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Background: Data for selpercatinib [a selective REarranged during Transfection (RET) inhibitor] from a single-arm trial
(LIBRETTO-001, NCT03157128) in RET-fusion-positive advanced/metastatic non-small-cell lung cancer (NSCLC) were
used in combination with external data sources to estimate comparative efficacy [objective response rate (ORR),
progression-free survival, and overall survival (OS)] in first- and second-line treatment settings.
Methods: Patient-level data were obtained from a de-identified real-world database. Patients diagnosed with
advanced/metastatic NSCLC with no prior exposure to a RET inhibitor and one or more prior line of therapy were
eligible. Additionally, individual patient-level data (IPD) were obtained from the pemetrexed þ platinum arm of
KEYNOTE-189 (NCT03950674, first line) and the docetaxel arm of REVEL (NCT01168973, post-progression). Patients
were matched using entropy balancing, doubly robust method, and propensity score approaches. For patients with
unknown/negative RET status, adjustment was made using a model fitted to IPD from a real-world database.
Results: In first-line unadjusted analyses of the real-world control, ORR was 87.2% for LIBRETTO-001 versus 66.7% for
those with RET-positive NSCLC (P ¼ 0.06). After adjustment for unknown RET status and other patient characteristics,
selpercatinib remained significantly superior versus the real-world control for all outcomes (all P < 0.001 except
unadjusted RET-fusion-positive cohort). Similarly, outcomes were significantly improved versus clinical trial controls
(all P < 0.05).
Conclusions: Findings suggest improvement in outcomes associated with selpercatinib treatment versus the multiple
external control cohorts, but should be interpreted with caution. Data were limited by the rarity of RET, lack of
mature OS data, and uncertainty from assumptions to create control arms from external data.
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INTRODUCTION

Selpercatinib is being studied in an ongoing phase I/II
clinical trial in patients with advanced solid tumors (LI-
BRETTO-001; NCT03157128). RET alterations occur in a
number of solid tumors and are the oncogenic drivers for
1%-2% of all non-small-cell lung cancers (NSCLCs).1 The
primary endpoint of the phase II portion of LIBRETTO-001
is to assess the antitumor activity of selpercatinib by
determining objective response rate (ORR). Secondary
objectives include progression-free survival (PFS) and
overall survival (OS). The most recent analyses of
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LIBRETTO-001 observed an ORR of 85% in the treatment-
naïve, 64% in the primary analysis set (PAS) of the first
105 consecutively enrolled patients, and 57% in the inte-
grated analysis set (IAS) of all patients with prior
platinum-based therapy. Estimated median PFS was 19.3
months in both the PAS and IAS but was not reached
among patients who were treatment-naïve at study
enrollment.2,3

Due to the single-arm design of LIBRETTO-001, direct
comparisons to other therapies cannot be made without
applying appropriate statistical methods to account for
differences in patient populations and other factors that
could impact the observed outcomes.4-8 This study was
designed to apply multiple approaches to balance the
LIBRETTO-001 with patient-level data from a real-world
database and individual patient data (IPD) from the con-
trol arms from two separate clinical trials for comparisons
against standard-of-care treatments for patients with
advanced or metastatic NSCLC.
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MATERIALS AND METHODS

Patient-level electronic health record data were used as a real-
world control cohort to conduct comparative effectiveness
analyses of a blended comparator of multiple standard
therapies versus the PAS and treatment-naïve cohorts of
LIBRETTO-001. For the real-world cohort, RET status was
known. Patient-level clinical trial data were used to conduct
comparative efficacy analyses versus the treatment-naïve, PAS,
and IAS cohorts of LIBRETTO-001. RET status was unknown for
the clinical trial cohorts.
Real-world external control

The nationwide (US-based) Flatiron HealthdFoundation
Medicine Clinico-Genomics Database (CGDB) was used to
select real-world control cases for this study. Briefly, the
CGDB is a linked retrospective database of patients with
longitudinal electronic health record (EHR)-derived data
from Flatiron Health, comprising patient-level structured
and unstructured data, curated via technology-enabled
abstraction, and linked to genomic data derived from
Foundation Medicine, Inc. (FMI) comprehensive genomic
profiling tests by de-identified, deterministic matching. Data
in the CGDB are de-identified and subject to obligations to
prevent re-identification and protect patient confidentiality.
Institutional review board approval of the real-world cohort
was obtained by Flatiron Health before study conduct, and
included a waiver of informed consent.

Eligible patients were diagnosed with advanced or met-
astatic NSCLC and had at least two observations in the
CGDB on or after 1 January 2011, had a RET fusion, no
evidence of other genomic alterations (EGFR, ALK, ROS1,
BRAF, or KRAS), evidence of initiating systemic anticancer
therapy on or after May 2017 (consistent with the enroll-
ment time period for LIBRETTO-001), and had no evidence
of receiving any selective RET inhibitor at any time. For the
PAS cohort match, at least two lines of therapy must have
been recorded. Patients meeting eligibility criteria within
the CGDB were assigned to the external control group in
the primary analysis, Analytic Strategy 1. Follow-up data
were available through the end of March 2021.

Analytic Strategy 2 addressed the limitation of the
known rarity of RET fusions and the lack of evidence to
date suggesting there is a unique prognostic effect
thereof9 by removing the eligibility requirement for a RET
fusion from Analytic Strategy 1. Analytic Strategy 3 used
the larger CGDB cohort, but applied an adjustment factor
for RET.

RET adjustment factor. The potential impact of RET fusions
was explored by fitting multivariable acceleration failure time
models to CGDB data with multiple imputation of missing
data to obtain an estimate of the time acceleration factor for
RET-fusion-positive status, after taking into account age, sex,
race, stage, smoking status, ECOG performance status, his-
tology, and the drug class used in first-line treatment. For the
first-line setting, time since initial diagnosis was included as a
factor, whereas in the post-progression setting the time from
2 https://doi.org/10.1016/j.esmoop.2022.100551
first- to second-line therapy was included. Point estimates of
the time acceleration factors were used to adjust the survival
times for PFS (first-line and post-progression settings) and OS
(post-progression) for patients without RET fusions. It was
not possible to estimate ORR for Analytic Strategy 3 using the
methods described earlier, as tumor response is not a
continuous variable.

Statistical analysis. Comparative analyses adjusted for any
resulting imbalances in patient characteristics between
LIBRETTO-001 and real-world control cohorts by applying
entropy balancing.10 Separate analyses were conducted for
patients who received selpercatinib in the first-line setting
versus later-lines of therapy. The covariates included in this
procedure were: sex (male versus female), age at start of
first-line therapy, ECOG performance status (0 versus >0),
smoking status (never versus ever), tumor histology (non-
squamous versus squamous versus missing), disease stage
at initial diagnosis (IV versus I-III), time from advanced/
metastatic diagnosis to start of the comparator treatment,
and patient body weight. Imputation of missing values
within the CGDB was applied as follows: for missing cate-
gorical values of sex, ECOG performance status, histology,
smoking status, and stage at diagnosis, imputed randomly
based on the cohort overall proportions of each variable,
respectively. For missing continuous variables of age, time
from diagnosis, or body weight, the mean value for the
cohort was used for imputation. Weights obtained from
entropy balancing were normalized to sum to the original
number of patients in the cohort for whom the weights
were applied.

The primary outcome analysis was ORR (complete
response þ partial response) as recorded in the data
source. Unweighted and entropy-balanced time-to-event
analyses of PFS and OS were conducted by KaplaneMeier
estimation for within-cohort parameters (medians, quar-
tiles, 1-year rates, 2-year rates). Cox proportional hazards
models were utilized for estimation of between-cohort
hazard ratios (HRs). Death dates in the CGDB are a com-
posite measure of vital statistics data, and include only
month and year to protect patient privacy.11 In the case of
Analytic Strategy 3, variables were re-censored at the end
of the database, so that the follow-up times did not
exceed the endpoint of the original dataset after applying
the acceleration factor. OS could not be evaluated in the
first-line setting due to lack of mature data from LI-
BRETTO-001.

Sensitivity analyses were conducted limiting the external
control cohort to patients who received platinum-based
therapy in the first line for those who were treatment-
naïve before the index treatment and to those who had
received prior platinum-based chemotherapy for the post-
progression analyses. All analyses utilizing the real-world
cohorts were conducted using SAS Enterprise Guide.

Clinical trial controls

Two separate control cohorts were constructed using IPD
from the control arms of KEYNOTE-189 and REVEL trials. The
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most current IPD available to the investigators were the de-
identified pemetrexed þ platinum-based chemotherapy
arm of the KEYNOTE-189 trial (clinicaltrials.gov identifier:
NCT02578680)12 and the docetaxel arm (restricted to
patients with non-squamous disease) of the REVEL trial
(clinicaltrials.gov identifier: NCT01168973).13 All patient
data used in this study were collected after patients pro-
vided informed consent and additional de-identification
measures applied.

Patients enrolled to KEYNOTE-189 had metastatic NSCLC
and were treatment-naïve at the time of enrollment. Patients
enrolled to the REVEL trial had received prior platinum-based
therapy and had progressive disease. Neither cohort had data
or tissue available to determine RET status. The time periods
for clinical trial enrollment were 2016 to 2017 (KEYNOTE-189)
and 2010 to 2013 (REVEL). Due to the non-contemporaneous
enrollment time periods and absence of genomic alteration
data, an adjustment was made to account for RET status for
the primary analysis, similar to real-world Analytic Strategy 3
as described earlier.

Patient data from the clinical trial control cohorts were
matched to LIBRETTO-001 based on covariates present in
both datasets (age, ECOG performance status, smoking
status, sex, race and stage at initial diagnosis, and for the
REVEL control arm, time since diagnosis to start of the index
therapy) using targeted maximum likelihood estimation
(TMLE), a doubly robust method which makes use of IPD
from each dataset to fit regression-based models simulta-
neously to both groups. TMLE leverages ensemble machine-
learning techniques to estimate parameters in a flexible
manner, and cross-validation was used to select the best-
performing estimator from a library of candidate estima-
tors.14 The analysis was implemented in the survtmle
package in R. IPD were reconstructed by digitizing the
adjusted KaplaneMeier graphs for TMLE for the
pemetrexed þ platinum arm of the KEYNOTE-189 trial
versus patients who were treatment-naïve in LIBRETTO-001
and for the docetaxel arm from the REVEL trial versus the
pre-treated IAS and PAS cohorts from LIBRETTO-001. Cox
regression models plus a nonparametric log-rank test were
applied to the reconstructed data to compare time-to-event
treatment outcomes. This methodological approach could
not be applied to the estimation of ORR as this is a cate-
gorical variable. OS comparisons were not conducted in the
first-line setting due to highly immature data from LI-
BRETTO-001.

Sensitivity analyses of the comparisons between
LIBRETTO-001 and clinical trial control cohorts were
conducted by alternatively matching using propensity
score methods, matching using a genetic algorithm, pro-
pensity score weighting (PSW) based on logistic regres-
sion, and boosted PSW based on logistic regression with
interaction.15-18 All time-to-event analyses were con-
ducted in R using Cox regression models and nonpara-
metric log-rank test on the trial-matched datasets.
Statistical significance was based on two-sided statistical
testing (a � 0.05).
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RESULTS

Real-world external control

For the first-line setting, 29 patients met eligibility criteria
for Analytic Strategy 1 (n ¼ 22, 75.9% of whom received a
checkpoint inhibitor as part of the regimen), 2791 for
Analytic Strategies 2 and 3 (n ¼ 1703, 61.0% received a
checkpoint inhibitor as part of the regimen), and 985 (all of
whom received a checkpoint inhibitor with the platinum-
based first-line therapy, 100%) were included in the sensi-
tivity analysis (platinum-based chemotherapy comparator).
For the post-progression setting, a total of 17 patients met
eligibility criteria for Analytic Strategy 1, 1503 for Analytic
Strategies 2 and 3 (real-world blended comparators), and
720 for the sensitivity analyses (prior platinum-based
chemotherapy comparator). The characteristics of these
cohorts, before and after entropy balancing, are summa-
rized in Table 1.

RET adjustment factor. Supplementary Table S1, available
at https://doi.org/10.1016/j.esmoop.2022.100551, presents
the parameters applied to the RET adjustment of the real-
world control cohort in Analytic Strategy 3 and for the
KEYNOTE-189 and REVEL clinical trial control cohorts. Pa-
tients without RET fusions receiving selpercatinib in the
first-line setting had their PFS increased by a factor of 1.53.
In the post-progression setting, OS was increased by a
factor of 1.65 and PFS by 1.2 with selpercatinib. The RET
adjustment factors were applied to each patient without a
RET fusion to account for any potential prognostic
improvement in outcomes that could be due to positive RET
fusion status. Patients whose events were forecasted to
future events (beyond the database lock/end date) were
censored at the end of the follow-up period, with
re-censoring as described earlier.

Tumor response. Tumor response is summarized in Table 2
for the first-line and the post-progression settings versus
the real-world control. Entropy balancing could not be
applied to Analytic Strategy 1 due to small sample size. All
entropy-balanced comparisons showed a significant
improvement in ORR for patients treated with selpercatinib
in LIBRETTO-001 versus the real-world control (all compar-
isons were statistically significant at P < 0.001).

Progression-free survival. PFS outcomes are presented in
Table 3 for the real-world control analyses. In the first-line
setting, PFS was significantly improved for patients treated
with selpercatinib on the LIBRETTO-001 trial versus the real-
world control unweighted comparisons using Analytic
Strategy 1 [HR ¼ 0.31, 95% confidence interval (CI) 0.16-
0.64, P ¼ 0.0007]. Median PFS was not reached in the
selpercatinib group (95% CI 11.5-not reached) versus 6.7
months (95% CI 3.7-12.1 months) for the real-world control.
Entropy balancing was not possible for Analytic Strategy 1
due to small sample size. There were statistically significant
differences in the entropy-balanced approaches for Analytic
Strategy 2, Analytic Strategy 3, and all sensitivity analyses
https://doi.org/10.1016/j.esmoop.2022.100551 3
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Table 1. Baseline characteristics of patients treated with selpercatinib (LIBRETTO-001 trial) and the real-world control, before and after entropy balancing

Characteristic Selpercatinib
cohort
(LIBRETTO-001)

First-line setting, before entropy balancing First-line setting, after entropy balancinga

Real-world
control Analytic
Strategy 1
(RET fusion
positive)a

Real-world
control
Analytic
Strategies
2 and 3

Real-world
control
sensitivity
analysis

Selpercatinib
cohort
(LIBRETTO-
001)

Real-world
control
Analytic
Strategies
2 and 3

Real-world
control
sensitivity
analysis

N 48 29 2791 985 48 2791 985
Sex, n (%)
Female 29 (60.4) 13 (44.8) 1132 (40.6) 369 (37.5) 29 (60.4) 1686 (60.4) 595 (60.4)
Male 19 (39.6) 16 (55.2) 1659 (59.4) 616 (62.5) 19 (39.6) 1105 (39.6) 390 (39.6)

Age, mean (SD) 62.2 (14.1) 65.6 (11.0) 68.8 (9.5) 68.1 (9.3) 62.2 (14.1) 62.2 (13.5) 62.2 (14.1)
Body weight, mean kg (SD) 71.7 (18.1) 75.8 (16.3) 75.6 (19.3) 75.8 (18.6) 71.7 (18.1) 71.7 (19.7) 71.7 (20.0)
ECOG performance status, n
(%)
0 20 (41.7) 7 (24.1) 733 (26.3) 282 (28.6) 20 (41.7) 1163 (41.7) 410 (41.7)
>0 28 (58.3) 15 (51.7) 1556 (55.8) 528 (53.6) 28 (58.3) 1628 (58.3) 575 (58.3)
Missing 0 7 (24.1) 502 (18.0) 175 (17.8) 0 0 0

History of smoking, n (%)
Yes 14 (29.2) 13 (44.8) 2537 (90.9) 888 (90.2) 14 (29.2) 814 (29.2) 287 (29.2)
No 34 (70.8) 16 (55.2) 253 (9.1) 97 (9.8) 34 (70.8) 1977 (70.8) 698 (70.8)
Missing 0 0 1 (0.0) 0 0 0 0

Stage at initial diagnosis, n
(%)
I-III 4 (8.3) 8 (27.6) 1126 (40.3) 213 (21.6) 4 (8.3) 291 (10.4) 103 (10.4)
IV 43 (89.6) 21 (72.4) 1600 (57.3) 754 (76.5) 43 (89.6) 2500 (89.6) 882 (89.6)
Missing 1 (2.1) 0 65 (2.3) 18 (1.8) 1 (2.1) 0 0

Tumor histology, n (%)
Non-squamous 43 (89.6) 29 (100.0) 1571 (56.3) 647 (65.7) 43 (89.6) 2500 (89.6) 882 (89.6)
Squamous 0 0 1075 (38.5) 285 (28.9) 0 291 (10.4) 103 (10.4)
NOS 5 (10.4) 0 145 (5.2) 53 (5.4) 5 (10.4) 0 0

Presence of brain
metastases, n (%)

3 (6.3) 5 (17.2) 415 (14.9) 178 (18.1) 3 (6.3) 174 (6.2) 62 (6.3)

Time from advanced/
metastatic
diagnosis to index therapy,
mean (SD) days

62.2 (46.5) 115.7 (277.3) 105.2 (327.7) 71.0 (235.7) 62.2 (46.5) 62.2 (127.0) 62.2 (271.2)

Characteristic Selpercatinib cohort
(LIBRETTO-001, PAS)

Post-progression setting, before entropy balancing Post-progression setting, after entropy balancinga

Real-world
control Analytic
Strategy 1a

Real-world
control
Analytic
Strategies 2 and 3

Real-world
control
sensitivity
analysis

Selpercatinib
cohort
(LIBRETTO-001,
PAS)

Real-world
control
Analytic Strategies
2 and 3

Real-world
control
sensitivity
analysis

N 105 17 1503 720 105 1503 720
Sex, n (%)
Female 62 (59.0) 10 (58.8) 619 (41.2) 305 (42.4) 62 (59.0) 887 (59.0) 425 (59.0)
Male 43 (41.0) 7 (41.2) 884 (58.8) 415 (57.6) 43 (41.0) 616 (41.0) 295 (41.0)

Age, mean (SD) 58.6 (11.9) 65.3 (11.8) 68.2 (9.5) 68.5 (9.4) 58.6 (11.9) 58.6 (15.9) 58.6 (11.0)
Body weight, mean kg (SD) 67.8 (17.1) 70.2 (12.8) 75.0 (18.7) 75.1 (19.6) 67.8 (17.1) 67.8 (17.3) 67.79 (17.0)
ECOG performance status, n (%)
0 31 (29.5) 2 (11.8) 311 (20.7) 145 (20.1) 31 (29.5) 444 (29.5) 213 (29.5)
>0 74 (70.5) 12 (70.6) 1019 (67.8) 499 (69.3) 74 (70.5) 1059 (70.5) 507 (70.5)
Missing 0 3 (17.6) 173 (11.5) 76 (10.6) 0 0 0

History of smoking, n (%)
Yes 30 (28.6) 9 (52.9) 1336 (88.9) 650 (90.3) 30 (28.6) 429 (28.6) 206 (28.6)
No 75 (71.4) 8 (47.1) 167 (11.1) 70 (9.7) 75 (71.4) 1074 (71.4) 514 (71.4)

Stage at initial diagnosis, n (%)
I-III 4 (3.8) 4 (23.5) 659 (43.8) 291 (40.4) 4 (3.8) 57 (3.8) 27 (3.8)
IV 101 (96.2) 13 (76.5) 807 (53.7) 410 (56.9) 101 (96.2) 1446 (96.2) 693 (96.2)
Missing 0 0 37 (2.5) 19 (2.6) 0 0 0

Tumor histology, n (%)
Non-squamous 92 (87.6) 17 (100.0) 829 (55.2) 382 (53.1) 92 (87.6) 1317 (87.6) 631 (87.6)
Squamous 1 (1.0) 0 605 (40.3) 307 (42.6) 1 (1.0) 186 (12.4) 89 (12.4)
NOS 12 (11.4) 0 69 (4.6) 31 (4.3) 12 (11.4) 0 0

Presence of brain
metastases, n (%)

11 (10.5) 3 (17.6) 262 (17.4) 129 (17.9) 11 (10.5) 157 (10.5) 75 (10.5)

Time from metastatic
diagnosis to index therapy,
mean (SD) days

856.5 (692.5) 690.9 (665.3) 470.5 (575.6) 443.6 (557.6) 856.5 (692.5) 856.5 (1217.7) 856.5 (941.0)

Analytic Strategy 1: patients with RET fusion-positive disease; Analytic Strategy 2: all patients, regardless of RET fusion status; Analytic Strategy 3: all patients, regardless of RET
fusion status and applying the RET adjustment factor; sensitivity analysis: all patients who had received prior platinum-based therapy.
ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise stated; PAS, Primary analysis set; RET, REarranged during Transfection; SD, standard deviation.
aDue to the small sample size, entropy balancing could not be applied to Analytic Strategy 1.
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Table 2. Tumor response of selpercatinib (LIBRETTO-001) versus real-world control

Outcome First-line setting, before entropy balancing First-line setting, after entropy balancing

ORR, Analytic Strategy 1 Selpercatinib Cohort
(LIBRETTO-001)
(n ¼ 48)

Real-world
control (N ¼ 29)

NAa

41 (87.2) 12 (66.7)
P ¼ 0.06

ORR, Analytic Strategy 2 Selpercatinib Cohort
(LIBRETTO-001) (N ¼ 48)

Real-world
control (N ¼ 2791)

Selpercatinib Cohort
(LIBRETTO-001) (N ¼ 49)

Real-world
control (N ¼ 2791)

41 (87.2) 891 (59.2) 41 (87.23) 988 (58.57)
P < 0.0001 P < 0.0001

ORR, sensitivity analysis Selpercatinib cohort
(LIBRETTO-001) (N ¼ 48)

Real-world control
(N ¼ 985)

Selpercatinib cohort
(LIBRETTO-001) (N ¼ 49)

Real-world control
(N ¼ 985)

41 (87.2) 479 (65.6) 41 (87.2) 473.1 (60.5)
P ¼ 0.002 P ¼ 0.0002

Post-progression, before entropy balancing Post-progression, after entropy balancing

ORR, Analytic Strategy 1 Selpercatinib cohort
(LIBRETTO-001) (N ¼ 105)

Real-world
control (N ¼ 17)

NAa

67 (67.7) 3 (25.0)
P ¼ 0.004

ORR, Analytic Strategy 2 Selpercatinib cohort
(LIBRETTO-001) (N ¼ 105)

Real-world
control (N ¼ 1503)

Selpercatinib cohort
(LIBRETTO-001) (N ¼ 105)

Real-world
control (N ¼ 1503)

67 (67.7) 263 (35.6) 67 (67.7) 339.9 (41.4)
P < 0.0001 P < 0.0001

ORR, sensitivity analysis Selpercatinib cohort
(LIBRETTO-001) (N ¼ 105)

Real-world control
(N ¼ 720)

Selpercatinib cohort
(LIBRETTO-001) (N ¼ 105)

Real-world control (N ¼ 720)

67 (67.68) 129 (33.86) 67 (67.68) 171.2 (34.08)
P < 0.0001 P < 0.0001

Analytic Strategy 1: patients with RET fusion-positive disease; Analytic Strategy 2: all patients, regardless of RET fusion status; Analytic Strategy 3: all patients, regardless of RET
fusion status and applying the RET adjustment factor; sensitivity analysis: all patients who had received prior platinum-based therapy.
NA, not available; ORR, objective response rate; RET, REarranged during Transfection.
aEntropy balancing could not be applied to Analytic Strategy 1 in the post-progression setting due to the small sample size.
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(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2022.100551). In the entropy-balanced
analysis for Analytic Strategy 2, the median PFS for selper-
catinib was not reached (95% CI 11.5-not reached) and for
the real-world control, median PFS was 5.6 months (95% CI
not evaluable), with a HR of 0.21 (95% CI 0.19-0.24, P <
0.0001). These results were similar in the first line for the
RET-adjusted entropy-balanced Analytic Strategy 3, where
the median PFS was not reached for selpercatinib (95% CI
11.5-not reached) versus a median PFS of 8.3 months
(95% CI not evaluable) for the real-world control (HR ¼
0.31, 95% CI 0.27-0.35, P < 0.0001). Sensitivity analyses
limiting to platinum-based therapy in the real-world control
(HR ¼ 0.24, 95% CI 0.24-0.34, P ¼ 0.0002; RET-adjusted
HR ¼ 0.34; 95% CI 0.28-0.41, P ¼ 0.0001) also showed
significant differences. The KaplaneMeier curves for all PFS
analyses in the first-line setting are presented in Supple
mentary Figure S1, available at https://doi.org/10.1016/j.
esmoop.2022.100551.

In the post-progression setting (Table 3), PFS was signifi-
cantly improved for patients treated with selpercatinib on
the LIBRETTO-001 trial versus the real-world control in un-
weighted comparisons for Analytic Strategy 1 (HR ¼ 0.29,
95% CI 0.16-0.53, P < 0.0001). Estimated median PFS was
19.3 months (95% CI 13.9 months-not reached) for those
treated with selpercatinib versus 4.0 months (95% CI 2.0-
12.2 months) for the real-world control. Similar to the first-
line setting, there was insufficient sample size to perform
entropy balancing. There remained statistically significant
differences amongst unweighted and entropy-balanced
Volume 7 - Issue 4 - 2022
Analytic Strategies 2 and 3 and in sensitivity analyses
(Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2022.100551). In the entropy-balanced anal-
ysis for Analytic Strategy 2, the median PFS for selpercatinib
was 19.3 months (95% CI 13.9 months-not reached) and for
the real-world control was 4.3 months (95% CI not evalu-
able), with a HR of 0.27 (95% CI 0.24-0.31, P < 0.0001).
These results were similar when applying the RET adjust-
ment factor to the real-world cohort in Analytic Strategy 3,
which shows a median PFS of 19.3 months (95% CI 13.9
months-not reached) for patients treated with selpercatinib
versus a median PFS of 5.2 months (95% CI not evaluable)
for the real-world control (HR ¼ 0.31, 95% CI 0.28-0.36, P <
0.0001). Sensitivity analyses limiting Analytic Strategy 2 to
prior platinum-based therapy results were similar (HR ¼
0.28, 95% CI 0.24-0.34, P ¼ 0.0002), as was applying the RET
adjustment factor to the sensitivity analysis (HR ¼ 0.33, 95%
CI 0.27-0.39, P ¼ 0.0005). The KaplaneMeier curves for all
PFS outcomes in the post-progression setting are presented
in Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmoop.2022.100551.

Overall survival. The median duration of follow-up for pa-
tients enrolled in LIBRETTO-001 at the time of this analysis
was 15.7 months (PAS) and 12.0 months (IAS) amongst
patients who received prior platinum-based therapy and 9.8
months for those who were treated with selpercatinib in
the first-line setting.3

OS in the post-progression setting is presented in
Table 3. Median OS was not reached in either the
https://doi.org/10.1016/j.esmoop.2022.100551 5
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Table 3. Progression-free survival (PFS) and overall survival (OS) of selpercatinib (LIBRETTO-001) versus real-world control

PFS, first-line setting Median months (95% CI) HR (95% CI) P value

Analytic Strategy 1
Selpercatinib NA (11.5-NA) 0.31 (0.16-0.64) 0.0007
Real-world control 6.7 (NA)

Analytic Strategy 2
Selpercatinib NA (11.5-NA) 0.21 (0.19-0.24) <0.0001
Real-world control 5.6 (NA)

Analytic Strategy 3
Selpercatinib NA (11.5-NA) 0.31 (0.27-0.35) <0.0001
Real-world control 8.3 (NA)

Sensitivity analysis of Analytic Strategy 2
Selpercatinib 19.3 (13.9-NA) 0.28 (0.24-0.34) 0.0002
Platinum-based therapy 3.6 (NA)

Sensitivity analysis of Analytic Strategy 3
Selpercatinib NA (11.5-NA) 0.34 (0.28-0.41) 0.0001
Platinum-based therapy 9.3 (NA)

PFS, post-progression Median months (95% CI) HR (95% CI) P value

Analytic Strategy 1
Selpercatinib 19.3 (13.9-NA) 0.29 (0.16-0.53) <0.0001
Real-world control 4.0 (2.0-12.2)

Analytic Strategy 2
Selpercatinib 19.3 (13.9-NA) 0.27 (0.24-0.32) <0.0001
Real-world control 4.3 (NA)

Analytic strategy 3
Selpercatinib 19.3 (13.9-NA) 0.31 (0.28-0.36) <0.0001
Real-world control 5.2 (NA)

Sensitivity analysis of Analytic Strategy 2
Selpercatinib 19.3 (13.9-NA) 0.28 (0.24-0.34) 0.0002
Prior platinum-based therapy 3.6 (NA)

Sensitivity analysis of Analytic Strategy 3
Selpercatinib 19.3 (13.9-NA) 0.33 (0.27-0.39) 0.0005
Prior platinum-based therapy 4.3 (NA)

OS, post-progression Median months (95% CI) HR (95% CI) P value

Analytic Strategy 1
Selpercatinib NA (25.7-NA) 0.95 (0.33-2.73) 0.92
Real-world control NA (15.2-NA)

Analytic Strategy 2
Selpercatinib NA (25.7-NA) 0.25 (0.21-0.29) <0.0001
Real-world control 10.6 (NA)

Analytic Strategy 3
Selpercatinib NA (25.7-NA) 0.38 (0.32-0.45) 0.001
Real-world control 16.8 (NA)

Sensitivity analysis of Analytic Strategy 2
Selpercatinib NA (25.7-NA) 0.21 (0.17-0.26) <0.0001
Prior platinum-based therapy 9.0 (NA)

Sensitivity analysis of Analytic Strategy 3
Selpercatinib NA (25.7-NA) 0.31 (0.25-0.39) 0.001
Prior platinum-based therapy 14.9 (NA)

Analytic Strategy 1: patients with RET fusion-positive disease; Analytic Strategy 2: all patients, regardless of RET fusion status; Analytic Strategy 3: all patients, regardless of RET
fusion status and applying the RET adjustment factor; sensitivity analysis: all patients who had received prior platinum-based therapy.
CI, confidence interval; HR, hazard ratio; NA, not available; RET, REarranged during Transfection.
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LIBRETTO-001 or real-world control cohorts in Analytic
Strategy 1, and adjusted analyses could not be conducted
due to the lack of events (censoring rates were 73.3% in
LIBRETTO-001 and 76.5% in the real-world cohort). Me-
dian OS in Analytic Strategy 2 (entropy-balanced) for
the post-progression setting was not reached among pa-
tients treated with selpercatinib (95% CI 25.7-not
reached), and was 10.6 months in the real-world cohort
(95% CI not evaluable), with a HR of 0.25 (95% CI 0.21-
0.29, P < 0.0001). These results were similar for Analytic
Strategy 3; the median OS was not reached among pa-
tients treated with selpercatinib versus a median OS of
6 https://doi.org/10.1016/j.esmoop.2022.100551
16.8 months (95% CI not evaluable) for the real-world
control in the entropy-balanced analysis (HR ¼ 0.38,
95% CI 0.32-0.45, P ¼ 0.001). Sensitivity analyses found
consistent results in the post-progression setting
compared with patients in the real-world cohort who were
treated with platinum-based therapy, with a HR of 0.21
(95% CI 0.17-0.26, P < 0.0001) and for the RET-adjusted
sensitivity analysis, with a HR ¼ 0.31 (95% CI 0.25-0.39,
P ¼ 0.001). The KaplaneMeier curves for all OS analyses in
the post-progression setting are presented in
Supplementary Figure S3, available at https://doi.org/10.
1016/j.esmoop.2022.100551.
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Table 4. Baseline characteristics of patients treated with selpercatinib (LIBRETTO-001) and clinical trial controls (KEYNOTE-189, first-line setting; REVEL, post-
progression setting), before and after matching

Characteristic Before adjustment or matching,
first-line setting

After matching using
propensity scoring

After matching using
a genetic algorithm

After PSW using a
generalized boosted
model

After PSW using
logistic regression

Selpercatinib cohort
(LIBRETTO-001)
n ¼ 48a

Pemetrexed þ
platinum cohort
(KN-189) n ¼ 206

Pemetrexed þ
platinum cohort
(KN-189) n ¼ 44

Pemetrexed þ
platinum cohort
(KN-189) n ¼ 44

Pemetrexed þ
platinum cohort
(KN-189) n ¼ 36

Pemetrexed þ
platinum cohort
(KN-189) n ¼ 40

Age (mean, years) 60.9 63.5 63.0 63.6 60.9 62.7
Female, % 59.1 47.1 45 54.4 54.5 56.9
Race: White, % 72.8 94.2 75 72.7 75.6 77.7
Race: Asian, % 18.2 3.9 18 27.3 20.4 20.1
Race: Other, % 9.1 0.2 7 0 4 2.2
Never smoker, % 68.2 12.1 57 65.9 67.7 67.2
Stage IV, % 93.2 99.5 98 95.5 99.2 97.8
ECOG PS � 1, % 54.5 60.7 59 63.3 56.6 60.8

Characteristic Before adjustment or matching,
post-progression setting

After matching using
propensity scoring

After matching
using a genetic
algorithm

After PSW using a
generalized boosted
model

After PSW using
logistic regression

Selpercatinib cohort
(LIBRETTO-001)
n ¼ 218a,b

Docetaxel cohort
(REVEL) n ¼ 447

Docetaxel cohort
(REVEL) n ¼ 207

Docetaxel cohort
(REVEL) n ¼ 207

Docetaxel cohort
(REVEL) n ¼ 120

Docetaxel cohort
(REVEL) n ¼ 82

Age (mean, years) 58.75 59.83 59.03 59.93 59.61 59.0
Female, % 59.2 38.4 43 65.21 55.9 48.0
Race: White, % 53.4 79.1 58 49.28 53.3 52.6
Race: Asian, % 38.8 14.2 29 41.54 36.1 31.7
Race: Other, % 7.8 6.7 13 9.18 10.6 9.8
Never smoker, % 71.8 25.9 53 60.39 60.6 54.8
Stage IV, % 96.1 86 94 92.75 93.0 92.5
ECOG PS � 1, % 72.8 68.3 63 61.84 66.0 64.1
Time since diagnosis
to start of trial
(median months)

36.63 12.04 15.61 31.08 22.61 17.6

ECOG PS, Eastern Cooperative Oncology Group performance status; PSW, propensity score weighting.
aFour patients without non-squamous histology were excluded from further matching process.
bFive patients with ECOG PS �2 and 6 patients without non-squamous histology were excluded from further matching process.
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Clinical trial controls

The patient characteristics from the LIBRETTO-001 trial and
from the KEYNOTE-189 (first-line setting) and REVEL trial
(post-progression setting) both before and after each pro-
pensity score matching (PSM)/PSW approaches after
adjusting for RET status are summarized in Table 4.

PFS outcomes using the RET-adjusted data that were
simultaneously modeled with matched covariates of sel-
percatinib (LIBRETTO-001) versus pemetrexed þ platinum
(KEYNOTE-189) in the first-line setting from TMLE are pre-
sented in Supplementary Figures S4 and S5, available at
https://doi.org/10.1016/j.esmoop.2022.100551. Based on
nonparametric log-rank test of Cox regression models
adjusted for covariates, PFS was significantly longer for
selpercatinib (LIBRETTO-001) versus pemetrexed and plat-
inum (KEYNOTE-189) in the first-line setting (HR ¼ 0.49,
95% CI 0.26-0.93, P ¼ 0.026). Sensitivity analyses show
consistent results across matching methods (Table 5).

PFS and OS outcomes using the RET-adjusted data that
were simultaneously modeled with matched covariates of
selpercatinib (LIBRETTO-001) versus docetaxel plus placebo
(REVEL) in the post-progression setting are summarized in
Table 5 and graphically presented in Supplementary
Figures S5 and S6, available at https://doi.org/10.1016/j.
esmoop.2022.100551 (LIBRETTO-001 IAS cohort) and in
Volume 7 - Issue 4 - 2022
Supplementary Figures S7 and S8, available at https://doi.
org/10.1016/j.esmoop.2022.100551 (LIBRETTO-001 PAS
cohort, data not shown). PFS was significantly longer for
selpercatinib versus docetaxel (REVEL) in the post-progression
setting (HR¼ 0.39, 95% CI 0.29-0.52, P< 0.00001 for IAS and
HR ¼ 0.51, 95% CI 0.36-0.72, P < 0.00001 for PAS). OS was
also significantly longer for selpercatinib versus docetaxel in
the post-progression setting (HR ¼ 0.51, 95% CI 0.35-0.74,
P < 0.00001 for IAS and HR ¼ 0.71, 95% CI 0.48-1.03,
P ¼ 0.065 for PAS). Sensitivity analyses in the
post-progression setting were also consistent with the pri-
mary analysis except for the PSW via logistic regression for
OS, where re-weighting failed to appropriately match a
number of covariates.

DISCUSSION

This study applied a variety of statistical and methodological
approaches to generate external control data using both
real-world and clinical trial control data to compare clinical
outcomes to patients in LIBRETTO-001 who were pre-
treated (PAS and IAS) and treatment-naïve. The results of
these analyses are highly consistent in demonstrating the
statistically significant improvement in clinical outcomes of
ORR, PFS and post-progression OS associated with selper-
catinib treatment. The findings observed in these external
https://doi.org/10.1016/j.esmoop.2022.100551 7
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Table 5. Progression-free and overall survival of selpercatinib (LIBRETTO-001) versus clinical trial controls

PFS, first-line setting, selpercatinib versus KEYNOTE-189 Median (95% CI) months HR (95% CI) P value

TMLE
Selpercatinib NA (NA-NA) 0.49 (0.26-0.93) 0.026
Pemetrexed þ platinum 12.0 (11.0-13.0)

Matching using propensity scoring
Selpercatinib NA (13.83-NA) 0.38 (0.20-0.75) 0.003
Pemetrexed þ platinum 7.43 (6.18-NA)

Matching using a genetic algorithm
Selpercatinib NA (13.83-NA) 0.51 (0.26-0.98) 0.045
Pemetrexed þ platinum NA (7.39-NA)

Propensity score weighting using a generalized boosted model
Selpercatinib NA (13.83-NA) 0.35 (0.18-0.69) 0.002
Pemetrexed þ platinum 7.43 (4.27-16.99)

Propensity score weighting using logistic regression
Selpercatinib NA (13.83-NA) 0.34 (0.18-0.62) <0.0001
Pemetrexed þ platinum 7.42 (6.18-10.41)

PFS, post-progression, selpercatinib (IAS cohort) versus REVEL Median (95% CI) months HR (95% CI) P value

TMLE
Selpercatinib NA (NA-NA) 0.39 (0.29-0.52) <0.00001
Docetaxel 9.0 (7.0-NA)

Matching using propensity scoring
Selpercatinib 19.32 (16.53-NA) 0.21 (0.16-0.27) <0.00001
Docetaxel 5.09 (4.73-6.64)

Matching using a genetic algorithm
Selpercatinib 19.32 (16.53-NA) 0.27 (0.20- 0.35) <0.00001
Docetaxel 8.15 (6.67-8.25)

Propensity score weighting using a generalized boosted model
Selpercatinib 19.32 (16.53-NA) 0.24 (0.17-0.32) <0.00001
Docetaxel 7.23 (6.11-8.44)

Propensity score weighting using logistic regression
Selpercatinib 19.32 (16.53-NA) 0.21 (0.16-0.28) <0.0001
Docetaxel 5.39 (4.86-6.67)

OS, post-progression setting, selpercatinib (IAS cohort)
versus REVEL

Median (95% CI) months HR (95% CI) P value

TMLE
Selpercatinib NA (NA-NA) 0.51 (0.35-0.74) <0.00001
Docetaxel NA (NA-NA)

Matching using propensity scoring
Selpercatinib NA (25.66-NA) 0.39 (0.27-0.57) <0.00001
Docetaxel 18.69 (16.10-29.96)

Matching using a genetic algorithm
Selpercatinib NA (25.66-NA) 0.64 (0.43-0.96) 0.029
Docetaxel 29.96 (28.25-NA)

Propensity score weighting using a generalized boosted model
Selpercatinib NA (25.66-NA) 0.53 (0.34-0.82) 0.003
Docetaxel 29.96 (18.43-NA)

Propensity score weighting using logistic regression
Selpercatinib NA (25.66-NA) 0.41 (0.28-0.59) <0.0001
Docetaxel 19.09 (16.10-NA)

CI, confidence interval; HR, hazard ratio; IAS, integrated analysis set; NA, not available; OS, overall survival; PFS, progression-free survival; TMLE, targeted minimum loss-based
estimation.
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control analyses in the first-line setting will undergo
confirmation with the forthcoming results of an ongoing
phase III randomized trial (LIBRETTO-431, NCT04194944).19

Strengths of the study include an approach to developing
control cohorts using both real-world and clinical trial
control arm approaches. Multiple methods and approaches
were applied to obtain estimates of the comparative out-
comes of tumor response, PFS, and post-progression OS
based upon receipt of standard treatments for advanced or
metastatic NSCLC. This study was designed to incorporate
the best methods available at this time that could be
applied to these datasets, as well as utilizing a variety of
8 https://doi.org/10.1016/j.esmoop.2022.100551
approaches to evaluate consistency of findings across these
methods and datasets. A variety of approaches demon-
strate the stability of the findings of the benefits of
selpercatinib across a wide range of scenarios in both the
real-world and clinical trial external control data.

Despite the strengths in the approach taken to build and
evaluate these external control cohorts using real-world
and clinical trial control data, there are limitations
that must be considered in the interpretation of these re-
sults, which should be considered exploratory and
hypothesis-generating findings. There were substantial dif-
ferences in the baseline characteristics of the real-world
Volume 7 - Issue 4 - 2022
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and LIBRETTO-001 cohorts. The application of entropy
balancing resulted in the application of substantial weight-
ing factors to balance these differences, and alternative
choices for normalization of these weights could potentially
increase or decrease P values arbitrarily. These aspects of
the analysis must be considered in the interpretation of
results. The sample size for the RET-fusion-positive real-
world control in Analytic Strategy 1 was very small,
limiting the ability to conduct entropy-balanced compara-
tive analyses. The small sample size available in the Flatiron
Health CGDB was further reduced by the strict application
of eligibility criteria to match those of the clinical trial.
While this is considered a best practice to reduce bias,
allowing more flexibility in these factors (such as expanding
the time period to before the recruitment window of
LIBRETTO-001) may have improved the sample size. How-
ever, relaxing the eligibility criteria to increase sample size
may have introduced other biases, and the decision to
retain the highest level of rigor in the criteria for the control
cohorts was retained as per the study protocol.

The comparability of outcomes from the unweighted
analysis with RET-fusion-positive cohort (Analytic Strategy
1) and the entropy-balanced outcomes observed in Analytic
Strategy 2 provide some assurance of the lack of meaningful
impact of RET fusion status on the observed differences,
which remained unchanged in Analytic Strategy 3. The
prognostic implications of RET fusions on treatment effec-
tiveness for patients with advanced NSCLC are unknown,
and the use of the methods to obtain the acceleration
factor is limited, likely subjecting them to some degree of
error that further contributes to the uncertainty of the RET
adjustment factor estimates.20

The real-world control data are also limited by the
measurement of tumor response and disease progression.
In the LIBRETTO-001 trial, tumor response was evaluated by
RECIST criteria. In the real world, tumor response is simply
as noted by the oncologist and does not require these
criteria to have been met. Therefore, the comparison of
ORR and PFS versus the real-world control cohorts may be
measuring two very different outcomes. Despite this con-
ceptual difference, work published by Flatiron Health show
that the physician-reported response is very comparable to
RECIST-based response, demonstrating the potential to
leverage real-world cohorts as comparators for single-arm
trials.21

The comparison of selpercatinib with pemetrexed þ
platinum, the KEYNOTE-189 control cohort, and docetaxel,
the REVEL clinical trial control cohort, was selected due to
availability of patient-level data using a single comparator
that is relevant for patient care in the first-line and post-
progression settings. It is important to point out that in
the real-world dataset, all patients receiving platinum-based
therapy in the first line received a checkpoint inhibitor as
part of the regimen. The findings observed were planned for
platinum-based therapy generally, but apply to platinum
plus checkpoint inhibitor-based therapy due to the regi-
mens used in everyday practice. Therefore, the study data
further suggest the comparative benefits of selpercatinib
Volume 7 - Issue 4 - 2022
versus platinum þ checkpoint inhibitor therapy for patients
with RET fusions in the first-line setting.

The strengths of using clinical trial control data are the
comparability of outcomes. For example, PFS was evaluated
at 6-week intervals in REVEL and at 8-week intervals in
LIBRETTO-001. In the real-world setting, progression is
noted at whatever time the patient undergoes a scan or
other evaluation for disease progression. The strengths of a
clinical trial control cohort comparison also include stan-
dardized assessments that adhere to RECIST criteria. In both
REVEL and LIBRETTO-001, PFS was defined as the time from
randomization until the date of objectively determined
progressive disease using RECIST criteria (v1.1) or death due
to any cause. LIBRETTO-001 is an ongoing phase II trial, and
the comparative analyses using external real-world and
REVEL control cohorts were used against data that have yet
to fully mature from the ongoing trial. Due to the lack of
fully mature data, analyses of OS are limited and should be
interpreted with caution. The not-evaluable and wide CIs
demonstrate the uncertainty of survival data. While a broad
range of comparative analyses suggest significant im-
provements may be observed versus standard of care for
patients with advanced or metastatic NSCLC, definitive
conclusions cannot be made from these data alone
regarding the comparative efficacy of selpercatinib.
Conclusions

The consistency of results across multiple analyses of the
real-world and clinical trial control cohorts suggests that
selpercatinib is associated with improved outcomes of
tumor response, PFS, and post-progression OS versus
standard therapies for NSCLC. Results should be considered
exploratory and must be confirmed with the ongoing
randomized trial.
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