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IMPORTANCE Current third-line therapies for patients with metastatic colorectal cancer
(MCRC) have limited efficacy. Rechallenge with epidermal growth factor receptor (EGFR)
inhibitors for RAS wild-type (WT) MCRC may be valuable for these patients.

OBJECTIVE To compare the anti-EGFR monoclonal antibody panitumumab plus
standard-of-care trifluridine-tipiracil with trifluridine-tipiracil alone as third-line therapy for
RAS WT MCRC.

DESIGN, SETTING, AND PARTICIPANTS This phase 2 randomized clinical trial (RCT) was
conducted in 7 Italian centers from June 2019 to April 2022. Patients with refractory RAS WT
MCRC who had a partial or complete response to first-line chemotherapy plus an anti-EGFR
monoclonal antibody and an anti-EGFR drug–free interval of 4 or more months during
second-line therapy were included.

INTERVENTIONS Patients were randomized 1:1 to receive panitumumab plus
trifluridine-tipiracil or trifluridine-tipiracil alone.

MAIN OUTCOMES AND MEASURES The primary end point was progression-free survival (PFS).
Circulating tumor DNA (ctDNA) extended sequence variation analysis was performed in a
subgroup of patients.

RESULTS Of 62 included patients, 31 received panitumumab plus trifluridine-tipiracil (19
[61.3%] male; median age, 65 years [range, 39-81 years]) and 31 received trifluridine-tipiracil
alone (17 [54.8%] male; median age, 66 years [range, 32-82 years]). The primary end point
was met. Median PFS was 4.0 months (95% CI, 2.8-5.3 months) in the panitumumab plus
trifluridine-tipiracil arm vs 2.5 months (95% CI, 1.4-3.6 months) in the trifluridine-tipiracil only
(hazard ratio [HR], 0.48; 95% CI, 0.28-0.82; P = .007). Pretreatment plasma RAS/BRAF WT
ctDNA identified patients obtaining prolonged clinical benefit with panitumumab plus
trifluridine-tipiracil compared with trifluridine-tipiracil, with PFS rates at 6 months of 38.5%
vs 13.0% and at 12 months of 15.4% vs 0%. A ctDNA liquid-biopsy extended mutation
analysis by FoundationOne Liquid CDx (profiling 324 genes) was performed in a subgroup of
patients with baseline plasma RAS/BRAF WT ctDNA; in 15 of 23 patients (65.2%) whose
tumors were WT for KRAS, NRAS, BRAFV600E, EGFR, ERBB2, MAP2K1, and PIK3CA, median
PFS was 6.4 months (95% CI, 3.7-9.2 months). Within this group of 15 patients, 2 (13.3%) had
partial response, 11 (73.3%) had stable disease, and 2 (13.3%) had disease progression as best
response.

CONCLUSIONS AND RELEVANCE In this RCT, third-line treatment with the anti-EGFR
monoclonal antibody panitumumab plus the standard-of-care trifluridine-tipiracil resulted in
improved PFS compared with treatment with trifluridine-tipiracil alone among patients with
refractory RAS WT MCRC. The findings support the clinical utility of liquid biopsy–guided
anti-EGFR rechallenge therapy for refractory RAS WT MCRC.
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A nti–epidermal growth factor receptor (EGFR) mono-
clonal antibodies plus cytotoxic drugs are the treat-
ment cornerstone for RAS wild-type (WT) metastatic

colorectal cancer (MCRC).1,2 Despite initial efficacy, acquired
resistance mechanisms, including KRAS or NRAS alterations,3-5

are associated with treatment failure in all patients.3,4 Whereas
the majority of RAS WT cancer cells are killed by chemo-
therapy plus cetuximab or panitumumab, a genetic selection
of RAS mutant cancer cells occurs with tumor progression.
A subsequent treatment, such as chemotherapy plus antian-
giogenic drugs, could cause the disappearance of RAS mu-
tant clones and potentially restore sensitivity to anti-EGFR
drugs.6 After anti-EGFR treatment is stopped, RAS mutant
clones decay with a half-life of approximately 4 months,
whereas RAS WT clones increase.7 In fact, the genetic land-
scape of cancer cell clones is continuously evolving for the se-
lective pressure of different therapies.8

Regorafenib or trifluridine-tipiracil is used after failure of 2
lines of therapy,1,2 with modest benefit in overall survival and
progression-free survival (PFS).1,2 Therefore, anti-EGFR rechal-
lenge therapy has been proposed for patients with RAS WT who
have experienced treatment failure.3,6 Three single-arm phase
2 trials have supported anti-EGFR rechallenge therapies.9-11 How-
ever, important questions remain, including the best anti-
EGFRrechallengeapproachandhowanti-EGFRrechallengecom-
pares with the standard of care.6 We conducted VELO, a phase
2 randomized clinical trial (RCT), to determine the contribu-
tion of panitumumab to standard-of-care trifluridine-tipiracil as
a third-line therapy in patients with RAS WT MCRC.

Methods
This RCT (NCT05468892) was conducted at 7 Italian centers
from June 2019 to April 2022. The VELO trial protocol is
in Supplement 1. The trial was approved by the institutional
review board of Università Degli Studi Della Campania
Luigi Vanvitelli–Azienda Ospedaliera Universitaria Luigi
Vanvitelli–AORN Ospedale dei Colli. The protocol was approved
by the local ethics committees of the participating sites. All
patients provided written informed consent. We followed the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.

The trial included patients with refractory RAS WT MCRC
who had a partial response (PR) or complete response to first-
line chemotherapy plus an anti-EGFR monoclonal antibody and
an anti-EGFR drug–free interval of 4 or more months during
second-line therapy. Patients were randomized 1:1 to receive
panitumumab plus trifluridine-tipiracil or trifluridine-
tipiracil alone. The random allocation sequence was gener-
ated by an external data manager with no clinical involve-
ment in the study. The study was open label, and treatment
assignment was not masked to the patients or the investiga-
tors. The primary end point (prespecified) was PFS, defined
as the time from randomization to the earliest documented dis-
ease progression or death due to any cause. Secondary end
points (prespecified) were objective response rate, incidence
of adverse events, overall response rate, and overall survival.

An exploratory analysis included genomic analysis by next-
generation sequencing (NGS) of plasma samples collected at
baseline and, if possible, at the end of treatment (eMethods
in Supplement 2). Blood samples were analyzed for plasma cir-
culating tumor DNA (ctDNA) by the Idylla Biocartis platform
and FoundationOne Liquid CDx.12,13 All patients were as-
sessed before rechallenge treatment by the Idylla Biocartis plat-
form to detect known resistance alterations in KRAS (exons 2,
3, and 4), NRAS (exons 2, 3, and 4), and BRAFV600E.12 Pre-
treatment plasma samples from 46 patients were analyzed by
NGS (profiling 324 genes) with FoundationOne Liquid CDx.13

For 24 patients, plasma samples were also analyzed at dis-
ease progression with FoundationOne Liquid CDx.

Statistical Analysis
Distributions of time-to-event variables were estimated with the
use of the Kaplan-Meier product-limit method. The stratified log-
rank test was used as the primary analysis for comparison of
treatment groups. Hazard ratios (HRs) and 95% CIs were esti-
mated with the Cox proportional hazards regression model. More
details of the statistical analysis are given in the eMethods in
Supplement 2. Analyses were performed using IBM SPSS, ver-
sion 23.0 (IBM). Significance was set at 2-sided P < .05.

Results
Of 62 patients included in the trial, 31 received panitumumab
plus trifluridine-tipiracil (19 [61.3%] male; median age, 65 years
[range, 39-81 years]) (arm B) and 31 received trifluridine-
tipiracil only (17 [54.8%] male; median age, 66 years [range,
32-82 years]) (arm A) (Figure 1). Disease characteristics were
balanced between the groups. Before rechallenge treatment,
liquid biopsy was performed by Idylla Biocartis platform.4,12

No BRAFV600E alterations were found in the patients; RAS/
BRAF WT ctDNA was found in 23 patients (74.2%) in arm A and
in 26 (83.9%) in arm B (eTable 1 in Supplement 2).

The median number of treatment cycles was 4 (range, 1-26)
in arm B and 2 (range, 1-10) in arm A (eTable 2 in Supplement 2).
Grade 3 and 4 adverse events occurred in 16 patients in arm B
(51.6%) and 9 patients in arm A (29.0%) (eTable 3 in Supple-
ment 2). There were no treatment-related deaths and no treat-
ment discontinuation due to adverse events. Dose reductions

Key Points
Question Does an anti–epidermal growth factor receptor
rechallenge approach for RAS wild-type metastatic colorectal
cancer (MCRC) using panitumumab plus trifluridine-tipiracil lead to
improved progression-free survival (PFS) compared with the
standard-of-care trifluridine-tipiracil?

Findings In this randomized clinical trial of 62 Italian patients with
refractory RAS wild-type MCRC, panitumumab plus
trifluridine-tipiracil increased PFS at 6 and 12 months compared
with trifluridine-tipiracil alone.

Meaning The findings suggest that PFS is improved with
panitumumab plus trifluridine-tipiracil compared with
trifluridine-tipiracil alone in patients with RAS wild-type MCRC.
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were necessary in 16 patients in arm B (51.6%) and in 9 patients
in arm A (29.0%) (P = .07) (eTable 2 in Supplement 2).

The primary end point was met. Treatment with panitu-
mumab plus trifluridine-tipiracil resulted in longer PFS, with
52% reduction in the risk of progression (HR, 0.48; 95% CI,
0.28-0.82; P = .007). Median PFS was 2.5 months (95% CI, 1.4-
3.6 months) in arm A and 4.0 months (95% CI, 2.8-5.3 months)
in arm B (Figure 2A). Confirmed PR only occurred in arm B (3
patients [9.7%]). Disease control rates of 4 months or more (cal-
culated as PR plus complete response plus stable disease) were
74.2% in arm B and 38.7% in arm A (P = .009). The PFS rates
at 6 months and 12 months were higher in arm B than in arm
A (6 months: 35.5% vs 9.7% [P = .02]; 12 months: 12.9% vs 0%
[P = .04]) (eFigure 1 in Supplement 2).

In patients with pretreatment plasma RAS/BRAF WT
ctDNA, median PFS was 4.5 months (95% CI, 2.2-6.8 months)
in arm B vs 2.6 months (95% CI, 1.0-4.3 months) in arm A (HR,
0.48; 95% CI, 0.26-0.89; P = .02) (Figure 2B). The disease con-
trol rate was 80.7% in patients with pretreatment plasma RAS/
BRAF ctDNA WT in arm B vs 47.8% in arm A (eFigure 1 in
Supplement 2). The PFS rates were also higher in patients with
pretreatment plasma ctDNA RAS/BRAF WT in arm B com-
pared with arm A (6 months: 38.5% vs 13.0% [P = .047]; 12
months: 15.4% vs 0% [P = .052]), but the difference at 12
months was not significant (eFigure 1 in Supplement 2). In pa-
tients with pretreatment plasma RAS variant ctDNA, no ad-
vantage by adding panitumumab to trifluridine-tipiracil was
observed (HR, 0.72; 95% CI, 0.15-1.75; P = .29) (Figure 2C).

Before rechallenge treatment, NGS liquid biopsy findings
were available for 16 of 23 patients (69.6%) with RAS/BRAF WT
ctDNA in arm A and for 23 of 26 patients (88.5%) with RAS/
BRAF WT ctDNA in arm B (eFigure 2 in Supplement 2). The NGS
analysis found that KRAS, PIK3CA, BRAF, MAP2K1, and EGFR
were the most frequently mutated genes within the EGFR path-
way, whereas TP53, APC, ARID1A, and SMAD4 were the most

frequently mutated tumor suppressor genes (eFigure 3 in
Supplement 2 and eTable 4 in Supplement 3). Alterations in
APC and TP53 were found in almost all patient samples (43 of
46 [93.5%] and 42 of 46 [91.3%], respectively).

For arm B, in 15 of 23 patients whose tumors were WT for
KRAS, NRAS, BRAFV600E, EGFR, ERBB2, MAP2K1, and
PIK3CA (65.2%), median PFS was 6.4 months (95% CI, 3.7-9.2
months) (Figure 2D). Of those 15 patients, 2 (13.3%) had PR, 11
(73.3%) had stable disease, and only 2 (13.3%) had disease pro-
gression. In 6 of 11 patients with RAS/BRAF WT ctDNA in arm
B for whom FoundationOne Liquid CDx findings were avail-
able both at pretreatment and at disease progression (54.5%)
(eFigure 4 in Supplement 2 and eTable 5 in Supplement 3), 1
or more sequence variations in the EGFR pathway were found
at progression.

Discussion
To our knowledge, the VELO trial is the first phase 2 RCT in
which the combination of an anti-EGFR drug (panitumumab)
with a standard-of-care drug (trifluridine-tipiracil) has been
evaluated as anti-EGFR rechallenge therapy for refractory RAS
WT MCRC. The study met the primary end point. The risk of
disease progression was reduced by 52%, and the disease con-
trol rate was almost doubled (74.2% vs 38.7%). With the limi-
tations of a small trial, we provided evidence of improved clini-
cal activity of anti-EGFR rechallenge therapy compared with
the standard of care.

These findings also support the use of pretreatment plasma
ctDNA for patient selection.6,9-11 Patients with plasma RAS/
BRAF WT ctDNA before rechallenge who were treated with pa-
nitumumab plus trifluridine-tipiracil had better outcomes in
terms of median PFS, reduced risk of progression, 6- and 12-
month probability of being without progression, and objec-
tive responses compared with those without pretreatment
plasma RAS/BRAF WT ctDNA.

Whereas the polymerase chain reaction–based Idylla Bio-
cartis platform captured only known alterations for KRAS and
NRAS as well as the BRAFV600E alteration, NGS-based 324 ge-
nomic profiling of plasma ctDNA by FoundationOne Liquid
CDx12,13 identified additional alterations and amplifications in
EGFR pathway genes that correlated with lack of activity. In
15 patients with EGFR pathway WT genes, median PFS reached
6.4 months. Within the limitation of a subgroup analysis, these
results suggest that NGS-based assessment of plasma ctDNA
could allow a more precise selection for anti-EGFR rechal-
lenge therapies. The NGS analysis was also done before treat-
ment and at disease progression. The emergence of cancer cell
resistance due to EGFR pathway alterations was found in the
majority of patients who received panitumumab plus trifluri-
dine-tipiracil.

Limitations
This study has limitations. The main limitation is the small size
of the subgroup analysis, which was severely affected by the
COVID-19 pandemic. Larger, phase 3 randomized clinical trials
are needed to confirm the clinical efficacy of this approach.

Figure 1. CONSORT Diagram

68 Patients assessed for eligibility

31 Randomized to trifluridine-tipiracil 31 Randomized to trifluridine-tipiracil
plus panitumumab

29 Discontinued intervention owing
to disease progression

2 Treatment ongoing1 Treatment ongoing

30 Discontinued intervention owing
to disease progression

31 Included in intention-to-treat
analysis

31 Included in intention-to-treat
analysis

6 Excluded
3 Clinical deterioration
2 COVID-19 infection
1 Withdrawal of patient consent

62 Randomized

The data cutoff for the interim analysis was September 16, 2022.
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Conclusions

In this RCT, third-line treatment with the anti-EGFR mono-
clonal antibody panitumumab plus the standard-of-care
trifluridine-tipiracil resulted in improved PFS compared

with treatment with trifluridine-tipiracil alone among
patients with refractory RAS WT MCRC. Several anti-EGFR
rechallenge trials are ongoing.14,15 Although these studies
will define the most effective regimens, the VELO trial sup-
ports the clinical benefit of liquid biopsy–guided anti-EGFR
rechallenge therapy.
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Figure 2. Kaplan-Meier Estimates of Progression-Free Survival (PFS) in the Study Population
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