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Abstract

Background Understanding the molecular mechanisms of colorectal cancer has evolved during the last decade ushering the era of
personalized medicine. Alteration of BRAF and PI3K is common in colorectal cancer, and can affect several signaling pathways
including EGFR (epidermal growth factor receptor). The aim of this meta-analysis is to evaluate the clinical role of PI3K and
BRAF mutations in patients with KRAS wild-type metastatic colorectal cancer (MCRC) receiving an EGFR monoclonal
antibody (anti-EGFR) inhibitor as first-line therapy.

Methods A literature search was performed to identify studies exploring the association between PI3K/BRAF mutations and
clinical outcomes of KRAS wild-type mCRC patients treated with anti-EGFR as a first-line therapy. The primary clinical
outcome was overall response rate (ORR). The secondary outcomes included progression-free survival (PFS) and overall
survival (OS). The pooled relative risk (RR) or hazard ratio (HR) was estimated by using fixed-effect model or random effect
model according to heterogeneity between studies.

Results Ten studies with 1470 mCRC patients (357 for PI3K studies and 1113 from BRAF studies) met selection criteria. We
observed a trend towards lower ORR in patients with PI3K mutations (3 studies, 357 patients; ORR = 14.3% in mutant-type PI3K
vs. 52.4% in wild-type PIK3CA [95% CI — 0.12-0.02]; P = 0.13). Patients with mutant-type PI3K have significant shorter PFS (3
studies, 357 patients, 3.8 vs. 4.15 months, HR = 1.36; [95% CI 1.04—1.77]; P =0.02]), and OS (3 studies, 357 patients, 14.17 vs.
16.3 months, HR =1.50; [95% CI 1.14-1.97]; P=0.004) compared to those with wild PI3K. For BRAF, patients with mutant
type have significantly lower ORR (7 studies, 1113 patients; ORR = 33% vs. 39%; [95% CI —0.16-0.01]; P = 0.03), shorter PFS
(5 studies, 814 patients, 3.9 vs. 5.7 months, HR = 1.72; [95% CI 1.47-2.01]; P=0.00001), and shorter OS (4 studies, 766 pts., 9.1
vs. 18.9 months, HR = 1.22; [95% CI 1.04—-1.44]; P=0.01) compared to those with wild-type.

Conclusion This analysis suggests that patients with mCRC and either PI3K or BRAF mutation may have a lower response and
worse outcome when treated with anti-EGFR in the first line. Given their worse outcome, routine testing for BRAF and PI3K
mutational status should be considered. Novel therapeutic approaches are needed for patients with mutations in BRAF or PI3K.
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cancer. EGFR is a transmembrane tyrosine kinase receptor.
Upon binding its ligand, EGFR activates two downstream
signaling pathways: the RAS-RAF-MAPK axis, mainly in-
volved in cell proliferation and the PI3K-PTEN-AKT path-
way, mainly involved in cell survival and motility [3]. The
chimeric mouse—human monoclonal antibody cetuximab and
the fully human monoclonal antibody panitumumab bind to
the extracellular domain of EGFR and inhibit downstream
activation of these pathways. Cetuximab and panitumumab
are used alone or in combination with chemotherapy, as first
or subsequent lines of therapy in patients with metastatic
disease.

Molecular predictors of response can improve the response
rate, and avoid administration of ineffective, expensive, and
potentially toxic treatments [4]. In colorectal cancer, increased
copy number of EGFR was associated with increased re-
sponse rate [5]. However, their somatic mutations were found
to be rare in CRC, they may be clinically significant in
selecting appropriate candidates for EGFR inhibitors [6].
Basic and clinical research has also focused on the role for
activating mutations in the RAS-RAF-MAPK and PI3K-
PTEN-AKT pathways. The hypothesis is that oncogenic mu-
tations of effectors in these pathways, leads to constitutive
activation of downstream signaling, circumventing EGFR in-
hibition. Mutation in RAS gene, found in 35-45% of patients
with colorectal cancer [7], has been validated as a predictor of
resistance to EGFR inhibitors, and therefore treatment is cur-
rently restricted to cancers with wild-type RAS. Among tu-
mors with wild-type RAS, mutations of BRAF, PI3K, and
PTEN loss of expression have been independently associated
with resistance to EGFR inhibitors [8]; however, evidence is
not yet sufficient to incorporate them into clinical practice.
BRAF is the principal downstream effector of RAS, and mu-
tations in BRAF and RAS are mutually exclusive [9]. The
V600E, the most common oncogenic mutation of BRAF, is
present in 10% of CRC [10]. The PI3K gene encodes for a
lipid kinase that regulates, along with RAS, signaling path-
ways downstream of the EGFR. In this study, we did a sys-
tematic comparative analysis to evaluate the clinical effect of
PI3K and BRAF mutations in patients with wild-type RAS
metastatic colorectal cancer patients treated with first-line
EGFR inhibitors.

Patients and Methods
Identification of Trials

Previously published trials and meta-analyses on this topic
were systematically identified through computerized search
of CENTRAL, MEDLINE, Embase, and relevant abstracts
from the annual meeting of American Society of Clinical
Oncology and American Association of Cancer Research.
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For the search, the following terms were used: PI3K/BRAF
mutations, KRAS wild-type, and metastatic colorectal cancer.
In addition, a manual search of potentially relevant systematic
reviews was done to identify additional eligible trials. Authors
who took part in this meta-analysis were also asked to identify
and review the included trials.

Eligibility Criteria

Trials were independently reviewed by four of the authors for
eligibility criteria. All prospective, randomized, non-random-
ized, and single-arm studies that met the inclusion criteria
were identified and included in the analysis. Trials included
patients with wild-type KRAS and PI3K/BRAF mutated met-
astatic colorectal cancer that had received anti-EGFR mAb
either as monotherapy or in combination with chemotherapy.
Studies were included if at least one of the outcome measures
was extractable in an analyzable form: response rate (RR),
progression-free survival (PFS), time to progression (TTP),
relapse-free survival (RFS), disease-specific survival (DSS),
and overall survival (OS). Trials with non-metastatic colorec-
tal cancer, KRAS mutation status not defined, refractory to
chemotherapy or targeted therapy, or anti-EGFR mAb not in
the first-line treatment were excluded. Retrospective trials and
case series were excluded.

Data Extraction and Statistical Analysis

The data collected from each study included median age, gen-
der, phase of study, gender, tumor site, number of patients with
wild and mutated BRAF or PI3K. The primary clinical out-
come is RR. The secondary outcomes include PFS and OS.
All data were checked for internal consistency and compared
with the trial’s protocol and published reports. The weighted
mean of PFS and OS was compared between the wild and
mutated groups from those studies that reported the data.

Analysis

Trials were grouped according to mutated vs. wild-type BRAF
or PI3K. Median follow-up was computed by the potential
follow-up method. Analysis for ORR, OS, and PFS were strat-
ified by trial, and the pooled relative risk (RR) or hazard ratio
(HR) was estimated by using fixed-effect model or random
effect model according to heterogeneity between studies. All
analyses were performed using comprehensive meta-analysis
software (CMA version 2.0) and SAS statistical package V9.3
(SAS institute, Inc., Cary, North Carolina). The differences in
outcomes are presented as pooled proportions and demonstrat-
ed as forest plots.
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Fig. 1 Consort diagram outlining
the study selection
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analysis (n=10)

Results

Through search by title in about 400 trials using the
search strategy (Mutated BRAF, PI3K, AND wild KRAS
AND metastatic colorectal cancers), 30 studies were iden-
tified. Twenty of them did not fit the inclusion criteria and
were excluded from final analysis. A total of 10 studies (3
with PI3K mutation, and 7 studies with BRAF mutation)
with 1470 mCRC patients qualified for inclusion and

were retrieved (Fig. 1). The number of patients who met
the selection criteria was 357 with PI3K mutation and
1113 with BRAF mutation. Median age in these studies
was 62 years old. All included patients have wild-type
KRAS and received EGFR-targeted monoclonal antibod-
ies with either cetuximab or panitumumab in combination
with chemotherapy in the frontline setting. Treatment out-
comes include (RR, PFS, and median OS) were available
in the included studies.

Table 1 Clinical outcome of
mutant vs wild PI3K in Kras wild

CRC

Clinical outcome PI3K mutant PI3K wild HR, 95% CI P value
ORR 14.3% 52.4% —0.12-0.02 0.13
PFS (month) 3.8 4.15 1.04-1.77 0.02
Overall survival (month) 14.17 16.3 1.14-1.97 0.004
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Table 2 Clinical outcome of
mutant vs. wild BRAF in Kras

wild CRC

Clinical outcome BRAF mutant BRAF wild HR, 95% CI P value
ORR 33% 39% -0.16-0.01 0.03
PFS (month) 5.7 1.47-2.01 0.00001
Overall survival (month) 18.9 1.04-1.44 0.01

Objective Response Rate (ORR)

There was no statistically significant difference between RR in
patients with mutant vs. wild PI3K (3 studies, 357 patients;
RR =14.3% for mutant PI3K vs. 52.4% for wild-type; 95%
CI—0.12-0.02; P=0.13). For BRAF, patients with mutant
type have significant lower RR (7 studies, 1113 patients;
RR =33% for mutant vs. 39% for wild; 95% CI —0.16—
0.01; P=10.03) are shown in (Tables 1 and 2; Fig. 2).

Progression-Free Survival (PFS)

Patients with mutant-type PI3K have significant shorter PFS
(3 studies, 357 patients, 3.8 vs. 4.15 months, HR = 1.36; 95%
CI 1.04-1.77; P =0.02 for mutant vs. wild-type respectively),
and patients with mutant BRAF have significant shorter PFS

(5 studies, 814 pts., 3.9 vs. 5.7 months, HR =1.72; 95% CI
1.47-2.01; P=0.00001 for mutant vs. wild-type respectively).
The weighted pool for the median PFS rates for patients treat-
ed with mutant vs. wild P3IK and BRAF are shown in
(Tables 1 and 2, Fig. 3a, b).

Overall Survival

Patients with mutant PI3K have significantly lower OS com-
pared to those with wild PI3K (3 studies, 357 patients, 14.17 vs.
16.3 months, HR =1.50; 95% CI 1.14-1.97; P =0.004). In ad-
dition, patients with mutant BRAF have shorter OS compared
to those with wild-type (4 studies, 766 patients, 9.1 vs. 18.9
months, HR = 1.22; 95% CI 1.04—1.44; P=0.01). The weight-
ed pooled median OS for patients treated with mutant vs. wild
PI3Kand BRAF are shown in (Tables 1 and 2, Fig. 4a, b).
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Fig. 2 Associations of PI3K and BRAF mutations with the objective response
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Discussion

EGFR is a glycoprotein of 170 kDa, encoded by a gene locat-
ed on chromosome 7p12 [11]. It has been identified in many
human epithelial cancers, including colorectal cancers, pan-
creatic, lung, and head and neck cancers [12]. Anti-EGFR
monoclonal antibodies have a central role in the treatment of
metastatic colorectal cancer. Cetuximab and panitumumab
bind to the EGFR and inhibit the downstream activation of
the RAS-RAF-MAPK and PI3K-PTEN-AKT pathways [13].
Patients with activating KRAS, NRAS, and HRAS mutations
impose resistance to the EGFR monoclonal antibodies [14]. In
patients with KRAS wild-type tumors, the response rate to the
monoclonal antibodies remains between 10 and 20% [15].
Thus, further research is needed to identify predictive
biomarkers.

This meta-analysis considers the results of 10 studies that
include 1470 patients with KRAS wild-type metastatic colo-
rectal cancer treated with anti-EGFR monoclonal antibodies
in the first-line setting. All the studies looked at the effect of
the having the mutations on the RR, the PFS, and the OS.

Regarding the BRAF mutation, the meta-analysis showed
that patients with wild-type BRAF had significantly better
RR, PFS, and OS. Although the individual studies did not
show a significant difference in terms of RR and most did
not show a significant difference in terms of PFS and OS,
the increased sample size in the meta-analysis did confirm
the potential role of BRAF mutation as predictor of EGFR
activity. A meta-analysis of randomized control trials by
Pietrantino et al. showed that the addition of cetuximab or
panitumumab to standard treatment did not show significant
improvement in the PFS (HR = 0.88; P=0.33) and OS (HR =
0.91; P=0.63) in patients with KRAS wild-type, BRAF mu-
tated subgroup [16]. These results support the need to identify
BRAF mutations prior to initiation of treatment.

In terms of the PI3K mutation, the meta-analysis showed a
significant difference in PFS and OS, but not for RR. Sartore-
Bianchi et al. analyzed 110 patients with CRC, reporting a
significant resistance to EGFR-targeted therapy in the 13.6%
of PI3K-mutated cancers with none of the mutated patients
achieving objective response (P = 0.038) [17]. The prognostic
value of the PI3K mutation on mCRC was also shown by
similar studies [18, 19]. These results support the need to
consider PI3K mutations prior to initiation of treatment with
anti-EGFR antibodies.

Our results documented that in addition to extended RAS
mutation, which is present in about 50% of patients with co-
lorectal cancer [8], the RAS-RAF-MAPK and PI3K-PTEN-
AKT pathways also have activating mutations that might af-
fect the response to treatment with the EGFR monoclonal
antibodies.

Previous studies have revealed difference in outcome to
cetuximab between left- and right-sided CRC [20]. Results
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showed that patients with metastatic left side exhibited a better
outcome with cetuximab plus chemotherapy when compared
to patients with right-sided CRC [20, 21]. This interesting
observed phenomenon may be explained by difference in ge-
nomic and biology patterns include molecular markers be-
tween left- and right-sided CRC. BRAF mutations are more
frequent in right-sided tumors [22], which might partly ex-
plain the higher response rate to cetuximab in patients with
left-sided CRC.

In conclusion, despite recent advancement in EGFR-
targeted therapy, mechanism of resistance in CRC needs fur-
ther investigation. RAS mutations are the leading cause of
resistance to anti-EGFR therapies; other contributing factors
appear to influence resistance include activation of the BRAF
or PI3K pathway. This meta-analysis suggests that mutations
in the PI3K and BRAF are important biological markers of
resistance to the EGFR monoclonal antibodies in patients with
KRAS wild-type metastatic colorectal cancer, and further pro-
spective trials need to assess the roles of these activated mu-
tated genes.
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