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ABSTRACT 

Mutant TP53 is a negative prognostic factor in patients with EGFR + NSCLC. This exploratory analysis inves- 
tigated the association between TP53 status and clinical outcome in RELAY. The findings indicated that 
RAM + ERL exhibited benefit compared with PBO + ERL, independent of TP53 status. The RELAY regimen is 

an efficacious first-line treatment option for all patients with EGFR + NSCLC, with or without TP53 mutation. 
Background: Ramucirumab plus erlotinib (RAM + ERL) demonstrated superior progression-free survival (PFS) in 

RELAY, a randomised Phase III trial in patients with untreated, metastatic, EGFR-mutated, non–small-cell lung cancer 
( EGFR + NSCLC). Here, we present the relationship between TP53 status and outcomes in RELAY. Materials and 

Methods: Patients received oral ERL plus intravenous RAM (10 mg/kg IV) or placebo (PBO + ERL) every 2 weeks. 
Plasma was assessed by Guardant 360 next-generation sequencing and patients with any gene alteration detected 

at baseline were included in this exploratory analysis. Endpoints included PFS, overall response rate (ORR), disease 

control rate (DCR), DoR, overall survival (OS), safety, and biomarker analysis. The association between TP53 status 
and outcomes was evaluated. Results: Mutated TP53 was detected in 165 (42.7%; 74 RAM + ERL, 91 PBO + ERL) 
patients, wild-type TP53 in 221 (57.3%; 118 RAM + ERL, 103 PBO + ERL) patients. Patient and disease characteristics 
and concurrent gene alterations were comparable between those with mutant and wildtype TP53 . Independent of treat- 
ment, TP53 mutations, most notably on exon 8, were associated with worse clinical outcomes. In all patients, RAM + ERL 

improved PFS. While ORR and DCR were comparable across all patients, DoR was superior with RAM + ERL. There 

were no clinically meaningful differences in the safety profiles between those with baseline TP53 mutation and wild-type. 
Conclusion: This analysis indicates that while TP53 mutations are a negative prognostic marker in EGFR + NSCLC, 
the addition of a VEGF inhibitor improves outcomes in those with mutant TP53 . RAM + ERL is an efficacious first-line 

treatment option for patients with EGFR + NSCLC, independent of TP53 status. 
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2 Cli
Introduction 

Non–small-cell lung cancers (NSCLCs) comprise a widely
heterogenous group of tumors. 1 Due to the wide range of
mutational profiles and complex pathogenesis of the disease,
NSCLC has proven difficult to treat. One commonly mutated gene
associated with the adenocarcinoma subtype of NSCLC is epidermal
growth factor receptor ( EGFR ). Aberrations in the EGFR protein
can lead to constitutive activation of various pathways involved in
cell proliferation and survival, ultimately promoting oncogenesis. 2 , 3

The introduction of EGFR tyrosine kinase inhibitors (TKIs)
changed the treatment landscape for patients with EGFR -mutant
( EGFR + ) NSCLC. First-generation (erlotinib, gefitinib, and
icotinib) and second-generation (afatinib and dacomitinib) TKIs
have consistently demonstrated improved clinical outcomes in
comparison to standard first-line platinum-based chemotherapy in
these patients. 4 , 5 However, despite the potent anticancer activity
exerted by these agents, resistance inevitably occurs. In approxi-
mately 50% of patients, resistance is caused by a secondary point
mutation (T790M) in the EGFR gene which structurally prevents
the binding of first- and second-generation TKIs. 6 Third genera-
tion TKI, osimertinib, further enhanced treatment by overcoming
the limitation of T790M mutation-mediated resistance in patients
treated with first- and second-generation TKIs. Still, acquired resis-
tance to osimertinib inevitably develops, with no dominant pathway
for follow-up therapeutic options. 4 Hence, novel treatment strate-
gies that delay or prevent TKI resistance and further enhance
efficacy in EGFR + NSCLC would be beneficial. 

Concurrent gene alterations can impact clinical outcome and
contribute to impaired efficacy of EGFR-TKI monotherapy. 7 TP53
is one such gene demonstrated to have a negative impact on the
survival outcomes of patients with EGFR + NSCLC treated with
TKIs. 8 , 9 In EGFR + NSCLC, TP53 mutations are the most preva-
lent concurrent mutations with an incidence of approximately 50%,
and are highly correlated with smoking. 8 , 10 , 11 The TP53 gene is
comprised of 11 exons which code for a transactivation domain,
the DNA-binding domain (DBD), and the C-terminal domain.
Exons 5 to 8 of the TP53 gene encode the DBD, which mediates
the transcriptional activity of the p53 tumor suppressor protein.
The DBD is the region responsible for recognizing the promoter
sequence of genes involved in DNA repair, apoptosis, and cell-
cycle regulation. 12 In addition to its central role in response to
cellular stress, there is growing evidence that the anticancer effects
of p53 include the inhibition of angiogenesis through the regula-
tion of proangiogenic factors such as vascular endothelial growth
factor (VEGF)A and VEGF receptor 2 (VEGFR2), and HIF α under
hypoxic conditions. Wild-type p53 also increases the transcription
of antiangiogenic factors, COL4A and thrombospondin. 13-15 Thus,
mutations in the DBD, particularly in exon 8, can lead to loss of
these regulatory functions and promote uncontrolled cellular prolif-
eration. 12 , 16 Mutations in the non-DBD exons have also been corre-
lated with worse outcomes. 17 There are a wide range of TP53 alter-
ations which can produce a variety of oncogenic effects on the
p53 protein. 10 , 18-20 These mutations could be classified according to
mutation status, mutation number, mutation site, allele frequency,
degree of disruption in protein structure or function, and protein
expression. 21 
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Results from several studies indicate that mutant TP53 is a
negative prognostic factor and that EGFR + NSCLC patients with
concurrent TP53 mutations, most notably in exon 8, generally
have more aggressive disease, increased rates of resistance to EGFR-
TKIs and shorter survival. 9 , 12 , 16 A retrospective analysis of patients
with EGFR + NSCLC evaluated tumor mutation profiles and corre-
lated co-mutation with response to TKIs. The study demonstrated
a median progression-free survival (PFS) of 7 months in those
with concurrent TP53 mutations compared with 15 months in
patients wild-type TP53 . 22 Similarly, a single institution retrospec-
tive analysis of patients with EGFR + NSCLC reported a signifi-
cantly inferior median overall survival in patients harboring mutant
TP53 compared to those with wild-type TP53 (33.3 months
vs. 53.5 months, respectively). 23 TP53 mutations may therefore
identify a subgroup of patients with more aggressive disease that
derive less benefit from EGFR-TKI monotherapy, including osimer-
tinib. 24 

There is currently no approved targeted therapeutic for mutated
p53 protein, though there is evidence indicating that TP53 -mutant
tumors respond favorably to VEGF pathway inhibitors. In a
study involving 500 patients with refractory or progressive solid
tumors, Wheler et al 25 evaluated the association between TP53
mutations and clinical outcomes with VEGF/VEGFR inhibitor
therapy. Indeed, TP53 mutations were associated with a positive
therapeutic effect, leading the authors to conclude that TP53
mutations predict sensitivity to antiangiogenics in a clinical setting.
Moreover, TP53 has been demonstrated to serve as a molec-
ular determinant of response to anti-VEGF therapy across a
variety of tumor types including carcinomas and sarcomas. 25-28 As
studies have indicated the importance of the p53-VEGF pathway
in angiogenesis, 13 , 15 it is possible that this may be one of the
underling biological processes influencing the benefit observed
with TP53 mutant tumors. According to a body of literature,
TP53 mutations and elevated VEGF signaling may predict worse
outcomes and identify patients that could benefit from VEGF
inhibition. 29 , 30 

The VEGF pathway is a complementary target of EGFR inhibi-
tion, 31 as both the EGF and VEGF pathways share common
downstream signaling and can function exclusively of one another
to drive tumorigenesis. 32 Accordingly, recent clinical studies have
implemented a dual inhibitory approach in an effort to overcome
therapeutic resistance in EGFR + NSCLC. 33-35 The RELAY trial,
a randomized, double-blind, placebo-controlled, Phase III trial
assessed the efficacy and safety of combining erlotinib with
ramucirumab, a recombinant human IgG1 monoclonal antibody
receptor antagonist designed to block the ligand-binding site of
VEGFR-2, as first-line treatment in metastatic EGFR + NSCLC.
PFS was significantly longer in the ramucirumab plus erlotinib
group than in the placebo plus erlotinib group (hazard ratio [HR],
0.591; 95% confidence interval [CI], 0.46-0.76; P < .0001; 19 ·4 vs.
12 ·4 months), and safety was consistent with the safety profiles of
the individual compounds in advanced lung cancer. 36 The reported
superior PFS and acceptable safety profile demonstrated the benefit
of simultaneously inhibiting the VEGF and EGFR pathways, and
led to worldwide regulatory approval and inclusion of the regimen
in treatment guidelines. 37-39 
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Though it is known that TP53 is implicated in angiogenesis,
and mutations in the gene are associated with reduced respon-
siveness to EGFR-TKIs in patients with EGFR + NSCLC, there is
a lack of published literature on the impact of TP53 mutations
on dual EGF/VEGF pathway inhibition in this indication. In
this exploratory analysis, we examined the potential association
between TP53 status and efficacy and safety in patients with
untreated metastatic EGFR + NSCLC who received ramucirumab
plus erlotinib in the Phase III RELAY trial. 36 In addition, the associ-
ation between different TP53 mutation sites (exon 8 vs. other) and
outcome of treatment were assessed. 

Material and Methods 

Study Design 

As previously reported, 36 RELAY is a randomized, double-
blind, Placebo-controlled, Phase III trial examining the efficacy
of ramucirumab (RAM) (10 mg/kg intravenously) every 2 weeks
plus erlotinib (ERL) (150 mg/day orally) in patients with
untreated metastatic NSCLC with EGFR exon 19 deletion (ex19del)
mutations or EGFR exon 21L858R (L858R) mutations. 36 Patients
with known central nervous system metastases or T790M mutation
were excluded from the trial. The primary endpoint of RELAY was
PFS. 36 Secondary endpoints included overall response rate (ORR),
disease control rate (DCR), duration of response (DoR), overall
survival (OS), and safety. Exploratory endpoints included biomarker
analysis. Tumor assessments were conducted using RECIST v1.1
and adverse events (AEs) were assessed at every cycle and graded
according to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (v4.0). The protocol and amend-
ments were approved by the ethics committees of all participating
centers and all patients provided written informed consent before
study entry. The trial was conducted according to the Declaration
of Helsinki, the International Conference on Harmonization guide-
lines for good clinical practice, and applicable local regulations. The
trial is registered at ClinicalTrials.gov (identifier: NCT02411448). 

Biomarker Detection and Analysis Populations 
Plasma samples were collected prior to the first dose of study drug,

on day 1 of cycle 4, and at the 30-day poststudy treatment discontin-
uation follow up. Guardant 360 next-generation sequencing (NGS)
(Guardant Health, Redwood City, CA) was used to screen circu-
lating tumor DNA (ctDNA) for baseline and treatment-emergent
gene alteration profiles. Germline mutations were excluded from the
analysis. 

For the analysis of baseline mutation profiles, NGS analyses were
conducted in patients of the intent-to-treat (ITT) population from
whom a valid baseline result (passed NGS testing QC) with at
least one alteration was obtained. NGS analyses of postprogression
follow-up alteration profiles were performed in patients who had
disease progression by the poststudy treatment discontinuation visit
and had at least one detectable alteration by NGS at baseline and
at poststudy treatment discontinuation. Only genes detected were
reported. 
Please cite this article as: Makoto Nishio et al, RELAY, Ramucirumab Plus Erloti
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Classification of TP53 Mutations 
The United States National Cancer Institute TP53 Database

( https://tp53.isb-cgc.org/ ) was used to interpret TP53 variants.
TP53 mutations were classified according to their predicted
functional impact based on protein 3D structure and variant
type using EffectGroup3. 40 The Sorting Intolerant From Tolerant
algorithm, SIFT, was also applied on default settings to predict
whether individual mutations affected protein function. Summaries
were performed at the alteration level and did not represent individ-
ual patients. 

Statistical Analyses 
This exploratory post hoc analysis investigated the association

between TP53 status and clinical outcomes. Importantly, RELAY
was not powered for analysis of TP53 subgroups. Relationships
between TP53 status (mutant vs. wild-type; TP53 exon 8 vs.
nonexon 8) and clinical time-to-event outcomes were explored
using an unadjusted Cox proportional hazards model comparing
treatment within TP53 status subgroups. Corresponding hazard
ratios (HR) and 95% confidence intervals (CI) were estimated and
reported from this unadjusted Cox proportional hazards interaction
model. The Kaplan-Meier method was used to plot time-to-event
data and to provide summary statistics. Response rate CIs for overall
response rate (ORR) and disease control rate (DCR) were calcu-
lated using the Wilson method. Descriptive summary statistics were
used for safety measures and gene alteration frequencies within treat-
ment and TP53 subgroups. Statistical analyses were performed using
SAS version 9.3 or higher or R Statistical Software version 3.4.4 or
higher. 

Results 

Patient and Disease Characteristics 
In RELAY, 449 patients (intention-to-treat [ITT] population)

were randomized (Supplementary Figure 1). Of those, a total of
386 patients (86%) had a valid ctDNA baseline sample with at
least one gene alteration detectable by NGS and were included in
this analysis. Safety analyses were performed in all 386 patients as
each received at least 1 dose of study drug. Patients were divided
into subgroups according to TP53 status, as shown in Table 1 . 165
(42.7%) patients harbored a concurrent TP53 mutation, and 221
(57.3%) patients had wild-type TP53 . Of the 165 patients with
TP53 mutant tumors, 74 (44.8%) received RAM + ERL and 91
(55.2%) received PBO + ERL. Patients with TP53 wild-type tumors
were observed at similar rates in the RAM + ERL and PBO + ERL
arms, as 118 patients (53.4%) and 103 (46.6%) patients in the
wild-type subgroup received RAM + ERL and PBO + ERL respec-
tively. At the time of data cutoff on 23 January, 2019, fewer
patients with TP53 -mutant tumors were still on study treat-
ment (n = 22, 13.3%) in comparison to those with TP53 wild-
type (n = 68, 30.8%). Of those still on study treatment, more
patients received RAM + ERL (TP53-mutant 21.6%; TP53-wild-
type 32.2%) compared to PBO + ERL (TP53-mutant 6.6%, TP53
wild-type 29.1%) 

The rates of patients of each race and EGFR exon 19 and exon21
mutations were comparable across the mutant and wild-type TP53
subgroups ( Table 1 ). Though the frequencies are not depicted,
Clinical Lung Cancer 2023 3 
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Table 1 Baseline Patient and Disease Characteristics 

n (%) TP53 
Wild-Type 
(N = 221) 

TP53 Mutant 
(N = 165) 

TP53 Exon 8 
(N = 41) 

TP53 
Nonexon 8 
(N = 124) 

Sex Female 147 (66.5) 94 (57.0) 22 (53.7) 72 (58.1) 
Age < 65 94 (42.5) 92 (55.8) 19 (46.3) 73 (58.9) 
Race Asian 182 (82.4) 131 (79.4) 35 (85.4) 96 (77.4) 

White 38 (17.2) 33 (20.0) 6 (14.6) 27 (21.8) 
Smoking history a Ever 63 (28.5) 57 (34.5) 17 (41.5) 40 (32.3) 

Never 137 (62.0) 93 (56.4) 21 (51.2) 72 (58.1) 
ECOG PS 0 120 (54.3) 80 (48.5) 23 (56.1) 57 (46.0) 
EGFR mt type Ex19del 117 (52.9) 87 (52.7) 22 (53.7) 65 (52.4) 

L858R 102 (46.2) 78 (47.3) 19 (46.3) 59 (47.6) 
CNS metastases at progression No 215 (97.3) 161 (97.6) 39 (95.1) 122 (98.4) 

Yes 6 (2.7) 4 (2.4) 2 (4.9) 2 (1.6) 
Liver metastases at progression No 219 (99.1) 155 (93.9) 41 (100.0) 114 (91.9) 

Yes 2 (0.9) 10 (6.1) 0 (0.0) 10 (8.1) 

CNS = central nervous system; ECOG PS = Eastern Cooperative Oncology Group Performance Score; ex19del = EGFR exon 19 deletion mutation; L858R = EGFR exon 21L858R; mutations 
mt = mutation; N = number of patients; n = number of patients in a sample; PBO + ERL, placebo plus erlotinib; RAM + ERL = ramucirumab plus erlotinib. 
a Percentages may not total 100 due to the unknown status of some patients. 
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the values in Table 1 indicate that the rate of TP53 mutations
was similar in Asian and White patients and was comparable by
EGFR mutation type. Interestingly, patients who were ever smokers
were observed to have marginally higher rates of TP53 alterations
at baseline compared to never smokers (47.5% vs 40.4% respec-
tively) (Supplementary Table 1). Baseline characteristics were not
completely balanced between those with TP53 mutant and wild-
type tumors, though the majority of differences were ≤10%. The
only parameter with a difference greater than 10% was age, as of
the patients with TP53 -mutant tumors, 55.8% were younger than
65, versus 42.5% of patients with wild-type TP53 . Liver metastases
at progression were more common in the TP53 mutant subgroup,
while those with TP53 wildtype tumors had a greater proportion of
patients with ECOG PS 0 ( Table 1 ). 

Approximately a quarter of the patients (24.8%) with a concur-
rent TP53 mutation at baseline had a mutation in exon 8, and
the remaining 124 (75.2%) had nonexon 8 mutations. Though the
frequencies are not depicted, the values in Table 1 indicate that rate
of exon 8 mutations was similar in Asian and White patients and
was comparable by EGFR mutation type ( Table 1 ). 

Patient and disease characteristics were not completely balanced
by treatment arm, though the majority of differences were ≤5%, as
depicted in Supplementary Table 2. 

Baseline Genetic Profiles 
Among the 165 patients with concurrent TP53 mutations present

at baseline, there were 8 commonly affected exons. Supplementary
Table 3 shows the distribution and percentages of all TP53 exon
mutations detected at baseline. The most frequent TP53 mutations
were in exon 5 (26.7%; n = 44), followed by exon 8 (24.8%;
n = 41) and exon 7 (24.2%; n = 40). Twenty-four (14.5%) and
17 (10.3%) patients harbored exon 6 and exon 4 mutations, respec-
nical Lung Cancer 2023 
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tively. Eighteen (10.9%) patients had mutations detected across
exons 9, 10, and 11. 

Table 2 depicts the genetic profile at baseline of the 386 patients
included in the analysis. The types of concurrent genetic alterations
were comparable between TP53 mutant and wild-type tumors and
the majority of differences in incidence were less than 5%, and
all were below 10% ( Table 2 ). The most common concurrent
gene alterations in the TP53 mutation subgroup were in PIK3CA
(15.8%; n = 26), CDK6 (10.3%; n = 17), and BRAF (9.7%;
n = 16), which were observed at a higher frequency than in
the TP53 wild-type subgroup (5.9%, 1.4%, and 3.6%, respec-
tively). Overall, concurrent gene alterations were found at a higher
incidence in TP53 mutant tumors, with the exception of KRAS,
mTOR, NF1 , and CTNNB1 , which were observed at respective
rates of 3.0%, 2.4%, 6.7%, and 4.2% in TP53 mutant tumors,
and respective rates of 4.1%, 3.6%, 8.6%, and 4.5% in the TP53
wild-type subgroup. Of those that presented with exon 8 mutations
at baseline, 12.2% (n = 5), 12.2% (n = 5), and 9.8% (n = 4)
had additional mutations in MET, NF1 , and SMAD4 respec-
tively ( Table 2 ). These alterations occurred at a higher frequency
in comparison to those harboring TP53 nonexon 8 mutations at
baseline. Notably however, differences observed between the groups
were all less than 10%. 

Approximately one fifth (20.6%) of patients with mutant TP53
and 13.6% of patients with wild-type TP53 had no other concur-
rent somatic alteration besides EGFR (Supplementary Table 4).
Conversely, at least one additional concurrent alteration (not EGFR
or TP53 ) was detected in 74.6% of patients with mutant TP53 and
30.2% of patients with wild-type TP53 (Supplementary Table 4). 

Concurrent EGFR, TP53 and RB1 alterations were more
frequently found in those with TP53 exon 8 mutations in compari-
son to the TP53 -mutant and TP53 nonexon 8 subgroups, although
differences were small. Patients with EGFR / RB1 / TP53 -mutant
nib (RAM+ERL) in Untreated Metastatic EGFR-Mutant NSCLC (EGFR+ 
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Table 2 Concurrent Baseline Gene Alterations According to TP53 Status 

n(%) TP53 Wild-Type (N = 221) TP53 Mutant (N = 165) TP53 Exon 8 (N = 41) TP53 nonexon 8 (N = 124) 
APC 14 (6.3) 13 (7.9) 2 (4.9) 11 (8.9) 
BRAF 8 (3.6) 16 (9.7) 5 (12.2) 11 (8.9) 
BRCA1 5 (2.3) 12 (7.3) 4 (9.8) 8 (6.5) 
CCND1 2 (0.9) 3 (1.8) 1 (2.4) 2 (1.6) 
CDK4 4 (1.8) 3 (1.8) 1 (2.4) 2 (1.6) 
CDK6 3 (1.4) 17 (10.3) 6 (14.6) 11 (8.9) 
CTNNB1 10 (4.5) 7 (4.2) 1 (2.4) 6 (4.8) 
ERBB2 3 (1.4) 11 (6.7) 2 (4.9) 9 (7.3) 
KRAS 9 (4.1) 5 (3.0) 2 (4.9) 3 (2.4) 
MET 8 (3.6) 12 (7.3) 5 (12.2) 7 (5.6) 
MTOR 8 (3.6) 4 (2.4) 1 (2.4) 3 (2.4) 
NF1 19 (8.6) 11 (6.7) 5 (12.2) 6 (4.8) 
PIK3CA 13 (5.9) 26 (15.8) 6 (14.6) 20 (16.1) 
PTEN 2 (0.9) 4 (2.4) 1 (2.4) 3 (2.4) 
RB1 5 (2.3) 8 (4.8) 3 (7.3) 5 (4.0) 
SMAD4 5 (2.3) 8 (4.8) 4 (9.8) 4 (3.2) 

N = number of patients; n = number of patients in a sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NSCLC represented 4.8% (n = 8), 7.3% (n = 3), and 4.0% (n = 5)
of the TP53 -mutant, TP53 exon 8, and TP53 nonexon 8 subgroups,
respectively. 

As shown in Supplementary Table 5, the percentage of concur-
rent gene alterations were not completely balanced by treatment
arm, though the majority of differences were less than 5%. Gene
alterations with a difference of ≥10% were observed in patients
with TP53 exon 8 mutations. These included, ERBB2, NF1,
SMAD4 , and KRAS which were more frequent in the RAM + ERL
arm, and PIK3CA and RB1 , which were more prevalent in the
PBO + ERL arm. 

There was no evidence of a significant association between TP53
status and clearance of activating EGFR alterations (a EGFR ) in
ctDNA by cycle 4 (Supplementary Table 6). Of the 78 patients in
the TP53 wild-type subgroup with a EGFR detected in their plasma,
84.6% cleared a EGFR by cycle 4, while 76.0% of those with mutant
TP53 cleared a EGFR by cycle 4. 

TP53 Analysis 
Variant classification based on protein 3D structure and variant

type (EffectGroup3) categorized the detected TP53 mutations as
missense in DNA-binding loops (n = 87), other missense (n = 40),
in-frame deletions or insertions (n = 5), frameshift, splice site,
and nonsense (n = 53), and not classified (n = 8) (Supplemen-
tary Table 7). Utilizing the SIFT algorithm, 124 mutations were
classified as damaging, 4 as tolerated mutations, and 65 were not
classified. 

Progression-Free Survival 
Irrespective of treatment, patients with a concurrent TP53

mutation had a shorter PFS in comparison to patients with TP53
wild-type tumors (12.25 vs. 19.35 months, respectively; HR 1.867;
95% CI, 1.448-2.407) (Supplementary Figure 2A). In patients
with TP53 mutant tumors, RAM + ERL demonstrated superior PFS
Please cite this article as: Makoto Nishio et al, RELAY, Ramucirumab Plus Erloti
NSCLC): Association Between TP53 Status and Clinical Outcome, Clinical Lun
compared with PBO + ERL, with a median PFS of 15.2 months
and 10.6 months, respectively (HR 0.54; 95% CI, 0.37- 0.79)
( Figure 1 A). A similar trend was observed among patients with
TP53 wild-type tumors, with a median PFS of 20.8 months for
RAM + ERL versus 15.7 months for PBO + ERL (HR 0.79; 95% CI
0.55-1.12). Patients carrying TP53 exon 8 mutations had a shorter
median PFS than those with nonexon 8 mutations (Supplementary
Figure 2B), however both TP53 exon and nonexon 8 benefitted
from treatment with RAM + ERL (HR 0.628 and 0.491, respec-
tively) ( Figure 1 B). 

Analysis was also conducted on the impact of RAM + ERL on PFS
in different subpopulations by TP53 status. The presence of baseline
TP53 alterations were associated with shorter PFS in compari-
son to wild-type TP53 in the East Asian population (Supplemen-
tary Figure 3A). However, RAM + ERL increased PFS compared
with PBO + ERL irrespective of TP53 mutation status. In the
North American/European subpopulation of RELAY, RAM + ERL
demonstrated a superior median PFS compared with PBO + ERL
in patients with mutant TP53 (19.35 vs. 7.88 months, respec-
tively [HR 0.20, 95% CI, 0.08-0.45]), while there was a lack of
treatment benefit in those with wild-type TP53 (Supplementary
Figure 3B). PFS was also assessed by EGFR ex19del mutations and
EGFR L858R mutations. The effect of a baseline TP53 mutation
is consistent regardless of EGFR activating mutation, as in patients
with concurrent TP53 mutations at baseline, RAM + ERL demon-
strated a superior PFS compared with PBO + ERL in both patients
with EGFR ex19del mutations (17.97 vs. 9.86 months, respectively;
HR 0.50, 95%; CI, 0.29-0.85) and EGFR L858R mutations (14.65
vs. 10.84 months, respectively; HR 0.56, 95%; CI, 0.34-0.95)
( Figure 2 A). In TP53 wild-type patients, there was a trend toward
increased PFS benefit from RAM + ERL for the L858R subgroup,
and no PFS benefit was observed from RAM + ERL in the ex19del
subgroup ( Figure 2 B). Increased PFS benefit was observed among
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Figure 1 Kaplan-Meier estimates of median progression-free survival by (A) mutant or wild-type TP53 , and (B) TP53 exon 8 
mutations or nonexon 8 mutations. CI = confidence intervals; HR = hazard ratio; PBO + ERL = placebo plus erlotinib; 
RAM + ERL = ramucirumab plus erlotinib. 
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Figure 2 Kaplan-Meier curves of progression-free survival by baseline activating EGFR mutations in (A) patients with TP53 
mutant tumors, and (B) TP53 wild-type tumors at baseline. CI = confidence intervals; HR = hazard ratio; 
PBO + ERL = placebo plus erlotinib; RAM + ERL = ramucirumab plus erlotinib; Ex19 = EGFR exon 19 deletion; 
Ex21 = EGFR exon 21 L858R mutation. 

 

 

 

 

 

 

 

 

ever smokers compared with never smokers, with the biggest treat-
ment effect observed in ever smokers who had a TP53 mutation
at baseline (9.82 vs. 15.11 months; HR 0.44; 95% CI, 0.21-
0.92; PBO + ERL vs RAM + ERL, respectively) (Supplementary
Figure 4). 
Please cite this article as: Makoto Nishio et al, RELAY, Ramucirumab Plus Erloti
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Overall Response and Disease Control Rates 
TP53 mutant and TP53 wild-type tumors had similar ORRs

and DCRs, though ORR was observed to be approximately 5%
higher in those receiving RAM + ERL compared with PBO + ERL,
regardless of TP53 status ( Table 3 ). A best response of progressive
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Table 3 Overall Response and Disease Control Rates According to TP53 Status 

TP53 Wild-Type TP53 Mutant TP53 Exon 8 TP53 Nonexon 8 
RAM + ERL 
N = 118 

PBO + ERL 
N = 103 

RAM + ERL 
N = 74 

PBO + ERL 
N = 91 

RAM + ERL 
N = 18 

PBO + ERL 
N = 23 

RAM + ERL 
N = 56 

PBO + ERL 
N = 68 

CR, n (%) 3 (2.5) 1 (1.0) 0 (0) 1 (1.1) 0 (0) 0 (0) 0 (0) 1 (1.5) 
PR, n (%) 89 (75.4) 75 (72.8) 61 (82.4) 69 (75.8) 14 (77.8) 17 (73.9) 47 (83.9) 52 (76.5) 
SD, n (%) 22 (18.6) 24 (23.3) 9 (12.2) 16 (17.6) 1 (5.6) 3 (13.0) 8 (14.3) 13 (19.1) 
PD, n (%) 0 (0) 2 (1.9) 3 (4.1) 2 (2.2) 3 (16.7) 1 (4.4) 0 (0) 1 (1.5) 
NE, n (%) 4 (3.4) 1 (1.0) 1 (1.4) 3 (3.3) 0 (0) 2 (8.7) 1 (1.8) 1 (1.5) 
ORR (95% 

CI) 
78.0 73.8 82.4 76.9 77.8 73.9 83.9 77.9 

(69.7, 84.5) (64.6, 81.3) (72.2, 89.4) (67.3, 84.4) (54.8, 91.0) (53.5, 87.5) (72.2, 91.3) (66.7, 86.2) 
DCR (95% 

CI) 
96.6 97.1 94.6 94.5 83.3 87.0 98.2 97.1 

(91.6, 98.7) (91.8, 99.0) (86.9, 97.9) (87.8, 97.6) (60.8, 94.2) (67.9, 95.5) (90.6, 99.7) (89.9, 99.2) 

CI = confidence intervals; DCR = disease control rate; ORR = overall response rate; N = number of patients; n = number of patients in a sample; PBO + ERL = placebo plus erlotinib; 
RAM + ERL = ramucirumab plus erlotinib. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 Cli
disease (PD) was below 5% in both patients with mutant and wild-
type TP53 independent of treatment. Notably however, patients
with tumors harboring TP53 mutations on exon 8 who received
RAM + ERL had the highest rate of PD (16.7%) ( Table 3 ). 

Duration of Response 
DoR favored the RAM + ERL arm versus the PBO + ERL arm in

both patients with TP53 mutant and wild-type tumors ( Figure 3 ).
Patients with TP53 mutation treated with RAM + ERL were associ-
ated with a shorter median DoR relative to patients with wild-
type TP53 (15.2 [95% CI, 12.520.3] vs. 18.2 [95% CI, 14.120.6]
months) ( Figure 3 A). Among patients with TP53 -mutant tumors
in the RAM + ERL arm, those carrying exon 8 mutations exhib-
ited a shorter median DoR than those with nonexon 8 mutations
(13.3 [95% CI, 8.2-NR] vs. 18.0 [11.1-20.5] months, respec-
tively)( Figure 3 B). 

Treatment Emergent Gene Alterations 
Treatment-emergent gene alterations at 30-day follow-up after

disease progression are displayed in Table 4 . There was a slight
increase in the number of patients who developed genetic alter-
ations among those with TP53 -mutant tumors (57 of 84) versus
those with wildtype TP53 (52 of 84), though the difference was not
significant ( P = .419). The total number of emergent alterations
were increased, and the number of unique mutations were decreased
among those with TP53 mutation compared to those with TP53
wild-type (data not shown). EGFR T790M was the most likely
mutation to develop postprogression. EGFR T790M mutation rates
were increased in patients with TP53 mutant tumors compared to
those with TP53 wild-type (37% for TP53 -mutant tumors, 20%
for wild-type TP53 overall), and similar across both treatment arms.
Among patients with wild-type TP53 at baseline, the most likely
alterations to emerge postprogression were TP53 (27.0%) in the
RAM + ERL arm, and EGFR (non-T790M variants) (23.4%) in the
PBO + ERL arm. Of the patients in the TP53 mutant and wild-
type subgroups with postprogression TP53 detected at the 30-day
follow-up, newly emergent TP53 alterations were detected as early
as 4 cycles, independent of treatment (Supplementary Figure 5). 
nical Lung Cancer 2023 
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Five (3%) patients harbored concurrent EGFR, TP53 , and RB1
alterations at disease progression (3 in the RAM + ERL arm; 2
in the PBO + ERL arm). A single patient (0.6%) patient in the
RAM + ERL arm was triple emergent for EGFR, TP53 , and RB1
alterations at progression (data not shown). 

Postdiscontinuation Therapy 
Among patients with a TP53 mutation, 44 (59.5%) in the

RAM + ERL arm and 75 (82.4%) in the PBO + ERL arm received
any postdiscontinuation therapy (Supplementary Table 8). In those
with wild-type TP53 , postdiscontinuation therapy was administered
to 64 (54.2%) and 60 (58.3%) patients in the RAM + ERL and
PBO + ERL arms, respectively. For both TP53 groups, EGFR-TKIs,
predominantly erlotinib, and osimertinib, were the most frequent
postdiscontinuation therapy, followed by chemotherapy. Of those
with TP53 mutant tumors, EGFR-TKIs were used more frequently
in patients treated with PBO + ERL (65.9%) than RAM + ERL
(50.0%). In patients with wild-type TP53 , EGFR-TKIs were used
at similar rates in both treatment arms. Osimertinib was used
more frequently as any subsequent therapy in patients with TP53
mutant tumors treated with PBO + ERL (35.2%) compared with
RAM + ERL (25.7%). For patients with wild-type TP53 , osimer-
tinib was received by 22.9% of those in the RAM + ERL arm
and 16.5% of those in the PBO + ERL. These findings should
be interpreted with caution as osimertinib use may be dictated
by the presence of T790M mutation. Chemotherapy was admin-
istered more frequently in patients with TP53 mutations treated
with PBO + ERL (45.1%) than RAM + ERL (25.7%). Similarly, in
patients with wild-type TP53 , chemotherapy was more commonly
used in the PBO + ERL (31.1%) arm than the RAM + ERL (19.5%)
arm. 

Independent of TP53 status, EGFR-TKIs were the most
common first subsequent therapy. TP53 status did not appear
to impact the rate at which chemotherapy was administered as
first subsequent therapy. In both patients with TP53 mutant
and wild-type tumors, chemotherapy was used as first subsequent
therapy at slightly higher rates in patients treated PBO + ERL than
RAM + ERL. 
nib (RAM+ERL) in Untreated Metastatic EGFR-Mutant NSCLC (EGFR+ 
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Figure 3 Kaplan-Meier estimates of median duration of response by (A) mutant or wild-type TP53 , and (B) TP53 exon 8 
mutations or nonexon 8 mutations. CI = confidence intervals; HR = hazard ratio; PBO + ERL = placebo plus erlotinib; 
RAM + ERL = ramucirumab plus erlotinib. 
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Table 4 Treatment Emergent Gene Alterations After Disease Progression 

n(%) TP53 Wild-Type TP53 Mutant TP53 Exon 8 TP53 Nonexon 8 
RAM + ERL 

N = 37 
PBO + ERL 

N = 47 
RAM + ERL 

N = 30 
PBO + ERL 

N = 54 
RAM + ERL 

N = 11 
PBO + ERL 

N = 13 
RAM + ERL 

N = 19 
PBO + ERL 

N = 41 
Any 52 (61.9) 57 (67.9) 15 (62.5) 42 (70.0) 
NF1 2 (5.4) 1 (2.1) 4 (13.3) 1 (1.9) 1 (9.1) 1 (7.7) 3 (15.8) 0 (0.0) 
PIK3CA 1 (2.7) 3 (6.4) 0 (0.0) 4 (7.4) 0 (0.0) 1 (7.7) 0 (0.0) 3 (7.3) 
MET 3 (8.1) 2 (4.3) 1 (3.3) 5 (9.3) 1 (9.1) 2 (15.4) 0 (0.0) 3 (7.3) 
FGFR2 2 (5.4) 0 (0.0) 1 (3.3) 3 (5.6) 0 (0.0) 1 (7.7) 1 (5.3) 2 (4.9) 
KIT 2 (5.4) 0 (0.0) 1 (3.3) 1 (1.9) 0 (0.0) 0 (0.0) 1 (5.3) 1 (2.4) 
TP53 10 (27.0) 7 (14.9) 4 (13.3) 6 (11.1) 2 (18.2) 1 (7.7) 2 (10.5) 5 (12.2) 
EGFR other a 7 (18.9) 11 (23.4) 4 (13.3) 10 (18.5) 2 (18.2) 2 (15.4) 2 (10.5) 8 (19.5) 
EGFR 

T790M 

7 (18.9) 10 (21.3) 10 (33.3) 21 (38.9) 4 (36.4) 3 (23.1) 6 (31.6) 18 (43.9) 

KRAS 4 (10.8) 0 (0.0) 2 (6.7) 3 (5.6) 0 (0.0) 1 (7.7) 2 (10.5) 2 (4.9) 
RB1 1 (2.7) 1 (2.1) 1 (3.3) 1 (1.9) 1 (9.1) 0 (0.0) 0 (0.0) 1 (2.4) 
NONE 13 (35.1) 19 (40.4) 6 (20.0) 21 (38.9) 2 (18.2) 7 (53.8) 4 (21.1) 14 (34.1) 

A cut-off frequency of ≥5% was used. 
N = number of patients; n = number of patients in a sample; PBO + ERL = placebo plus erlotinib; RAM + ERL = ramucirumab plus erlotinib. 
a EGFR other includes all non-T790M gene alterations. 

Table 5 Overview of Safety Profile According to Baseline TP53 Status 

N (%) TP53 Wild-Type TP53 Mutant 
RAM + ERL N = 118 PBO + ERL N = 103 RAM + ERL N = 74 PBO + ERL N = 91 

Patients with at least 1 TEAE, any Grade 118 (100.0) 103 (100.0) 74 (100.0) 91 (100.0) 
Patients with at least 1 TEAE, Grade ≥3 86 (72.9) 53 (51.5) 55 (74.3) 54 (59.3) 
Patients with at least 1 SAE 41 (34.7) 19 (18.4) 17 (23.0) 23 (25.3) 
Patients who discontinued study treatment due to an AE 16 (13.6) 10 (9.7) 9 (12.2) 14 (15.4) 
Patients who discontinued study treatment due to an SAE 7 (5.9) 4 (3.9) 1 (1.4) 5 (5.5) 
Deaths on study treatment due to AE 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 

AE = adverse events; N = number of patients; n = number of patients in a sample; PBO + ERL = placebo plus erlotinib; RAM + ERL = ramucirumab plus erlotinib; TEAE = treatment-emergent 
adverse events; SAE = serious adverse events. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 
Safety 
An overview of safety profile according to baseline TP53 status is

presented in Table 5 . All patients reported at least one treatment-
emergent adverse event (TEAE). There were no clinically meaning-
ful differences in the safety profiles between those with baseline
TP53 mutation and wild-type. The rate of grade 3 or higher TEAEs
was increased in the RAM + ERL arm, irrespective of TP53 status.
Patients with TP53 wild-type treated with RAM + ERL had a higher
incidence of SAEs (34.7%) compared to other patients in the analy-
sis population. In the RAM + ERL arm, hypertension was the most
common grade ≥3 AE observed in both patients with TP53 mutant
(25.7%) and wild-type (22.0%) tumors (Supplementary Table 9).
Dermatitis acneiform was the second most frequent grade ≥3 AE in
the RAM + ERL arm, with a rate of ∼16% in the TP53 mutant and
wild-type subgroups. Study treatment discontinuation rates due to
AEs were comparable between TP53 mutant and wild-type tumors
in both the RAM + ERL arm (12.2% vs. 13.6%, respectively) and
the PBO + ERL arm (15.4% vs. 9.7%, respectively). One death on
study treatment due to an AE (interstitial lung disease) occurred in
a patient with TP53 wild-type treated with RAM + ERL. 
Clinical Lung Cancer 2023 
Please cite this article as: Makoto Nishio et al, RELAY, Ramucirumab Plus Erloti
NSCLC): Association Between TP53 Status and Clinical Outcome, Clinical Lun
Discussion 

In the current exploratory analysis, we examined the effect of
TP53 status, and specific exons, on clinical outcomes using data
from the RELAY trial. The incidence rate of concurrent baseline
TP53 mutations observed was consistent with rates previously
reported in patients with EGFR + metastatic NSCLC. 9 Our findings
indicated that dual inhibition of the EGF and VEGF pathways
with RAM + ERL exhibited benefit compared with PBO + ERL,
independent of TP53 status. Overall, safety profiles were similar
between the treatment arms and were generally consistent with
the ITT population of RELAY. In addition, the data further
confirmed that the presence of mutant TP53 at baseline was a
negative prognostic indicator. However, while concurrent TP53
mutations appear to carry a poorer prognosis, clinical outcomes
indicated a trend for greater RAM + ERL benefit in those with
mutant TP53 . This analysis may inform future research efforts,
particularly of combined EGFR an VEGF inhibition. Our findings
are consistent with those reported by Zhao et al in the Phase
III ACTIVE study, which explored the concept of EGFR and
VEGF inhibition using gefitinib plus apatinib in treatment-naive
nib (RAM+ERL) in Untreated Metastatic EGFR-Mutant NSCLC (EGFR+ 
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advanced EGFR + NSCLC. 28 In comparison to gefitinib plus
placebo, combined treatment demonstrated superior PFS in the
ITT (10.2 vs. 13.7 months, respectively). Post hoc analyses of trial
data showed that patients harbouring a TP53 mutation benefitted
most from the treatment combination (PFS HR 0.56), while
those with TP53 wild-type tumors received little benefit from the
combination (PFS HR 0.92). The link between TP53 mutations
and overexpression of VEGF may offer a biological explanation for
why better outcomes was observed in patients with EGFR + TP53 -
mutant tumors with dual EGFR/VEGF pathway inhibition. 13 , 14 

This association between TP53 and VEGF has been observed across
different tumor types and plausibly represents an underlying biolog-
ical process. Indeed, our findings are aligned with multiple studies
that indicate TP53 -mutant tumors may benefit most from VEGF
inhibition. 25-28 

The presence of TP53 mutations in exon 8 were associated
with inferior PFS and DoR compared to those with nonexon 8
mutation. Mutations in exon 8 impact the DBD of p53 and can
lead to loss of regulatory functions. Evidence also suggests that
mutations in exon 8 may be involved in the primary resistance
mechanism to EGFR-TKIs, possibly explaining the association with
inferior outcomes in this study. 12 Despite their association with
poor prognosis, those with TP53 exon 8 mutations demonstrated
improved clinical outcomes in RELAY, a finding also noted in the
ACTIVE trial. 28 

In RELAY, both East Asian patients with TP53 mutant and
wild-type tumors benefitted from RAM + ERL, while a difference
in the median PFS of approximately 1-year in favor of RAM + ERL
was observed in the North American/European population with
TP53 mutations (HR 0.20; 95% CI, 0.08-0.45). No PFS benefit
was evident in the North American/European population with
wild-type TP53 . However, these findings are limited by the small
sample sizes of the subgroups. Patients with a concurrent TP53
mutation at baseline, treated with RAM + ERL, had an improved
outcome compared to PBO + ERL regardless of ex19del or L858R
mutation status, whereas no treatment benefit was observed with
RAM + ERL in wild-type TP53 and the ex19del mutation subgroup.
These findings suggest that RAM + ERL may not be a better first-
line treatment option than PBO + ERL in TP53 wild-type patients
with ex19del mutations. TP53 mutations were detected at similar
rates in the EGFR ex19del and L858R subgroups, indicating that
while L858R mutations are associated with poorer prognosis, the
subgroup was not enriched for TP53 mutations. 9 

Interestingly, a treatment interaction analysis indicated that
for PFS, the benefit of combination treatment was greater in
ever-smokers than never-smokers. This is consistent with the
findings of the BOOSTER and BEVERLEY trials, wherein dual
inhibition of EGF and VEGF was evaluated in patients with
EGFR + NSCLC. 41 , 42 In our analysis, the biggest treatment effect
was observed in ever-smokers who had a TP53 mutation at baseline.
While it remains unclear whether TP53 mutations were the under-
lying reason for the greater treatment effect observed in smokers,
smoking and TP53 alterations at baseline were associated with a
poor prognosis, as although RAM + ERL had a greater treatment
effect compared to PBO + ERL in this subpopulation, PFS was
worse compared to never smokers and TP53 wild-type tumors. 
Please cite this article as: Makoto Nishio et al, RELAY, Ramucirumab Plus Erloti
NSCLC): Association Between TP53 Status and Clinical Outcome, Clinical Lun
ORR and DCR did not differ by TP53 status or between
treatment arms and were generally consistent with rates previ-
ously reported for RELAY, 36 however, prolonged DoR was observed
in RAM + ERL treated patients, reflecting the extension in PFS.
Patients with TP53 exon 8 mutations present at baseline had
approximately 10% lower DCR in both treatment arms compared
with the rest of the analysis population. Notably, patients with TP53
exon 8 mutations in the PBO + ERL arm had a 6-month PFS-rate
of approximately 60% despite the high percentage of patients who
achieved tumor responses, indicating that approximately 40% of
patients did not show sufficient clinical benefit and may be resistant
to single agent EGFR-TKI treatment. For those with TP53 exon 8
mutations in the RAM + ERL arm, the 6-month PFS rate was 77%,
suggesting that the addition of a VEGF inhibitor may overcome
primary resistance. 

NGS screening after disease progression revealed that patients
with TP53 mutations at baseline have a higher proportion of
acquired EGFR T790M mutation after progression compared to
those with wild-type TP53 at baseline. Emergent T790M may be
indicative of involvement in acquired resistance to EGFR-TKIs and
may be contributing to the poor prognosis associated with TP53 .
What is more, the rates of T790M mutation were similar between
treatment groups after disease progression, suggesting that the
addition of ramucirumab did not impact the frequency of erlotinib-
associated T790M mutation. These findings indicate a potential
opportunity to identify an optimal treatment sequence for these
patients, as osimertinib demonstrates anticancer activity in tumors
with T790M-positive mutation status. 43 Osimertinib was indeed a
commonly administered postdiscontinuation therapy in both treat-
ment arms. While published data suggest that TP53 mutations,
particularly in exon 8, reduce the efficacy of first-line osimertinib in
EGFR + NSCLC, 24 this study demonstrated the benefit of combin-
ing RAM + ERL in all patients with EGFR + NSCLC, independent
of TP53 status. These data may suggest the potential of utilizing
ramucirumab to improve outcomes with osimertinib in TP53 +
EGFR + NSCLC. The ongoing RAMOSE, TORG.1833, and
WJOG14420L trials may provide insights into whether combin-
ing ramucirumab with osimertinib will further improve outcomes
in EGFR + NSCLC, and if specific subgroups, including those
with mutant TP53 , benefit more from the addition of a VEGF
inhibitor. 44-46 

In EGFR + NSCLC, concurrent TP53 and RB1 alterations
characterize a subset of patients at increased risk for small cell trans-
formation. Moreover, the transformation of tumor histology from
NSCLC to SCLC is a known mechanism of acquired resistance
to EGFR-TKIs in EGFR + NSCLC. 9 , 47 , 48 In this analysis, concur-
rent RB1 mutations seemed most prevalent in those with TP53
exon 8 mutations, possibly identifying this group as at increased
risk of small cell transformation. However, it was not possible to
evaluate this further as ancillary molecular testing was performed
using liquid biopsy samples, while confirmatory diagnosis of SCLC
requires histological examination. 

The activity of p53 depends on the structural conformation of
the protein. In its active form, p53 is a tetramer with a high affin-
ity for DNA. Mutations in the protein may alter the conforma-
tion and inhibit DNA binding. Depending on the protein domain
Clinical Lung Cancer 2023 11 
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12 
affected, mutations can confer new gain of function activities that
enhance tumor progression. Most studies investigating the prognos-
tic role of TP53 status focus on discriminating patients with wild-
type versus mutant tumors. Though our analysis demonstrates the
clinical value of this distinction, evidence also indicates the poten-
tial benefit of classifying TP53 mutations based on their functional
effects on the p53 protein. Using the TP53 Database ( https://
tp53.isb-cgc.org/ ), a wide range of genetic variants were identified
among those with TP53 -mutant tumors in this analysis, includ-
ing missense and nonsense mutations, in-frame deletions or inser-
tions, and others that could not be classified. According to the
SIFT algorithm, the functional impact could not be classified for
the majority of variants. This indicates the difficulty in categorizing
TP53 mutations in a clinical setting. Due to the majority of clini-
cal samples having a single TP53 mutation detected, and the overall
complexity of TP53 gene and encoded p53 protein, there are signif-
icant challenges detecting and classifying these mutations according
to their potential clinical impact. Of those identified using the SIFT
algorithm, detected mutations were predicted as either damaging
or tolerated. Notwithstanding, while the identified mutations were
predicted to be detrimental, caution should be used when inter-
preting the predicted impact of detected TP53 mutations. Due to
the complex nature of TP53 signaling, functional studies would be
needed for verification. 

As mutant TP53 is implicated in many tumor types, there is
significant interest and ongoing research to identify an effective
therapeutic strategy to target the aberration. Although despite inten-
sive efforts, no targeted agent has received approval for use in a
clinical setting, indicating the complexity of treating patients with
mutated TP53 . To this end, the development of TP53 reactivat-
ing compounds is an interesting advancement in the treatment of
TP53 -mutant tumors. Eprenetapopt is a small molecule with the
ability to selectively bind mutant TP53 , leading to thermodynamic
stabilization of the molecule. The resulting functional conforma-
tion has been shown to induce apoptosis and increase oxidative
stress in TP53 -mutant tumor cells. 49 , 50 Though the agent is still
in early clinical development stages, combining eprenetapopt and
pembrolizumab has demonstrated safety, tolerability, and early signs
of anticancer activity in multiple tumor types, including NSCLC. 51

Given the complexity of the numerous responses regulated by the
p53 pathway and the high incidence of TP53 mutations in NSCLC,
this is an interesting and promising development for future thera-
peutic combinations in TP53 -mutant NSCLC. 

There were several limitations to this analysis. Firstly, while this
study is a relevant contribution to the field, formal statistical tests
were not performed in the TP53 subgroups, owing to the small
sample for some subgroups and the exploratory nature of the analy-
ses. These factors should be taken into consideration when inter-
preting these findings from RELAY. Second, as the stratification at
randomization was applied to the RELAY ITT population and not
to each TP53 subgroup, discrepancies in ECOG PS score and the
proportion of patients under 65 may be contributing to the differ-
ence observed between treatment arms. Finally, molecular profil-
ing was performed using only ctDNA with no NGS of companion
biopsies at baseline and/or progression. In accordance with the study
protocol and informed consent, tissue biopsies were collected at
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baseline and were utilized for confirmatory EGFR testing only. Less
invasive liquid biopsy samples were utilized to evaluate ctDNA and
characterize the tumor molecular profile. Thus, some of the detected
baseline genetic alterations may not be derived from ctDNA, but
may indicate clonal hematopoiesis of indeterminate potential. 

In conclusion, this analysis confirms that TP53 mutations are
a negative prognostic marker in EGFR + NSCLC and extends on
other reports that the addition of a VEGF inhibitor improves
outcomes in TP53 mutant tumors. Ramucirumab plus erlotinib
is an efficacious first-line treatment option for all patients with
EGFR + and TP53 mutant NSCLC. In patients with wild-type
TP53, no treatment benefit from the addition of ramucirumab
to erlotinib was observed in the subgroup with EGFR ex19del
mutation. 

Clinical Practice Points 
 Results from several studies indicate that mutant TP53 is a

negative prognostic factor and that EGFR + NSCLC patients
with concurrent TP53 mutations, most notably in exon 8, gener-
ally have more aggressive disease, increased rates of resistance
to EGFR-TKIs and shorter survival. TP53 plays a central role
in response to cellular stress, and there is growing evidence of
its involvement in angiogenesis through the regulation of vascu-
lar endothelial growth factor (VEGF)A and VEGF receptor 2
(VEGFR2). Although TP53 is implicated in angiogenesis, and
mutations in the gene are associated with reduced responsive-
ness to EGFR-TKIs in patients with EGFR + NSCLC, there is
a paucity of literature on the impact of TP53 mutations on dual
EGF/VEGF pathway inhibition. 

 Our data further confirmed that the presence of mutant
TP53 at baseline was a negative prognostic indicator. The
findings indicated that dual EGF/VEGF pathway inhibition
with RAM + ERL exhibited benefit compared with PBO + ERL,
independent of TP53 status. Clinical outcomes indicated a trend
for greater RAM + ERL benefit in those with mutant TP53 .
Overall, safety profiles were similar between the treatment arms
and were generally consistent with the ITT population of the
RELAY trial. 

 This exploratory analysis provides further knowledge on the
impact of co-occurring TP53 mutations in EGFR + NSCLC and
may inform future ramucirumab efforts in this setting. 
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