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Abstract: Despite the existence of effective first and second line therapy options for patients with colorectal cancer,
heavily treated patients have limited additional therapies. Genomic profiling is a promising tool for guiding subse-
quent treatment selection. Here, we describe the results of treating a colorectal cancer patient with molecularly-
matched therapy based on the results of genomic profiling. The patient received a combination of afatinib and
bevacizumab due to the presence of ERRFI1 variant. To our knowledge, this is the first report on the effect of EGFR
inhibitors in patients with ERRFI1-altered RAS/BRAF wild-type colorectal adenocarcinoma.
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Introduction characteristics of the tumor. EGFR-directed

Colorectal cancer (CRC) is one of the leading
causes of death worldwide, accounting for 6%
of all cancer-related deaths. Over a million
cases are diagnosed every year [1]. While local-
ized CRC is associated with a relatively good
prognosis and a 90% 5-year survival, prognosis
for patients with metastatic disease is poor,
with a 5-year survival rate of 14% [1].

Systemic therapy for advanced or metastatic
CRC includes chemotherapy, targeted therapy,
and immune checkpoint inhibitors. Targeted
agents used for the treatment of CRC include
anti-EGFR monoclonal antibodies, HER2 inhibi-
tors, BRAF and MEK inhibitors, and immune
checkpoint inhibitors include anti-PD-1/PD-L1
monoclonal antibodies. EGFR inhibitors, spe-
cifically anti-EGFR monoclonal antibodies, play
a central role in the treatment of CRC, and are
indicated on the basis of specific molecular

monoclonal antibodies cetuximab and panitu-
mumab, in combination with chemotherapy, are
indicated for the treatment of advanced RAS/
BRAF wild-type CRC. EGFR tyrosine kinase
inhibitors, on the other hand, are not routinely
used for treating CRC. Other standard of care
therapeutic agents are indicated based on the
presence of BRAF V60OE, MSI, or the tumor
mutational burden [2]. Tumor-agnostic targeted
therapy, including TRK inhibitors for NTRK
fusion-positive tumors, or specific RET inhibi-
tors for RET fusion-positive tumors, may also be
used. However, fusions are rarely detected in
CRC [3].

The MAPK, WNT, and PI3K signaling pathways
are the most frequently upregulated pathways
in CRC. Potentially targetable alterations in the
KRAS, PIK3CA, AKT, ERBB2, MET genes, as well
as mutations in genes involved in homologous
recombination can be found in metastatic CRC
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[3]. ERRFI1 is a negative regulator of the EGFR
family [4]. Mutations in this gene are infrequent
across all solid tumors, including CRC. In vitro
studies and several case reports have suggest-
ed that EGFR inhibitors may be effective against
ERRFI1 mutations in several cancer types [5-7].
However, the effect of EGFR inhibitors against
CRCs harboring mutations in ERRFI1 has not
been studied.

Here, we report a case of progressive disease
following EGFR tyrosine kinase inhibitor therapy
combined with bevacizumab in a patient with
metastatic colorectal adenocarcinoma harbor-
ing a suspected deleterious variant in the
ERRFI1 gene. The investigators obtained a writ-
ten statement of informed consent from the
patient prior to publication.

Case description

A 30-year-old male patient was diagnosed with
a stage IV CRC (sigmoid) in August 2021. At the
time of diagnosis, CT imaging identified mas-
sive carcinomatosis, and bowel obstruction
was suspected. The patient underwent omen-
tectomy and preventive colostomy. During sur-
gery multiple lesions of colon adenocarcinoma
up to 5 mm over the surface of parietal and vis-
ceral peritoneum were observed. Histology
revealed a poorly differentiated mucinous
adenocarcinoma - microsatellite stable (MSS),
KRAS/NRAS/BRAF wild-type. The patient start-
ed first line chemotherapy with cetuximab com-
bined with FOLFOXIRI in September 2021.
Stable disease (SD) according to Response
Criteria for Solid Tumors (RECIST) version 1.1
was achieved at a maximum effect after 4
cycles. No clinically significant adverse effects
were observed during 12 cycles of therapy. In
November 2021, with the aim of broadening
possible treatment options, comprehensive
genomic profiling (FoundationOne CDx, Founda-
tion Medicine, MA, USA) was performed using
the patient’s histologic samples (peritoneal
metastasis). As the patient had an ongoing
response to treatment, no additional decisions
were made at the time.

In March 2022, CT revealed enlargement of
peritoneal lesions and an increase of effusion
in the abdominal cavity. These changes met the
RECIST 1.1 criteria for disease progression
(PD). Subsequently, the patient was referred to
a local Molecular Tumor Board (MTB) to discuss
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further treatment strategy. Genomic profiling
revealed no oncogenic mutations in KRAS,
NRAS or BRAF, consistent with the initial
results. The following alterations were identi-
fied: MYC amplification (equivocal), RICTOR
amplification, TP53 splicing mutation (c.559+
1G>A), ERRFI1 p.P320L, ESR1 p.HBY, MCL1 p.
V146L, RAD21 amplification, SETD2 p.G2299R,
as well as TSC2 p.E92V. The tumor mutational
burden was low (3 mutations per megabase),
and the tumor was microsatellite stable, as
estimated by NGS. MYC amplifications are pos-
sible targets for CDK4/6 inhibitors when com-
bined with PARP inhibitors based on in vitro
studies [8]; but since the amplification was
equivocal, this biomarker was not further dis-
cussed. RICTOR amplifications have long been
proposed to be associated with efficacy for
mTOR inhibitors, but the results of this approach
have been discouraging [9]. RICTOR amplifica-
tion is considered ESCAT tier IV alteration [10].
Notably, both MYC and RICTOR amplifications
may be associated with resistance to EGFR-
targeting agents; however, the evidence sup-
porting this notion is limited. SETD2 alterations
can be targeted by AKT or immune checkpoint
inhibitors [11, 12], but the variant observed
was of unknown clinical significance. Thus, this
alteration was designated ESCAT X in the con-
text of AKT and immune checkpoint inhibitors.
The TSC2 missense variant was considered of
possible germline origin; the variant was classi-
fied as benign due to high frequency in the gen-
eral population, and therefore was considered
a tier X alteration [13].

Another alteration observed was a ERRFI1 mis-
sense variant p.Pro320Leu. Variant allele fre-
quency (VAF) was not reported, and therefore it
could not be reliably established whether the
variant was somatic or germline. The variant
has not been functionally characterized in the
literature, nor has it been described in any
knowledge base. This alteration affects the
EGFR/ERBB binding domain (EBD) of ERRFI1,
which interacts with the tyrosine kinase domain
of EGFR/ERBB [14]. The position was predicted
to be highly conserved across species. More-
over, the alteration was predicted to be delete-
rious by several in silico predictors (SIFT,
PolyPhen, CADD, PrimateAl, VEST4; SIFT - O,
PolyPhen - 1, CADD - 25.7). Therefore, it was
considered as a POTENTIALLY loss-of-function
deleterious variant. Since no other promising
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Figure 1. Evidence blocks that support the use of EGFR TKI for this patient (A), and evidence blocks for other
potentially targetable alterations discussed within the Molecular Tumor Board (B-E). Columns O and T reflect the
molecular biologist’s overall opinion, and are as follows: O - Level of confidence of activating/deleterious (for onco-
genes/tumor suppressor genes respectively) effect of the alteration, and T - Feasibility of targeting this biomarker
for this patient. Columns B-L* reflect the knowledge base supporting rationale for targeting this biomarker based
on published data (including results of clinical studies, retrospective studies, case reports, and biological evidence).
Specifically, the columns are as follows: B - Anticipated magnitude of benefit for the biomarker-drug pair in patients’
tumor type; L - Level of evidence supporting biomarker-drug pair in patient’s tumor type; B* - Best magnitude of ben-
efit for the biomarker-drug pair anticipated in a different tumor type; L* - Level of evidence supporting biomarker-
drug pair in a different tumor type. Finally, column A represents the availability of the drug, considering the on-label
and off-label indications for use, as well as available clinical trials.
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colorectal cancer
alterations were detected following genomic he presented with bowel obstruction. During
profiling (Figure 1), the MTB suggested to tar- exploratory laparotomy and ileostomy, total
get the ERRFI1 alteration by pan-ERBB inhibi- infiltration of peritoneum was observed, and
tors (such as afatinib, neratinib, etc.) in combi- disease progression was confirmed. After his
nation with the anti-VEGF monoclonal antibody general condition improved, the patient started
bevacizumab. This alteration-drug pair was another line of systemic treatment with 5-fluo-
designated ESCAT IV. rouracil and nivolumab. However, following the
second cycle of this regimen, the patient quick-
The patient started afatinib + bevacizumab ly deteriorated and passed away shortly (Figure
treatment in April 2022, but in May 2022 2).
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Table 1. Summary of previously published case reports supporting the rationale for targeting ERRFI1

alterations by EGFR-directed targeted therapy

Tumor type Drug Therapy effect Source

Cholangiocarcinoma Erlotinib PR (-58%) [5]

NSCLC (wt for other common driver mutations) 1. EGFR TKI (not specified) 1. PR [7]
2. EGFR mAb 2. Secondary response

NSCLC (wt for other common driver mutations)  EGFR TKI (not specified) PR [7]

PR - partial response, NSCLC - non-small cell lung cancer, EGFR - epidermal growth factor receptor, TKI - tyrosine kinase inhibi-

tor, mAb - monoclonal antibodies, wt - wild type.

Discussion

Here, we report a case of unsuccessful molec-
ularly-matched treatment of a patient with
colorectal adenocarcinoma with a suspected
deleterious variant of the ERRFI1 gene predict-
ed to be deleterious by multiple computational
algorithms.

NGS produces large amounts of genomic data,
which are complex and requires thorough inter-
pretation of the findings. While some of those
findings have a strong predictive effect in rela-
tion to certain antitumor therapies, the use of
others requires further validation. In oncology,
rare genomic findings, such as ERRFI1 loss of
function mutations, represent an exciting area
for the investigation of treatment efficacy from
both a biological and clinical standpoint.

ERRFI1 (also known as MIG6, RALT or Gene 33)
is a negative regulator of the EGFR family.
ERRFI1 binds directly to EGFR, therefore inhibit-
ing EGFR catalytic activity and hindering dimer-
ization. Additionally, ERRFI1 inhibits autophos-
phorylation of EGFR and ERBB2, and mediates
lysosomal degradation of EGFR [15, 16]. Other
studies show that ERRFI1 acts as an immediate
early response gene induced by growth factors,
including EGF, suggesting its likely tumor sup-
pressor role [17]. Since this gene encodes for a
negative regulator of the EGFR signaling path-
way, we hypothesized that loss of function
alterations of the ERRFI1 gene could be associ-
ated with a benefit of EGFR-targeting therapy.
This association was supported by in vitro stud-
ies [6], as well a handful of case reports [5, 7]
(Table 1). CRC is frequently EGFR-dependent
due to high prevalence of EGFR overexpression
[18], giving the additional rationale for the
application of EGFR-targeting therapy. Taken
together, these considerations guided treat-
ment selection for this patient.
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Our patient’s case highlights the importance of
correct representation of genomic findings in
genomic profiling reports. The ERRFI1 p.P320L
variant was found in the ‘Variants of unknown
significance’ section of the report, along with
several other variants that were designated
irrelevant from a clinical standpoint. Variant
allele frequencies, as well as other technical
features essential for correct interpretation,
such as sequencing coverage, were not reflect-
ed in the original genomic profiling report.
Additionally, somatic/germline origin was not
reported for any of the variants, thus complicat-
ing further decision making. While tumor-only
sequencing does not allow for precise determi-
nation of variant origin, computational tools, as
well as additional factors such as population
frequency and representation in specific knowl-
edge bases allow for high-confidence predic-
tion regarding variant origin (germline or somat-
ic) [19].

Several hypotheses might be generated in rela-
tion to why our patient did not benefit from the
treatment with afatinib. While EGFR-targeting
monoclonal antibodies significantly improve
outcomes of metastatic CRC patients, treat-
ment with EGFR tyrosine kinase inhibitors gen-
erally fails to improve progression-free survival
and response rates in KRAS wild type meta-
static CRC, and is associated with increased
toxicity [20]. Different alterations in EGFR, and
possibly in EGFR-related genes, could, howev-
er, influence treatment outcome. Mutations in
the EGFR gene preventing cetuximab binding
[21] have been reported as a mechanism of
acquired, but not primary, resistance to cetux-
imab. Other studies have suggested that CRC
patients harboring EGFR mutations might ben-
efit from EGFR-directed therapy that is routinely
used in clinical practice [22]. When analyzing
population frequency of this variant, we found
that this variant was present in major popula-
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tion databases (such as gnomAD, ExAC, etc.)
with a frequency of 0.000284. This could indi-
cate that this variant may be of germline origin.
To further understand whether the fact that
this variant occurs in the general population is
enough to declare this variant germline, we
analyzed population frequencies of other
ERRFI1 mutations that were found in the MSK-
IMPACT project (59 unique variants in total)
(accessed by cBioPortal). 16 of 59 (27%) vari-
ants have been previously detected and were
classified as germline variants in various popu-
lation projects, suggesting that this variant
could indeed be somatic. Nonetheless, the
information regarding variant origin should
clearly be reflected in the original genomic
report for every detected variant, irrespective
of clinical relevance.

Conclusion

This case suggests that EGFR-targeting th-
erapy may be ineffective for RAS wild-type
colorectal cancer patients in the presence of
ERRFI1 mutations. To our knowledge, this is
the first report of the effect of EGFR inhibition
in patients with ERRFI1-altered colorectal
adenocarcinoma.
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