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Background: The term "neo-RAS wild-type” refers to the switch to RAS wild-type
disease in plasma circulating tumor DNA (ctDNA) from originally RAS mutant
colorectal cancers. Consistently, the hypothesis to re-determine RAS mutational
status in ctDNA at disease progression in RAS mutant mCRC opened to a new
perspective for clinically-based selection of patients to be treated with EGFR
inhibitors. Currently, the genomic landscape of “neo-RAS wild-type” is unknown.
This is a prospective study aimed to investigate clinical and genomic features
associated with RAS mutation clearance in a large cohort of RAS mutant mCRC
patients who converted to RAS wild- type in liquid biopsy at failure of first-line
treatments. Secondary aim was to investigate the long term prognostic
significance of “true neo-RAS wild- type".

Patients and methods: 70 patients with stage IV RAS mutant colorectal cancer
were prospectively enrolled. Plasma samples were collected at progression from
first-line treatment. RAS/BRAF mutations in plasma were assessed by RT-PCR. In
RAS/BRAF wild-type samples, ctDNA was used to generate libraries using a 17
genes panel whose alteration has clinical relevance. To investigate the
prognostic significance of RAS mutation clearance, test curves for PFS and OS
were represented by Kaplan-Meier estimator plot and Log-rank test.

Results: The most commonly detected actionable mutations in "neo-RAS wild-
type” were: PIK3CA (35.7%); RET (11.9%); IDH1 (9.5%); KIT (7%); EGFR (7%); MET
(4.7%); ERBB2 (4.7%); FGFR3 (4.7%). Both OS and post-progression survival were
longer in patients with “neo-RAS wild-type” compared to those who remained
RAS mutant (p<0.001 for both).
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Conclusions: De-novo-targetable mutations occured in a large percentage of
“neo-RAS wild-type”, being PIK3CA the most commonly detected. RAS mutation
clearance in ctDNA is associated with long- term improvement of overall survival.
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neo-RAS, RAS mutant colorectal cancer, survival, bevacizumab, circulating tumor DNA

1 Introduction

Patients with KRAS/NRAS mutant metastatic colorectal cancer
(mCRC) have poorer clinical outcome compared to those with RAS
wild- type disease. Current treatment is based on combinations of
chemotherapy and antiangiogenic agents with limited efficacy upon
disease progression. Since the assessment of RAS mutational status
currently guides the therapeutic choice, tissue biopsy in patients
with mCRC is mandatory (1). Despite tissue biopsy still represents
the gold standard, circulating tumor DNA (ctDNA) analysis in
plasma is increasingly used to monitor disease status and assess
treatment efficacy in real time, qualifying as a potential tool to re-
define patient care (2). Although comprehensive genomic profiling
in plasma has identified potential targets for therapeutic
intervention in RAS wild- type mCRC, no targets for anticancer
therapy have been confirmed in RAS mutant mCRC (3). In the last
years, evidence has been provided that RAS-mutant clones are more
likely to be cleared in plasma. This phenomenon, currently known
as “neo-RAS wild-type (wt)”, leads to the appearance of a frame-
time characterized by RAS wt disease in plasma, which has been
described in course of treatment and at the time of disease
progression, according to studies (4-6). This observation led to
the hypothesis that RAS assessment in ctDNA at disease
progression could change the clinically-based selection of patients
to be treated with EGFR inhibitors (7-11). The genomic landscape
of actionable alterations in “neo- RAS wt” patients has never been
investigated to date. Further, studies recently aimed to investigate
the phenomenon of “neo-RAS wt” suggest an association between
clearance of RAS mutations in ctDNA and clinical outcome (12, 13).
Nevertheless, these studies are flowed by short follow up period, as
well as insufficient number of patients with events for survival
analysis and lack of evidence of ctDNA presence in plasma samples.
This is a prospective study aimed to investigate clinical and genomic
features associated with RAS mutation clearance in a large cohort of
RAS mutant mCRC patients who converted to RAS wt in liquid
biopsy at failure of first-line treatments. Secondary aim was to
investigate the long term prognostic significance of “true neo-
RAS wt”.

Abbreviations: CT, chemotherapy; ctDNA, circulating tumor DNA; mCRC,
metastatic colorectal cancer; MSI, microsatellite instability; NGS, next generation
sequencing; OS, overall survival; PD, progressive disease; PFS, progression-free

survival; wt, wild-type.
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2 Patients and methods

2.1 Patients and plasma samples
preparation

The study included 82 consecutive patients with unresectable
RAS mutant stage IV colorectal cancer enrolled at Policlinico
Umberto I between January 2017 and December 2021 with last
follow-up on January 1st 2023. Overall survival (OS) was measured
from diagnosis to the date of death, and surviving patients were
censored on January 1st 2023. Progression free survival (PES) was
measured from the start of first-line treatment to progression
disease event. Median follow up time was 50 months (range 26.7-
66). Inclusion criteria were: males or females, age > 18 years;
evidence of RAS/BRAF mutations as assessed in primary tumor
tissue at the time of diagnosis; no previous lines of treatment
received; ECOG performance status <2; signed informed consent.
RAS mutational status at baseline was examined in formalin-fixed
and parafinn-embedded tissue sections from primary tumors and in
ctDNA according to standard procedures. Patients were treated
with standard first-line chemotherapy with or without Bevacizumab
according to national treatment guidelines. Clinical response was
evaluated according to the Response Evaluation Criteria in Solid
Tumours, V.1.1. Patients with discordant RAS mutational status in
tissue and plasma samples were excluded. In the population of 70
enrolled patients, a further blood draw was performed at the time of
disease progression. Blood draws were performed after obtaining
informed consent. Authorization to perform liquid biopsies was
released by the Regional Ethical Committee (No.:179/16) and the
study was conducted in accordance with the Declaration of
Helsinki. Plasma samples were obtained by centrifugation of 6
mL of blood at 1500 rpm for 10 min, followed by removal of plasma,
which was further centrifuged at 13000 rpm for 1 min. Plasma
samples were stored at -80°C until use. Figure 1 shows the flowchart
of the study.

2.2 Mutational analysis in plasma ctDNA

IdyllaTM(Biocartis NV, Mechelen, Belgium) was used to screen
KRAS, NRAS and BRAF mutational status in plasma samples at
progressive disease (PD). All RAS/BRAF wt samples were further
analyzed through next generation sequencing (NGS) in order to
confirm the presence of ctDNA. To this purpose, ctDNA was
extracted from 1 ml of plasma for each patient through Maxwell
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FIGURE 1
Flowchart of the study

RSC 96 Instrument (Promega corporation, Madison, WI, USA)
employing Maxwell® RSC ccfDNA Plasma Kit, according to the
manufacturer’s instructions. Samples were quantified and their
fragmentation index was assessed through EasyPGX qPCR
instrument with the EasyPGX Analysis Software (Diatech
Pharmacogenetics, Jesi, AN, Italy), according to the
manufacturer’s protocol. Based on concentration and index
fragmentation values, 25 uL of ctDNA were used to generate
libraries using Myriapod NGS Cancer panel DNA kit (Diatech
Pharmacogenetics) that allows the analysis of single nucleotide
polymorphisms and indels in 17 genes (ALK, BRAF, EGFR,
ERBB2, FGFR3, HRAS, IDHI1, IDH2, KIT, KRAS, MET, NRAS,
PDGFRA, PIK3CA, POLE, RET, ROS1) whose alteration has clinical
relevance. Briefly, samples were amplified by multiplex-PCR using
two mixtures of primers in order to obtain 101 fragments of length
between 103 and 171 bases including the hot-spot regions of
interest. After purification with magnetic beads to remove
residual primers, an amplification indexing reaction was
performed to bind to each fragment a unique pair of two bar
codes specific for each sample and a specific adapter for the
sequencing platform. Then, libraries were normalized by quantity
using magnetic beads in order to ensure homogeneous coverage of
the samples during the sequencing phase. Finally, the normalized
libraries were pooled together and sequenced in parallel on the
iSeq platform (Illumina Inc., San Diego, CA, USA), according
to manufacturer’s instructions. Data analysis was performed
using the Myriapod NGS Data Analysis Software (Diatech
Pharmacogenetics). Samples with no other mutations detected
through NGS were analysed through methylation assay to
confirm the presence of ctDNA as previously described (4).

2.3 Statistical analysis

Categorical variables were reported as frequency distribution,
whereas continuous variables were described through median and
interquartile range. A Mann-Whitney U test was adopted to
compare the measured values between the continuous variables.
X2 statistics and exact Fisher test were used to assess differences
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between categorical variables. Test curves for PFS and OS were
represented by Kaplan-Meier estimator plot and a Log-rank test was
performed to compare survival curves. A p-value less than 0.05 was
considered statistically significant. All statistical tests were 2-sided.
Statistical analysis was carried out by using IBM SPSS Statistics
software (ver. 25.0).

3 Results

Twelve out of 82 patients with discordant tissue/plasma RAS
mutational status at baseline were excluded. Seventy patients with
concordant tissue/plasma RAS mutant primary mCRC at baseline
were enrolled, with a median age of 62 years (47-88). All had stage
IV disease at diagnosis (hepatic 90%). According to sidedness, we
had 67% left-sided and 33% right-sided tumors. Characteristics of
patient population are illustrated in Table 1.

3.1 Assessment of RAS mutational status in
plasma at PD

Liquid biopsy was performed at the time of disease progression
from first line systemic treatment consisting in chemotherapy (CT)
plus (80%) or without (20%) Bevacizumab. ctDNA analysis was
performed to evaluate the rate of disappearance of RAS mutations at
PD. According to plasma ctDNA analysis at PD, patients were
initially defined as follows: 1) “ctDNA neo-RAS wt” (45/70, 64%);
and 2)”ctDNA RAS mutant”(25/70, 36%). The presence of ctDNA
in “neo-RAS wt” samples was confirmed through NGS analysis in
36/45 (80%) patients, found positive for at least one somatic
mutation. Nine out of 45 “neo-RAS wt’samples (20%) had no
other somatic mutations detected, and were therefore analyzed
through methylation assay in order to confirm or exclude the
presence of ctDNA. Six out of these 9 samples (67%) were found
positive for methylation test, while 3/9 (33%) were found negative.
These last were classified as “no ctDNA samples”. Therefore,
through NGS or methylation assay we could confirm the presence
of ctDNA in 42/45 (93%) “ctDNA neo-RAS wt” samples; these
samples were defined as “ctDNA true neo-RAS wt”. In the group of
Bevacizumab treated patients the rate of” neo-RAS wt” was 75%
compared to 21% in the group of patients treated with CT alone.
Bevacizumab was found significantly associated with RAS mutation
conversion (y2 test p<0.001). Doublet vs triplet CT was not
associated with RAS mutation conversion ()2 test p=0.69).
Metastatic sites (hepatic vs non-hepatic) were found not
associated to RAS mutation conversion (2 test p=0.67).

3.2 Targetable alterations in ctDNA from
“true neo-RAS wild-type” patients
compared to primary tumor tissues

The most commonly detected somatic mutations in “true neo-

RAS wt” at PD were: PIK3CA (35.7%); RET (11.9%); IDHI (9.5%);
KIT (7%); EGER (7%); MET (4.7%); ERBB2 (4.7%); FGER3 (4.7%)
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TABLE 1 Patients population characteristics.

Mean 62

Range 47-88
Sex n.(%)
Male 46 (66%)
Female 24 (34%)

Line of therapy

Ist 70 (100%)
Treatment received 56 (80%)
CT plus Bev 14 (20%)
CT alone

Location of primary tumor

Left 47 (67%)
Right 23 (33%)
Histology

Adenocarcinoma 70 (100%)

Metastatic sites

liver 63 (90%)

other 7 (10%)

RAS/BRAFmutation tissue/plasma baseline

Mutated 70(100%)
KRAS G12D 16 (22%)
KRAS G12V 15 (21%)
KRAS G12A 5 (7%)
KRAS G12R/S 2 (3%)
KRAS G12C 6 (8%)
KRAS Q61 5 (7%)
KRAS A146T 5 (7%)
KRAS G13D 7 (10%)
NRAS G12D 3 (4%)
NRAS G12C 1(1%)
NRAS Q61R 1 (1%)
NRAS A146T 1(1%)
BRAF V600E 3 (4%)

(Figure 2). Among those, only PIK3CA and FGFR3 mutations were
already detectable in primary tumor tissues in 2/14 and in 2/2
samples respectively. All the other mutations detected in “neo-RAS
wt” samples were not present in primary tumor tissue. Of note, in
14.3% of samples we did not detect any mutation. Nevertheless, the
presence of methylated cancer specific sequences was suggestive for
ctDNA presence. Since PIK3CA mutations were detected in 35% of
“neo-RAS wt” patients, we could evaluate the association between
PIK3CA mutations and clinical outcomes in “true neo-RAS wt.
Median PFS was 24 months (17.7 -30.2) in patients with PIK3CA
mutation in plasma ctDNA at PD versus 12 months (10.1 - 13.9) in
patients with no evidence of PIK3CA mutation (p<0.001). OS in
patients with and without PIK3CA mutation in plasma ctDNA at
PD were 65 months (58.3 - 71.7) and 55 months (44.1 - 64.8)
respectively (p=0.12) (Figure 3). The small number of patients with
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other mutations did not allow drawing any statistically
significant conclusions.

3.3 Prognostic significance of RAS
mutation conversion

To evaluate the prognostic impact of RAS mutation clearance,
we analyzed the association between the dynamic changes in RAS
status and clinical outcomes. The median PFS of patients with “true
neo-RAS wt” was 15 months (11.7-18.3) compared to 9 months
(5.2-12.5) of patients who maintained plasma RAS mutation at PD.
This difference was not statistically significant (p=0.11). Median OS
was 64 months in patients with “true neo-RAS wt” versus 27
months in patients who remained RAS mutant (p<0.001)
(Figure 4). Median OS after first-line progression in “neo-RAS
wt” patients was 42 months (37.8-46.2) compared to 16 months
(7.7-24.3) of those who remained RAS mutant (p<0.001) (Figure 5).

3.4 Prognostic significance of RAS
mutation conversion according to
sidedness

There was no significant difference in the PFS and OS between
left-sided tumors and right-sided tumors (median PFS: 13 (9.7 -
16.4) versus 13 (9.2 - 16.7) months, p=0.36; median OS: 55(43.8 —
66.8) versus 51(35.1 — 66.9) months, p=0.26). PES and OS were then
stratified by RAS mutation conversion and sidedness. In left-sided
tumors median PFS was 13 months (8.8-17.2) in patients with “true
neo-RAS wt” versus 11 months (4.8 -17.2) in patients who remained
RAS mutant (p=0.36). OS was 61 months (54.2 — 67.8) in patients
with “true neo-RAS wt” versus 32 months (19.4 - 44.6) in patients
who remained RAS mutant (p<0.001). In right-sided tumors
median PFS was 18 (12.2-23.7) in patients with “true neo-RAS
wt” versus 8 months (5.7-10.3) in patients who remained RAS
mutant (p=0.96). OS was 65 months (55.3 — 74.6) in patients with
“true neo-RAS wt” versus 24 months (10.1 - 37.9) in patients who
remained RAS mutant (p<0.001). In the group of “neo-RAS wt”
median PFS in left- and right-sided tumors was not found
statistically significant (p=0.48). In the group of “neo-RAS wt”
median OS in left- and right-sided tumors was found not
statistically significant (p=0.31) (data not shown).

4 Discussion

Since its first description (14), the concept of “neo-RAS wt” in
colorectal cancer has gained increasing attention, providing new
insights for following targeted treatment selection. In fact, the
absence of any clinically relevant mutation of RAS genes in blood
has been recently used as a therapeutically exploitable window to
change the clinically-based selection of patients to be treated with
EGFR inhibitors (7-11). The rate of RAS mutation clearance in plasma
is highly variable, ranging from 8% to 70% of cases according to studies
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FIGURE 2

Percentage of actionable alterations in “true neo-RAS wild-type”
ctDNA samples at progression of disease.

FIGURE 3

Progression free survival and Overall survival in patients with and without PIK3CA mutation in plasma ctDNA at progression of disease.

Frontiers in Oncology

PFS (probability)

OS (probability)

08/

04

00}

08}

06}

04

o2}

00}

10.3389/fonc.2023.1160673

(15). The inconsistency of results among studies might be attributed to
a misinterpretation of the term “RAS mutation clearance”. In fact,
many studies are flowed by the lack of demonstration of ctDNA
presence in “neo-RAS wt” plasma samples, frequently leading to
confusion between “non-shedder” patients and those with true RAS
mutation clearance. The finding of RAS wt in plasma without a proper
confirmation of ctDNA presence in the sample might explain why
most studies have reported that RAS mutation clearance in the ctDNA
occurs early after treatment and is associated to better outcomes (12).
RAS mutation disappearance at the time of disease progression has
been poorly investigated to date. Sunakawa et al. recently reported that
“neo-RAS wt” ctDNA appears early in course treatment and is
associated with better outcome (13). Interestingly, authors report
that RAS mutations remained undetectable during progression in
62% of patients. Nevertheless, the lack of confirmation of ctDNA
presence makes it impossible to establish whether the longer survival
was linked to a scarce release of ctDNA rather than a “true neo-RAS

‘ TPIK3CA W
] e e
e LL_L
+ L‘
U |
Log Rank: p<0.001 L l
| |1
00 1000 2000 000 40.00 $0.00
Time (months)
L ' AK3CA Wt
~IPIK3CA mut

I Log Rank: p=0.12

~ PIK3CA we-censored
—T PIK3CA mut-censored

00 2000 4000

60.00

Time (months)

05

80.00 10000

frontiersin.org


https://doi.org/10.3389/fonc.2023.1160673
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Nicolazzo et al.

10.3389/fonc.2023.1160673

10
7 RAS mut
~ne0 RAS wt

os
s
3 o
a2
[
e
Py 04
w

02 o |

Log Rank: p=0.11
00
0 1000 000 000 40.00 3000
Time (monthsg)
10 —

1 b S 7 RAS mut
= 08 t —neo RAS wt
= |- ~ RAS mut-censored
5 — ——neo RAS wt-censored
e 0.6 4 1
S gl
= 1 !

2 o4 1
%] 1
O 2,
0.2 )
Log Rank: p<0.001 1
0.0

.00 20.00 40.00

60.00

80.00 100.00

Time (months)

FIGURE 4

Progression free survival and Overall survival in “true neo-RAS wild-type” compared to RAS mutant.

wt” disease. Furthermore, the short follow up period and the
insufficient number of patients with events for survival analysis
strongly affected the prognostic significance of “neo-RAS wt”
ctDNA. Similarly, Wang et al. reported a relatively high rate of RAS
clearance (42.6%) in mCRC patients before PD and reported better
outcomes in patients with plasma RAS/BRAF clearance compared to
those who remained RAS/BRAF mutant; nevertheless, the follow up
time was not sufficient to confirm the prognostic impact of RAS
clearance on OS (16). As far as we know, this is the largest cohort of
“true RAS wt converters”, in which the follow up period was
sufficiently long for a statistically significant correlation with OS. A
further strenght of the study is that presence of ct DNA was consistently

—'RAS mut
—neo RAS wt

~ RAS mut-censored
—+-neo RAS wt-censored

T,
T h I+

0.2 } i
1
0g Rank: p<0.001 %—.

.00 20.00

survival (pr
°
a

Post prog;

40.00 60.00

Time (months)

FIGURE 5
Post progression Overall Survival in “true neo-RAS wild-type”
compared to RAS mutant.
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confirmed through NGS or methylation assays. Our choice to use a
gene panel for detection of only clinically actionable mutations in
ctDNA (thus lacking p53, frequently mutated in mCRC) might explain
why in 9 cases it was necessary to use a methylation test to confirm the
presence of ctDNA. We here report that “neo-RAS wt” occurs mainly
in Bevacizumab treated patients, confirming our previous report that
Bevacizumab in first-line is as an independent predictor of RAS
mutation clearance in ctDNA at PD (17). Nevertheless, differently
from that reported by Sunakawa et al, we disagree in that RAS-mutant
colon cancer cells may have changed by intensive treatment, since in
our cohort triplet vs doublet was not found associated with RAS
mutation conversion. The biological rationale why Bevacizumab is
associated to RAS mutation clearance is currently unknown. This is the
first study describing the molecular landscape of actionable alterations
in “true neo-RAS wt” ctDNA samples at progression of disease.
Compared with baseline tissue samples, ctDNA samples from “neo-
RAS wt” patients displayed alterations not present at the diagnostic
biopsy. Specifically, only FGFR3 mutation had been already detected in
primary tumor tissues, while PIK3CA was acquired in 28% of cases. Of
note, PIK3CA mutation was associated with prolonged PFS but not
with OS in “neo-RAS wt” patients. Although the prognostic
significance of PIK3CA mutations in mCRC is still controversial,
evidence has been provided concerning a positive impact of PIK3CA
mutation on patients outcome (18-20). This observation might be
related to an increased proportion of microsatellite instability (MSI)-
high in patients with PIK3CA mutations. Unfortunately we lack
information concerning MSI status in our patients cohort. Although
the identification of gain-of-function RET mutations have been
described in colorectal cancer (21), the clinical significance of RET
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mutations detected in our cohort is currently unknown, with the
exception of variant G691S, detected in 3 cases, which has been
reported associated to increased invasion in cultured cells (22).
Activating point mutations in ¢-KIT are well-documented in
gastrointestinal stromal tumors and in colorectal cancer tissues,
where the mutation positive rate was found 19% according to a
recent report (23). Interestingly, we detected IDH1/2 mutations in
7% of “neo-RAS wt” plasma samples. Although the incidence of IDH1/
2 mutations in colorectal cancers is <1%, evidence supports IDH1/2
mutations as drivers during the early evolutionary phase of
tumorigenesis (24). Evidence has been provided that IDH1/2
mutants are more frequent in colorectal cancers showing CpG island
methylator phenotype, often concurrent with KRAS/BRAF mutations,
although with a lower allelic frequency (25). The detection of IDH1
mutations in 7% of “neo-RAS wt” patients at PD might be suggestive
for a clonal selection of IDH1 mutant subclones through the course of
the disease. Nevertheless, since we did not perform parallel analysis of
mononuclear blood cells we cannot exclude that these new mutations
not present in tumor biopsy could be ascribed to clonal hematopoiesis.
Somatic mutation EGFR ¢.2062-3delC was detected in 7% of “neo-RAS
wt”, although no functional evidence was reported in ClinVar for this
variation. MET, ERBB2 and FGFR3 were detected in a minority of
“neo-RAS wt” samples. This study has the following limitations. First, a
parallel sequencing of mononuclear cells isolated from peripheral
blood would have been important to exclude clonal hematopoiesis at
least for rare mutations detected in ctDNA but not in tumor biopsy.
Second, we did not measure the impact of second-line treatments on
overall survival. Third, we did not evaluate the clinical impact of EGFR
inhibitors in “neo-RAS wt” patients. We provided evidence that in
originally RAS mutant mCRC the loss of RAS mutation at failure of
first-line treatments strongly impacts on OS, suggesting that the
clearance of RAS mutation at disease progression may serve as a
reliable prognostic tool. The clearance of RAS mutations in blood was
found associated with Bevacizumab use, independent of the intensity
of CT (doublet vs. triplet). We further deepened for the first time the
genomic landscape of “neo-RAS wt” patients and identified some
actionable targets, although the clinical significance of these alterations
need to be further evaluated in a larger sample size. If we assume that
liquid biopsy performed at disease progression allows to reclassify an
originally RAS mutant mCRC as a “neo RAS wild type”, our study
might have several clinical implications.The most obvious is the
hypothesis that “neo RAS wild type” patients might benefit from
EGEFR blockade; this speculation is currently under investigation in
ongoing clinical trials (ClinicalTrials.gov Identifier: NCT04554836;
NCT04189055). Furthermore,the identification of potential
targetable alteration in many “neo RAS wt’patients might provide
implications for subsequent treatments as illustrated in Table 2. For
example, the high frequency of patients with acquired PIK3CA
mutation in the” neo RAS wt” window might open up new
perspectives for combined treatments with MEN1611, a PI3KCA
Inhibitor, and cetuximab, currently under investigation in PRECISE-
01 phase Ib/II study in patients with RAS wt mCRC (26). Further,
HER-2 is an emerging biomarker in colorectal cancer with the
continuous evolution of specific anti-HER2 therapeutic agents. Many
clinical trials with different HER2-targeted agents are ongoing and have
shown promising results in mCRC to date (27). Evidence has been
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TABLE 2 Ongoing clinical trials hypothetically suitable in the “neo RAS
wt” patients according to the specific mutations detected in ctDNA.

Molecular Alteration On going Clinical Trials

NCT04495621:MEN16AA With Cetuximab
in Metastatic Colorectal Cancer (C-PRECISE-01)

NCT03457896: Study of Netatinib + Trastuzumab
HER-2 or

Neratinib + Cetuximab in Patients With

KRAS/NRAS/BRAS/PIK3CA Wild-Type Metastatic

Colorectal Cancer by HER2 Status

RET NCT03037385: Phasel/2 Study of the Highly-
selective RET Inhinitor, Pralsetinib (BLU-667), in
Particpants With Thyroid Cancer, Non-Small Cell
Lung Cancer, and Other Advanced Solid Tumors
(ARROW)

IDH1/2 NCT04584008: Targeted Agent Evaluation in
Digestive Cancerns in China Based on Molecular

Characteristics (VISIONARY)

KIT NCT04771520: Avapritnib for thr Treatment of
Metastatic or Unresectable Colorectal Cancer
Harboring FGFR Alterations

MET NCT02205398: Study of Safety and Efficacy of
INC280 and Cetuximab, in Adult c-MET Positive
mcRC and HNSCC Patients After Progression on

Cetuximab or Panitumumab Therapy

provided that HER2 mutations cause constitutional activation of
proliferation signals, similarly to HER2 gene amplification. Since in
our population, 4.7% of neo RAS wt patients acquired HER-2
mutations, the hypothesis that these patients might benefit from
HER-2 targeted agents, although speculative, deserves further
attention. In addition, although RET alterations are uncommon in
mCRC it has been suggested that patients with RET alterations might
potentially achieve benefit from RET targeting strategies (28).
Surprisingly, in our series,we reported acquired RET mutations in
11% of “neo RAS wt”.RET point mutations have been described in
different cancers, such as breast cancer,colorectal adenocarcinoma and
gastrointestinal stromal tumors. Whether RET mutant mCRC might
benefit from RET targeting drugs in mCRC is currently unknown,
although in vitro studies have demonstrated that the RET inhibitor
vandetanib abolishes the effects exerted by RET-533C mutant in
transfected HEK293 cells (20). Furthermore, despite IDH1/2
mutations detected in the “neo RAS wt” patients have been recently
reported as potential trunk drivers suitable for targeted therapy in CRC
(23), further studies are needed to understand their potential clinical
significance. To date, IDH1 and IDH?2 inhibitors have been approved
in acute myeloid leukemia and more recently in cholangiocarcinoma;
nevertheless some clinical trials for other solid tumors with evidence of
IDH1/2 mutations, including mCRC, are ongoing. Similarly, two phase
IT trials are currently investigating the effect of avapritinib and
pemigatinib in solid malignancies with ¢KIT and FGFR mutations
respectively.Finally,a phase Ib, multicenter clinical trial is ongoing to
determine the efficacy of the c-MET inhibitor INC280 in combination
with cetuximab. In conclusion, this study might represent the basis for
future clinical trials aimed to paradigm-changing clinical applications
of ctDNA in RAS mutant colorectal tumors in a perspective of
precision oncology.
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