductions occurred in 51% of the patients who 
received selpercatinib, as compared with 29% of 
those who received control treatment (Table S4).

The median relative dose intensity was high 
for both selpercatinib and the control agents 

(88.8% and 92.2 to 97.7%, respectively). Patients 
in East Asia, who constituted 54% of the inten-
tion-to-treat population, had a higher incidence 
of grade 3 or higher adverse events, serious ad-
verse events, and treatment discontinuations due 
to adverse events than patients not from East 
Asia (Table S5). Adverse events leading to per-
manent discontinuation of treatment were re-
ported in 10% of the patients in the selperca-
tinib group and 2% of the patients in the control 
group. Fatal adverse events that occurred during 
participation in the trial either during treatment 
or within 30 days after treatment discontinua-
tion occurred in 7 patients (4.4%) in the selper-
catinib group and none of the patients in the 
control group; the deaths in 2 of 7 patients were 
judged by the investigators to be related to sel-
percatinib. Details of the deaths are provided in 
Table S6.

Patient-Reported Outcomes

In the intention-to-treat–pembrolizumab popu-
lation, 71% of the patients in the selpercatinib 
group and 69% of the patients in the control 
group completed all items in the NSCLC-SAQ at 
baseline. The percentages of patients who com-
pleted all items in the NSCLC-SAQ at time points 
after baseline were greater than 80% across 
most assessed time points in both groups.

The percentage of patients with confirmed 
worsening of symptoms as defined with the 
NSCLC-SAQ total score was lower in the selper-
catinib group than in the control group (30 pa-
tients [23%] vs. 36 patients [43%]) (Table S7). 
The median time to confirmed worsening of 
pulmonary symptoms was not yet reached in the 
selpercatinib group and was 1.9 months (95% 
CI, 0.7 to 6.6) in the control group (hazard ratio, 
0.34, 95% CI, 0.20 to 0.55) (Fig. S10). Consistent 
results were reported in the overall intention-to-
treat population.

Discussion

In this randomized, controlled trial that directly 
evaluated the efficacy and safety of a targeted 
therapy as compared with platinum-based che-
motherapy plus pembrolizumab as first-line 
therapy for patients with advanced NSCLC, sel-
percatinib resulted in significantly longer pro-
gression-free survival than the control treat-

Figure 1. Progression-Free Survival Assessed by Blinded Independent 
 Central Review.

Panel A shows Kaplan–Meier estimates of progression-free survival as-
sessed by blinded independent central review in the intention-to-treat–
pembrolizumab population (i.e., patients whose physicians had planned  
to treat them with pembrolizumab in the event that they were assigned to 
the control group). Panel B shows Kaplan–Meier estimates of progression-
free survival assessed by blinded independent central review in overall 
 intention-to-treat population. Tick marks on the survival curves indicate 
censoring of data.
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ment. The percentage of patients with a response 
to treatment and the duration of the response 
were greater with selpercatinib than with con-
trol treatment, and comparisons of progression-
free survival in prespecified subgroups were di-
rectionally consistent with these results. The 
percentage of patients with an intracranial re-
sponse, 82%, is consistent with findings in 
previous studies and shows that selpercatinib 
has the ability to treat existing CNS metasta-
ses.16 The data on the time to intracranial pro-
gression also indicate that selpercatinib may 
prevent or delay the formation of new intracra-
nial metastases. Although treatment for advanced 
or metastatic NSCLC has improved in recent 
years, it has been reported that more than 40% 
of patients do not receive therapy after first-line 
treatment, which indicates the need for the most 
effective therapies to be used early in treat-
ment.17-19 Given the benefit with respect to pro-
gression-free survival, our data support selperca-
tinib as first-line therapy for patients with RET 

fusion–positive advanced NSCLC, although the 
adverse-event profile should be kept in mind, and 
they confirm the findings from the LIBRETTO-001 
study.1,20

Median progression-free survival in the selper-
catinib group was more than 2 years, which was 
more than double the progression-free survival 
in the control group. This is particularly note-
worthy given that outcomes in the control group 
were similar to or better than those previously 
reported in the KEYNOTE-189 trial.7,21 At the 
time of this preplanned interim efficacy analy-
sis, overall survival data remain both immature 
and confounded by a high frequency of cross-
over both between the groups in the trial itself 
and to commercially available selective RET in-
hibitors. Follow-up is ongoing, although mature 
overall survival data are not expected for several 
years.

The adverse events reported with selperca-
tinib and with the KEYNOTE-189 regimen were 
generally consistent with those reported previ-

Table 2. Summary of End Points Assessed by Blinded Independent Central Review.*

End Point
Intention-to-Treat–Pembrolizumab 

Population Overall Intention-to-Treat Population

Selpercatinib 
(N = 129)

Control  
(N = 83)

Selpercatinib 
(N = 159)

Control  
(N = 102)

Progression-free survival — mo

Median progression-free survival (95% CI) 24.8 (16.9–NE) 11.2 (8.8–16.8) 24.8 (17.3–NE) 11.2 (8.8–16.8)

Median duration of follow-up (95% CI) 19.4 (16.7–19.7) 18.9 (14.2–22.3) 19.4 (16.7–19.6) 16.5 (13.6–21.0)

Objective response (95% CI) — % of patients 84 (76–90) 65 (54–75) 84 (77–89) 63 (53–72)

Best overall response — no. (%)

Complete response 9 (7) 5 (6) 12 (8) 5 (5)

Partial response 99 (77) 49 (59) 121 (76) 59 (58)

Stable disease 14 (11) 20 (24) 17 (11) 26 (25)

Progressive disease 2 (2) 5 (6) 2 (1) 7 (7)

Not evaluable 5 (4) 4 (5) 7 (4) 5 (5)

Duration of response

Patients with a response — no. 108 54 133 64

Patients with a response and censored data 
— no. (%)

74 (69) 25 (46) 43 (32) 31 (48)

Median duration of response (95% CI) — mo 24.2 (17.9–NE) 11.5 (9.7–23.3) 24.2 (17.9–NE) 12.0 (9.7–23.3)

Median duration of follow-up (95% CI) — mo 18.0 (16.5–19.5) 14.6 (11.2–19.8) 17.9 (15.7–18.7) 12.7 (11.1–16.6)

*  Percentages may not total 100 because of rounding. Confidence intervals have not been adjusted for multiplicity and cannot be used to infer 
treatment effects. Efficacy outcomes were assessed with the use of Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1, and 
were confirmed by blinded independent radiologic review. NE denotes not estimable.
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ously.1,7,20-22 The frequency of adverse events, in-
cluding events with fatal outcomes, was higher 
in the selpercatinib group than in the control 

group. Elevated liver-function values were more 
commonly observed with selpercatinib than 
with control treatment, especially elevations in 
levels of ALT (grade ≥3 in 22% of the patients), 
AST (grade ≥3 in 13%), and bilirubin (grade ≥3 
in 1%). The majority of these adverse events were 
managed with dose adjustments and did not 
result in treatment discontinuation (3 patients 
[2%] discontinued because of elevated liver-
function values). No patients had hepatic failure. 
Elevations in liver-function values were previous-
ly reported in phase 2 studies of selpercatinib.20,22 
Hematologic toxic effects were the most com-
mon adverse events with control treatment. The 
majority of adverse events reported in the sel-
percatinib group are monitorable with standard 
clinical assessments, and dose adjustments en-
abled most patients who had adverse events to 
continue receiving selpercatinib. A high inci-
dence of certain adverse events (including in-
creases in AST or ALT levels, hypertension, and 
QTc prolongation) were observed among pa-
tients from East Asia, a finding that was consis-
tent with those of previous studies.1,20,22 Despite 
this finding, the benefit with respect to progres-
sion-free survival supports the positive benefit–
risk balance in this population.

Disease-related symptoms of cough, dyspnea, 
and chest pain have been reported to have a 
negative effect on health-related quality of life of 
patients with lung cancer.23,24 The time to wors-
ening of pulmonary symptoms was delayed in 
the selpercatinib group (because the median 
time was not estimable), whereas the median 
time to worsening of symptoms in the control 
group was 1.9 months. These results should be 

Figure 2. Best Overall Responses Assessed by Blinded 
Independent Central Review.

Panels A and B show waterfall plots of the maximum 
change from baseline in tumor size for patients with at 
least one evaluable postbaseline assessment according 
to blinded independent central review; data were avail-
able for 123 patients in the selpercatinib group and 77 
patients in the control group in the intention-to-treat–
pembrolizumab population. Panels C and D show wa-
terfall plots of the maximum change from baseline in 
intracranial tumor size according to blinded indepen-
dent central review for 15 patients in the selpercatinib 
group and 11 patients in the control group who had 
measurable brain metastases at baseline and at least 
one evaluable postbaseline assessment.
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interpreted with caution because of the relatively 
low percentages of patients who completed the 
NSCLC-SAQ at baseline.

In this randomized trial of a targeted agent 
in comparison with a PD-1 inhibitor plus chemo-
therapy for patients with biomarker-defined, 
advanced NSCLC, the efficacy of selpercatinib 
was superior in patients with RET fusion–posi-
tive NSCLC. The outcomes in this trial highlight 
the importance of comprehensive genomic test-
ing for RET fusions at the time of diagnosis to 
inform first-line therapy for this patient popu-
lation.
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Table 3. Adverse Events That Occurred during Treatment (Safety Population).*

Event Selpercatinib (N = 158) Control (N = 98)

Any Grade Grade ≥3 Any Grade Grade ≥3

number of patients (percent)

Any event 158 (100) 111 (70) 97 (99) 56 (57)

AST increase 97 (61) 20 (13) 39 (40) 1 (1)

ALT increase 95 (60) 35 (22) 39 (40) 3 (3)

Hypertension 76 (48) 32 (20) 7 (7) 3 (3)

Diarrhea 70 (44) 2 (1) 24 (24) 2 (2)

Edema 65 (41) 4 (3) 27 (28) 0

Dry mouth 62 (39) 0 6 (6) 0

Blood bilirubin increase 59 (37) 2 (1) 1 (1) 0

Rash 52 (33) 3 (2) 29 (30) 1 (1)

Fatigue 51 (32) 5 (3) 49 (50) 5 (5)

Thrombocytopenia 42 (27) 5 (3) 28 (29) 7 (7)

Abdominal pain 40 (25) 1 (1) 19 (19) 2 (2)

Leukopenia 40 (25) 2 (1) 32 (33) 7 (7)

Blood creatinine increase 39 (25) 2 (1) 17 (17) 1 (1)

Neutropenia 36 (23) 3 (2) 44 (45) 27 (28)

Constipation 34 (22) 0 39 (40) 1 (1)

QT prolongation on ECG 32 (20) 14 (9) 1 (1) 0

Decreased appetite 27 (17) 0 33 (34) 2 (2)

Pyrexia 21 (13) 1 (1) 23 (23) 0

Nausea 20 (13) 0 43 (44) 1 (1)

Vomiting 20 (13) 0 23 (23) 1 (1)

Anemia 18 (11) 2 (1) 58 (59) 10 (10)

Pruritus 16 (10) 0 22 (22) 0

*  Shown are events that occurred during treatment in at least 20% of the patients in either group. The terms used to 
describe the adverse events are adapted from or composites of Medical Dictionary for Regulatory Activities, version 25.0, 
preferred terms. ALT denotes alanine aminotransferase, AST aspartate aminotransferase, and ECG electrocardiogram.
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