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Abstract

Background In the PAPILLON study, first-line amivantamab-chemotherapy in epidermal growth factor receptor (EGFR)
exon 20 insertion-mutated non-small cell lung cancer demonstrated significantly prolonged progression-free survival and
favorable overall survival over chemotherapy; a consistent benefit was also observed across some secondary endpoints.
However, the complete clinical benefit of first-line amivantamab-chemotherapy is not fully understood, nor is the survival
advantage in the presence of per-protocol crossover from chemotherapy to amivantamab after progression.

Objective We aimed to assess time to treatment discontinuation (TTD) and time to subsequent therapy (TTST), at the time
of primary analysis for progression-free survival, and the effect of the crossover design on overall survival at the time of
interim analysis.

Methods In the phase III PAPILLON study, 308 participants were randomized (amivantamab-chemotherapy, n = 153;
chemotherapy, n = 155). Intravenous amivantamab was administered every 3 weeks. Chemotherapy was administered as
carboplatin for four cycles and pemetrexed until disease progression. TTD and TTST were evaluated using Kaplan—Meier
and Cox proportional hazards models. Crossover-adjusted survival estimates were generated using three established statisti-
cal methods.

Results At a median follow-up of 14.9 months, median TTD was 13.2 versus 7.5 months for amivantamab-chemotherapy
versus chemotherapy (hazard ratio [HR] 0.38 [95% confidence interval 0.28-0.51]; nominal p < 0.0001). Median TTST was
17.7 versus 9.9 months (HR 0.35 [95% confidence interval 0.25-0.49]; nominal p < 0.0001). A total of 65/155 participants
crossed over from chemotherapy to amivantamab after progression. The crossover-adjusted overall survival continued to dem-
onstrate a favorable survival benefit for amivantamab-chemotherapy versus chemotherapy with HRs of 0.52-0.60, which is
more pronounced than the planned interim intention-to-treat overall survival (HR of 0.67; 95% confidence interval 0.42-1.09).
Conclusions In PAPILLON, TTD and TTST were substantially longer for amivantamab-chemotherapy versus chemotherapy
at primary analysis (cut-off on 3 May 2023). Crossover-adjusted analyses of the planned interim overall survival demonstrated
a greater benefit for amivantamab-chemotherapy versus chemotherapy, further supporting amivantamab-chemotherapy as
the first-line standard of care in EGFR exon 20 insertion-mutated non-small cell lung cancer.

Clinical Trial Registration ClinicalTrials.gov Identifier: NCT04538664.

Presented at: European Lung Cancer Congress (ELCC); 20-23
March 2024; Prague, Czech Republic.

Presented at: European Society for Medical Oncology (ESMO) Asia
Congress; 6-8 December 2024; Singapore, Republic of Singapore.
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This analysis showed that first-line amivantamab-chem-
otherapy substantially extended the time patients with
advanced non-small cell lung cancer and with epidermal
growth factor receptor (EGFR) exon 20 insertion stayed
on treatment without the need for additional therapies
compared with chemotherapy alone.

The crossover-adjusted overall survival analyses dem-
onstrated a more pronounced and significant benefit

of amivantamab-chemotherapy versus chemotherapy
and provided a more clinically relevant overall survival
estimate for patients treated with first-line chemotherapy
consistent with real-world estimates.

These data provide further support for the durable ben-
efit of first-line amivantamab-chemotherapy in patients
with advanced non-small cell lung cancer with EGFR
exon 20 insertion.

1 Introduction

Epidermal growth factor receptor (EGFR) mutations are
among the most frequent mutations in non-small cell lung
cancer (NSCLC) [1, 2], with exon 20 insertions (Ex20ins)
representing the third most common type of EGFR mutation
[3-5]. Amivantamab is an EGFR-MET bispecific antibody
with immune cell-directing activity [6—8] that has shown
promising anti-tumor activity across multiple NSCLC
settings, including patients with EGFR Ex20ins [9-13].
Amivantamab monotherapy administered every 2 weeks is
approved in multiple regions and countries for the treatment
of EGFR Ex20ins-mutated NSCLC after disease progres-
sion on chemotherapy [14], and is a recommended regimen
(category 2a; recommended) in the National Comprehensive
Cancer Network® and European Society for Medical Oncol-
ogy guidelines (category assignment pending) [15-17].
The phase III PAPILLON study evaluated amivantamab
every 3 weeks after weekly administration for the first 4
weeks, in combination with the standard-of-care chemother-
apy (carboplatin-pemetrexed) as a first-line (1L) treatment in
participants with EGFR Ex20ins-mutated NSCLC [11]. At
a median follow-up of 14.9 months, participants receiving
amivantamab-chemotherapy had significantly longer pro-
gression-free survival (PFS) compared with chemotherapy
alone (median, 11.4 months vs 6.7 months; hazard ratio [HR]
0.40 [95% confidence interval [CI] 0.30-0.53]; p < 0.001)
[11]. Amivantamab-chemotherapy also reduced the risk of

A\ Adis

second disease progression or death (PFS2) by 51%, with
a median PFS2 that was not yet reached for amivantamab-
chemotherapy versus 17.2 months for chemotherapy (HR
0.49 [95% CI 0.32-0.76]; nominal p = 0.001). Additionally,
the planned interim overall survival (OS) analysis from the
intention-to-treat (ITT) population showed a promising trend
for amivantamab-chemotherapy over chemotherapy (HR
0.67 [95% CI 0.42-1.09]; p = 0.11) [11]. Based on these
findings, amivantamab-chemotherapy has been approved in
multiple regions and countries and is recommended within
clinical guidelines as 1L therapy for patients with advanced
EGFR Ex20ins-mutated NSCLC [14-21].

Before amivantamab was approved for the treatment of
EGFR Ex20ins-mutated NSCLC after 1L chemotherapy,
patients had poor prognosis, with a 12-month survival of
57%, as observed in a real-world study [22]. Because of
the emerging evidence from the CHRYSALIS study dem-
onstrating robust and durable activity for amivantamab
monotherapy after chemotherapy [13], the PAPILLON
study was designed to include the option for participants on
the chemotherapy arm to cross over to amivantamab mono-
therapy every 3 weeks upon disease progression and if they
met eligibility criteria for the crossover [11]. At the timing
of the primary PFS analysis, 65 of 155 (42%) participants in
PAPILLON crossed over per protocol from chemotherapy
to amivantamab monotherapy after disease progression.
The ITT-based OS in the chemotherapy arm was substan-
tially longer than what was reported in a real-world setting
where patients did not receive amivantamab [22], with a
12-month survival of 82% (95% CI 74-87), indicating that
amivantamab monotherapy after chemotherapy benefited
participants.

These findings support that amivantamab monotherapy
may have prolonged OS in crossover participants in the PAP-
ILLON trial. Thus, the ITT-based interim OS analysis may
underestimate the long-term benefits of 1L amivantamab-
chemotherapy over chemotherapy alone for clinical settings
where second-line (2L) or later-line amivantamab mono-
therapy is not the standard of care. For this reason, an OS
analysis adjusting for crossover from chemotherapy to 2L
amivantamab monotherapy was warranted by estimating
counterfactual survival in a setting where switching to 2L
amivantamab monotherapy after 1L chemotherapy did not
occur.

Additionally, time to treatment discontinuation (TTD)
and time to subsequent therapy (TTST), which are other
meaningful endpoints in oncology trials, are indicative of
a treatment’s clinical benefit. Here, TTD and TTST for
amivantamab-chemotherapy versus chemotherapy, and
estimates of the OS benefit for amivantamab-chemotherapy
while adjusting for treatment crossover from the PAPILLON
trial, are reported.
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2 Materials and Methods
2.1 Study Participants

The phase III PAPILLON (ClinicalTrials.gov Identifier:
NCT04538664) study enrolled participants who were
18 years of age or older and had treatment-naive locally
advanced or metastatic NSCLC with documented EGFR
Ex20ins. Details of the study design have been previously
reported [11].

2.2 Trial Design and Treatment

Participants were randomly assigned at a 1:1 ratio to
receive amivantamab-chemotherapy or chemotherapy
every 3 weeks on 21-day cycles. Additional details on the
dosing regimens have been previously reported [11]. In
accordance with the protocol, participants in the chemo-
therapy arm with blinded independent central review-con-
firmed disease progression were permitted to cross over
to 2L amivantamab monotherapy (per-protocol crossover
cohort). Additional eligibility criteria for the crossover
cohort included not receiving anticancer or investigational
therapy following discontinuation of chemotherapy and
resolving all toxicities to grade < 1 for severity (except
for alopecia, which could be grade 2) [11]. Per protocol,
all participants crossing over to 2L amivantamab mono-
therapy received the drug in the same dose and schedule
as participants in the amivantamab-chemotherapy arm
(amivantamab 1400 mg [1750 mg if > 80 kg] by intra-
venous infusion once weekly up to cycle 2 day 1, then
amivantamab 1750 mg [2100 mg if > 80 kg] on day 1 of
each 21-day cycle starting with cycle 3). Participants in
the chemotherapy arm could not initiate treatment with
2L amivantamab monotherapy in the crossover cohort
earlier than 21 days or later than 90 days after their last
dose of chemotherapy, regardless of the time of disease
progression.

2.3 Trial Oversight

The trial was conducted in accordance with the provi-
sions of the Declaration of Helsinki, Good Clinical Prac-
tice guidelines (as defined by the International Council
for Harmonisation), applicable regulatory requirements,
and policy on bioethics and human biologic samples of
the trial sponsor, Janssen Research & Development, a
Johnson & Johnson company. The trial was designed by
representatives of the sponsor, who were responsible for

data collection, analysis, and interpretation of trial data in
collaboration with the authors.

2.4 Endpoints

The primary endpoint in PAPILLON was PFS by blinded
independent central review using Response Evaluation
Criteria in Solid Tumors version 1.1, which was reported
previously [11]. TTST, which was one of the secondary
endpoints, was defined as the time from the date of rand-
omization to the start date of the first subsequent systemic
anticancer therapy following study treatment discontinuation
or death, whichever occurred first. Additional exploratory
endpoints assessed included TTD (defined as the time from
randomization to discontinuation of all study treatment for
any reason) and crossover-adjusted OS for the chemother-
apy arm. Efficacy endpoints (PFS and OS) in the crossover
cohort were also evaluated [11].

2.5 Analysis

TTD and TTST were analyzed using Kaplan—Meier esti-
mates and a Cox proportional hazards model stratified by
Eastern Cooperative Oncology Group performance status (0
or 1) and history of brain metastases (yes or no). Prior EGFR
tyrosine kinase inhibitor use was defined in the protocol as
a stratification factor but was removed from the analysis
because only four participants met this criterion [11].

The crossover-adjusted OS analyses were performed
using the following established methods: inverse probabil-
ity of censoring weighting (IPCW), two-stage estimation
(TSE), and rank-preserving structural failure time (RPSFT)
[23, 24]. These statistically advanced methods address bias
introduced by simple adjustment methods, such as censor-
ing crossover participants at the point of switch or exclud-
ing them entirely from the analysis, which are highly prone
to selection bias as switching is likely associated with
prognosis.

The IPCW method censors participants at the time of
crossover and then assigns time-dependent weights to par-
ticipants whose disease progressed but who did not switch
to 2L amivantamab, to represent similar 2L amivantamab
switchers from the time of crossover onward [23-25]. The
TSE method uses a parametric survival regression model to
estimate the effect of crossover by comparing post-progres-
sion survival for participants who did or did not cross over
after disease progression [23, 24, 26]. IPCW and TSE rely
on the “no unmeasured confounding” assumption [23-25].
The RPSFT method uses a counterfactual framework to
estimate survival times that would have been observed
in the absence of crossover [23, 24]. RPSFT assumes
that the treatment effect in participants who crossed over
is the same as in participants originally randomized to
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amivantamab-chemotherapy (“common treatment effect”).
More details regarding the IPCW, TSE, and RPSFT meth-
ods can be found in the Electronic Supplementary Material
(ESM).

A feasibility assessment was performed to determine
if sufficient data were available to conduct the crossover-
adjusted analysis and to validate assumptions of the IPCW,
TSE, and RPSFT methods. Sensitivity analyses were con-
ducted for the IPCW, TSE, and RPSFT models to assess
the robustness of the results under different methodologic
assumptions (ESM).

Crossover-adjusted analyses of the interim OS were com-
pleted using R v4.0.4 (R Core Team, Vienna, Austria); all
other analyses were completed using SAS 9.4 (SAS, Cary,
NC, USA). All results reported are based on the primary
analysis, which was conducted with data collected by the
cutoff date of 3 May 2023.

Fig. 1 a Time to treatment dis-
continuation (TTD) and b time
to subsequent therapy (TTST).
*TTD was defined as the time
from randomization to discon-
tinuation of all study treatments
for any reason. ® TTSD was
defined as the time from the
date of randomization to the
start date of the first subsequent
systemic anticancer therapy fol-
lowing study treatment discon-
tinuation or death, whichever
occurred first. CI confidence
interval, HR hazard ratio, mo
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3 Results
3.1 Participants

In total, 308 participants were randomized to amivantamab-
chemotherapy (n = 153) or chemotherapy (n = 155). At the
timing of the primary PFS analysis (median follow-up, 14.9
months), participants receiving amivantamab-chemotherapy
had significantly longer PFS versus chemotherapy alone (HR
0.40 [95% CI 0.30-0.53]; p < 0.001); furthermore, 80% of
participants in the amivantamab-chemotherapy arm and 72%
of participants in the chemotherapy arm were still alive [11].

3.2 TTDand TTST

At the same median follow-up, 54% (83/153) of partici-
pants in the amivantamab-chemotherapy arm and 85%
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Fig.2 Most common first Other®
subsequent systemic therapy EGFR TKI combination

M EGFR TKls

classes. “The “other” category
included immuno-oncology
(I0) alone and investigational
agents. °In the amivantamab-
chemotherapy and chemother-
apy arms, 23% and 1% of par-
ticipants received single-agent
chemotherapy, respectively,

and 7% and 1% of participants
received doublet chemotherapy,
respectively. EGFR epithelial
growth factor receptor, TK/
tyrosine kinase inhibitor, VEGFi
vascular endothelial growth fac-
tor inhibitor

Table 1 Summary of crossover-adjusted OS

Method OS HR (95% CI) Setting

ITT 0.67 (0.42-1.09) No adjustment for crossover

IPCW  0.52(0.28-0.94) Censor at time of crossover and reweight
using stabilized weights

TSE 0.55 (0.31-0.92) Weibull regression model without

recensoring
RPSFT  0.60 (0.32-1.12) Treatment grouping without recensoring

CI confidence interval, HR hazard ratio, IPCW inverse probability
of censoring weighting, ITT intention-to-treat, OS overall survival,
RPSFT rank-preserving structural failure time, 7SE two-stage estima-
tion

(131/155) of participants in the chemotherapy arm had dis-
continued treatment. Median TTD was 13.2 months (95% CI
11.8-15.2) in the amivantamab-chemotherapy arm and 7.5
months (95% CI 7.0-8.4) in the chemotherapy arm (HR 0.38
[95% C10.28-0.51]; nominal p < 0.0001; Fig. 1a).

In total, 28% (43/153) of participants in the amivantamab-
chemotherapy arm and 61% (94/155) of participants in the
chemotherapy arm went on to receive subsequent therapy.
Median TTST was 17.7 months (95% CI 13.7-not estima-
ble) in the amivantamab-chemotherapy arm and 9.9 months
(95% C1 8.6—11.1) in the chemotherapy arm (HR 0.35 [95%
CI 0.25-0.49]; nominal p < 0.0001; Fig. 1b). Among par-
ticipants who received subsequent treatment after disease
progression, the most common therapy in the chemotherapy
arm was amivantamab monotherapy (69% as part of the per-
protocol crossover cohort and 6% off protocol). The most
common first subsequent therapy in the amivantamab-chem-
otherapy arm was chemotherapy (30%; Fig. 2). Nine partici-
pants from the amivantamab-chemotherapy arm and seven
from the chemotherapy arm received a subsequent tyrosine

Participants (%)

M Amivantamab (per protocol)

M Amivantamab (off protocol)
Chemotherapy®

B Chemotherapy+|O/VEGFi

21%

7%

Amivantamab- Chemotherapy
chemotherapy (n=94)
(n=43)

kinase inhibitor. No participants received a novel tyrosine
kinase inhibitor, for example, sunvozertinib or zipalertinib.

3.3 Crossover-Adjusted OS

The ITT-based interim median OS analysis for amivan-
tamab-chemotherapy versus chemotherapy was reported pre-
viously for PAPILLON ( not estimable vs 24.4 months; HR
0.67 [95% CI 0.42-1.09]; Table 1) [11]. When the OS analy-
sis was adjusted for crossover, the survival estimates in the
chemotherapy arm at the median follow-up of 14.9 months
were 58%, 65%, and 70% using IPCW, TSE, and RPSFT,
respectively (Fig. 3). Corresponding crossover-adjusted OS
HRs for amivantamab-chemotherapy versus chemotherapy
were 0.52 (95% CI 0.28-0.94), 0.55 (95% C10.31-0.92), and
0.60 (95% CI 0.32-1.12), respectively (Table 1). Adjusted
OS HR estimates were consistent across various sensitiv-
ity analyses (IPCW [HR range 0.51-0.54], TSE [HR range
0.55-0.64], and RPSFT [HR range 0.59-0.61]) performed
in participants who received 2L amivantamab monotherapy
per protocol (n = 65; Table 1 of the ESM).

3.4 Outcomes After Crossover

Baseline characteristics, exposure to study drugs, and
observed survival outcomes in the crossover cohort after
2L amivantamab monotherapy initiation are reported in the
Results, Table 2, and Figs. 1 and 2 of the ESM.

4 Discussion

In the phase III PAPILLON study, participants receiving

amivantamab-chemotherapy had a significant PFS ben-
efit, a longer PFS2, and a trend toward improved OS (ITT
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based) compared with those receiving chemotherapy alone
[11]. Here, amivantamab-chemotherapy also demonstrated
longer median TTD (13.2 months [95% CI 11.8-15.2] vs 7.5
months [95% CI 7.0-8.4]) and TTST (17.7 months [95% CI
13.7-not estimable] vs 9.9 months [95% CI 8.6—-11.1]) com-
pared with chemotherapy, and crossover-adjusted analyses
demonstrated OS HRs that ranged from 0.52 to 0.60 com-
pared with 0.67 per the ITT estimate.

The use of 2L amivantamab monotherapy after chemo-
therapy in the PAPILLON trial may have confounded the
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evaluation of the full survival benefit of amivantamab-
chemotherapy in the 1L setting. Crossover-adjusted OS
HRs (range, 0.52-0.60) were generally consistent across
the three established and validated statistical methods
and a range of sensitivity analyses, demonstrating a more
pronounced OS benefit compared with the ITT-based HR
(0.67). Consequently, these crossover-adjusted OS HRs are
less confounded by subsequent treatment differences and
may be more reflective of the actual treatment benefit of
1L amivantamab-chemotherapy versus chemotherapy in
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clinical settings where amivantamab monotherapy may not
be available (e.g., in countries where it is not yet approved).
Clinical validity of the crossover-adjusted OS analyses is
further demonstrated by the similarity of the adjusted OS
HRs with the OS HR of the amivantamab-chemotherapy arm
in PAPILLON versus real-world 1L chemotherapy not fol-
lowed by 2L amivantamab monotherapy (HR 0.48 [95% CI
0.30-0.77]) [27]. Overall, these adjusted analyses provide a
clinically relevant estimate and support the robustness of the
efficacy of amivantamab-chemotherapy in the 1L treatment
of patients with EGFR Ex20ins mutations.

Crossover/treatment switching in oncology clinical trials
is common, including in patient populations with NSCLC
[28, 29]. It promotes an ethical design, by which partici-
pants in the control arm can receive beneficial treatment.
However, crossover may interfere with the interpretation of
some treatment outcomes, reinforcing the need for statisti-
cal methods to address crossover analyses [30-32]. IPCW,
TSE, and RPSFT are advanced statistical methods that are
recommended for adjusting OS confounding caused by
crossover designs [23-25, 33, 34]. Additionally, health tech-
nology assessment agencies factor OS adjustment analyses
into drug appraisals that utilize OS evidence from crosso-
ver trial designs [35]. Strengths of this analysis include that
the rationale and assumptions for each externally validated
adjustment method (IPCW, RPSFT, and TSE) [23, 24] were
reported, and appropriate sensitivity analyses were con-
ducted that demonstrated consistent results across a range
of methods. However, each statistical approach used to
estimate crossover-adjusted OS relies on assumptions that
are not directly testable (e.g., common treatment effect for
RPSFT and no unmeasured confounders for TSE and IPCW)
[23, 24]. Nevertheless, the consistency of crossover-adjusted
OS findings across multiple methodologies and statistical
assumptions, and their alignment with previously published
real-world estimates of 1L chemotherapy in advanced EGFR
Ex20ins-mutated NSCLC [22, 36], support the robustness
of these findings.

5 Conclusions

In the PAPILLON trial, median TTD and TTST were sub-
stantially longer in participants receiving amivantamab-
chemotherapy versus chemotherapy. The crossover-adjusted
OS analyses demonstrated a more pronounced benefit of
amivantamab-chemotherapy over chemotherapy across
multiple statistical methodologies and sensitivity analyses
and provided a more clinically relevant OS estimate for
patients with advanced NSCLC with EGFR Ex20ins who are
treated with 1L amivantamab-chemotherapy. These results
provide further support for the durable benefit of the use of

amivantamab-chemotherapy as the new 1L treatment regi-
men in advanced EGFR Ex20ins-mutated NSCLC.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11523-025-01182-0.
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