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Abstract

Background Colorectal carcinomas (CRCs) are sensitive
to treatment by anti-epidermal growth factor receptor
(EGFR) antibodies only if they do not carry activating
mutations in down-stream EGFR targets (KRAS/NRAS/
BRAF). Most clinical trials for chemo-naive CRC patients
involved combination of targeted agents and chemother-
apy, while single-agent cetuximab or panitumumab studies
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included either heavily pretreated patients or subjects who
were not selected on the basis of molecular tests. We
hypothesized that anti-EGFR therapy would have signifi-
cant efficacy in chemo-naive patients with KRAS/NRAS/
BRAF mutation-negative CRC.

Methods Nineteen patients were prospectively included in
the study.

Results Two (11%) patients experienced partial response
(PR) and 11 (58%) subjects showed stable disease (SD).
Median time to progression approached 6.1 months (range
1.6-15.0 months). Cetuximab efficacy did not correlate
with RNA expression of EGFR and insulin-like growth
factor 2 (IGF2). Only one tumor carried PIK3CA mutation,
and this CRC responded to cetuximab. Exome analysis of
patients with progressive disease (PD) revealed 1 CRC
with high-level microsatellite instability and 1 instance of
HER?2 oncogene amplification; 3 of 4 remaining patients
with PD had allergic reactions to cetuximab, while none of
the subjects with PR or SD had this complication. Com-
parison with 19 retrospective KRAS/NRAS/BRAF mutation-
negative patients receiving first-line fluoropyrimidines
revealed no advantages or disadvantages of cetuximab
therapy.

Conclusions Cetuximab demonstrates only modest effi-
cacy when given as a first-line monotherapy to KRAS/
NRAS/BRAF mutation-negative CRC patients. It is of
question, why meticulous patient selection, which was
undertaken in the current study, did not result in the
improvement of outcomes of single-agent cetuximab
treatment.
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Key Points

This study evaluated upfront cetuximab
monotherapy in 19 KRAS/NRAS/BRAF mutation-
negative CRC patients; 2 (11%) partial responses
and 11 (58%) instances of disease stabilization were
observed.

Median time to progression approached 6.1 months.

Exome sequencing of tumors from patients with
progressive disease suggested that microsatellite
instability and HER2 amplification may render
resistance to cetuximab.

1 Introduction

There is a diversity of drugs utilized for the therapy of
metastatic colorectal cancer (CRC), including fluoropy-
rimidines, oxaliplatin, irinotecan, antiangiogenic agents
and anti-epidermal growth factor receptor (EGFR) anti-
bodies. These agents are usually applied in combination,
especially in the early lines of treatment, given that the
drug doublets or triplets produce significantly higher
response rates (RR) and longer progression-free survival
(PFS) as compared to single agents [1]. An alternative
approach implies sequential use of the CRC-specific drugs,
at least in some clinical circumstances [2]. Proponents of
sequential therapy acknowledge its good safety profile,
potential availability of distinct medical options during
almost the entire duration of the treatment, and non-inferior
results of overall outcomes demonstrated in some clinical
trials. Although there are some clinical criteria guiding the
choice between different CRC drugs, acting either in
combination or alone, the selection of optimal treatment,
especially in the first line, remains largely empirical [3].
While the indications for the use of cytotoxic drugs and
antiangiogenic compounds remained relatively constant in
the past, there was a remarkable progress with regard to
personalization of anti-EGFR therapy. First clinical trials
on cetuximab and panitumumab involved CRC patients
selected on the basis of tumor immunohistochemical (IHC)
staining for EGFR. This inclusion criteria later turned out
to be erroneous, given that EGFR IHC-positive CRC
patients have the same treatment outcomes as the EGFR
non-expressors [4-6]. It was subsequently revealed that
CRC with mutated KRAS oncogene have almost null
probability of response to EGFR-specific therapy, and the
appropriate testing was quickly approved for the clinical
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use [7]. This allowed the exclusion of approximately 40%
of CRC cases from anti-EGFR therapy, thus significantly
enriching the patient population by potential responders.
Early genetic tests considered only the most frequent KRAS
mutations, i.e. nucleotide substitutions affecting codons 12
and 13. Additional studies revealed that other mutations in
KRAS oncogene, including hot-spots in codons 61 and 146,
as well as NRAS mutations (codons 12, 13, 61, 146, etc.),
also contribute to resistance to cetuximab and panitu-
mumab. Current treatment guidelines require comprehen-
sive KRAS/NRAS testing, by which more than a half of
CRC patients turn out to be illegible to receive anti-EGFR
therapy [8]. In addition, a couple of studies demonstrated
the role of BRAF mutations in determining non-response to
EGFR-specific antibodies [9]. Although not included in
minimal diagnostic standards, BRAF testing is likely to
allow further enrichment of patient population by potential
responders.

Early trials on cetuximab or panitumumab involved
heavily pretreated, genetically unselected patients, how-
ever demonstrated response rates close to 10% [10]. Given
that comprehensive KRAS/NRAS/BRAF analysis may
increase the proportion of potential responders by
approximately three times, and that many known cancer
drugs demonstrate higher efficacy in early lines of therapy,
it appears feasible to investigate the activity of anti-EGFR
monotherapy in the first-line setting. Upfront monotherapy
by targeted agents allows to delay administration of cyto-
toxic drugs and is frequently used in the treatment of
breast, prostate, lung and some other cancer types [11-13].
Here, we present the results of a prospective trial of first-
line cetuximab in KRAS/BRAF/NRAS mutation-negative
patients with metastatic colorectal cancer, coupled with
additional molecular analysis of tumor tissue.

2 Patients and Methods
2.1 Patients

Single-agent cetuximab was offered to 19 patients with
treatment-naive, asymptomatic, metastatic, KRAS/BRAF/
NRAS mutation-negative CRC, who were referred to the
Cancer City Center (St. Petersburg, Russia) between
August 2013 and October 2014. Patients, who experienced
dramatic disease manifestation or looked to be potential
candidates for subsequent cytoreductive surgery, were
excluded from the screening and subjected to combination
therapy. Cetuximab was administered intravenously at the
loading dose of 400 mg/m* followed by 250 mg/m?>
weekly. All patients provided informed consent. The study
was approved by the local Ethics Committee. In addition to
prospective study of CRC patients receiving cetuximab, we
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also performed a retrospective analysis of treatment out-
comes for patients receiving other single-agent therapies

(Fig. 1).
2.2 Molecular Analysis

Patient selection was based on the exclusion of CRCs
carrying KRAS, NRAS or BRAF mutations. Nucleic acid
isolation was performed according to a standard protocol
[14]. Nucleotide substitutions in hot-spot codons were
detected as described by Yanus et al [15]. KRAS and NRAS
exons 2-4 were further analyzed by the high-resolution
melting (HRM) and Sanger sequencing in CRC samples
lacking the recurrent mutations in the above genes (see
primers in supplementary Table S1)

All colorectal carcinomas included in the cetuximab
study were tested for a number of potential predictive
markers. PIK3CA analysis was performed as reported in
Yanus et al [15]. EGFR expression and IGF2 expression
were tested using quantitative real-time PCR (see primers
in supplementary Table S1). In addition, based on the
results obtained by the whole exome sequencing (WES),
cetuximab-treated CRCs were analyzed for microsatellite
instability [15] and HER2 amplification (supplementary
Table S1).

WES analysis of tumor DNA was performed for those
CRCs that demonstrated the disease progression on
cetuximab monotherapy. Preparation of libraries was done
using Nextera Rapid Capture Exome kit. Sequencing runs
were performed on the MiSeq instrument (Illumina, USA)
with at least 50x coverage. Bioinformatic analysis utilized

MuTect2 and GATK software tools for the identification of
somatic mutational events [16]. Consideration of poten-
tially significant (driver) mutation relied on the known
functions of involved genes as well as on the Combined
Annotation Dependent Depletion (CADD) scores [17].

2.3 Statistical Analysis

Fisher’s exact test and chi-squared test for linear trend were
used to assess the association between objective response
and clinical parameters of CRC (primary CRC location,
characteristics of metastatic lesions, allergic reactions, skin
toxicity, etc.). Continuous variables (time to progression,
overall survival, RNA expression, etc.) were evaluated by
Independent-Sample Median Test. The P <0.05 was set at
a threshold for statistical significance. All statistical anal-
yses were performed using SPSS Statistics software (Ver-
sion 23.0, Armonk, NY 10504-1722, USA).

3 Results

Front-line cetuximab was applied to 19 KRAS/NRAS/BRAF
mutation-negative patients with metastatic CRC (Table 1).
No patients demonstrated complete response (CR). Two
(11%) subjects (#11 and #20) experienced partial response
(PR); the duration of response was 6.1 and 7.9 months,
respectively. Eleven (58%) patients showed disease stabi-
lization and 6 (32%) had progressive disease. The total rate
of clinical benefit was 68%. Median time to progression
approached 6.1 months (range 1.6—-15.0 months).
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Cetuximab in Chemo-Naive Patients with KRAS/NRAS/BRAF Mutation-Negative CRC

Table 2 Correlations between CRC characteristics and outcome of cetuximab therapy

Clinical and molecular Response (RECIST) P value Time to progression, (median, P value
parameters - - — months)
Progressive disease Clinical benefit
(PD), % (OR 4+ SD), %
Allergic reactions 0.021 0.004
No (n = 16) 3 (18.8%) 13 (81.3%) 6.9 [1.7-15.0]
Yes (n = 3) 3 (100%) 0 (0.0%) 1.7 [1.6-1.7]
Primary CRC location 1.000 0.898
Left (n = 13) 4 (30.8%) 9 (69.2%) 6.1 [1.6-15.0]
Right (n = 6) 2 (33.3%) 4 (66.7%) 5.8 [1.7-9.2]
Metastatic lesions 0.046 0.701
Liver (n = 13) 2 (15.4%) 11 (84.6%) 6.4 [1.6-9.2]
Other (n = 6) 4 (66.7%) 2 (33.3%) 2.8 [1.7-15.0]
EGFR 0.17 [0.03-0.44] 0.08 [0.03-0.17] 0.090 Spearman’s p correlation: — 0.420 0.105
RNA expression, median
IGF2 17.8 [0.73-33.8] 45.2 [2.14-13034.0] 0.069 Spearman’s p correlation: 0.227 0.399

RNA expression, median

CRC colorectal cancer, PD progressive disease, OR objective response, RECIST response evaluation criteria in solid tumors, SD stable disease

We considered clinical predictors of cetuximab efficacy.
Allergic reactions to cetuximab were significantly associ-
ated with treatment failure as all three patients demon-
strating this adverse effect showed progressive disease
(P = 0.021). Patients with metastatic spread to the liver
tended to have a higher probability of clinical benefit as
compared to other CRC cases (P = 0.046). There were no
differences in cetuximab sensitivity for the left-sided ver-
sus right-sided tumors (Table 2).

The response to anti-EGFR antibodies is known to be
independent of the level of EGFR expression as determined
by immunohistochemical (IHC) analysis [4-6]. IHC diag-
nostic antibodies usually recognize a certain epitope of the
target molecule and may therefore miss some protein iso-
forms. We hypothesized that the measurement of EGFR
expression on the level of RNA may be of value in pre-
dicting the response to cetuximab; however, the amount of
EGFR transcript did not correlate with the treatment out-
come (Tables 1, 2).

PIK3CA mutations may contribute to the EGFR-inde-
pendent activation of mTOR signaling pathways and were
long considered predictive for resistance to EGFR-directed
therapy. The analysis of predictive value of PIK3CA
mutation is compromised by their frequent coexistence
with RAS mutations [15]. In agreement with this, only 1 out
of 19 KRAS/NRAS/BRAF-mutation-negative tumors inclu-
ded in the study contained PIK3CA mutation. This patient
was characterized by a partial response to cetuximab
(Table 1).

Insulin-like growth factor 2 (IGF2) overexpression was
shown to be associated with poor therapeutic efficacy of

EGFR inhibition [18]. However, the amount of IGF2 did
not correlate with cetuximab efficacy in the present data set
(Tables 1, 2).

Tumors from all six patients characterized by the disease
progression upon first-line cetuximab treatment were sub-
jected to the whole exome sequencing. Plausible explana-
tion for the lack of response to cetuximab was obtained in 2
cases (CRC #14 and CRC #24). CRC #14 with upfront
progression on anti-EGFR therapy was shown to carry
HER?2 amplification (Table 1), which was accompanied by
evident HER?2 overexpression (data not shown). We further
analyzed HER? status in the remaining CRCs. One addi-
tional case of HER2 amplification and overexpression was
identified; this patient (#22, Table 1) was characterized by
stable disease lasting for 6 months. Another CRC pro-
gressing on cetuximab therapy was shown to have a high-
level microsatellite instability, MSI-H (patient #24,
Table 1). None of other tumors had microsatellite insta-
bility-high (MSI-H) phenotype (Table 1). The exome
analysis of tumor DNA from the remaining four patients
did not reveal overt candidates for determinants of cetux-
imab resistance (data not shown); it is essential to keep in
mind that three of these four patients showed allergic
reactions to cetuximab, which could significantly com-
promise the response to the treatment.

We further retrieved retrospective data on patients
receiving single-agent cytotoxic fluoropyrimidine therapy
as an upfront treatment. Treatment outcomes were similar
between KRAS/NRAS/BRAF wild-type patients receiving
either anti-EGFR antibody or 5-fluorouracil (5-FU) based
regimens (Table 3; supplementary Tables S2, S3).
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Table 3 Treatment outcomes in CRC patients receiving single-agent first-line therapy

Characteristics of CRC patients KRAS/NRAS/BRAF wild-type KRAS/NRAS/BRAF mutated P value
Cetuximab (n = 19) Fluoropyrimidines (n = 19) Fluoropyrimidines (n = 32)
Age (median [range], years) 66 [49-85] 64 [44-84] 68 [56-87] 0.814
Gender 0.546
Males 9 (47.4%) 9 (47.4%) 11 (34.4%)
Females 10 (52.6%) 10 (52.6%) 21 (65.6%)
Number of metastatic zones 0.053
0 0 (0%) 1 (5.3%) 1 3.1%)
1 7 (36.8%) 16 (84.2%) 21 (65.6%)
2 10 (52.6%) 2 (10.5%) 8 (25.0%)
3 2 (10.5%) 0 (0.0%) 2 (6.3%)
CRC location 0.753
Left 13 (68.4%) 15 (78.9%) 24 (75.0%)
Right 6 (31.6%) 4 (21.2%) 8 (25.0%)
Tumor response 0.928
Objective response 2 (10.5%) 1 (5.2%) 2 (6.3%)
Stable disease 11 (57.9%) 13 (68.4%) 22 (68.8%)
Progressive disease 6 (31.5%) 5 (26.3%) 8 (25.0%)
Time to progression (median [range], 6.1 [1.6-15.0] 6.7 [1.4-18.0] 3.8 [0.5-21.2] 0.150
months)
Overall survival (median [range], 14.9 [4.0-36.0] 18.4 [3.8-68.5] 12.7 [2.4-42.5] 0.169

months)

CRC colorectal cancer

Fluoropyrimidine-treated patients with mutated KRAS or
NRAS showed numerically shorter time to progression and
overall survival as compared to patients with the wild-type
RAS, although this difference did not reach statistical sig-
nificance (Table 3).

4 Discussion

There are a significant number of studies assessing anti-
EGFR monotherapy CRC patients, but most involved
heavily pretreated patients and/or did not utilize mutation
tests for exclusion of potential non-responders
[5, 6, 10, 19-26]. Despite these apparent limitations,
objective tumor response was observed in approximately
10% of analyzed subjects. Few studies utilized a distinct
design. Pessino et al [27] administered cetuximab to 31
chemo-naive patients with advanced CRC. Despite the fact
that RAS testing was not exercised at the time of this study,
1 patient had CR, 3 experienced PR and 13 subjects had
disease stabilization; the time-to-progression in 4 respon-
ders approached clinically meaningful estimates, being 12,
9, 9 and 6 months, respectively. Similar investigation
involving 41 elderly patients was undertaken by Sastre et al
[28]; 18 patients were KRAS wild-type, 5 had KRAS
mutation and 18 had unknown KRAS status. Five of 18
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patients with wild-type KRAS experienced objective tumor
response, and 7 patients remained progression-free at
12 weeks since the beginning of cetuximab therapy. Con-
trary to other single-agent anti-EGFR therapy studies,
Pietrantonio et al [29] implemented comprehensive
molecular testing for the patient selection and excluded
subjects with KRAS, NRAS and BRAF mutations from the
treatment. This study included 40 elderly subjects, 10 of
whom were chemo-naive and 30 who had experienced
prior chemotherapy. Among 10 patients receiving upfront
cetuximab, PR was documented in 4 (40%) cases, and 3
(30%) subjects had stable disease (all lasting for more than
4 months); progression-free and overall survival approa-
ched 7.0 and 12.3 months, respectively. Similar estimates
were obtained in 30 subjects receiving cetuximab after
chemotherapy failure.

Our patient series is apparently the largest study utiliz-
ing both the administration of anti-EGFR single-agent
therapy in treatment-naive patients and the use of com-
prehensive molecular testing for exclusion of potentially
resistant patients. Despite these apparent strengths, the
clinical outcomes of this study are modest at best,
demonstrating a relatively low response rate (11%) and a
limited number of patients experiencing disease control
(68%). However, the duration of the time to progression in
patients with clinical benefit from cetuximab appears to be
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clinically acceptable, being 6 months or longer in 11/13
(85%) cases. It is important to acknowledge, that some of
the patients, who were included in this study and pro-
gressed on cetuximab, would have been likely to have
received other treatment options if they were diagnosed
today (#14 and # 24, see Table 1). For example, MSI-H
CRC:s benefit significantly from immune checkpoint mod-
ulators [30], and HER2-driven CRCs are likely to be
considered for HER2-specific therapy [31]. Three of six
patients with progressive disease suffered from cetuximab-
induced grade 3 allergy, and all of these three patients
lacked known molecular determinants associated with anti-
EGFR therapy resistance. One may speculate that the lack
of benefit from EGFR-directed treatment in these patients
is related, not to the tumor resistance but to systemic
reaction to the drug.

5 Conclusion

This investigation considered colorectal cancer patients
receiving single-agent therapy as an upfront treatment. The
observed outcomes were relatively poor, irrespective of
whether these patients received cetuximab (prospective
study) or fluoropyrimidines (retrospective analysis)
(Table 3). This can be attributed both to the limited effi-
cacy of monotherapy per se and by negative selection of
the patients; indeed, current guidelines encourage more
effective combination regimens to virtually all subjects
with newly diagnosed metastatic CRC, who may be con-
sidered as potential candidates for cytoreductive surgery
and/or likely to tolerate intensive systemic treatment [1, 3].
Cetuximab demonstrated only modest therapeutic activity
when given as a monotherapy to treatment-naive KRAS/
NRAS/BRAF mutation-negative metastatic CRC patients.
The efficacy of cetuximab in this category of CRC cases
was comparable to that of single-agent fluoropyrimidines.
It remains to be explained why meticulous selection of the
patients, which was carried out within this study, did not
result in remarkable improvement of cetuximab efficacy as
compared to historical controls.
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