CANCER BIOLOGY & THERAPY
2020, VOL. 21, NO. 10, 891-898
https://doi.org/10.1080/15384047.2020.1798695

Taylor & Francis
Taylor &Francis Group

RESEARCH PAPER

8 OPEN ACCESS ’ W) Check for updates

Frequency of S492R mutations in the epidermal growth factor receptor: analysis of
plasma DNA from patients with metastatic colorectal cancer treated with
panitumumab or cetuximab monotherapy

Timothy Price®?, Agnes Ang®, Michael Boedigheimer®, Tae Won Kims¢, Jin Li¢, Stefano Cascinu¢, Paul Ruff",
Attili Satya Suresh9, Anne Thomas", Sergei Tjulandin', and Marc Peeters’

2Clinical Oncology Research and Haematology and Medical Oncology Service Departments, The Queen Elizabeth Hospital and University of Adelaide,
Woodville, Australia;; Clinical Biomarkers, Amgen Inc, Thousand Oaks, CA, USA; Department of Oncology, Asan Medical Center, University of Ulsan
College of Medicine, Seoul, South Korea; YDepartment of Oncology, Tongji University East Hospital, Shanghai, China; ¢Department of Medical
Oncology, Universita Politecnica delle Marche, Ancona, Italy; Faculty of Health Sciences, University of Witwatersrand, Johannesburg, South Africa;
9Department of Medical Oncology, Apollo Hospital, Hyderabad, India; "Department of Oncology, University of Leicester, Leicester, UK; ‘Department of
Clinical Pharmacology and Chemotherapy, N. N. Blokhin Cancer Research Center of RAMS, Moscow, Russia; 'Department of Oncology, Antwerp
University Hospital, Edegem, Belgium

ABSTRACT

Background: Antibodies against epidermal growth factor receptor (EGFR), panitumumab, a fully human
monoclonal antibody, and cetuximab, a human/mouse chimeric monoclonal antibody, have shown
clinical efficacy in metastatic colorectal cancer (mCRC). In the phase 3 noninferiority ASPECCT
(ClinicalTrials.gov, NCT01001377) study, panitumumab was demonstrated to be noninferior to cetuximab
and provided a similar overall survival benefit for patients with chemotherapy-refractory wild-type KRAS
exon 2 mCRC. However, some patients eventually develop resistance to anti-EGFR therapy. EGFR p.S492R
mutation was previously identified as conferring resistance to cetuximab, but not to panitumumab.
Methods: This biomarker study analyzed plasma samples from ASPECCT collected at both baseline and
posttreatment.

Results: No EGFR p.S492R mutations were identified at baseline; however, after treatment the EGFR p.S492R
mutation was detected in 1% of patients treated with panitumumab versus 16% of those treated with
cetuximab, supporting that, in a large population, this mutation is more likely to be induced by cetuximab
than by panitumumab. There were, however, no significant differences in progression-free survival or overall
survival between patients who were wild-type compared with those with the S492R mutation within the
cetuximab arm or the overall population.

Conclusions: These results may support targeting treatment to small patient subgroups based on the
presence of emerging EGFR mutations and provide a molecular rationale for rechallenging with a different
anti-EGFR agent in patients who develop resistance. Prospective studies are needed to evaluate the
efficacy of panitumumab in the EGFR p.S492R mutant population.

ARTICLE HISTORY
Received 26 June 2019
Revised 2 June 2020
Accepted 7 July 2020

KEYWORDS

Colorectal cancer; gene
mutations; resistance;
cetuximab; panitumumab;
anti—epidermal growth
factor receptor

Introduction with chemotherapy-refractory wild-type KRAS exon 2 mCRC and
included 999 patients from 27 countries in North America, South
America, Europe, Asia, Africa, and Australia.”® Patients who had
previously received anti-EGFR therapy were excluded.® The pri-
mary endpoint was overall survival (OS), and key secondary end-
points included progression-free survival (PFS), objective
response rate, and safety.”® In the intent-to-treat population,
results indicated that panitumumab was noninferior to cetuximab
for 0S,® and the incidence of treatment-emergent adverse events
(AEs) was similar in both treatment arms (~98% each).® Fatal
serious AEs (SAEs) occurred in 6% and 10% of patients in the
panitumumab and cetuximab arms, respectively.®

Real-time monitoring of circulating cell-free DNA (cfDNA)
has been used to detect mutations potentially conferring treat-
ment resistance. It is estimated that up to 3.3% of tumor DNA
may enter the blood daily,” with the fraction of circulating
DNA that is tumor derived ranging between 0.01% and
93%.'% Circulating ¢fDNA has a half-life ranging from

Colorectal cancer (CRC) is the third most common cancer
worldwide' and is frequently associated with an overexpression
of the epidermal growth factor receptor (EGFR).>* Panitumumab
is a fully human monoclonal antibody that binds specifically to
EGFR, competitively inhibiting ligand binding, and has demon-
strated efficacy in the treatment of metastatic CRC (mCRC).2
Cetuximab is a human/mouse chimeric monoclonal antibody
that binds to the extracellular domain of human EGEFR, also
blocking ligand binding.* In CRC cell lines and patients treated
with cetuximab, development of the S492R mutation in the EGFR
cetuximab-binding epitope conferred resistance to cetuximab
therapy. Although the S492R mutation blocked binding of cetux-
imab, panitumumab treatment was found to still be effective.>®
The ASPECCT trial (A Study of Panitumumab Efficacy and
Safety Compared to Cetuximab) was a phase 3 noninferiority
study of panitumumab versus cetuximab monotherapy in patients
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15 minutes to several hours and is cleared by the liver and
kidney, thus making it a good biomarker for real-time emer-
ging tumor mutation assessment.” Mutations detected in
plasma show good agreement with tumor tissue mutations,
particularly when samples are paired.'®'?

The objective of this analysis of data from the ASPECCT
study was to determine whether the induced EGFR p.S492R
mutation was specifically associated with resistance to cetux-
imab but not panitumumab in a large clinical trial population.

Results
In vitro receptor binding and activity

Both flow cytometry and immunoblotting data showed that
panitumumab, but not cetuximab, bound to and inhibited the
activation of S492R mutant EGFR (Figure 1).

Mutational analyses

Of the 999 patients in the ASPECCT intent-to-treat popula-
tion, safety follow-up samples, collected 4 weeks after the final
dose was administered, were evaluated for 559 patients and
were included in this analysis (Figure 2). Of these, 13 samples
were classed as failed based on the criteria of the analytical
method. In the overall study, the median duration of treatment

Table 1. Frequency of EGFR p.S492R mutations in plasma samples for patients in the
ASPECCT study.

Frequency of EGFR

Treatment Wild-type Mutant  p.S492R mutation 95% Cl P Value
Cetuximab 239 46 16.1% 12.1-20.9  <0.0001
Panitumumab 258 3 1.1% 0.2-33

EGFR: epidermal growth factor receptor.

was 14 weeks in both arms. The ascertainment rates were
similar between arms: 52.6% in the panitumumab arm
(n =261/496) and 56.7% in the cetuximab arm (n = 285/503).

The EGFR p.S492R mutation was detected in 1.1% of
patients (n = 3/261) treated with panitumumab and 16.1%
(n = 46/285) of those treated with cetuximab (P < .0001;
Table 1). Pretreatment plasma samples were subsequently ana-
lyzed from 48 mutation-positive samples and 51 randomly
selected samples that were wild-type at safety follow-up. No
mutations were observed at baseline for any samples analyzed.

Survival analyses

Overall, PFS and OS analyses were evaluated in the 546 patients
included in the mutational analyses; all patients had received at
least one dose of cetuximab or panitumumab. Of these, 49
patients had tumors containing the S492R mutation. In total,
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Figure 1. Binding of panitumumab and cetuximab to wild-type and mutant (p.S492R) EGFR. Ab = antibody; CHO = Chinese hamster ovary cell; EGFR = epidermal growth
factor receptor; FITC = fluorescein; GaH = novel GTP binding protein; IlgG = immunoglobulin G; pEGFR = phosphorylated EGFR; WT = wild-type.
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Figure 2. Patient disposition

285 patients had received cetuximab, including 46 patients
with the S492R mutation, and 261 patients had received pani-
tumumab, including three patients with the S492R mutation.

Opverall, an initial separation in median PFS was observed;
however, this difference was no longer apparent after 6 months
(Figure 3a). Median PFS for all patients was 4.76 (95% CI, 3.98-
4.86) months in the wild-type group and 5.06 (95% CI, 4.83-6.67)
months in the S492R group (P = .16). For patients treated with
cetuximab, median PFS was 4.67 (95% CI, 3.12-4.86) months in
the wild-type group and 5.09 (95% CI, 4.83-6.67) months in the
S492R group (P = .31; Figure 3b). Data from patients treated with
panitumumab were not included in PFS analyses because of the
low number of patients with the S492R mutation.

Similarly, an initial difference in median OS overall was
observed; however, this difference was no longer apparent
after 12 months (Figure 4a). Median OS for all patients was
12.81 (95% CI, 11.53-14.16) months in the wild-type group
and 12.85 (95% CI, 10.74-14.03) months in the S492R group
(P = .66). For patients treated with cetuximab, median OS was
13.27 (95% CI, 11.24-15.41) months in the wild-type group
and 11.89 (95% CI, 10.35-14.03) months in the S492R mutant
group (P = .39; Figure 4b). Data from patients treated with
panitumumab were also not included in OS analyses because of
the low number of patients with the S492R mutation.

Discussion

The S492R mutation has potential implications for treatment
because in preclinical models it selectively disrupts binding of
cetuximab but not panitumumab, a finding that our results
reinforce.”® In this analysis, no S492R mutations were identi-
fied in the baseline tumor samples analyzed, consistent with
previous studies.”> After treatment, the EGFR p.S492R muta-
tion was detected more frequently in patients treated with
cetuximab (16.1%) than in those treated with panitumumab
(1.1%), although there were no significant differences in med-
ian OS and PFS between the wild-type and mutant groups.
Panitumumab and cetuximab have demonstrated clinical
efficacy and improved OS in the first- or second-line treatment
of mCRC leading to earlier use of anti-EGFR therapy in
mCRC'%; however, a significant number of patients progress
after two or more lines of therapy, thus raising the possibility of
rechallenging with anti-EGFR therapy as a treatment option
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for this pretreated population, particularly in patients who had
previously responded.'>™"”

It has also been shown that the colorectal tumor genome can
adapt dynamically in response to a treatment schedule; mutant
clones of EGFR pathway genes such as KRAS have been shown
to emerge during anti-EGFR treatment and then subsequently
decline upon withdrawal of the anti-EGFR agent.'® This
change in the presence of EGFR pathway genes provides the
molecular rationale for repeated use of anti-EGFR therapy in
a rechallenge setting, with an understanding of markers of
resistance allowing for more rational drug selection.

At present, consideration of rechallenge therapy seems to be
largely based on initial response and the subsequent onset of
secondary resistance. However, despite previous demonstrations
of clinical benefit derived from rechallenge with anti-EGFR thera-
pies in patients pretreated with the same protocol,'>'® as rechal-
lenge becomes more relevant in the clinical setting, there is a need
to identify additional indicators (e.g., biomarkers) to guide ther-
apy options to achieve the optimal outcome.

This retrospective analysis of ASPECCT identified that
16.1% of patients in the cetuximab arm developed EGFR
p-S492R mutations, compared with 1.1% in the panitu-
mumab arm, indicating that the S492R mutation is more
likely to be induced by cetuximab rather than panitumu-
mab. The preclinical results shown here reinforce those
previously reported, suggesting that patients with EGFR p.
S492R mutant tumors may derive benefit from panitumu-
mab versus cetuximab as rechallenge therapy or as
a potential option for treatment after initial response
and subsequent progression.

The optimal timing for testing of mutation status remains to
be established and may depend on line of treatment (e.g., second
line, before cetuximab rechallenge, or during therapy). Testing
before rechallenge is important and should be considered where
available in clinical practice. Furthermore, it has been shown that
frequent monitoring of tumor heterogeneity (i.e., every 4 weeks)
may help predict drug resistance depending on the expression
levels of subclones that dominate resistance to particular
therapies.'” The advent of more sensitive assays for mutation
detection, especially in the context of liquid biopsies, has allowed
for tracking tumor clonal evolution. This will potentially provide
a means by which one may predict how to best rechallenge
a patient to achieve the most durable outcome.

Our analysis suggests that patients with EGFR p.S492R
mutant tumors initially do well on anti-EGFR therapy, possibly
due to the effect of treatment on EGFR wild-type cells. Over
time cetuximab treatment becomes less effective, possibly as
a result of the growth of the resistant S492R clone, which may
be an early event preceding radiologic progression. This obser-
vation again supports the need for more frequent monitoring
so that when a mutation first occurs, therapy can be modified
or a switch to a different anti-EGFR agent can be considered.

Additional mutations in other EGFR pathway genes (KRAS,
NRAS, BRAF, MAP2K1, PIK3CA, PTEN) and their downstream
effectors have been associated with resistance to EGFR inhibitors
in patients with mCRC.**~** Mutation profiles of EGFR pathway
genes at both baseline and safety follow-up were reported in
a previous analysis in patients from the panitumumab arm of the
ASPECCT study. It was shown that baseline mutations in EGFR
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pathway genes were associated with shorter survival.* It is noted
that cetuximab and panitumumab now include product labeling
specifying that patients receiving treatment should have con-
firmed wild-type KRAS or RAS mCRC, respectively.”* Other
EGFR mutations (e.g., R451C, S464L, G465R, K467T, and
1491M) conferring resistance to cetuximab have been reported;
of these panitumumab has been shown to prevent EGFR activa-
tion in the R451C and K467T mutants.”® Further analysis of
ASPECCT data may reveal the benefit of panitumumab in sub-
groups harboring these mutants.

Evidence from the Sym004-05 trial indicated that targeting
anti-EGFR treatment according to the presence of mutations
may be beneficial.”” Using circulating tumor DNA as a guide, it
was shown that there was no OS or PFS benefit with Sym004 (a
mixture of two nonoverlapping anti-EGFR monoclonal anti-
bodies) in unselected patients; however, OS was prolonged in
a selected subgroup with “triple-negative” (i.e., RAS, BRAF, and
EGFR extracellular domain wild-type) mCRC.”” This serves as an
additional example of the importance of understanding the mo-
lecular landscape at the time of commencing these new agents.

However, there are limitations to our analysis, and thus the
survival results should be interpreted with caution and should
not be used to guide clinical practice. First, the exact timing of
EGFR p.S492R onset in our samples is unknown because the
plasma samples were collected at only two time points (ie.,
pretreatment and during safety follow-up). Therefore, the
impact of this mutation on overall survival could not be accu-
rately evaluated in the current retrospective analysis.
Furthermore, the number of patients with the EGFR p.S492R
mutation was very low in the panitumumab arm. As a result, no
significant overall survival results could be derived for patients
with wild-type tumors or for those with the EGFR p.S492R
mutation in this treatment arm. However, another study found
panitumumab to be effective after cetuximab resistance in
a patient harboring the S492R mutation,” suggesting that switch-
ing to panitumumab may be a viable option. Tissue samples
were not assessed in this study, which is a potential limitation;
however, others have found a good agreement between muta-
tions detected in plasma and those detected in tissue.'®'?

Prospective studies are needed to evaluate the efficacy of
panitumumab in the S492R mutant population. Overall our
results suggest that there may be benefit targeting treatment to
small patient subgroups based on the presence of emerging
mutations. It remains unclear whether the S492R mutation is
induced by treatment or if it occurs randomly; however, if it is
the former, methods for predicting which patients are likely to
develop the mutation may be beneficial.

Tumor sidedness was also not evaluated in this study as
these data were not available. Furthermore, tissue analysis of
extended RAS/BRAF mutations was not available for
ASPECCT. A greater understanding of the impact of other
mutations would be interesting and possibly clinically useful.

Conclusions

The EGFR p.S492R mutation was detected in 1.1% of che-
motherapy refractory KRAS wild-type mCRC patients treated
with panitumumab and in 16.1% of patients treated with

cetuximab using a sensitive analysis technique (ddPCR), simi-
lar to results from prior publications. Mutations were not
observed in pretreatment plasma samples, providing additional
confidence in the low error rate of this assay and indicating that
this resistance mutation probably arose as a result of predomi-
nantly cetuximab therapy. “Liquid biopsy” in combination
with sensitive molecular testing may be feasible in patients
with mCRC, with the potential to improve patient selection,
detect disease progression and the emergence of resistance, and
thereby guide therapeutic decisions. Rechallenge protocols
could be developed using induced EGFR mutation analysis as
a treatment guide. These protocols could also be useful for
other mutations that may develop, such as additional cetux-
imab-induced mutations and newly identified panitumumab-
induced mutations. It is possible that the different emerging
mutations that arise may indicate subtle differences in the
mechanism of action of the two monoclonal antibodies, possi-
bly due to differences in their binding mechanisms.

Patients and methods
In vitro receptor binding and activity assays

In this analysis, the binding of panitumumab and cetuximab to
wild-type EGFR or mutant EGFR p.S492R was analyzed in
transduced Chinese hamster ovary cells by flow cytometry. The
activity of panitumumab and cetuximab on wild-type EGFR and
mutant EGFR p.S492R was assessed by immunoblotting.

Mutational analyses

Patient plasma samples from ASPECCT (ClinicalTrials.gov,
NCT01001377) were collected before treatment and at the
safety follow-up visit 4 weeks after the last dose of anti-
EGFR therapy. Testing of the safety-follow-up samples was
conducted without any knowledge of the treatment the
patient had received, and the analysis plan was finalized
before any data were transferred. Subsequently, the pretreat-
ment samples for the mutation-positive patients and
a randomly selected sample from patients expressing wild-
type EGFR were analyzed. Mutation frequency in EGFR
codon 492 was monitored in patient plasma samples using
droplet digital polymerase chain reaction (ddPCR) on
a BioRad Qx100 instrument. The ddPCR assay partitions
a plasma sample into thousands of discrete amplification
events, counting individual target molecules, thereby allowing
the detection of rare mutations. The ddPCR assay has several
advantages over the standard quantitative polymerase chain
reaction (qQPCR) assay, specifically improved precision, sensi-
tivity, and reproducibility. The ddPCR can detect <1.1-fold
differences compared with twofold differences for qPCR; end-
point analysis is less sensitive to inhibitors with ddPCR, and
there is no PCR bias due to efficiency of the assays, there is no
normalization to housekeeping genes required, and there are
no standard curves.

The ddPCR assay was conducted using a basic TagMan®
assay (ThermoFisher Scientific, Waltham, MA) and a single
primer set. A multiplex of four primers/probes was used to



target three point mutations (i.e., nucleotide changes, C1476A
[AGA], C1476G [AGG], and A1474C [CGC]) as well as wild-
type EGFR [i.e., corresponding nucleotide, AGC]. The assay
was designed to detect the presence of the EGFR p.S492R
mutation in plasma using a sliding threshold for positivity at
0.2% at high DNA concentrations (i.e., >20,000 copies) and 1%
at low DNA concentrations (i.e., 2000 copies). The thresholds
were selected to ensure samples labeled mutant were truly
mutant with a posterior probability of at least 99.0%. The false-
positive rate was approximately 1 in 16,5000.

Survival analyses

PFS and OS were assessed for all patients with evaluable
safety-follow-up samples. PFS and OS were also assessed in
pre-specified patient subgroups (i.e., those with tumors
expressing wild-type EGFR and those with tumors expressing
the EGFR p.S492R mutation). Kaplan-Meier curves depicting
cumulative probability of OS and PFS were developed.
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