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Background: Biomarker-guided therapies are needed for patients with refractory metastatic colorectal cancer (mCRC).
Liquid biopsy (LBx) circulating tumor DNA (ctDNA) comprehensive genomic profiling (CGP) could contribute to the
clinical tailoring of molecular targeted therapies for these patients.

Patients and methods: The CAVE-2 GOIM trial is a randomized phase Il trial assessing the efficacy of adding avelumab
to cetuximab compared with cetuximab monotherapy as anti-epidermal growth factor receptor (EGFR) rechallenge in
refractory ctDNA RAS/BRAF'®?%F wild-type mCRC patients. Baseline plasma ctDNA CGP was carried out using the
Foundation One Liquid CDx.

Results: LBx-based CGP was available for 324 patients out of 328 screened. A total of 1969 pathogenic variants (PVs)
were detected. One hundred and thirty-five cases (41.7%) had single RAS/BRAF"6%° PV, with 24 tumors (17.6%) having
multiple RAS/BRAF”6% pvis. Of 166 RAS/BRAF?%° pvs, 95 (57.2%) consisted of subclonal alterations {median variant
allele frequency [VAF] of 0.37% [interquartile range (IQR) 0.18%-1.0%] versus median VAF of 4.0% [IQR 0.65%-
11.25%] in 71 cases of clonal PV; P < 0.0001}. Single RAS/BRAF"®®° alterations had higher clonality compared with
co-occurring RAS/BRAF®% alterations [12.8% (IQR 1.93%-56.0%) versus 0.67% (IQR 0.37-3.35), P < 0.0001]. Among
other genes potentially involved in anti-EGFR drug resistance, 174 non-RAS/BRAF®?° PV were observed with 73
cases having both co-occurring RAS/BRAF?° and non-RAS/BRAF“%° PV, while in 43 cases only non-RAS/BRAF"6%°
PV were detected. Tumors harboring co-occurring non-RAS/BRAF“®®° PV had significantly lower clonality as
compared with RAS/BRAFV®® PV [1.52 (0.46-8.88) versus 17.0 (3.75-71.0), P < 0.0001]. Finally, a total of 332
genomic alterations with therapeutic relevance according to the European Society for Medical Oncology (ESMO)
Scale for Clinical Actionability of Molecular Targets (ESCAT) were detected for 171 patients (52.7%). Of these, 120
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tier | alterations were detected among 111 (34.3%) patients, which included high tumor mutational burden (>10 mut/
Mb, n = 101), BRAF"?°%F (n = 11), KRAS®*?¢ (n = 7), and REF“" (n = 1).
Conclusions: LBx-based CGP might guide the appropriate use of anti-EGFR drug rechallenge or of other therapeutically

actionable gene alterations in refractory mCRC.

Key words: colorectal cancer, liquid biopsy, cetuximab, avelumab, comprehensive genomic profiling

INTRODUCTION

Activation of the epidermal growth factor receptor (EGFR)
signaling has a fundamental role in colorectal cancer (CRC)
cell proliferation, tumor progression, invasion, and metas-
tasis." Therapeutic targeting of the EGFR pathway at
different molecular levels represents a key strategy for the
treatment of more than half of patients with metastatic CRC
(mCRC), including tumors with RAS/BRAF wild-type (WT)
status or harboring BRAF“%%F mutation and KRAS®*? mu-
tation.® Emerging evidence supports the concept that a
subset of EGFR-dependent tumors that maintain RAS/BRAF/
EGFR-extracellular domain (ECD) WT status might still
benefit from EGFR blockade even upon initial progressive
disease (PD) after first-line therapy.® It has been hypothe-
sized that after a second-line therapeutic window without
the selective pressure of anti-EGFR-targeted therapies,
mutated resistant cancer cell clones or subclones might
decay over time, thus potentially restoring therapeutic
sensitivity to anti-EGFR monoclonal antibodies (mAbs).’

Based on this theory, different groups have explored
retreatment with anti-EGFR mAbs (cetuximab or pan-
itumumab) in patients with refractory mCRC. ™ Of note,
these rechallenge strategies have shown promising clinical
activity with an overall response rate of up to 30%, median
progression-free survival (mPFS) of 4-6 months, and median
overall survival (mOS) >1 year in patients whose tumor
retained RAS/BRAF WT status, as assessed at baseline
before treatment by liquid biopsy analysis of plasma
circulating tumor DNA (ctDNA).*

So far, available data are mainly based on post hoc
exploratory analysis of single-arm trials including a limited
number of patients, by using in most cases PCR-based
platforms for the detection of hotspot RAS and BRAF mu-
tations.™ "> So far, the CHRONOS trial is the only study that
explored prospectively the role of a liquid biopsy-guided use
of rechallenge with anti-EGFR mAbs in patients with ctDNA
RAS/BRAF/EGFR ECD WT tumors.™

Nevertheless, it is well known that mCRC is characterized
by a significant spatial and temporal tumor heterogeneity
that might impair the efficacy of targeted therapies.’*™® It
has been shown that liquid biopsy-based plasma ctDNA
analysis of other genes, beside RAS/BRAF and EGFR ECD,
that confer resistance to anti-EGFR therapies, which is
generally defined as molecular hyperselection, could better
identify patients who are more likely to benefit from
first-line anti-EGFR drugs.”®?* However, limited data are
available for patients who received anti-EGFR rechallenge
therapy.’® In this respect, an exploratory analysis of the
randomized phase Il VELO trial has demonstrated that, in

2 https://doi.org/10.1016/j.esmoop.2025.105491

molecularly hyperselected patients with baseline liquid
biopsy-based ctDNA comprehensive genomic profiling (CGP)
by next-generation sequencing (NGS), anti-EGFR drug
rechallenge in the third-line treatment of refractory mCRC
patients with panitumumab plus trifluridine/tipiracil led to
mPFS of >6 months, with a subset of patients experiencing
PFS >1 year.”

We are currently conducting the CAVE-2 Gruppo Onco-
logico dell’ Italia Meridionale (GOIM) randomized phase I
trial.?% In this multicenter study, refractory mCRC patients
who have benefited from first-line chemotherapy plus anti-
EGFR drug treatment are treated with anti-EGFR rechal-
lenge therapy in third- or later-lines with cetuximab or with
cetuximab plus the anti-programmed death-ligand 1 mAb
avelumab. As inclusion criteria for the CAVE-2 GOIM trial, at
baseline before study enrollment and randomization, liquid
biopsy-based plasma ctDNA analysis, which defines CGP, is
carried out with FoundationOne Liquid CDx (324 genes).

In this article, we report the results of molecular
screening with the definition of the pathogenic variants
(PVs) landscape of 324 refractory mCRC patients who had
RAS/BRAF WT, had microsatellite stable (MSS) disease, had
a major response to first-line treatment with a combination
of chemotherapy, and an anti-EGFR mAb, and were treated
for at least a subsequent line with an anti-EGFR drug-free
therapy, before being candidate to anti-EGFR rechallenge
within the CAVE-2 GOIM trial. We conducted an analysis of
potential anti-EGFR drug resistance mutations, their co-
occurrence in the same patient plasma ctDNA as well as
the identification of cancer cell clonality and subclonality for
these mutations. Furthermore, we report the analysis of PV
with potential therapeutic relevance according to the Eu-
ropean Society for Medical Oncology (ESMO) Scale for
Clinical Actionability of Molecular Targets (ESCAT).

PATIENTS AND METHODS

Study design and population

The CAVE-2 GOIM study (NCT05291156) is an academic,
multicenter, phase |, open-label, randomized trial investi-
gating the combination of avelumab plus cetuximab
compared with cetuximab alone as anti-EGFR rechallenge
strategy in refractory patients with RAS/BRAF WT, MSS
mCRC.

Eligible patients should have received first-line treatment
with anti-EGFR mAbs (cetuximab or panitumumab) in
combination with chemotherapy and should have had a
complete or partial response, and then should have pro-
gressed and, therefore, received at least one anti-EGFR
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drug-free subsequent line of therapy. At baseline during the
screening phase, a blood sample was obtained using
FoundationOne Liquid CDx collection tubes. Plasma ctDNA
is measured by the FoundationOne Liquid CDx assay
(https://www.foundationmedicine.com/test/foundationone-
liquid-cdx) to identify patients without resistance mutations
of RAS/BRAF to be enrolled in the trial.'”**?* The same
procedure is carried out at PD. Eligible patients were ran-
domized (2 : 1) to receive cetuximab (400 mg/mz, as a
loading dose, and, subsequently, 250 mg/m2 weekly), and
avelumab (flat dose of 800 mg, every 2 weeks, arm A) or
cetuximab (400 mg/mz, as a loading dose, and subse-
quently, 250 mg/m? weekly, arm B). Tumor assessment by
computed tomography scan or magnetic resonance imaging
was scheduled every 8 weeks for 40 weeks and every 12
weeks thereafter to determine response to treatment.
Response was evaluated using RECIST 1.1. Treatment
continued until PD, significant clinical deterioration, or in
the presence of any criterion for withdrawal from the trial.
The full study protocol with details on the primary (OS) and
secondary (PFS, safety) endpoints and on the statistical
hypotheses has been reported and is also available in the
Supplementary Material, available at https://doi.org/10.
1016/j.esmoop.2025.105491.%**

The study is conducted in accordance with the principles
of the Declaration of Helsinki and the International Con-
ference on Harmonisation and Good Clinical Practice
Guidelines and has been approved by the Ethics Committee
of Universita degli Studi della Campania Luigi Vanvitelli/
Azienda Ospedaliera Universitaria Luigi Vanvitelli/AORN
Ospedale dei Colli and by the ethics committees of the
other centers involved in the study. All patients have pro-
vided written informed consent to participate.

Statistical analysis

In the current study, only pathogenic or likely pathogenic
mutations were considered for analysis. Clonality of PV was
calculated by normalizing the variant allele frequency (VAF)
with the estimated tumor fraction (TF) as assessed on
ctDNA (VAF = ctDNA fraction). Subclonal alterations were
defined as mutations showing a clonality <10%. Mutations
previously described and belonging to clonal hematopoiesis
of indeterminate potential (CHIP) with clonality <25% were
excluded from analyses.?

Continuous variables were reported as medians and
interquartile range (IQR), and categorical variables were
summarized as frequency counts and proportions. Cate-
gorical variables were compared using Fisher’s exact test,
while continuous variables between groups were tested
using the Wilcoxon—Mann—Whitney test or linear models
estimated using the ordinary least squares. Correlation tests
were carried out using Kendall’s test assuming a non-
bivariate normal distribution of ctDNA.

All statistical analyses were carried out using a two-sided
significance level of <0.05 using R Software, version 4.3.2.
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RESULTS

A total of 328 patients with refractory mCRC were screened
for the CAVE-2 GOIM trial. For 324 cases, blood sample was
available for baseline liquid biopsy analysis. Of these, 208
(64.2%) patients were considered eligible for randomization
and treatment, while 118 patients were excluded for the
presence of clonal RAS/BRAF“®%° PVs. Of note, 20 (9.7%)
patients were considered eligible despite the presence of
RAS/BRAF®% PVs at very low VAF (median VAF 0.2%, IQR
0.14%-0.53%) (Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2025.105491). For the
eligible patients, baseline clinicopathological characteristics
were recorded and are reported in Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2025.105
491.

Plasma ctDNA tumor fraction influences the detection of
subclonal pathogenic variants

Among 324 cases, a total of 1969 PVs were detected, with
TP53 (n = 277, 84.5%), APC (n = 269, 82.5%), and KRAS
(n = 110, 33.5%) representing the most common mutated
genes (Figure 1A). We have previously shown that the
sensitivity of liquid biopsy-based CGP is significantly influ-
enced by plasma ctDNA TF.>” Overall, the median ctDNA TF
was 19% (IQR 1.78%-47.0%), with 67 (20.6%) cases showing
ctDNA TF <1%. We observed a positive correlation between
ctDNA TF and the number of detected genomic alterations
(Kendall’s tau = 0.50, P < 0.0001) (Figure 1B) and between
tumor mutational burden (TMB) and ctDNA TF (Kendall’s
tau = 0.42, P < 0.0001).

Thus, we hypothesized that ctDNA TF might influence the
detection rate of subclonal mutations, considering that
these latter PVs originate from a lower proportion of cancer
cells. In this regard, a positive correlation between ctDNA
TF and the number of detected subclonal mutations was
observed (Kendall’s tau = 0.42, P < 0.0001), which was not
shown for clonal PV (Kendall’'s tau = —0.09, P = 0.13)
(Figure 1B).

Acquired RAS and BRAF genomic alterations at baseline
liquid biopsy analysis of patients who were screened for
the CAVE-2 GOIM trial

Among 324 patients who were tested at baseline with liquid
biopsy-based CGP, 135 (41.6%) cases had plasma ctDNA
with acquired RAS/BRAF“®% PVs (Figure 2A). Of these 135
patients, 24 (17.6%) patients had tumors with multiple RAS/
BRAF“®% alterations. A total of 166 PVs involving RAS/
BRAF®% were detected, including KRAS (n = 110), NRAS
(n = 43), BRAFY®? (n = 12), and HRAS (n = 1) (Figure 2B;
Supplementary Figure S2, available at https://doi.org/10.
1016/j.esmo0p.2025.105491). Of 166 PVs, 159 (95.7%)
consisted of single-nucleotide variants (SNVs), with the
remaining 7 PVs consisting of gene amplifications, all
involving KRAS without a clear association between the

https://doi.org/10.1016/j.esmoop.2025.105491 3
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Figure 1. (A) Oncoprint of most common genomic alterations observed in the study cohort, with top annotation showing tumor mutational burden (TMB) and
TMB classes. (B) Correlation between TMB and the number of detected pathogenic variants (left), between TMB and subclonal pathogenic variants (middle), and
between TMB and clonal pathogenic variants (right). ctDNA TF correlated with the detection of subclonal mutations (P < 0.0001) but not with clonal pathogenic

variants (P = 0.13).

ctDNA, circulating tumor DNA; SNV, single-nucleotide variant; TF, tumor fraction.

clonality of mutations and specific amino acidic residues
(Figure 2B; Supplementary Figure S2, available at https://
doi.org/10.1016/j.esmoop.2025.105491). Furthermore,
21 BRAF™"®%0 pys were observed (Supplementary
Figure S3, available at https://doi.org/10.1016/j.esmoop.
2025.105491).

We next examined the impact of tumor clonality on the
occurrence of acquired RAS/BRAF”®%° mutations. Of 166
RAS/BRAF®% pvs, 95 (57.2%) were subclonal alterations
[median VAF 0.37% (IQR 0.18%-1.0%) versus 4.0% (IQR
0.65%-11.25%), P < 0.0001] (Figure 3A), which were
detected among 71 (53.3%) patients whose tumors exhibi-
ted RAS/BRAF"6%° alterations. Subclonal PVs were detected
for KRAS (n = 56), NRAS (n = 30), and BRAF"®% (n = 9)
(Figure 3B). Overall, acquired RAS/BRAF®°° PVs had lower
clonality compared with background alterations, such as
TP53 or APC [median clonality of 3.79% (0.7%-28.7%) versus
47.1% (2.1%-90.7%), respectively, P < 0.0001] (Figure 3C).

4 https://doi.org/10.1016/j.esmoop.2025.105491

Subsequently, we investigated whether anti-EGFR resis-
tance by means of acquired RAS/BRAF"%®° PVs could occur
either by co-existing subclones or by single RAS/BRAF"6%°
alteration. In this respect, single RAS/BRAF®?° alterations
were observed with higher clonality compared with co-
occurring RAS/BRAF6% alterations [12.8% (IQR 1.93%-
56.0%) versus 0.67% (IQR 0.37-3.35), P < 0.0001], which
was confirmed after correction for ctDNA TF (P = 0.01) and
when considering dominant RAS/BRAF"®%° pVs alone [12.8%
(IQR 1.93%-56.0%) versus 2.81% (IQR 0.71%-13.1%), P =
0.008] (Figure 3D). Further, co-occurring RAS/BRAF*%° PVs
did not demonstrate bimodal distribution as it was
observed for single RAS/BRAFV® PVs (Figure 3E). Collec-
tively, these results support the hypothesis that acquired
anti-EGFR drug resistance RAS/BRAF“®?° mutations can
derive either by a single resistant cancer cell clone, which
represents the majority of cancer cells, or by multiple co-
occurring subclones of resistant cancer cells.
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and alterations classes of detected RAS/BRAF*?’ mutations. Overall, 166 pathogenic variants involving RAS/BRAF"°%° were detected, involving KRAS (n = 110),

NRAS (n = 43), BRAF'*® (n = 12), and HRAS (n = 1).
SNV, single-nucleotide variant.

Acquired multiple genomic alterations in other anti-EGFR
drug resistance genes at baseline liquid biopsy analysis of
patients who were screened for the CAVE-2 GOIM trial

Several molecular alterations beyond RAS/BRAF°%° have
been described to confer anti-EGFR drug resistance.®*?%2°
Accordingly, we sought to define their prevalence at baseline
in the CAVE-2 GOIM study cohort. Overall, 340 PVs (174 PVs
after excluding RAS/BRAF6®) that could confer anti-EGFR
drug resistance were detected in 180 (55.5%) patients. Af-
ter KRAS PVs, the most frequent genomic alterations were
detected for EGFRECD, MAP2K1, and NRAS (Figure 4A). The
most frequent EGF ECD alterations were EGFR ECD®%*
(n:13), EGFR ECDY*** (n:12), EGFR ECD**** (n:7), and EGFR
ECD***? (n:5) (Supplementary Figure S4, available at https://
doi.org/10.1016/j.esmo0p.2025.105491).

Further, co-occurring RAS/BRAF“®® and non-RAS/
BRAF"5%° pvs were found in 73 patients. Only RAS/BRAF"®%°
PVs were detected in 64 patients, whereas only non-RAS/
BRAF"%%° pvs were observed in the plasma ctDNA of 43
patients. Similar to RAS/BRAF“®%° PVs, non-RAS/BRAF"6%°
had a lower clonality compared with background TP53 or
APC mutations (Figure 4B).

It could be hypothesized that anti-EGFR drug resistance
non-RAS/BRAF®% pVs could be primarily acquired in tumors
carrying subclonal RAS/BRAF“?° mutations. Therefore, we
evaluated whether tumor low clonality of RAS/BRAF"?% pys
could account for the emergence of co-occurring non-RAS/
BRAF"6%° pvs. Interestingly, cases that exhibited co-occurring
anti-EGFR drug resistance non-RAS/BRAF"®®° PVs had signif-
icantly lower clonality of RAS/BRAF“®° mutations [1.52
(0.46-8.88) versus 17.0 (3.75-71.0), P < 0.0001], which was
consistent also after correcting for ctDNA TF (P = 0.002)
(Figure 4C).

Potentially actionable genomic alterations at baseline
liquid biopsy analysis of patients who were screened for
the CAVE-2 GOIM trial

We have previously demonstrated that patients with RAS/
BRAF WT, MSS mCRC who were candidate for first-line
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treatment showed a relevant number of genomic alter-
ations according to ESCAT, supporting the role of liquid
biopsy-based CGP as a powerful clinical tool to identify
additional cancer vulnerabilities that could be treated with
appropriate molecular targeted drugs.’’ Overall, 332
actionable genomic alterations with potential clinical rele-
vance were detected among 171 (52.7%) patients who were
candidate for the CAVE-2 GOIM trial, according to ESCAT.
Tier | alterations (n = 120) were detected among 111
(34.3%) patients, which included high TMB (>10 mut/Mb,
n = 101), BRAF®* (n = 11), KRAS®** (n = 7), and
RET™S°" (n = 1). ESCAT tier IlIA alterations (n = 138, 41.3%)
were also found (Figure 5). No association between tumor
sidedness and presence of actionable genomic alterations
was found (P = 0.8).

DISCUSSION

For unselected patients with refractory mCRC, the clinical
efficacy of currently available treatment options is limited
and median OS ranges from ~7 to 11 months.””*® Liquid
biopsy-based CGP at the time of PD after the first two lines
of therapies could allow to better define the heterogeneous
molecular alterations that characterize refractory mCRC in
order to propose biomarker-driven more effective cancer
treatment options.

In this respect, anti-EGFR rechallenge strategies have
been gaining ground as a potential therapeutic option in
refractory mCRC patients who have obtained relevant clin-
ical benefit from previous anti-EGFR therapies, while
retaining RAS/BRAF WT disease (ESMO Clinical practice
guidelines for the treatment of mCRC, evidence Il C).**?93°
Liquid biopsy is the most effective tool that allows, through
the analysis of plasma ctDNA, the potential identification of
patients who could take advantage from anti-EGFR rechal-
lenge therapies. Patient clinical characteristics or time from
the last anti-EGFR drug exposure are not reliable markers
for patient selection.®® We and others have previously
demonstrated that the length of anti-EGFR drug-free in-
terval does not predict the absence of anti-EGFR drug
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Figure 3. (A) Frequency of clonal and subclonal RAS/BRAF'®®° mutations. (B) Oncoprint showing frequency and co-occurrence of clonal and subclonal RAS/
BRAF“®? pathogenic variants. Specifically, subclonal mutations involved KRAS (n = 56), NRAS (n = 30), and BRAF (n = 9). (C) Density distribution and comparison
of RAS/BRAF*? mutation’s clonality compared with background (TP53 or APC) alterations. Specifically, RAS/BRAF'*° mutations had lower clonality [median
clonality of 3.79% (0.7%-28.7%) versus 47.1% (2.1%-90.7%), respectively, P < 0.0001]. (D) Clonality of co-occurring compared with single RAS/BRAF®? pathogenic
variants. In detail, single RAS/BRAF'*° mutations were with higher clonality compared with co-occurring RAS/BRAF®? alterations [12.8% (IQR 1.93%-56.0%)
versus 0.67% (IQR 0.37-3.35), P < 0.0001]. (E) Clonality distribution of single versus co-occurring RAS/BRAF"°°° mutations. Specifically, co-occurring RAS/BRAF%°
mutations did not demonstrate bimodal clonal distribution as shown by single RAS/BRAF®?° pathogenic variants.

IQR, interquartile range; VAF, variant allele frequency.

resistance mutations and, therefore, cannot be predictable
of anti-EGFR rechallenge efficacy.'”*** In this scenario, the
randomized phase Il CAVE-2 GOIM trial is prospectively
comparing two anti-EGFR therapies in refractory mCRC
patients who are selected by liquid biopsy-based CGP.

In this article, we report the results of the molecular
screening of these patients. Overall, 135 (41.7%) patients
had a detectable RAS/BRAF“®?° genomic alteration in the
plasma ctDNA at baseline and, therefore, were not eligible
for the CAVE-2 GOIM trial. Of these, 9.7% of patients had
tumors with very low VAF. This proportion is slightly higher
than that resulting from a pooled analysis of the CAVE and
VELO trials (25%) and from the PARERE trial (34%)."”*
However, it should be considered that in the CAVE and
VELO trials, liquid biopsy-based evaluation of anti-EGFR

6 https://doi.org/10.1016/j.esmoop.2025.105491

resistance mutations was carried out with the Idylla™
Biocartis platform, which could detect only specific hotspot
genomic alterations with a limit of 1% for KRAS exons 2 and
3 or BRAFY®%F and of 5% for KRAS exon 4 and NRAS exons
2, 3, and 4. In the PARERE trial, a small NGS panel was
used (Oncomine™ Colon assay), which covers 14 genes in
>240 hotspot alterations with a limit of detection of
0.1%.>% Liquid biopsy-based CGP, as used in the present
report with the 324 genes FoundationOne Liquid CDx
platform, could have higher sensitivity to identify either
uncommon genomic alterations or to detect gene amplifi-
cations. In fact, in this article we report that for the KRAS
gene 7 cases of gene amplification were found out of 110
cases with KRAS PVs. We also reported one case with HRAS
mutation, a very rare finding in mCRC. It is difficult to
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Figure 4. (A) Oncoprint of anti-EGFR resistance mutations in the study cohort. Specifically, 340 mutations were observed among 180 (55.5%) patients. (B) Clonality
of anti-EGFR resistance mutations compared with background (TP53 and APC) mutations, with the former showing a lower overall clonality. (C) Comparison of

RAS/BRAF®® clonality between cases showing co-occurring non-RAS/BRAF"%%°

mutations that cause anti-EGFR drug resistance. Specifically, cases harboring

co-occurring non-RAS/BRAF'®?° mutations had significantly lower clonality as compared with RAS/BRAF"°®° mutations [1.52 (0.46-8.88) versus 17.0 (3.75-71.0),

P < 0.0001].
EGFR, epidermal growth factor receptor; SNV, single-nucleotide variant.

discern if this PV could be related to clonal hematopoie-
sis.>> Moreover, the role of HRAS as a mechanism of
resistance to anti-EGFR therapies is not yet established.*
It is still debated whether a specific threshold of clonality
for a PV, which reflects the percentage of mutated cancer
cells, could be used to predict the efficacy of molecular
targeted therapies.®® Further, the simple information
regarding the VAF of a PV without the knowledge of the
amount of ctDNA in the plasma sample does not permit to
evaluate PV clonality. A potential advantage of liquid
biopsy-based CGP with a larger number of genes that are
evaluated simultaneously by NGS, such as for the 324 genes
measured by the assay used in the present report, is the
opportunity to estimate plasma ctDNA TF together with PV
VAF. These parameters could allow to calculate cancer cell
clonality for a given mutation.’® Interestingly, we observed
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different patterns of anti-EGFR drug resistance genomic
mutations that might represent different trajectories of
cancer cell genomic evolution.

A first group of tumors had a single RAS/BRA mu-
tation at a clonal level, suggesting that this might represent
the main driver of tumor progression. Unfortunately, we do
not have the possibility to compare the tumor molecular
profiling before the start of first-line anti-EGFR therapies for
patients who have been screened for the CAVE-2 GOIM trial
when they have progressed from at least two lines of
treatment and have refractory mCRC. Therefore, it is diffi-
cult to discern if a clonal alteration was pre-existent to
anti-EGFR therapy or may represent a true mechanism of
acquired resistance. In this regard, we have previously
observed in the CAPRI-2 GOIM trial that, in tumors defined
as RAS/BRAF“%° WT and MSS by local laboratory tissue

V600
F
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Figure 5. (A) Frequency of ESCAT alterations detected in the study cohort, with the

overall ESCAT tier frequency on the top and actionable molecular biomarkers

on the bottom. A total of 332 actionable genomic alterations with potential clinical relevance (tier | to Ill) were detected in 171 cases (52.7%).

ESCAT, European Society for Medical Oncology Scale for Clinical Actionability of Mol

analysis before starting first-line treatment, nearly 9% of the
cases had RAS/BRAF"®%° pvs.'” Similar data were reported
in an exploratory biomarker evaluation of the PARADIGM
trial.™

A second pattern of resistance to EGFR mAbs, which was
observed in nearly half of the cases, is represented by the
presence of subclonal RAS/BRAF”6% pyis. These alterations
were frequently co-occurring with other RAS/BRAF"6%° PVs
or with PVs of other genes that are potentially involved in
anti-EGFR drug resistance. Interestingly, for tumors
harboring a clonal RAS/BRAF"¢% alteration, a lower clon-
ality of non-RAS/BRAF'?°° PVs was observed. These data
suggest that in these cases the presence of a clonal RAS/
BRAF“®% PV might constitute the main driver of cancer cell
growth. On the contrary, in case of a non-predominant
subclonal alteration, multiple PVs coexist and all of them
might be necessary for anti-EGFR drug resistance and for
tumor progression. However, this hypothesis should be
taken with caution and further investigation is required. In
this regard, the CAPRI-2 GOIM trial could contribute to shed
light on this issue.®® In fact, the CAPRI-2 GOIM trial is
currently evaluating the use of cetuximab-based treatment
across three subsequent lines of therapy (first-, second-,
and third-line), according to the results of liquid biopsy-
based plasma ctDNA CGP using FoundationOne Liquid
CDx, which is carried out at baseline and after progression
to first- and second-line therapy.*”

Alongside a biomarker-guided use of patient selection for
anti-EGFR rechallenge strategies, liquid biopsy-based CGP
could allow the detection of potentially actionable PVs that
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could represent other therapeutic targets for the refractory
mMCRC setting. Remarkably, one out of three cases at plasma
ctDNA CGP exhibited at least one ESCAT tier | alteration. Of
note, high TMB was reported in 31.2% of the cases and,
therefore, it might identify a subset of patients with re-
fractory MSS mCRC that could potentially benefit from
immune checkpoint inhibitors.>**” This percentage is
significantly higher than what we have observed in patients
with MSS, RAS/BRAF WT naive for systemic treatment for
metastatic disease in the CAPRI-2 GOIM trial.’” In this
respect, a post hoc analysis of the CO.26 trial has reported
higher TMB in case of previous exposure to anti-EGFR
therapies.*® Taken together, these data support the ratio-
nale of the CAVE-2 GOIM trial in which cetuximab plus
avelumab are used in combination.

The current analysis has some limitations. Firstly, clini-
copathological information of patients who were not
eligible for the study were not recorded. Therefore, we were
not able to evaluate whether a correlation between the
length of previous anti-EGFR therapy, the type of treatment,
and the anti-EGFR drug-free interval exists with the RAS/
BRAF"®%° mutation status. Secondly, as discussed earlier,
liquid biopsy-based CGP was carried out only at the time of
the screening and is then carried out at PD, but no data
regarding the molecular profile of chemo-naive patients are
available. Thirdly, ~20% of the patients had ctDNA TF <1%.
For these cases, the capability of liquid biopsy to detect PVs
is suboptimal with the risk of false-negative results.*
Nevertheless, a liquid biopsy-based CGP approach is the
most sensitive technique to identify these cases since PCR
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and NGS panels evaluating a limited number of genes could
not allow an estimation of ctDNA TF. Further, we report
here for the 324 patients who were screened for the CAVE-
2 GOIM trial that the median ctDNA TF was 19%. Clinical
evidence has been provided suggesting that a value >10%
could allow the identification of complex PVs, including
gene translocations, copy number variations, and
deletions.*”*°

Conclusion

The results of the molecular screening for the CAVE-2 GOIM
trial highlight the complexity and the heterogeneity of re-
fractory mCRC genomic profiles. Liquid biopsy-based CGP
could help to identify the molecular heterogeneity. This can
be translated in the identification of patients who are
suitable for anti-EGFR rechallenge therapies and of patients
who could benefit from other actionable genomic alter-
ations. Taken together, these results suggest that plasma
ctDNA CGP is a clinically relevant technique for monitoring
mCRC molecular evolution through different lines of ther-
apies and for selecting the most appropriate treatment
choices in the era of precision medicine.
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