
HAL Id: hal-04141252
https://hal.u-pec.fr/hal-04141252v1

Submitted on 26 Jun 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

An Adjusted Treatment Comparison Comparing
Amivantamab Versus Real-World Clinical Practice in

Europe and the United States for Patients with
Advanced Non-Small Cell Lung Cancer with Activating
Epidermal Growth Factor Receptor Exon 20 Insertion

Mutations
Christos Chouaid, Lise Bosquet, Nicolas Girard, Anna Kron, Matthias

Scheffler, Frank Griesinger, Martin Sebastian, Jose Trigo, Santiago Viteri,
Craig Knott, et al.

To cite this version:
Christos Chouaid, Lise Bosquet, Nicolas Girard, Anna Kron, Matthias Scheffler, et al.. An Adjusted
Treatment Comparison Comparing Amivantamab Versus Real-World Clinical Practice in Europe and
the United States for Patients with Advanced Non-Small Cell Lung Cancer with Activating Epidermal
Growth Factor Receptor Exon 20 Insertion Mutations. Advances in Therapy, 2023, 40 (3), pp.1187-
1203. �10.1007/s12325-022-02408-7�. �hal-04141252�

https://hal.u-pec.fr/hal-04141252v1
https://hal.archives-ouvertes.fr


ORIGINAL RESEARCH

An Adjusted Treatment Comparison Comparing
Amivantamab Versus Real-World Clinical Practice
in Europe and the United States for Patients
with Advanced Non-Small Cell Lung Cancer
with Activating Epidermal Growth Factor Receptor
Exon 20 Insertion Mutations

Christos Chouaid . Lise Bosquet . Nicolas Girard . Anna Kron . Matthias Scheffler .

Frank Griesinger . Martin Sebastian . Jose Trigo . Santiago Viteri . Craig Knott .

Bernardo Rodrigues . Nora Rahhali . Jedelyn Cabrieto . Joris Diels . Nolen J. Perualila .

Claudio A. Schioppa . Jan Sermon . Raphael Toueg . Nicole Erdmann . Janka Mielke .

Mehregan Nematian-Samani . Cristina Martin-Fernandez . Innocent Pfaira . Tracy Li .

Parthiv Mahadevia . Jürgen Wolf

Received: October 5, 2022 /Accepted: December 12, 2022 / Published online: January 18, 2023
� The Author(s) 2023

ABSTRACT

Introduction: Patients with advanced, epider-
mal growth factor receptor (EGFR)-mutated,
non-small cell lung cancer (NSCLC) with Exon
20 insertion mutations (Exon20ins) have poor
prognoses, exacerbated by a previous lack of

specific treatment guidelines and unmet need
for targeted therapies. Amivantamab, an EGFR
and MET bispecific antibody, demonstrated
efficacy and tolerability in patients with
advanced EGFR-mutated NSCLC with Exo-
n20ins following platinum-based therapy in
CHRYSALIS (NCT02609776; Cohort D?). Since
CHRYSALIS was single-arm, individual patient
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data (IPD)-based adjusted analyses versus simi-
lar patients in real-world clinical practice
(RWCP) were conducted to generate compara-
tive evidence.
Methods: RWCP cohorts were derived from
seven European and US real-world sources,
comprising patients fulfilling CHRYSALIS
Cohort D? eligibility criteria. Amivantamab
was compared with a basket of RWCP treat-
ments. Differences in prognostic characteristics
were adjusted for using inverse probability
weighting (IPW; average treatment effect
among the treated [ATT]). Balance between
cohorts was assessed using standardized mean
differences (SMDs). Overall response rate (ORR;
investigator- [INV] and independent review
committee-assessed [IRC]), overall survival (OS),
progression-free survival (PFS; INV and IRC) and
time-to-next treatment (TTNT) were compared.
Binary and time-to-event endpoints were ana-
lyzed using weighted logistic regression and
proportional hazards regression, respectively.
Results: Pre-adjustment, baseline characteris-
tics were comparable between cohorts. IPW
ATT-adjustment improved comparability, giv-

ing closely matched characteristics. ORR (INV)
was 36.8% for amivantamab versus 17.0% for
the adjusted EU ? US cohort (response rate ratio
[RR]: 2.16). Median OS, PFS (INV) and TTNT
were 22.77 versus 12.52 months (hazard ratio
[HR]: 0.47; p\0.0001), 6.93 versus 4.17 months
(HR: 0.55; p\0.0001) and 12.42 versus
5.36 months (HR: 0.44; p\0.0001) for amivan-
tamab versus the adjusted EU ? US cohort,
respectively. Results were consistent versus EU-
and US-only cohorts, and when using IRC
assessment.
Conclusion: Adjusted comparisons demon-
strated significantly improved outcomes for
amivantamab versus RWCP, highlighting the
value of amivantamab in addressing unmet
need in patients with advanced EGFR Exo-
n20ins NSCLC following platinum-based
therapy.
Trial Registration: CHRYSALIS: NCT02609776.

Keywords: Adjusted comparison; Amivanta-
mab; Exon 20 insertion mutations; Non-small
cell lung cancer; Real-world clinical practice
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Janssen Cilag, Île-de-France, France

J. Cabrieto � J. Diels � N. J. Perualila �
C. A. Schioppa � J. Sermon
Janssen Pharmaceutica NV, Beerse, Belgium

N. Erdmann � J. Mielke � M. Nematian-Samani
Janssen-Cilag GmbH, Neuss, Germany

C. Martin-Fernandez � I. Pfaira
Janssen-Cilag Ltd, High Wycombe, UK

T. Li � P. Mahadevia
Janssen R&D, Raritan, NJ, USA

1188 Adv Ther (2023) 40:1187–1203



Key Summary Points

Why carry out this study?

The efficacy of amivantamab, an EGFR and
MET antibody licensed for the treatment
of adult patients with advanced EGFR-
mutated NSCLC with Exon20ins
following platinum-based therapy, was
assessed in the phase 1b, single-arm
CHRYSALIS trial.

In the absence of a randomized controlled
trial, adjusted comparisons versus RWCP
are required to provide comparative
evidence for the relative efficacy of
amivantamab.

What was learned from the study?

Treatment lines for RWCP in Europe and
the US were pooled into a single cohort
and baseline characteristics were adjusted
using ATT methodology to provide an
external comparator arm for the
CHRYSALIS trial, based on data from 7
cohorts based in EU and US.

Prior to and after adjustment,
amivantamab was associated with
improved ORR, OS, PFS and TTNT, when
compared with RWCP in (1) pooled
European (EU) and US, (2) pooled EU-
only, and (3) pooled US-only cohorts; all
results were statistically significant, and a
consistent treatment effect was seen for
each comparison.

INTRODUCTION

Lung cancer is one of the most common types
of cancer, and is the most common cause of
death from cancer worldwide, with non-small
cell lung cancer (NSCLC) comprising 85% of all
cases [1]. Epidermal growth factor receptor
(EGFR) mutations are common in NSCLC and
are among the most well-established NSCLC

driver mutations (genetic mutations which
accelerate cancer progression). Approximately
30% of NSCLC tumors harbor a mutation in the
EGFR gene, with prevalence rates reported to be
highest in Asia (38%) and lowest in Europe
(14%), with 24% prevalence in the US [2–4].
While the majority of EGFR mutations comprise
Exon 19 deletions and Exon 21 L858R substi-
tutions, 10–15% consist of uncommon muta-
tions, including Exon 20 insertion mutations
(Exon20ins) [2]. Across Europe and the US, the
frequency of EGFR Exon20ins ranges from 0.3%
to 2.6% of all NSCLC cases and from 4% to 12%
of all EGFRmutations [2, 4]. Patients with EGFR-
mutated NSCLC with Exon20ins have a poorer
prognosis compared with patients with com-
mon EGFR mutations [5]. For example, real-
world evidence demonstrates that patients with
EGFR Exon20ins have a 75% increased risk of
death and a 93% increased risk of disease pro-
gression or death compared with patients with
common EGFR mutations [6]. This poorer
prognosis may be attributed to a previous lack
of effective, targeted treatments in the EGFR
Exon20ins population and because EGFR Exo-
n20ins may be associated with insensitivity and
resistance to currently available EGFR-targeted
treatments (such as EGFR tyrosine kinase inhi-
bitors [TKIs)] [1, 6–8].

Until recently, there was a lack of specific
and effective treatment for patients with
advanced, EGFR-mutated NSCLC with
Exon20ins following platinum-based therapy at
second-line or later (2L?), and thus no treat-
ment guidelines existed for this specific patient
population (other than those for patients
without an oncogenic driver mutation). This
lack of specific recommendations has led to an
absence of standard of care, with clinicians
prescribing a mix of treatments, including TKI-
based regimens, immuno-oncology agent (IO)-
based regimens, platinum-based chemotherapy
re-treatment, and non-platinum-based
chemotherapy. Following the development of
targeted treatments for patients with EGFR
Exon20ins, treatment guidelines now recom-
mend amivantamab and mobocertinib specifi-
cally as monotherapy for patients with EGFR-
mutated NSCLC with Exon20ins who have
progressed on platinum chemotherapy [9, 10].
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Amivantamab is a novel, fully human, bis-
pecific EGFR and MET antibody. The safety and
efficacy of amivantamab for treating patients
with locally advanced or metastatic NSCLC
with EGFR Exon20ins was assessed in the phase
1b, single arm, open-label, multicenter CHRY-
SALIS trial (NCT02609776). CHRYSALIS com-
prised a dose-escalation phase followed by a
dose-expansion phase, where patients were
assigned to cohorts on the basis of EGFR and
MET mutation status and previous therapy [11].
The primary endpoint for the dose-expansion
phase was overall response rate (ORR; the pro-
portion of patients with a partial or complete
response). Secondary endpoints included pro-
gression-free survival (PFS) and overall survival
(OS). Time-to-next treatment (TTNT) was also
measured. Results from CHRYSALIS have been
published previously, indicating the clinically
meaningful efficacy of amivantamab
monotherapy and a favorable safety profile for
patients who have progressed on platinum-
based chemotherapy [11, 12]. Based on these
results, regulatory approval was granted by the
European Medicines Agency (EMA), the
Medicines and Healthcare products Regulatory
Agency and the Food and Drug Administration,
leading to amivantamab being the first targeted
treatment approved in this setting [12–14].
Regulatory approval has also been granted in 9
other jurisdictions, and confirmatory data on
the efficacy and tolerability of amivantamab are
anticipated from the Phase 3 trial, PAPILLON
[15].

Notwithstanding regulatory approval based
on single-arm trial evidence, there is a require-
ment to generate comparative evidence to esti-
mate the relative efficacy of amivantamab for
patients with advanced EGFR-mutated NSCLC
with Exon20ins. However, given the severity of
the disease and the lack of clinical equipoise, a
randomized controlled trial was deemed
unethical. In addition, EGFR Exon20ins muta-
tions are rare, and identifying these mutations
via conventional polymerase chain reaction-
based methods is challenging; these factors lead
to difficulties in recruiting large patient cohorts
for a randomized trial in this setting [16].

As described above, there is substantial
heterogeneity in current treatments applied for

this specific patient population. Thus, the most
relevant comparison was between amivantamab
and a pooled basket of diverse treatments that
are routinely used in RWCP at 2L?.

Here, we present an individual patient data
(IPD)-based adjusted treatment comparison of
amivantamab versus RWCP in Europe and the
US in patients with advanced EGFR-mutated
NSCLC with Exon20ins at 2L?.

METHODS

The primary objective of this analysis was to
compare the efficacy of amivantamab, as asses-
sed in the CHRYSALIS trial, to RWCP from
Europe and the US in patients with advanced
EGFR-mutated NSCLC with Exon20ins follow-
ing platinum-based therapy at 2L?. As patients
in both cohorts may not be fully comparable
and/or exchangeable due to lack of randomiza-
tion, all comparative analyses were adjusted for
imbalances in prognostic baseline characteris-
tics between amivantamab- and RWCP-treated
patients.

The CHRYSALIS cohort used in this analysis
included patients with EGFR Exon20ins who
had progressed on or after prior platinum-based
chemotherapy, as per Cohort D ? of the trial
(Supplementary Material Table S1). At the data
cut-off (30 March 2021; as requested by the
EMA) [10], 114 patients had received their first
dose of amivantamab. CHRYSALIS was
approved by an Independent Ethics Committee,
and all patients provided written informed
consent.

The real-world evidence portion of the
analysis is based on previously collected data
which is de-identified of personal health infor-
mation, so there is no Institutional Review
Board or ethics review requirement.

Real-World Data Sources

The real-world data sources used to provide
comparative data in the analyses were from
Public Health England [PHE (now NHS Digital)];
England, 13 treatment lines) [17–19]; the Net-
work Genomic Medicine (NGM; Germany, 109
treatment lines); the Clinical Research platform
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Into molecular testing, treatment and outcome
registry of non-Small cell lung carcinoma
Patients (CRISP; Germany, 21 treatment lines),
the Epidemiological Strategy and Medical Eco-
nomics (ESME; France, 52 treatment lines) and
Flatiron Health Spotlight, ConcertAI and COTA
(US; 206 treatment lines [combined, after
excluding duplicates]) (Supplementary Material
Table S2). To compare patients from CHRYSA-
LIS Cohort D ? with similar patients from the
external data sources, the same inclusion and
exclusion criteria (Supplementary Material
Table S1) were applied to all real-world data
sources, where possible, depending on data
availability. The following eligibility criteria
were applied across real-world data sources:
age C 18 years; Stage IIIB/C or IV NSCLC; EGFR
Exon20ins diagnosis prior to start of relevant
line of therapy; progression on or after prior
platinum-based therapy; and Eastern Coopera-
tive Oncology Group (ECOG) performance sta-
tus score\2 (or missing, as described below).
Details of criteria applied to individual data
sources are provided in Supplementary Material
Table S3. Patients from the real-world data
sources that satisfied inclusion criteria at mul-
tiple times during their follow-up contributed
to the analysis with more than one line of
therapy [20–22]. Only treatment lines where
patients received EGFR Exon20ins testing prior
to treatment were included, ensuring that
treatment was reflective of clinical practice once
physicians were aware that a patient had an
EGFR Exon20ins mutation, and to avoid
immortal time bias. Correlation of outcomes
across treatment lines for the same patient was
accounted for statistically, using the robust
sandwich estimator of the covariance matrix
[23].

The base case analysis compared CHRYSALIS
with a pooled EU and US RWCP cohort (here-
after the ‘‘EU ? US cohort’’ [401 treatment
lines]). Pooling was considered appropriate
given that treatment class distributions of the
EU and US cohorts were similar (Tables 2, 3).
Sensitivity analyses explored comparisons
between CHRYSALIS and a pooled EU RWCP
cohort [PHE, NGM, CRISP, and ESME; hereafter
the ‘‘EU cohort’’ (195 lines)], and between
CHRYSALIS and a pooled US RWCP cohort

[Flatiron Health Spotlight, ConcertAI, and
COTA; hereafter the ‘‘US cohort’’ (206 lines)].

Adjustment Methodology

To account for differences in patient popula-
tions between CHRYSALIS and the real-world
data sources, adjustment was carried out for key
prognostic variables based on the confounders
identified by a systematic literature review,
clinical expert opinion. and data availability.
The covariates identified for consideration in
the adjustment were: age, gender, race (Asian),
smoking history, cancer stage at initial diagno-
sis, number of metastatic locations, brain
metastasis, liver metastasis, prior lines of treat-
ment, ECOG performance status, hemoglobin,
and body mass index (BMI).

IPD were available for all sources except
ESME. For ESME, reconstructed patient-level
data were generated. For the EU ? US cohort
analysis, all common variables across CHRYSA-
LIS and the NGM, CRISP, PHE, and US real-
world data sources were included in the
adjustment, to maximize sample size (Supple-
mentary Material Table S4). Uncommon prog-
nostic variables (i.e., covariates missing in some
sources) were not included in the adjustment of
the combined IPD, as sources with missing data
would be automatically discarded in the average
treatment effect among the treated (ATT)
approach (see details below), thus reducing the
sample size. For ESME, data were balanced ver-
sus CHRYSALIS independent of other data
sources. As there were no restrictions regarding
the common variables between ESME and other
databases, balancing was conducted using all
prognostic variables (Supplementary Material
Table S4). For analysis of individual data sources
(e.g., the US cohort and ESME), all prognostic
variables were included. Pooling of all data
sources was appropriate to create the EU ? US
and EU cohorts as identical methodology was
used for adjustment (ATT, see below). NGM,
CRISP, PHE, US, and ESME data were therefore
adjusted similarly to the CHRYSALIS popula-
tion. For the base case (EU ? US cohort) analy-
sis, age, gender, brain metastasis, and prior lines
of treatment were included.
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ECOG performance status is not routinely
captured in clinical practice at the initiation of
each treatment line, and thus was not always
available for all real-world data sources. To
maintain a similar patient population to the
CHRYSALIS study while maximizing the sample
size, base case analyses included treatment lines
for which ECOG was missing only when esti-
mated outcomes for treatment lines with miss-
ing ECOG performance status were not worse
than those with ECOG performance status of 1,
and when results including and excluding
missing ECOG performance status were consis-
tent. Overall, observations with missing ECOG
were excluded from the US cohort and PHE, and
were included for NGM, CRISP, and ESME.

Propensity score (PS) methods were used to
mimic the effect of randomization by creating a
balance between two treatment groups with
respect to important baseline covariates. The
IPW approach and ATT weighting scheme was
then used to generate a comparative arm
reflecting the population enrolled in CHRYSA-
LIS by reweighting the RWCP cohort to match
the amivantamab patients of CHRYSALIS. To
maintain the original sample size for the
adjusted populations and to reflect the associ-
ated uncertainty, ATT weights were multiplied
by the ratio of the original sample size versus
the sum of the ATT weights, making the sum of
these recalculated weights equal to the original
sample size. The ATT approach was considered
the most appropriate as amivantamab was the
main intervention of relevance for the analyses.
With ATT weights, the amivantamab popula-
tion from CHRYSALIS was left untouched (as all
patients receive a weighting of 1) and the RWCP
cohort was reweighted to achieve a similar dis-
tribution in baseline characteristics to the ami-
vantamab-treated population from CHRYSALIS.
In addition, overlap between PS distributions
using ATT was very high [as the observed pop-
ulations were already very similar to start with
(Table 1)] and the standardized mean differ-
ences (SMDs) after ATT weighting were small
(Supplementary Material Figure S1), represent-
ing good balance after ATT IPW. Other

methodologies (such as covariate adjustment)
are more appropriate in case of poor overlap.

Endpoint Definitions

The efficacy outcomes evaluated in the analysis
were ORR, PFS, OS, and TTNT, although ORR
and PFS data were not available from PHE, and
ORR data were not available from ESME.

ORR was defined as the proportion of all
patients who achieved a partial response or
better. For RWCP, this was measured among
those with a non-missing record only. OS was
defined as the time between index date and date
of death (or censoring). PFS was defined as the
interval between the index date and the date of
disease progression or death (patients initiating
subsequent anticancer therapy in the absence of
progressive disease were censored on the date of
the last disease assessment before the start of
subsequent therapy in CHRYSALIS, and at the
start of subsequent therapy for real-world data
sources). TTNT was defined as the interval
between index date and initiation of subse-
quent systemic anticancer therapy or death (for
patients without a record of subsequent anti-
cancer therapy, the interval was censored at the
date of last contact with the patient).

For CHRYSALIS patients, response and pro-
gression evaluations were based on RECIST v1.1
criteria. For patients in real-world data sources,
response and progression were defined as clini-
cally relevant response or progression in the
opinion of the investigator; it was generally not
possible to check whether RECIST v1.1 criteria
were applied. ORR and PFS in CHRYSALIS were
assessed by both INV and IRC. INV was con-
sidered the key method of assessment in this
analysis to align with real-world clinical prac-
tice. IRC results (where IRC data from CHRY-
SALIS only were used) are also presented, where
collected, to demonstrate consistency.

For CHRYSALIS patients, the index date was
the date of the first amivantamab dose. For
patients from the real-world data sources, the
index date was the start of any line of therapy
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for which inclusion and exclusion criteria were
met upon initiation.

Statistical Analysis

PSs were calculated using a multivariable logis-
tic regression model. For the ATT approach,
where the RWCP cohort was re-weighted to
mimic the amivantamab-treated cohort, treated
patients received a weight of 1, while control
patients were reweighted by PS/(1 - PS). This
allowed for the generation of counterfactual
outcomes for RWCP in a patient cohort with
similar baseline characteristics to CHRYSALIS.

Binary Endpoint
For the binary endpoint (ORR), adjusted treat-
ment effects, in terms of odds ratio (OR) and the
corresponding 95% confidence intervals (CIs),

were generated using logistic regression models.
A weighted logistic regression model including
treatment only was used. To estimate treatment
effects in terms of response rate ratio (RR), the
same framework was implemented using a
generalized linear model with the appropriate
link (instead of logistic regression).

Time-to-Event Endpoints
The IPW approach provided weights for esti-
mating the treatment effect of amivantamab
versus comparators in a weighted Cox propor-
tional hazards model, in terms of the hazard
ratio (HR) with 95% Wald-type CI and corre-
sponding p values. A robust sandwich variance
estimator was also used to account for cluster-
ing of treatment lines within the same patient.
Kaplan–Meier (K–M) curves were generated,
based on which median survival with 95% CI
was reported for each treatment group.

Table 1 Baseline characteristics for CHRYSALIS versus the unadjusted and IPW–ATT adjusted EU ? US cohort

Characteristic CHRYSALIS analysis set EU1 US cohorta (unadjusted) EU 1 US cohorta (adjusted)

n 114 349 349

Prior lines of treatment

1 48 (42.1%) 155 (44.4%) 147 (42.1%)

2 34 (29.8%) 108 (30.9%) 105 (30.1%)

3 15 (13.2%) 52 (14.9%) 45 (12.9%)

4? 17 (14.9%) 34 (9.7%) 52 (14.9%)

Brain metastasis

No 85 (74.6%) 217 (62.2%) 260 (74.5%)

Yes 29 (25.4%) 132 (37.8%) 89 (25.5%)

Age

B 55 30 (26.3%) 97 (27.8%) 88 (25.3%)

[55 to B 60 20 (17.5%) 54 (15.5%) 63 (18.1%)

[60 64 (56.1%) 198 (56.7%) 198 (56.6%)

Gender

Male 44 (38.6%) 137 (39.3%) 135 (38.6%)

Female 70 (61.4%) 212 (60.7%) 214 (61.4%)

ATT average treatment effect among the treated, IPW inverse probability weighting
aExcluding ESME (presented in Supplementary Table S8)
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RESULTS

Baseline Patient and Disease
Characteristics

As shown in Table 1, the baseline characteristics
for patients in the CHRYSALIS analysis set and
EU ? US cohort were comparable prior to
adjustment. Using the IPW ATT-adjustment,
the comparability improved to give two cohorts
with closely matched characteristics. These
similarities were also evident for the EU cohort
(excluding ESME; Supplementary Material
Table S6) and the US cohort (Supplementary
Material Table S7). Unadjusted data from the
ESME database was an exception, differing
substantially from the CHRYSALIS data.
Adjustment of the ESME data improved the
similarities between the two datasets, in partic-
ular the data relating to prior lines of treatment
(Supplementary Material Table S8). However,
some differences in the ages and metastasis
status remained.

RWCP Treatments Received

The treatments classes received as part of RWCP
are described in Tables 2 and 3, for the EU and
US cohorts, respectively. The most common
therapy class received in the real-world cohorts
was EGFR TKIs (21.5% in the EU cohort and
26.7% in the US cohort).

PS Weighting

The use of ATT resulted in good overlap
between PS distributions between the CHRY-
SALIS cohort and the EU ? US cohort. Addi-
tionally, the SMDs after ATT weighting
improved and became closer to 0 (Supplemen-
tary Material Figure S1).

Efficacy Assessments

The ORR (INV) estimated for amivantamab was
36.8%. For the EU ? US cohort, ORR (INV) pre-
adjustment and post-IPW-ATT adjustment was
16.8% and 17.0%, respectively (Table 4). Before

adjustment, the OR and RR for amivantamab
versus RWCP were 2.88 (95% CI 1.71, 4.86) and
2.19 (95% CI 1.49, 3.21), respectively. The ATT-
adjusted OR and RR for amivantamab versus
RWCP were 2.84 (95% CI 1.68, 4.79; p\0.05)

Table 2 Treatments received as part of RWCP for the
EU cohort

Treatment class All lines % total

IO 37 19.0

EGFR TKI 42 21.5

Non-platinum-based chemotherapy 39 20.0

VEGFi ? chemotherapy 35 18.0

Othera 42 21.5

EGFR epidermal growth factor receptor, IO immuno-on-
cology agent, RWCP real-world clinical practice, TKI
tyrosine kinase inhibitor, VEGFi vascular endothelial
growth factor inhibitor
atherapies listed as ‘other’ were those which were either
under investigational study at the time of data collection,
or alternatively would not usually be considered as an
evidencebased treatment for patients with EGFR-mutated
non-small cell lung cancer (such as everolimus or
pazopanib)

Table 3 Treatments received as part of RWCP for the US
cohort

Treatment class All lines % total

IO 34 16.5

EGFR TKI 55 26.7

Non-platinum-based chemotherapy 52 25.2

VEGFi ? chemotherapy 29 14.1

Othera 36 17.5

EGFR epidermal growth factor receptor, IO immuno-on-
cology agent, RWCP real-world clinical practice, TKI
tyrosine kinase inhibitor, VEGFi vascular endothelial
growth factor inhibitor
atherapies listed as ‘other’ were those which were either
under investigational study at the time of data collection,
or alternatively would not usually be considered as an
evidencebased treatment for patients with EGFR-mutated
non-small cell lung cancer (such as everolimus or
pazopanib)
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and 2.16 (95% CI 1.48, 3.17), respectively.
Improved ORR was also observed for amivan-
tamab versus RWCP for the EU cohort and the
US cohort (Supplementary Material Table S9).
Results for ORR, based on IRC assessment, ver-
sus the EU ? US cohort (Supplementary Mate-
rial Table S10), were also similar to those based
on INV assessment.

The median OS of amivantamab was
22.77 months (95% CI 17.48, not estimable

[NE]) versus 12.12 (95% CI 10.64, 13.31) for the
unadjusted EU ? US cohort and versus
12.52 months (95% CI 10.74, 14.09) for the
ATT-adjusted EU ? US cohort (Fig. 1). Before
adjustment, the HR for amivantamab versus
RWCP was 0.45 (95% CI 0.32, 0.62; p\0.0001).
The adjusted HR for amivantamab versus RWCP
was 0.47 (95% CI 0.34, 0.66; p\0.0001).
Improved OS was also observed for amivan-
tamab versus ATT-adjusted RWCP for the EU

Table 4 ORR results; INV, versus EU ? US cohort

ORR OR (95% CI) RR (95% CI)

Amivantamab RWCP

Unadjusted 36.8% 16.8% 2.88 (1.71; 4.86) 2.19 (1.49; 3.21)

IPW–ATT approach 36.8% 17.0% 2.84 (1.68; 4.79) 2.16 (1.48; 3.17)

ATT average treatment effect among the treated, INV investigator-assessed, IPW inverse probability weighting, OR odds
ratio, ORR overall response rate, RR response rate ratio, RWCP real-word clinical practice

Fig. 1 Kaplan–Meier curve for OS for CHRYSALIS
versus EU ? US cohort (amivantamab vs. unadjusted and
adjusted RWCP). ATT average treatment effect among

the treated, HR hazard ratio, IPW inverse probability
weighting, OS overall survival, RWCP real-word clinical
practice
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cohort and the US cohort (Supplementary
Material Figure S2).

The median PFS (INV) of amivantamab was
6.93 months (95% CI 5.55, 8.64) versus 3.48
(95% CI 2.96, 4.21) for the unadjusted EU ? US
cohort and versus 4.17 months (95% CI 3.12,
4.86) for the ATT-adjusted cohort (Fig. 2).
Before adjustment, the HR for amivantamab
versus RWCP was 0.51 (95% CI 0.41, 0.65;
p\0.0001). The adjusted HR for amivantamab
versus RWCP was 0.55 (95% CI 0.43, 0.70;
p\0.0001). Improved PFS was also observed for
amivantamab versus RWCP for the EU cohort
and the US cohort (Supplementary Material
Figure S3). The K–M plots for PFS, based on IRC
assessment, versus the EU ? US cohort (Supple-
mentary Material Figure S4), were also consis-
tent with those based on INV assessment.

The median TTNT of amivantamab was
12.42 months (95% CI 8.34, 18.79) versus 4.99
(95% CI 4.50, 5.95) for the unadjusted EU ? US
cohort and versus 5.36 months (95% CI 4.73,

6.41) for the ATT-adjusted cohort (Fig. 3).
Before adjustment, the HR for amivantamab
versus RWCP was 0.41 (95% CI 0.32, 0.54;
p\0.0001). The adjusted HR for amivantamab
versus RWCP was 0.44 (95% CI 0.33, 0.57;
p\0.0001). Improved TTNT was also observed
for amivantamab versus RWCP for the EU
cohort and the US cohort (Supplementary
Material Figure S5).

DISCUSSION

At present, patients with EGFR-mutated NSCLC
with Exon20ins face a poor prognosis, and there
is a high unmet need for novel and targeted
therapies, such as amivantamab, for these
patients [8, 24]. Given the regulatory approval
of amivantamab based on data from CHRYSA-
LIS Cohort D?, the unmet need for new treat-
ments in this setting, and difficulties in
identifying large cohorts of patients with EGFR
Exon20ins, comparative data were generated to

Fig. 2 Kaplan–Meier curve for PFS (INV) for CHRY-
SALIS versus EU ? US cohort (amivantamab vs. unad-
justed and adjusted RWCP). ATT average treatment effect

among the treated HR: hazard ratio, INV investigator-
assessed, IPW inverse probability weighting, PFS progres-
sion-free survival, RWCP real-word clinical practice
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determine the efficacy of amivantamab com-
pared with RWCP based on an external cohort.
This cohort was constructed using data from
seven real-world data sources across Europe and
the US. The control arm comprised a basket of
many different treatment regimens, reflecting
the heterogeneous real-world treatment pat-
terns for patients with EGFR-mutated NSCLC
after diagnosis of Exon20ins following failure of
platinum-based chemotherapy.

The most common therapy class received in
the RWCP cohorts was EGFR TKIs (21.5% in the
EU cohort and 26.7% in the US cohort), despite
established poor response rates to TKIs among
patients with EGFR Exon20ins [25]. This treat-
ment class was maintained in the comparator
basket as it was the most commonly prescribed
treatment class in the available real-world data
sources, and, if clinicians had access to sub-
mutation status of patients, there would be a
small proportion of patients with EGFR

Exon20ins mutations (those with the EGFR-
A763_Y764insFQEA sub-mutation) that may
benefit from TKI treatment [26–29]. Although
the data described here indicate that EGFR TKIs
were prescribed in a higher proportion of
patients in real-world practice than would be
expected if clinicians were only prescribing to
patients with the EGFR-A763_Y764insFQEA
sub-mutation (in the literature, it is reported
that 5–6% patients with EGFR Exon20ins
mutations have this sub-mutation) [9], this is
likely reflective of the fact that clinicians may
not have access to sub-mutation data to inform
treatment decisions, as well as the lack of
specific and effective treatments for patients
with advanced NSCLC with EGFR Exon20ins at
2L?. As such clinicians appear to prescribe a
mix of treatments including EGFR TKIs, despite
known poor response rates, as demonstrated by
real-world data presented in this manuscript
and in other real-world studies [5, 30, 31].

Fig. 3 Kaplan–Meier curve for TTNT for CHRYSALIS
versus EU ? US cohort (amivantamab vs. unadjusted and
adjusted RWCP). ATT average treatment effect among

the treated, HR hazard ratio, IPW inverse probability
weighting, RWCP real-word clinical practice, TTNT time-
to-next treatment
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Pooling of the EU and US cohorts (justified
by a comparable treatment distribution and
consistency in outcomes across the EU and US
individually) provided comparator data with
the largest possible sample size. Baseline char-
acteristics between amivantamab- and RWCP-
treated patients were similar before adjustment,
indicating the comparability between CHRY-
SALIS Cohort D? and the real-world cohorts.
Using the IPW-ATT adjustment for all clinically
important variables which were common to the
pooled data sources, the comparability of the
cohorts was increased, as indicated by small
SMDs post-adjustment.

Compared with both the unadjusted and
adjusted RWCP cohorts, amivantamab demon-
strated a significant benefit across all endpoints
evaluated (ORR, OS, PFS and TTNT) among
patients with EGFR-mutated NSCLC with Exo-
n20ins following platinum-based therapy at
2L?. Amivantamab showed a consistent treat-
ment benefit versus the EU ? US, EU, and US
cohorts, and with IRC assessment of ORR and
PFS. The consistent and significant treatment
effect of amivantamab, along with alignment
with previously reported data versus a US-only
cohort, confirm the robustness of the results
and support the generalizability of these results
across multiple geographies [30].

The adjusted treatment comparisons were
conducted using robust statistical methodol-
ogy. The ATT approach was considered the most
appropriate, given that it maintained the data
from CHRYSALIS and adjusted the RWCP data
to the CHRYSALIS population, thus maintain-
ing the balance with CHRYSALIS data when
pooling all ATT-weighted data from different
sources. In addition, overlap between PS distri-
butions using ATT was high and the SMDs after
ATT weighting were small, representing good
balance after IPW-ATT. The ATT approach also
provided a means of maximizing the data from
the relatively small sample size available.
Although no IPD were available for the ESME
data source for the comparison versus RWCP,
aggregated outcomes data from ESME were used
to reconstruct unadjusted and ATT-adjusted
IPD, thereby maximizing the sample size and
enabling a robust statistical analysis. Despite
adjustment, some differences between the

baseline characteristics of the CHRYSALIS
cohort and ESME remained or were increased.
While this may limit comparisons to ESME,
pooling all databases minimized the effect of
these differences.

In the present manuscript, the efficacy of
amivantamab is compared with a pooled basket
of diverse treatments that are routinely used in
RWCP at 2L?. Further research is required to
investigate whether the observed benefit of
amivantamab remains applicable when com-
pared to the individual treatment classes which
comprise RWCP (i.e., TKI-based regimens, IO-
based regimens, non-platinum-based
chemotherapy, and VEGFi plus chemotherapy).
Such comparisons of amivantamab versus indi-
vidual treatment classes will be described in an
forthcoming publication.

Further limitations of this study include dif-
ferences which may have arisen from inconsis-
tencies in patient assessments between the
CHRYSALIS trial and RWCP. For example, pro-
tocol-driven criteria, such as RECIST v1.1, were
adhered to during the trial; however, these may
not have been used for patients in the RWCP
cohorts. INV assessment for ORR and PFS was
chosen as the primary analysis to align more
closely with real-world clinical practice; how-
ever, caution should still be applied when
comparing ORR and PFS between trial and real-
world cohorts. TTNT and OS are less prone to
measurement bias given the variability in time
interval for tumor assessment in a RWCP set-
ting; however, the lines of therapy underlying
TTNT estimations from the PHE data source
were derived via an algorithm such that there
was a risk of misclassification of lines and
movements between them. Additionally,
patients from the PHE cohort may not be fully
representative of all Exon20ins patients in
England, given the limitations in diagnostic test
sensitivity and that only approximately 80% of
molecular tests currently feed into the utilized
database. Moreover, despite comparative anal-
yses being adjusted for available clinically
important prognostic variables, as with any
non-randomized comparison, bias due to
residual confounding cannot be entirely exclu-
ded. Other biases and confounders may also be
associated with comparisons between
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amivantamab treatment in a clinical trial set-
ting and a range of therapies selected by
physicians in real-world practice based on
patient characteristics.

In contrast with clinical studies, real-world
data sources do not collect extensive baseline
disease characteristics. Consequently, not all
inclusion/exclusion criteria from CHRYSALIS
could be applied, and it was not always feasible
to adjust for all baseline characteristics identi-
fied as relevant prognostic factors. For example,
ECOG performance status was missing for cer-
tain treatment lines, and treatment lines were
only included if necessary to maintain a rea-
sonable sample size and when estimated out-
comes for treatment lines with missing ECOG
performance status were not worse than those
with ECOG performance status of 1, and when
results including and excluding missing ECOG
performance status were consistent. In addition,
EGFR Exon20ins sub-mutation data was not
available from all of the relevant real-world data
sources discussed in this manuscript. Where
these were available, numerous different sub-
mutations and inconsistent categorization
between data sources prevented the use of sub-
mutation status as a covariate in the adjust-
ment. Finally, the lack of systematic adverse
event reporting and quality of life measurement
in the real-world data sources limits this com-
parative analysis to efficacy outcomes.

Despite the limitations stated, similar base-
line characteristics between amivantamab- and
RWCP-treated patients were observed before
adjustment and improved using the adjustment
methodology which was chosen to make best
use of the available real-world data. Consistent
comparative outcomes versus adjusted and
unadjusted pooled real-world cohorts confirm
the robustness of the results. Larger randomized
studies for amivantamab could help to validate
the findings of these adjusted treatment com-
parisons in future, such as the ongoing ran-
domized, open-label phase 3 study, PAPILLON,
which is investigating amivantamab in combi-
nation with chemotherapy versus chemother-
apy alone in patients with locally advanced or
metastatic EGFR-mutated NSCLC with Exo-
n20ins [15].

CONCLUSION

Adjusted treatment comparisons provide robust
evidence of a statistically significant clinical
benefit of amivantamab versus RWCP treat-
ments from Europe and the US in patients with
advanced EGFR-mutated NSCLC with Exo-
n20ins following platinum-based therapy at
2L?.
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