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Outcomes
Relevant outcomes include:
• Overall survival
• Disease-specific survival
• Change in disease status
• Medication use
• Resource utilization
• Treatment-related morbidity

DESCRIPTION
The epidermal growth factor receptor (EGFR) is overexpressed in colorectal cancer
(CRC). EGFR-targeted therapy, with the monoclonal antibodies cetuximab and
panitumumab, has shown clear survival benefit in patients with metastatic CRC.
However, this benefit depends on a lack of variants in certain genes in the signaling
pathway downstream from the EGFR. It has been hypothesized that knowledge of tumor
cell KRAS, NRAS, and BRAF variant status might be used to predict nonresponse to antiEGFR monoclonal antibody therapy.
OBJECTIVE
The objective of this policy is to determine whether genetic testing for KRAS, NRAS, and
BRAF improves the net health outcome in individuals with metastatic colorectal cancer by
predicting treatment response.
BACKGROUND
Cetuximab (Erbitux, ImClone Systems) and panitumumab (Vectibix, Amgen) are
monoclonal antibodies that bind to the EGFR, preventing intrinsic ligand binding and
activation of downstream signaling pathways vital for cancer cell proliferation, invasion,
metastasis, and stimulation of neovascularization.
The RAS-RAF-MAP kinase pathway is activated in the EGFR cascade. RAS proteins are G
proteins that cycle between active (RAS-GTP) and inactive (RAS-GDP) forms, in response
to stimulation from a cell surface receptor such as EGFR, and act as a binary switch
between the cell surface EGFR and downstream signaling pathways. The KRAS gene can
harbor oncogenic mutations that result in a constitutively activated protein, independent
of EGFR ligand binding, rendering antibodies to the upstream EGFR ineffective.
Approximately 40% of colorectal cancers have KRAS variants in codons 12 and 13 in
exon 2. Another proto-oncogene that acts downstream from KRAS–NRAS harbors
oncogenic variants in codons 12, 13, or 61 that result in constitutive activation of the
EGFR-mediated pathway. These variants are relatively rare compared with KRAS,
detected in perhaps 2% to 7% of CRC specimens. It is unclear whether NRAS mutations
predict poor response to anti-EGFR monoclonal antibody therapy or are prognostic of
poor CRC outcome in general. A third proto-oncogene, BRAF, encodes a protein kinase
and is involved in intracellular signaling and cell growth and is a principal downstream
effector of KRAS. BRAF mutations occur in less than 10% to 15% of CRCs and appear to
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be a marker of poor prognosis. KRAS and BRAF mutations are considered to be mutually
exclusive.
Cetuximab and panitumumab have FDA marketing approval for treatment of metastatic
CRC in the refractory disease setting. FDA approval for panitumumab indicates that
panitumumab is not indicated for the treatment of patients with KRAS or NRAS mutationpositive disease in combination with oxaliplatin-based chemotherapy.1
REGULATORY STATUS
Approved Companion Diagnostic Tests for KRAS Variant Analysis
Companion diagnostic tests for the selection of cetuximab and panitumumab have been
approved by FDA through the premarket approval process, including:
“The cobas® KRAS Mutation Test, for use with the cobas® 4800 System, [which] is a
real-time PCR [polymerase chain reaction] test for the detection of seven somatic
mutations in codons 12 and 13 of the KRAS gene in DNA derived from formalin-fixed
paraffin-embedded human colorectal cancer (CRC) tumor tissue. The test is intended
to be used as an aid in the identification of CRC patients for whom treatment with
Erbitux® (cetuximab) or with Vectibix® (panitumumab) may be indicated based on a
no mutation detected result.”2
“The therascreen® KRAS RGQ PCR Kit is a real-time qualitative PCR assay used on
the Rotor-Gene Q MDx instrument for the detection of seven somatic mutations in the
human KRAS oncogene, using DNA extracted from formalin-fixed paraffin-embedded
(FFPE), colorectal cancer (CRC) tissue. The therascreen KRAS RGQ PCR Kit is
intended to aid in the identification of CRC patients for treatment with Erbitux
(cetuximab) and Vectibix (panitumumab) based on a KRAS no mutation detected test
result.”2
Laboratory-Developed Tests for KRAS, NRAS, and BRAF Variant Analysis
Clinical laboratories may develop and validate tests in-house and market them as a
laboratory service; laboratory-developed tests must meet the general regulatory
standards of the Clinical Laboratory Improvement Amendments. KRAS, NRAS, and BRAF
variant analyses using polymerase chain reaction methodology are available under the
auspices of the Clinical Laboratory Improvement Amendments. Laboratories that offer
laboratory-developed tests must be licensed under the Clinical Laboratory Improvement
Amendments for high-complexity testing. To date, FDA has chosen not to require any
regulatory review of this test.

Current Procedural Terminology © American Medical Association. All Rights Reserved.
Contains Public Information

KRAS, NRAS, and BRAF Variant Analysis in Metastatic Colorectal Cancer

Page 4 of 26

POLICY
A. KRAS variant analysis may be considered medically necessary for patients with
metastatic colorectal cancer to predict nonresponse prior to planned therapy with
anti-epidermal growth factor receptor (EGFR) monoclonal antibodies cetuximab or
panitumumab.
B.

NRAS variant analysis may be considered medically necessary for patients with

C.

BRAF variant analysis may be considered medically necessary for patients with
metastatic colorectal cancer who are found to be wild-type on KRAS and NRAS

metastatic colorectal cancer to predict nonresponse prior to planned therapy with
anti-EGFR monoclonal antibodies cetuximab or panitumumab.

variant analysis to guide management decisions.

Policy Guidelines
There is support from the evidence and clinical input to use BRAF V600 variant testing
for prognostic stratification. Clinical input suggests that patients who are positive for this
variant may be considered for clinical trials.
It is uncertain whether the presence of a BRAF V600 variant in patients with metastatic
colorectal cancer who are wild-type on KRAS and NRAS variant analysis is predictive of
response to anti-epidermal growth factor receptor therapy. Furthermore, there is mixed
opinion in clinical guidelines and clinical input on the use of BRAF variant analysis to
predict response to treatment.
Genetics Nomenclature Update
Human Genome Variation Society (HGVS) nomenclature is used to report information on
variants found in DNA and serves as an international standard in DNA diagnostics. It is
being implemented for genetic testing medical evidence review updates starting in 2017
(see Table PG1). HGVS nomenclature is recommended by HGVS, the Human Variome
Project, and the HUman Genome Organization (HUGO).
The American College of Medical Genetics and Genomics (ACMG) and Association for
Molecular Pathology (AMP) standards and guidelines for interpretation of sequence
variants represent expert opinion from ACMG, AMP, and the College of American
Pathologists. These recommendations primarily apply to genetic tests used in clinical
laboratories, including genotyping, single genes, panels, exomes, and genomes. Table
PG2 shows the recommended standard terminology—“pathogenic,” “likely pathogenic,”
“uncertain significance,” “likely benign,” and “benign”—to describe variants identified that
cause Mendelian disorders.
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Table PG1. Nomenclature to Report on Variants Found in DNA
Previous
Mutation

Updated
Disease-associated
variant
Variant
Familial variant

Definition
Disease-associated change in the DNA sequence
Change in the DNA sequence
Disease-associated variant identified in a proband for use in
subsequent targeted genetic testing in first-degree relatives

Table PG2. ACMG-AMP Standards and Guidelines for Variant Classification
Variant Classification
Pathogenic
Likely pathogenic
Variant of uncertain significance
Likely benign
Benign

Definition
Disease-causing change in the DNA sequence
Likely disease-causing change in the DNA sequence
Change in DNA sequence with uncertain effects on disease
Likely benign change in the DNA sequence
Benign change in the DNA sequence

ACMG: American College of Medical Genetics and Genomics; AMP: Association for Molecular Pathology.

RATIONALE

The most recent literature review was performed for the period through May 10, 2018.
Evidence reviews assess whether a medical test is clinically useful. A useful test provides
information to make a clinical management decision that improves the net health outcome. That
is, the balance of benefits and harms is better when the test is used to manage the condition
than when another test or no test is used to manage the condition.
The first step in assessing a medical test is to formulate the clinical context and purpose of the
test. The test must be technically reliable, clinically valid, and clinically useful for that purpose.
Evidence reviews assess the evidence on whether a test is clinically valid and clinically useful.
Technical reliability is outside the scope of these reviews, and credible information on technical
reliability is available from other sources.
A large body of literature has shown that metastatic colorectal cancer (CRC) tumors with a
variant in exon 2 (codon 12 or 13) of the KRAS gene do not respond to cetuximab or
panitumumab therapy. More recent evidence has shown that variants in KRAS outside exon 2, in
exons 3 (codons 59 and 61) and exon 4 (codons 117 and 146), and variants in NRAS exon 2
(codons 12 and 13), exons 3 (codons 59 and 61), and exon 4 (codons 117 and 146) also predict
a lack of response to these monoclonal antibodies. Variant testing of these exons outside the
KRAS exon 2 is referred to as extended RAS testing.

K R AS Variant Testing to Guide Treatment for Metastatic CRC

Clinical Context and Test Purpose
The purpose of KRAS variant testing in individuals with metastatic CRC is to determine KRAS
variant status to guide treatment decisions with epidermal growth factor receptor
(EGFR)−targeted therapy with the monoclonal antibodies cetuximab and panitumumab.
The question addressed in this evidence review is: In individuals with metastatic CRC, does the
use of KRAS variant testing improve health outcomes?
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The following PICOTS were used to select literature to inform this review.

Patients

The relevant population of interest includes individuals with metastatic CRC.

Interventions

The test being considered is KRAS variant testing.

Comparators

The following test strategy is currently being used: no KRAS variant testing to guide treatment.

Outcomes

The beneficial outcomes of interest include progression-free survival (PFS) and overall survival
(OS).

Timing

The time frame for outcomes measures varies from several months to several years.

Setting

Patients with metastatic CRC are actively managed by oncologists.
Technically Reliable
Assessment of technical reliability focuses on specific tests and operators and requires review of
unpublished and often proprietary information. Review of specific tests, operators, and
unpublished data are outside the scope of this evidence review and alternative sources exist. This
evidence review focuses on the clinical validity and clinical utility.
Clinically Valid
A test must detect the presence or absence of a condition, the risk of developing a condition in
the future, or treatment response (beneficial or adverse).
This evidence review has been informed, in part, by a TEC Assessment (2008).3 Additional
evidence derives from systematic reviews, randomized controlled trials (RCTs), and single-arm
studies, organized and outlined below.

Randomized Controlled Trials

RCTs have performed nonconcurrent subgroup analyses of the efficacy of EGFR inhibitors in
patients with wild-type vs mutated KRAS in metastatic CRC. Data from these trials have
consistently shown a lack of clinical response to cetuximab and panitumumab in patients with
mutated KRAS, with tumor response and prolongation of PFS observed only in wild-type KRAS
patients.
Amado et al (2008) performed a subgroup analysis of KRAS tumor variants in a patient
population that had previously been randomized to panitumumab or to best supportive care as
third-line therapy for chemotherapy-refractory metastatic CRC.4 The original study reported by
Van Cutsem et al (2007), designed as a multicenter RCT, was not blinded because of expected
skin toxicity related to panitumumab administration.5 Patients were randomized 1:1 to
panitumumab or to best supportive care. Random assignment was stratified by Eastern
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Cooperative Oncology Group (ECOG) Performance Status (0 or 1 vs 2) and geographic region.
Crossover from best supportive care to the panitumumab arm was allowed in patients who
experienced disease progression. Of the 232 patients originally assigned to best supportive care
alone, 176 crossed over to the panitumumab arm, at a median time to crossover of 7 weeks
(range, 6.6-7.3 weeks).
Of the 463 patients in the original trial, 427 (92%) were included in the KRAS subgroup variant
analysis. A central laboratory performed the KRAS variant analysis in a blinded fashion, using
formalin-fixed, paraffin-embedded tumor sections and a validated KRAS variant kit (DxS) that
identifies 7 somatic variants located in codons 12 and 13 using real-time polymerase chain
reaction. KRAS variant status could not be determined in 36 patients because tumor samples
were not available or DNA was of insufficient or of poor quality for analysis. Forty-three percent
of the KRAS-evaluable patients had KRAS-mutated tumors, with a distribution similar to KRAS
variant types between treatment arms.
Patient demographics and baseline characteristics were balanced between the wild-type and
mutated groups for the panitumumab and best supportive care groups including patient age, sex,
and ECOG Performance Status. The interaction between variant status and PFS was examined,
controlling for randomization factors. PFS and tumor response rate were assessed
radiographically every 4 to 8 weeks until disease progression using Response Evaluation Criteria
in Solid Tumors criteria by blinded, central review. In the KRAS-assessable population, 20% of
patients had a treatment-related grade 3 or 4 adverse events. As shown in Table 1, the relative
effect of panitumumab on PFS was significantly greater among patients with wild-type KRAS than
patients with mutated KRAS in whom no benefit from panitumumab was observed. No
responders to panitumumab were identified in the mutated group, indicating a 100% positive
predictive value for nonresponse in that group.
Table 1. KRAS Status and Efficacy of Panitumumab as Monotherapy in the Treatment of
Chemotherapy-Refractory Metastatic Colorectal Cancer (N=427)
KRAS WT (n=243 [57%])

Outcomes
Median progression-free survival, wk
Hazard ratio (95% CI)
Response rate, %

P (n=124)
BSC (n=119)
12.3
7.3
0.45 (0.34 to 0.59)
17

KRAS MT (n=184 [43%])
P (n=84)
BSC (n=100)
7.4
7.3
0.99 (0.73 to 1.36)
0

Adapted from Amado et al (2008).4
BSC: best supportive care; CI: confidence interval; MT: mutated; P: panitumumab; WT: wild-type.

Given the crossover trial design and the fact that most of the best supportive care patients
crossed over to the panitumumab arm early in the trial, conclusions on the effect of KRAS variant
status on PFS and tumor response rate end points are limited. However, of the 168 best
supportive care patients who crossed over to panitumumab after disease progression (119 with
wild-type KRAS, 77 with mutated KRAS), PFS was significantly longer among patients with wildtype KRAS (median PFS: 16.4 weeks for wild-type vs 7.9 weeks for mutated; hazard ratio [HR],
0.32; 95% confidence interval [CI], 0.22 to 0.45).
After completion of the CRYSTAL trial (detailed below), in which 1198 patients with metastatic
CRC were randomized to cetuximab in combination with folinic acid (leucovorin), 5-florouracil,
and irinotecan (FOLFIRI) or to FOLFIRI alone for first-line treatment, a subgroup analysis of
response rate and PFS by KRAS variant status was performed by Van Cutsem et al (2009).6 The
original trial design consisted of a central stratified permuted block randomization procedure with
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geographic regions and ECOG Performance Status as randomization strata. Two interim
assessments of safety data were conducted by an independent data safety monitoring board.
Of the original 1198 patients, 540 had KRAS-evaluable, archival material. KRAS testing was
performed using genomic DNA isolated from archived formalin-fixed, paraffin-embedded tissue,
using quantitative PCR to detect the KRAS variant status of codons 12 and 13. It was not stated
whether the KRAS variant analysis was performed blinded. KRAS variants were present in 192
(35.6%) patients. No differences were found in patient demographics or baseline characteristics
between the mutated and wild-type populations, including age, sex, ECOG Performance Status,
involved disease sites, and liver-limited disease. PFS and tumor response rate were assessed by a
blinded, independent review committee using computed tomography scans every 8 weeks. A
multivariate analysis performed for PFS by patient characteristics showed a trend for PFS favoring
the cetuximab plus FOLFIRI combination. The patients with wild-type KRAS who received
cetuximab plus FOLFIRI showed a statistically significant improvement in median PFS and tumor
response rate, whereas the mutated KRAS population did not, as summarized in Table 2.
Table 2. KRAS Status and Efficacy in the First-Line Therapy of Metastatic Colorectal Cancer
Treated with FOLFIRI With or Without Cetuximab (CRYSTAL Trial) (N=540)
Outcomes
n
RR (95% CI), %
Median PFS,
moc
Hazard ratio

ITTa
C+F
F
599
599
46.9
38.7
(42.9 to 51.0) (34.8 to 42.8)
8.9
8.0

KRAS WT (n=348 [64%]b)

KRAS MT (n=192 [36%]b)

C+F
172
59.3
(51.6 to 66.7)
9.9

C+F
105
36.2
(27.0 to 46.2)
7.6

F
176
43.2
(35.8 to 50.9)
8.7

0.68 (p=0.017)

F
87
40.2
(29.9 to 51.3)
8.1

1.07 (p=0.47)

Adapted from Van Cutsem et al (2009).6
C: cetuximab; CI: confidence interval; F: FOLFIRI (folinic acid, 5-florouracil, and irinotecan); HR: hazard ratio; ITT: intention-to-treat;
MT: mutated; PFS: progression-free survival; RR: response rate; WT: wild-type.
a
ITT in the original CRYSTAL trial assessing C+F vs F alone as first-line therapy for metastatic colorectal cancers.
b
540 patients had available archival pathology material for the KRAS variant subset analysis.
c
Confidence intervals for median PFS were not provided in the presentation slides.

In a third trial, the phase 2 OPUS trial, the intention-to-treat (ITT) population consisted of 337
patients randomized to cetuximab and folinic acid (leucovorin), 5-florouracil, and oxaliplatin
(FOLFOX) or to FOLFOX alone in the first-line treatment of metastatic CRC.7 A 10% higher
response rate (assessed by independent reviewers) was observed in the population treated with
cetuximab, but no difference in PFS was seen between groups. Researchers then reevaluated the
efficacy in the 2 treatment arms based on the KRAS variant status of patients’ tumors. Of the
original ITT population, 233 subjects had evaluable material for KRAS testing, and 99 (42%)
were KRAS variants. The demographics or baseline characteristics were similar between the wildtype and mutated groups, including patient age, sex, ECOG Performance Status, involved disease
sites, and liver-limited disease. The trial showed that the addition of cetuximab to FOLFOX
resulted in a significant improvement in response rate and PFS only in the wild-type KRAS group.
Table 3 summarizes study findings.
Table 3. KRAS Status and Efficacy in the First-Line Therapy of Metastatic Colorectal Cancer
Treated with FOLFOX With or Without Cetuximab (OPUS Study) (N=233)
Outcomes
n (KRAS-evaluable)
RR (95% CI), %

KRAS WT (n=134 [58%])
C+Fx
Fx
61
73
60.7 (47.3 to 72.9)
37.0 (26.0 to 49.1)

KRAS MT (n=99 [42%])
C+Fx
Fx
52
47
32.7 (20.3 to 47.1)
48.9 (34.1 to 63.9)
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Outcomes
p
Odds ratio (95% CI)
Median PFS, moa
p
Hazard ratio

KRAS WT (n=134 [58%])
2.54 (1.24 to 5.23)
7.7

0.011
0.016
0.57

7.2
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KRAS MT (n=99 [42%])
0.51 (0.22 to 1.15)
5.5

0.106
0.019
1.83

8.6

Adapted from Bokemeyer et al (2009).7
C: cetuximab; CI: confidence interval; Fx: FOLFOX (folinic acid, 5-florouracil, and oxaliplatin); MT: mutated; PFS: progression-free
survival; RR: response rate; WT: wild-type.
a
Confidence intervals for median PFS were not provided in presentation slides.

In the CAIRO2 study, Tol et al (2009) analyzed tumor samples from 528 of 755 previously
untreated patients with metastatic CRC who were randomized to capecitabine, oxaliplatin, and
bevacizumab (CB regimen, n=378), or to the same CB regimen plus cetuximab (n=377).8 KRAS
variant was found in 40% of tumors (108 from patients in the CB group, 98 from the CB plus
cetuximab group). Patients with KRAS variants treated with cetuximab had a significantly shorter
PFS (8.1 months) than the wild-type KRAS patients who received cetuximab (10.5 months;
p=0.04). In addition, patients who had mutated KRAS tumors who received cetuximab had a
significantly shorter PFS and OS than patients with mutated KRAS tumors who did not receive
cetuximab (PFS: 8.1 months vs 12.5 months, respectively, p=0.003; OS: 17.2 months vs 24.9
months, respectively, p=0.03). For patients with wild-type tumors, no significant PFS differences
were reported between groups. Overall, patients treated with cetuximab who had tumors with a
mutated KRAS gene had significantly decreased PFS compared with cetuximab-treated patients
with wild-type KRAS tumors or patients with mutated KRAS tumors in the CB group.
Karapetis et al (2008) analyzed tumor samples from 394 (69%) of 572 patients with CRC who
were randomized to cetuximab plus best supportive care (n=287) or to best supportive care
alone (n=285) for KRAS variants and assessed whether variant status was associated with
survival.9 The patients had advanced CRC had failed chemotherapy and had no other standard
anticancer therapy available. Of the tumors evaluated (198 from the cetuximab group, 196 from
the best supportive care group), 41% and 42% had a KRAS variant, respectively, and these
groups reported a median OS of 9.5 months and 4.8 months, respectively (HR for death, 0.55;
95% CI, 0.41 to 0.74; p<0.001) and a median PFS of 3.7 months and 1.9 months, respectively
(HR for progression to death, 0.40; 95% CI, 0.30 to 0.54; p<0.001). For patients with mutated
KRAS tumors, no significant differences were reported between those treated with cetuximab and
best supportive care alone with respect to OS (HR=0.98, p=0.89) or PFS (HR=0.99, p=0.96).
Douillard et al (2010) reported on the results of a multicenter, phase 3 trial in which patients with
no prior chemotherapy for metastatic CRC, ECOG Performance Status of 0 to 2, and available
tissue for biomarker testing were randomized 1:1 to panitumumab plus FOLFOX4 or to
FOLFOX4.10 The primary end point was PFS; OS was a secondary end point. Results were
prospectively analyzed on an ITT basis by tumor KRAS status. KRAS results were available for
93% of the 1183 patients randomized. In the wild-type KRAS group, panitumumab plus FOLFOX4
significantly improved PFS compared with FOLFOX4 alone (median PFS, 9.6 months vs 8.0
months, respectively; HR=0.80; 95% CI, 0.66 to 0.97; p=0.02). A nonsignificant increase in OS
was also observed for panitumumab plus FOLFOX4 vs FOLFOX4 (median OS, 23.9 months vs
19.7 months, respectively; HR=0.83; 95% CI, 0.67 to 1.02; p=0.072). In the mutant KRAS
group, PFS was significantly reduced in the panitumumab plus FOLFOX4 arm compared with the
FOLFOX4 arm (HR=1.29; 95% CI, 1.04 to 1.62; p=0.02), and median OS was 15.5 months vs
19.3 months, respectively (HR=1.24; 95% CI, 0.98 to 1.57; p=0.068). Adverse event rates were
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generally comparable across arms with the exception of toxicities known to be associated with
anti-EGFR therapy. The trial demonstrated that panitumumab plus FOLFOX4 was well-tolerated
and significantly improved PFS in patients with wild-type KRAS tumors.
The CRYSTAL trial (2009) demonstrated that the addition of cetuximab to FOLFIRI statistically
significantly reduced the risk of disease progression and increased the chance of response in
patients with wild-type KRAS metastatic CRC compared with chemotherapy alone.6 In an updated
analysis of CRYSTAL, Van Cutsem et al (2011) reported on longer follow-up and more patients
evaluable for tumor KRAS status and considered the clinical significance of the BRAF variant
tumor status in the expanded population of patients with wild-type KRAS tumors.11 Subsequent
to the initial published analysis, which reported an OS cutoff of December 2007, and an
associated overall median duration of follow-up of 29.7 months, additional tumor analysis allowed
for the typing of another 523 tumors for KRAS variant status, representing an increase in the
ascertainment rate from 45% of ITT population patients in the original analysis to 89% (540 to
1063) in the current analysis, with variants detected in 37% of tumors. The updated OS analysis
was carried out with a new cutoff date of May 2009, giving an overall median duration of followup of 46 months. The addition of cetuximab to FOLFIRI in patients with wild-type KRAS disease
resulted in significant improvements in OS (median, 23.5 months vs. 20.0 months; HR=0.796;
p=0.009), PFS (median, 9.9 months vs 8.4 months; HR=0.696; p=0.001), and response rate
(57.3% vs 39.7%; odds ratio [OR], 2.069; p<0.001) compared with FOLFIRI alone. Significant
interactions between KRAS status and treatment effect were noted for all key efficacy end points.
KRAS variant status was confirmed as a powerful predictive biomarker for the efficacy of
cetuximab plus FOLFIRI. BRAF V600E variants were detected in 60 (6%) of 999 tumor samples
evaluable for both BRAF and KRAS. In all but a single case, BRAF variants were identified in
tumors wild-type for KRAS. The impact of BRAF tumor variant status in relation to the efficacy of
cetuximab plus FOLFIRI was examined in the population of patients with wild-type KRAS disease
(n=625). No evidence was reported for an independent treatment interaction by tumor BRAF
variant status. The trialists concluded that BRAF variant status was not predictive of treatment
effects of cetuximab plus FOLFIRI but that BRAF tumor variant was a strong indicator of poor
prognosis for all efficacy end points compared with those whose tumors were wild-type.
Peeters et al (2010) reported on the results of a phase 3 study in which 1186 patients with
metastatic CRC were randomized to panitumumab plus FOLFIRI or to FORFIRI alone as a
second-line treatment.12 The trial end points were PFS and OS, which were independently tested
and prospectively analyzed by KRAS status. KRAS status was available for 91% of patients: 597
(55%) had wild-type KRAS tumors and 486 (45%) had mutated KRAS tumors. In the wild-type
KRAS subpopulation, when panitumumab was added to chemotherapy, a significant improvement
in PFS was observed (HR=0.73; 95% CI, 0.59 to 0.90; p=0.004); median PFS was 5.9 months
for panitumumab plus FOLFIRI and 3.9 months for FOLFIRI. A nonsignificant trend toward
increased OS was observed; median OS for panitumumab plus FOLFIRI was 14.5 months while
median OS for FOLFIRI alone was 12.5 months (HR=0.85, 95% CI, 0.70 to 1.04; p=0.12).
Response rates improved with the addition of panitumumab to the FOLFIRI regimen. In patients
with mutated KRAS, no difference was reported in efficacy. Adverse events were comparable
across arms. The trialists concluded that panitumumab plus FOLFIRI significantly improved PFS
and was well-tolerated as second-line treatment in patients with wild-type KRAS metastatic CRC.
Maughan et al (2011) reported on the results of a phase 3, multicenter trial (MRC COIN trial),
which randomized patients with advanced CRC who had not received previous chemotherapy to
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oxaliplatin plus fluoropyrimidine chemotherapy (arm A) or to the same combination plus
cetuximab (arm B).13 The comparison between arms A and B (for which the primary outcome
was OS) was in patients with wild-type KRAS tumors. Baseline characteristics were well-balanced
between groups. The analysis was by ITT and treatment allocation was not masked. A total of
1630 patients were randomized to treatment groups (815 to standard therapy, 815 to the
addition of cetuximab). Tumor samples from 1316 (81%) of patients were used for somatic
variant analyses; 43% had KRAS variants. In patients with wild-type KRAS tumors, OS did not
differ between treatment groups (median survival, 17.9 months in the control group vs 17.0
months in the cetuximab group; HR=1.04; 95% CI, 0.87 to 1.23; p=0.67). BRAF variants were
detected in 8% of patients; BRAF did not show any evidence of a benefit from the addition of
cetuximab. Contrary to other trials that have studied the benefit of adding cetuximab to the
regimen of wild-type KRAS patients, this trial did not show a benefit of adding cetuximab to
oxaliplatin-based chemotherapy.

Systematic Reviews

Qiu et al (2010) conducted a meta-analysis of 22 studies on the predictive and prognostic value
of KRAS variants in metastatic CRC patients treated with cetuximab.14 The overall KRAS variant
rate was 38% (829/2188 patients). Meta-analytic results were consistent with previous studies on
the use of cetuximab and KRAS variant status, in that patients with tumors harboring mutanttype KRAS were more likely to have a worse response, PFS, and OS when treated with cetuximab
than those with wild-type KRAS.
Dahabreh et al (2011) conducted a systematic review of RCTs that assessed the use of KRAS
variant testing as a predictive biomarker for treatment of advanced CRC with cetuximab and
panitumumab.15 Reviewers concluded that, compared with patients who had wild-type KRAS,
KRAS variants were consistently associated with reduced OS and PFS and increased treatment
failure rates among patients with advanced CRC who are treated with anti-EGFR antibodies.
In a pooled analysis of wild-type KRAS tumors from the CRYSTAL and OPUS trials, Bokemeyer et
al (2012) assessed extended survival data and enhancement in the ascertainment rate of KRAS
and BRAF tumor variant status.16 Pooled individual patient data from each trial were analyzed for
OS, PFS, and best objective response rate (ORR) in patients evaluable for KRAS and BRAF variant
status. In 845 patients with wild-type KRAS tumors, adding cetuximab to chemotherapy led to
significant improvements in OS (HR=0.81; p=0.006), PFS (HR=0.66; p<0.001), and ORR
(OR=2.16; p<0.001). BRAF variants were detected in 70 (8.8%) of 800 evaluable tumors. No
significant differences were found in outcomes between treatment groups. However, the
prognosis was worse in each treatment arm for patients with BRAF tumors, and OPUS trials
confirmed the consistency of the benefit obtained from all efficacy end points from adding
cetuximab to first-line chemotherapy in patients with wild-type KRAS metastatic CRC. It further
suggested that BRAF variants do not appear to be predictive biomarkers in this setting, but are
markers of poor prognosis.

Single-Arm Studies

In addition to the 3 randomized trials discussed, a number of single-arm studies have
retrospectively evaluated KRAS variant status and treatment response in patients with metastatic
CRC.17-21 Overall they have shown similar nonresponse rates to anti-EGFR monoclonal antibodies
(cetuximab, panitumumab) in patients with mutated KRAS tumors. Two of these single-arm
studies have also reported differences in PFS and OS.18,21
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Section Summary: Clinically Valid

Evidence for the clinical validity of KRAS variants in predicting nonresponse to anti-EGFR
monoclonal antibody therapy consists of multiple systematic reviews, including a TEC
Assessment, and RCTs. The evidence has demonstrated that the presence of a KRAS variant
predicts nonresponse to treatment while KRAS wild-type status predicts response to anti-EGFR
monoclonal antibody therapy.
Clinically Useful
A test is clinically useful if the use of the results informs management decisions that improve the
net health outcome of care. The net health outcome can be improved if patients receive correct
therapy, or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing.

Direct Evidence

Direct evidence of clinical utility is provided by studies that have compared health outcomes for
patients managed with and without the test. Because these are intervention studies, the
preferred evidence would be from RCTs.
No RCTs were identified on the clinical utility of KRAS variant testing to predict nonresponse to
anti-EGFR monoclonal antibody therapy.

Chain of Evidence

Indirect evidence on clinical utility rests on clinical validity. If the evidence is insufficient to
demonstrate test performance, no inferences can be made about clinical utility.
A chain of evidence, based on clinical validity, supports the use of the anti-EGFR monoclonal
antibodies cetuximab and panitumumab for the treatment of patients with wild-type KRAS
metastatic CRC. Cetuximab and panitumumab are not indicated for the treatment of patients
when KRAS variants are present or when KRAS variant status is unknown.

Section Summary: Clinically Useful

Direct evidence for the clinical validity of KRAS variant testing includes RCTs. RCTs supporting
Food and Drug Administration approvals for cetuximab and panitumumab have demonstrated
that the presence of KRAS variants is predictive of nonresponse to anti-EGFR monoclonal
antibody therapy. Documentation of KRAS wild-type status is required before patients are eligible
for treatment with cetuximab or panitumumab.

NR AS Variant Testing to Guide Treatment for Metastatic CRC

Clinical Context and Test Purpose
The purpose of NRAS variant testing in individuals with metastatic CRC is to determine NRAS
variant status to guide treatment decisions with EGFR-targeted therapy with the monoclonal
antibodies cetuximab and panitumumab.
The question addressed in this evidence review is: In individuals with metastatic CRC, does the
use of NRAS variant testing improve health outcomes?
The following PICOTS were used to select literature to inform this review.
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Patients

The relevant population of interest includes individuals with metastatic CRC.

Interventions

The test being considered is NRAS variant testing.

Comparators

The following test strategy is currently being used: no NRAS variant testing to guide treatment.

Outcomes

The beneficial outcomes of interest include PFS and OS.

Timing

The time frame for outcomes measures varies from several months to several years.

Setting

Patients with metastatic CRC are actively managed by oncologists.
Technically Reliable
Assessment of technical reliability focuses on specific tests and operators and requires review of
unpublished and often proprietary information. Review of specific tests, operators, and
unpublished data are outside the scope of this evidence review and alternative sources exist. This
evidence review focuses on the clinical validity and clinical utility.
Clinically Valid
A test is clinically useful if the use of the results informs management decisions that improve the
net health outcome of care. The net health outcome can be improved if patients receive correct
therapy, or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing.

Systematic Reviews

A systematic review by Therkildsen et al (2014) evaluated the predictive value of NRAS variants
on clinical outcomes of anti-EGFR therapy in CRC.22 The meta-analysis included data from 3
studies described below.23-25 Reviewers suggested that the pooled analyses showed a trend
toward a poor OR based on 17 events, but significant effects on PFS (HR=2.30; 95% CI, 1.30 to
4.07) and OS (HR=1.85; 95% CI, 1.23 to 2.78) among patients with wild-type KRAS. These
results are limited by the small pool of variants, permitting no conclusions whether NRAS variants
have an effect on anti-EGFR therapy.

Prospective-Retrospective Analyses of Randomized Controlled Trials

RCTs have analyzed nonconcurrent subgroups for the efficacy of EGFR inhibitors in patients with
wild-type and mutated RAS genes in metastatic CRC.
Peeters et al (2015) reported on the influence of RAS variant status in a prospective-retrospective
analysis of a randomized, multicenter phase 3 trial comparing panitumumab plus FOLFIRI with
FOLFIRI alone as second-line therapy in patients with metastatic CRC.26 If a tumor was classified
as wild-type KRAS exon 2, extended RAS variant testing beyond KRAS exon 2 was performed
(KRAS exons 3 and 4; NRAS exons 2, 3, and 4; BRAF exon 15). Primary end points were PFS and
OS. RAS variants were obtained in 85% of the specimens from the original trial; 18% of wild-
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type KRAS exon 2 tumors harbored other RAS variants. Table 4 summarizes the PFS and OS HRs
for panitumumab plus FOLFIRI vs FOLIRI alone. The HRs more strongly favored panitumumab in
the wild-type RAS population.
Table 4. Hazard Ratios of Panitumumab Plus FOLFIRI vs FOLFIRI Alone Based on RAS Status
RAS Status
Wild-type RAS
Wild-type KRAS exon 2

PFS HR (95% CI)
0.70 (0.54 to 0.91)
0.73 (0.59 to 0.90)

p
0.007
0.004

OS HR (95% CI)
0.81 (0.63 to 1.03)
0.85 (0.70 to 1.04)

p
0.08
0.12

CI: confidence interval; FOLFIRI: (folinic acid, 5-florouracil, and irinotecan); HR: hazard ratio; OS: overall survival; PFS: progressionfree survival.

For RAS wild-type patients, the ORR was 41% when patients were treated with panitumumab
plus FOLFIRI vs 10% when treated with FOLFIRI alone. Therefore, RAS wild-type status
predicted likely response to panitumumab and overall benefit from treatment. In contrast, the
presence of RAS variants predicted nonresponse to panitumumab and unlikely benefit from
treatment.
Van Cutsem et al (2015) reported on results of a prospective-retrospective extended RAS variant
analysis of tumor samples from the randomized phase 3 CRYSTAL trial, which compared FOLFIRI
with FOLFIRI plus cetuximab in wild-type KRAS exon 2 patients.27 Variant status was available in
430 (64.6%) of 666 patients from the trial. A pooled analysis of RAS variants, other than KRAS
exon 2, found a lack of benefit from the addition of cetuximab to FOLFIRI for median PFS (7.4
months vs 7.5 months; p=0.47) and median OS (16.4 months vs 17.7 months; p=0.64). Patients
with tumors without RAS variants experienced significant benefit in median PFS (9.9 months vs
8.4 months; p<0.05) and median OS (23.5 months vs 20 months; p<0.05) with the addition of
cetuximab to chemotherapy.
Douillard et al (2013) performed a prospective-retrospective analysis of RAS variants (KRAS,
NRAS) in tumor samples from patients enrolled in the Panitumumab Randomized Trial in

Combination with Chemotherapy for Metastatic Colorectal Cancer to Determine Efficacy RCT.23 A
total of 108 (17%) of 641 tumor specimens that did not harbor exon 2 KRAS variants had
variants in other RAS exons, including NRAS (exons 2 or 4) and KRAS (exons 3 and 4). For
patients with a wild-type KRAS exon 2 variant (n=656), OS was significantly better with
panitumumab plus FOLFOX4 (n=325; median, 23.8 months) than with FOLFOX4 alone (n=331;
median, 19.4 months; p=0.03). For patients with no KRAS exon 2 variant but with 1 type of RAS
variant, median OS with panitumumab plus FOLFOX4 was shorter (n=51; median, 17.1 months)
than with FOLFOX4 alone (n=57; median, 17.8 months; p=0.01). These data would suggest
variants in a RAS gene exon other than KRAS exon 2 negatively affect anti-EGFR therapy.
However, the investigators did not discriminate between specific types of RAS variants, so it is
not possible to relate NRAS to these results. Furthermore, the numbers of patients involved were
very small, further limiting conclusions.
Tumor specimens (288 of 320) from an RCT by Van Cutsem et al (2007)5 were analyzed by
Peeters et al (2013) using next-generation sequencing to investigate whether EGFR pathway
variants would predict response to monotherapy with panitumumab compared with best
supportive care.24 This 2013 analysis showed that NRAS had mutated in 14 (5%) of 282 samples
with available data. Among patients with wild-type KRAS (codons 12, 13, and 61) and wild-type
NRAS (n=138), treatment with panitumumab was associated with improved PFS (HR=0.39; 95%
CI, 0.27 to 0.56; p<0.001) compared with best supportive care. Among those with wild-type
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KRAS but mutated NRAS (n=11), treatment with panitumumab was no longer associated with

longer PFS (HR=1.94; 95% CI, 0.44 to 8.44; p=0.379). A treatment interaction analysis was
suggestive but not significantly indicative of an interaction between the presence of mutated
NRAS and poorer outcome (p=0.076). The authors suggested their data were consistent with the
hypothesis that NRAS variants may limit the efficacy of anti-EGFR therapy. However, because the
prevalence of NRAS variants was low, the degree of predictive or prognostic value is more
uncertain.

Retrospective Cohort Studies

A retrospective consortium analysis by De Roock et al (2010) reported on results of centrally
performed high-throughput mass spectrometric variant profiling of CRC specimens gathered from
11 centers in 7 European countries.25 Patients had been treated with panitumumab alone,
cetuximab alone, or cetuximab plus chemotherapy. Among 747 of 773 samples with data, KRAS
had mutated in 299 (40%), including codons 12, 13, 61, and 146. By contrast, NRAS variants
were identified in 17 (2.6%) of 644 samples with data, primarily in codon 61. KRAS and NRAS
variants were mutually exclusive. Among wild-type KRAS samples from patients treated with
cetuximab plus chemotherapy, the NRAS variant was associated with an ORR of 7.7% (1/13)
compared with 38% for the wild-type NRAS (p=0.013). However, there were no significant
differences between NRAS mutant and wild-type genes in median PFS (14 weeks vs 26 weeks,
p=0.055) or OS (38 weeks vs 50 weeks, p=0.051). Similar to results previously reported, the
results of this analysis showed a very low prevalence of NRAS variants and were inconclusive as
to whether NRAS variants are predictive of nonresponse to anti-EGFR therapy or are prognostic
indicators of poor outcomes of CRC.
The rarity of NRAS variants reported in the studies discussed was also shown in a study by
Irahara et al (2010) that used PCR and pyrosequencing (Qiagen) to assess tumor samples from
individuals who developed CRC and were identified within the databases of 2 prospective cohort
studies: the Nurses’ Health Study and the Health Professionals Follow-Up Study.28 Among 225
CRC specimens, NRAS variants were identified in 5 (2.2%). Because of the low frequency of
NRAS variants, they were not associated with any clinical or pathologic features or with patient
survival.

Section Summary: Clinically Valid

Evidence for the clinical validity of NRAS variants in predicting nonresponse to anti-EGFR
monoclonal antibody therapy includes prospective-retrospective analyses of RCTs. Subgroup
analyses of KRAS wild-type patients who did not respond to anti-EGFR monoclonal antibody
therapy have suggested that NRAS variants are predictive of nonresponse. However, because of
the low prevalence of NRAS variants, the predictive value of NRAS variants is uncertain.
Clinically Useful
A test is clinically useful if the use of the results informs management decisions that improve the
net health outcome of care. The net health outcome can be improved if patients receive correct
therapy, or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing.

Direct Evidence

Direct evidence of clinical utility is provided by studies that have compared health outcomes for
patients managed with and without the test. Because these are intervention studies, the
preferred evidence would be from RCTs.
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No RCTs were identified on the clinical utility of NRAS variant testing to predict nonresponse to
anti-EGFR monoclonal antibody therapy.

Chain of Evidence

Indirect evidence on clinical utility rests on clinical validity. If the evidence is insufficient to
demonstrate test performance, no inferences can be made about clinical utility.
Documentation of KRAS wild-type status is required prior to treatment with cetuximab or
panitumumab.
A chain of evidence, based on clinical validity, supports the use of the anti-EGFR monoclonal
antibodies cetuximab and panitumumab for the treatment of patients with wild-type NRAS
metastatic CRC. Documentation of NRAS variant status is not required but has been
recommended to identify patients who are predicted to be nonresponders to anti-EGFR
monoclonal antibody therapy.

Section Summary: Clinically Useful

Direct evidence for the clinical utility of NRAS variant testing includes prospective-retrospective
analyses of RCTs and retrospective cohort studies. NRAS variant testing has potential clinical
utility in predicting nonresponse to anti-EGFR monoclonal antibody therapy in patients with
documented KRAS wild-type status. However, the direct evidence is limited for NRAS variant
testing due to low prevalence NRAS variants in CRC.

BR AF Variant Testing to Guide Treatment for Metastatic CRC

Clinical Context and Test Purpose
The purpose of BRAF variant testing in individuals with metastatic CRC is to determine BRAF
variant status to guide treatment.
The question addressed in this evidence review is: In individuals with metastatic CRC, does the
use of BRAF variant testing improve health outcomes?
The following PICOTS were used to select literature to inform this review.

Patients

The relevant population of interest includes individuals with metastatic CRC who are found to be
wild-type on KRAS and NRAS variant analysis.

Interventions

The test being considered is BRAF variant testing.

Comparators

The following test strategy is currently being used: no BRAF variant testing to guide
management.

Outcomes

The beneficial outcomes of interest include PFS and OS.
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Timing

The time frame for outcomes measures varies from several months to several years.

Setting

Patients with metastatic CRC are actively managed by oncologists.
Technically Reliable
Assessment of technical reliability focuses on specific tests and operators and requires review of
unpublished and often proprietary information. Review of specific tests, operators, and
unpublished data are outside the scope of this evidence review and alternative sources exist. This
evidence review focuses on the clinical validity and clinical utility.
Clinically Valid
A test must detect the presence or absence of a condition, the risk of developing a condition in
the future, or treatment response (beneficial or adverse).

Systematic Reviews

A meta-analysis by Pietrantonio et al (2015) identified 9 phase 3 trials that compared cetuximab
or panitumumab with standard therapy or best supportive care.29 The analysis included 463
patients with metastatic CRC and BRAF variants. The addition of an EGFR inhibitor did not
improve PFS (HR=0.88; 95% CI, 0.67 to 1.14; p=0.33) or ORR (RR=1.31; 95% CI, 0.83 to 2.08;
p=0.25) compared with the control arms.
A meta-analysis by Mao et al (2011) assessed BRAF variants and resistance to anti-EGFR
monoclonal antibodies in patients with metastatic CRC.30 The primary end point of eligible studies
was ORR, defined as the sum of complete and partial tumor response. Eleven studies reported
sample sizes ranging from 31 to 259 patients.31-40 All were conducted retrospectively (1 study
was a nonconcurrent analysis of response in a population previously randomized40). Anti-EGFR
therapy was given as first-line treatment in 1 study and as second-line or greater in the other 10.
In 2 studies, the anti-EGFR monoclonal antibody was given as monotherapy, and in 9 studies,
patients received various chemotherapies. Seven studies were performed in unselected patients
(ie, unknown KRAS variant status) totaling 546 patients, for whom 520 were assessable for
tumor response. In the unselected population, a BRAF variant was detected in 8.8% of patients,
and the ORR for patients with mutant BRAF was 29.2% (14/48) and for wild-type BRAF was
33.5% (158/472; p=0.048). Four studies were performed in patients with wild-type KRAS
metastatic CRC. BRAF variant status was performed on 376 wild-type KRAS tumors. BRAF variant
was detected in 10.6% (n=40) of primary tumors. Among the 376 analyzed, all patients were
assessable for tumor response. The ORR of patients with a mutant BRAF gene was 0% (0/40),
whereas the ORR of patients with wild-type BRAF was 36.3% (122/336). Only 3 studies
presented data on PFS and OS and, therefore, pooled analysis was not performed. Reviewers
concluded that, although the meta-analysis provided evidence that BRAF variants were
associated with lack of response to anti-EGFR monoclonal antibodies in wild-type KRAS
metastatic CRC, the number of studies and number of patients analyzed were relatively small and
that large studies would be needed to confirm the meta-analytic results using homogenous
metastatic CRC patients with assessors blinded to the clinical data.
Mao’s meta-analysis (2011) also assessed BRAF V600E variant and resistance to anti-EGFR
monoclonal antibodies in patients with metastatic CRC.30 The same 11 studies were selected.
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Seven included unselected patients, and 4 studies included only patients with wild-type KRAS.
The primary end point was ORR. In the 7 studies with unselected patients, BRAF variant status
was performed successfully on 546 metastatic CRC. BRAF variants were detected in 8.8% of
primary tumors. The ORR of metastatic CRC patients with mutant BRAF was 29.2% and 33.5% in
patients with wild-type BRAF. In the 4 studies that included patients with wild-type KRAS, BRAF
variant status was performed successfully on 376 wild-type KRAS metastatic CRC. BRAF variants
were detected in 10.6% of primary tumors. The ORR of patients with mutant BRAF genes was
0.0%, whereas it was 36.3% in patients with wild-type. Reviewers concluded that their results
provided evidence that the BRAF variant is associated with lack of response in wild-type KRAS
metastatic CRC treated with anti-EGFR monoclonal antibodies.

Retrospective Studies

Di Nicolantonio et al (2008) retrospectively analyzed 113 patients with metastatic CRC who had
received cetuximab or panitumumab.32 None of the BRAF-mutated tumors (0/11) responded to
treatment, whereas 32.4% (22/68) of the wild-type BRAF did. Loupakis et al (2009)
retrospectively assessed 87 patients receiving irinotecan and cetuximab.35 Of the 87 patients in
the study, BRAF was mutated in 13 patients, and none of whom responded to chemotherapy,
compared with 32% (24/74) of patients with wild-type BRAF who did. In the CAIRO2 study, Tol
et al (2009) retrospective analyzed BRAF variants in 516 available tumors from patients
previously randomized to the CB regimen or to the CB plus cetuximab regimen.40 A BRAF variant
was found in 8.7% (n=45) of the tumors. Patients with a BRAF variant had a shorter median PFS
and OS compared with wild-type BRAF tumors in both treatment arms. The authors concluded
that a BRAF variant was a negative prognostic marker in patients with metastatic CRC and that
this effect, unlike KRAS variants, was not restricted to the outcome of cetuximab treatment. In
the CRYSTAL trial, Van Cutsem et al (2009) randomized 1198 patients with untreated metastatic
CRC to FOLFIRI with or without cetuximab.6 Analysis of BRAF variants in this patient population
and the influence of BRAF variant status by Peeters et al (2014) showed that for the wild-type,
KRAS- and BRAF-mutated patients, OS for cetuximab plus FOLFIRI was 14.1 months and 10.3
months with FOLFIRI (p=0.744).41 Although this difference was not statistically significant, it
suggested a trend toward improved OS, PFS, and response, and that wild-type KRAS- and BRAFmutant patients might benefit from anti-EGFR therapy.
De Roock et al (2010) reported on the effects of 4 variants, including BRAF, on the efficacy of
cetuximab and chemotherapy in chemotherapy-refractory metastatic CRC in 773 primary tumor
samples.25 Tumor samples were from fresh frozen or formalin-fixed, paraffin-embedded tissue,
and the variant status was compared with retrospectively collected clinical outcomes including
ORR, PFS, and OS. BRAF variants were found in 36 (4.7%) of 761 tumors. In patients with wildtype KRAS, carriers of BRAF variants had a significantly lower response rate (8.3% [2/24]
patients) than wild-type BRAF (38.0% [124/326] patients; OR=0.15; 95% CI, 0.02 to 0.51;
p=0.001). PFS for BRAF-mutated vs wild-type patients was a median of 8 weeks vs 26 weeks,
respectively (HR=3.74; 95% CI, 2.44 to 5.75; p<0.001), and median OS was 26 weeks vs 54
weeks, respectively (HR=3.03; 95% CI, 1.98 to 4.63; p<0.001).
In an updated analysis of the CRYSTAL trial, Van Cutsem et al (2011) reported on longer followup and more patients with evaluable for KRAS tumor status and considered the clinical
significance of BRAF tumor variant status in the expanded population of patients with wild-type
KRAS tumors.11 The impact of BRAF tumor variant status on the efficacy of cetuximab plus
FOLFIRI was examined in the population with wild-type KRAS disease (N=625). No evidence was
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reported for an independent treatment interaction by BRAF tumor variant status. The authors
concluded that BRAF variant status was not predictive of the treatment effects of cetuximab plus
FOLFIRI but that BRAF tumor variant was a strong indicator of poor prognosis for all efficacy end
points compared with those whose tumors were wild-type.

Section Summary: Clinically Valid

Evidence for the clinical validity of BRAF variants in predicting nonresponse to anti-EGFR
monoclonal antibody therapy includes 2 meta-analyses of prospective and retrospective analyses
of RCTs. Subgroup analyses of KRAS wild-type and NRAS wild-type patients who did not respond
to anti-EGFR monoclonal antibody therapy suggested that BRAF variants might be predictive of
nonresponse. However, because of the low prevalence of BRAF variants, the true predictive value
of BRAF variants is unclear.
Clinically Useful
A test is clinically useful if the use of the results informs management decisions that improve the
net health outcome of care. The net health outcome can be improved if patients receive correct
therapy, or more effective therapy, or avoid unnecessary therapy, or avoid unnecessary testing.

Direct Evidence

Direct evidence of clinical utility is provided by studies that have compared health outcomes for
patients managed with and without the test. Because these are intervention studies, the
preferred evidence would be from RCTs.
No RCTs were identified on the clinical utility of BRAF variant testing to predict nonresponse to
anti-EGFR monoclonal antibody therapy.

Chain of Evidence

Indirect evidence on clinical utility rests on clinical validity. If the evidence is insufficient to
demonstrate test performance, no inferences can be made about clinical utility.
A chain of evidence, based on clinical validity, cannot be constructed to support the use of the
anti-EGFR monoclonal antibodies cetuximab and panitumumab for the treatment of patients with
wild-type BRAF metastatic CRC.
Documentation of KRAS wild-type status is required prior to treatment with cetuximab or
panitumumab. Documentation of BRAF variant status is not required but has been suggested to
identify patients who are predicted to be nonresponders to anti-EGFR monoclonal antibody
therapy.

Section Summary: Clinically Useful

Direct evidence for the clinical validity of BRAF variant testing includes meta-analyses of
prospective and retrospective analyses of RCTs. BRAF variant testing has potential clinical utility
in predicting nonresponse to anti-EGFR monoclonal antibody therapy in patients with
documented KRAS wild-type and NRAS wild-type status. However, the direct evidence is limited
for BRAF variant testing due to the low prevalence BRAF variants in CRC.
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SUMMARY OF EVIDENCE
For individuals with metastatic CRC who receive KRAS variant testing to guide treatment, the
evidence includes multiple systematic reviews including a TEC Assessment. Relevant outcomes
are overall survival, disease-specific survival, change in disease status, medication use, resource
utilization, and treatment-related morbidity. Variant testing of tumor tissue performed in
prospective and retrospective analyses of RCTs has consistently shown that the presence of a
KRAS variant predicts nonresponse to cetuximab and panitumumab, either as monotherapy or in
combination with other treatment regimens and supports the use of KRAS variant analysis of
tumor DNA before considering a treatment regimen. The evidence is sufficient to determine that
the technology results in a meaningful improvement in the net health outcome.
For individuals with metastatic CRC who receive NRAS variant testing to guide treatment, the
evidence includes prospective-retrospective analyses of RCTs and retrospective cohort studies.
Relevant outcomes are overall survival, disease-specific survival, change in disease status,
medication use, resource utilization, and treatment-related morbidity. Pooled analyses have
shown that NRAS variants (beyond the common KRAS exon 2 variants) predict nonresponse to
cetuximab and panitumumab, and support the use of NRAS variant analysis of tumor DNA before
considering a treatment regimen. In addition, there is strong support from the National
Comprehensive Cancer Network and American Society of Clinical Oncology for NRAS and KRAS
testing in patients with metastatic CRC. The evidence is sufficient to determine that the
technology results in a meaningful improvement in the net health outcome.
For individuals with metastatic CRC who receive BRAF variant testing to guide treatment, the
evidence includes 2 meta-analyses of prospective and retrospective analyses of RCTs. Relevant
outcomes are overall survival, disease-specific survival, change in disease status, medication use,
resource utilization, and treatment-related morbidity. The meta-analyses have shown that antiEGFR monoclonal antibody therapy did not improve survival in patients with RAS wild-type or
BRAF-mutated tumors; however, the individual studies have been small, and the results have
been inconsistent. The evidence is insufficient to determine the effects of the technology on
health outcomes.
CLINICAL INPUT FROM PHYSICIAN SPECIALTY SOCIETIES AND
ACADEMIC MEDICAL CENTERS
While the various physician specialty societies and academic medical centers may collaborate
with and make recommendations during this process, through the provision of appropriate
reviewers, input received does not represent an endorsement or position statement by the
physician specialty societies or academic medical centers, unless otherwise noted.
2017 Input
In response to requests, clinical input on [indications] was received from 11 respondents,
including 2 specialty society-level response, 1 physician from the academic center, and 6
physicians from 2 health systems, while this policy was under review in 2017.
Based on the evidence and independent clinical input, the clinical input supports that the
following indication provides a clinically meaningful improvement in the net health outcome and
is consistent with generally accepted medical practice:
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Use of BRAF V600E variant analysis in individuals with metastatic colorectal cancer who
are found to be wild-type on KRAS and NRAS variant analysis to guide management
decisions.

PRACTICE GUIDELINES AND POSITION STATEMENTS
National Comprehensive Cancer Network
National Comprehensive Cancer Network guidelines on the treatment of colon cancer recommend
that tumor tissue should be genotyped for RAS (KRAS and NRAS) and BRAF variants for all
patients with metastatic colon cancer (v.2.2018).42 Testing should be performed on archived
specimens of primary tumor or a metastasis at the time of diagnosis of metastatic disease. The
guidelines indicate that cetuximab and panitumumab are appropriate only for patients with a
tumor that expresses wild-type KRAS and NRAS genes. Individuals with KRAS variant in exons 2,
3, or 4, or with NRAS variant in exons 2, 3, or 4, are not eligible for treatment with cetuximab or
panitumumab. The guidelines also state that the presence of the BRAF V600E variant makes
response to panitumumab and cetuximab highly unlikely. However, the concurrent administration
of a BRAF inhibitor may make a response to these treatments more likely.
American College of Medical Genetics and Genomics
An evidence review published in 2013 by the American College of Medical Genetics and
Genomics, Evaluation of Genomic Applications in Practice and Prevention (EGAPP) Working
Group, states that evidence is insufficient to support the clinical validity or utility of testing CRC
specimens for NRAS mutations to guide patient management.43 In the same review, EGAPP found
no guidelines on NRAS testing from any other U.S. group.
American Society of Clinical Oncology
In 2017, American Society of Clinical Oncology along with American Society for Clinical Pathology,
College of American Pathologists, Association for Molecular Pathology published guidelines on
Molecular Biomarkers for the Evaluation of Colorectal Cancer.44
Table 5. Summary of Recommendations
Guideline Statements
Colorectal carcinoma patients being considered for
anti-EGFR therapy must receive RAS mutational
testing. Mutational analysis should include KRAS
and NRAS codons 12, 13 of exon 2; 59, 61 of exon
3; and 117 and 146 of exon 4 (“expanded” or
“extended” RAS)
BRAF p.V600 (BRAF c. 1799 (p.V600) mutational
analysis should be performed in colorectal cancer
tissue in patients with colorectal carcinoma for
prognostic stratification
BRAF p.V600 mutational analysis should be
performed in deficient MMR tumors with loss of
MLH1 to evaluate for Lynch Syndrome risk.
Presence of a BRAF mutation strongly favors a
sporadic pathogenesis. The absence of BRAF
mutation does not exclude risk of Lynch syndrome
Clinicians should order mismatch repair status
testing in patients with colorectal cancers for the
identification of patients at high risk for Lynch
syndrome and/or prognostic stratification

Type
Recommendation

SOE
Convincing/
adequate, benefits
outweigh harms

QOE
High/intermediate

Recommendation

Adequate/inadequate,
balance of benefits
and harms

Intermediate/low

Recommendation

Adequate/inadequate,
balance of benefits
and harms

Intermediate/low

Recommendation

Adequate/inadequate,
balance of benefits
and harms

Intermediate/low
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Guideline Statements
There is insufficient evidence to recommend BRAF
c.1799 p.V600 mutational status as a predictive
molecular biomarker for response to anti-EGFR
inhibitors

Type
No
recommendation
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SOE
Insufficient,
benefits/harms
balance unknown

QOE
Insufficient

EGFR: epidermal growth factor receptor; QOE: quality of evidence; SOE: strength of evidence.

The American Society of Clinical Oncology published a provisional clinical opinion update in 2016
on extended RAS variant testing in metastatic colorectal cancer to predict response to anti-EGFR
monoclonal antibody therapy.45 The opinion was based on evidence from 13 articles on KRAS
variants (11 systematic reviews, 2 health technology assessments) and 2 articles on NRAS
testing. The opinion stated that subgroup analyses of patients with any of the less common RAS
variants are small, and there is inadequate evidence to provide a definitive opinion on the lack of
benefit for the use of anti-EGFR antibodies for patients whose cancer harbors any specific RAS
variant other than the exon 2 KRAS variant. The Society considered the less common RAS
variants as a group, and a pooled analysis seemed to confer the same lack of benefit with antiEGFR therapy as seen with the more common variants in exon 2 of KRAS.
U.S. PREVENTIVE SERVICES TASK FORCE RECOMMENDATIONS
Not applicable.
ONGOING AND UNPUBLISHED CLINICAL TRIALS
A search of ClinicalTrials.gov in June 2018 did not identify any ongoing or unpublished trials that
would likely influence this review.

CODING
The following codes for treatment and procedures applicable to this policy are included below
for informational purposes. Inclusion or exclusion of a procedure, diagnosis or device code(s)
does not constitute or imply member coverage or provider reimbursement. Please refer to the
member's contract benefits in effect at the time of service to determine coverage or noncoverage of these services as it applies to an individual member.

CPT/HCPCS
81210
81275
81276
81311
88363
•
•

BRAF (B-Raf proto-oncogene, serine/threonine kinase) (eg, colon cancer,
melanoma), gene analysis, V600E variant(s)
KRAS (Kirsten rat sarcoma viral oncogene homolog) (eg, carcinoma) gene analysis;
variants in exon 2 (eg, codons 12 and 13)
KRAS (Kirsten rat sarcoma viral oncogene homolog) (eg, carcinoma) gene analysis;
additional variant(s) (eg, codon 61, codon 146)
NRAS (neuroblastoma RAS viral [v-ras] oncogene homolog) (eg, colorectal
carcinoma), gene analysis, variants in exon 2 (eg, codons 12 and 13) and exon 3
(eg, codon 61)
Examination and selection of retrieved archival (ie, previously diagnosed) tissue(s)
for molecular analysis (eg, KRAS mutational analysis)

There are specific CPT codes for BRAF, KRAS, or NRAS variant analysis: 81210, 81275,
81276, 81311.
There is also a CPT code for using archival tissue for molecular analysis: 88363.

Current Procedural Terminology © American Medical Association. All Rights Reserved.
Contains Public Information

KRAS, NRAS, and BRAF Variant Analysis in Metastatic Colorectal Cancer

Page 23 of 26

ICD-10 Diagnoses
C18.0
C18.1
C18.2
C18.3
C18.4
C18.5
C18.6
C18.7
C18.8
C19
C20
C78.5

Malignant neoplasm of cecum
Malignant neoplasm of appendix
Malignant neoplasm of ascending colon
Malignant neoplasm of hepatic flexure
Malignant neoplasm of transverse colon
Malignant neoplasm of splenic flexure
Malignant neoplasm of descending colon
Malignant neoplasm of sigmoid colon
Malignant neoplasm of overlapping sites of colon
Malignant neoplasm of rectosigmoid junction
Malignant neoplasm of rectum
Secondary malignant neoplasm of large intestine and rectum

REVISIONS
07-10-2015
01-01-2016
08-29-2016

01-30-2018

Policy added to the bcbsks.com web site on 06-10-2015 with an effective date of 07-102015.
In Coding section:
 Added CPT codes: 81276, 81311.
 Revised nomenclature of codes: 81210, 81275.
Updated Description section.
In Policy section:
 In Item B, removed "experimental / investigational", "to", "and", and "in the
treatment of metastatic colorectal cancer" and added "medically necessary", "for
patients with", "prior to planned therapy with", and "or" to read "NRAS mutation
analysis is considered medically necessary for patients with metastatic colorectal
cancer to predict nonresponse prior to planned therapy with anti-EGFR monoclonal
antibodies cetuximab or panitumumab."
Updated Rationale section.
In Coding section:
 Removed CPT codes: 81403, 81404.
Updated References section.
Updated Policy title from "KRAS, NRAS, and BRAF Mutation Analysis in Metastatic
Colorectal Cancer" to "KRAS, NRAS, and BRAF Variant Analysis in Metastatic Colorectal
Cancer."
Updated Description section.
In Policy section:
 In Item A, removed "mutation" and added "variant" and "epidermal growth factor" to
read, "KRAS variant analysis may be considered medically necessary for patients with
metastatic colorectal cancer to predict nonresponse prior to planned therapy with
anti-epidermal growth factor (EGFR) monoclonal antibodies cetuximab or
panitumumab."
 In Item B, removed "mutation" and "is" and added "variant" and "may be" to read,
"NRAS variant analysis may be considered medically necessary for patients with
metastatic colorectal cancer to predict nonresponse prior to planned therapy with
anti-EGFR monoclonal antibodies cetuximab or panitumumab.
 In Item C, removed "mutation", "is", "experimental/investigational", and "to predict
nonresponse to anti-EGFR monoclonal antibodies cetuximab and panitumumab in the
treatment of metastatic colorectal cancer" to read, "BRAF variant analysis may be is
considered medically necessary for patients with metastatic colorectal cancer who are
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08-29-2018
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found to be wild-type on KRAS and NRAS variant analysis to guide management
decisions."
 Added Policy Guidelines.
Updated Rationale section.
In Coding section:
 Removed ICD-9 codes.
Updated References section.
Added Appendix section.
Updated Description section.
Updated Rationale section.
Updated References section.
Removed Appendix.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.

12.

Amgen Inc. Vectibix (panitumumab) prescribing information. 2015;
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125147s200lbl.pdf. Accessed June 20,
2018.
Spindler KL, Pallisgaard N, Andersen RF, et al. Changes in mutational status during third-line
treatment for metastatic colorectal cancer--results of consecutive measurement of cell free DNA,
KRAS and BRAF in the plasma. Int J Cancer. Nov 1 2014;135(9):2215-2222. PMID 24659028
Blue Cross and Blue Shield Association Technology Evaluation Center (TEC). KRAS mutations and
epidermal growth factor receptor inhibitor therapy in metastatic colorectal cancer. TEC Assessments
2008;Volume 23:Tab 6. PMID
Amado RG, Wolf M, Peeters M, et al. Wild-type KRAS is required for panitumumab efficacy in patients
with metastatic colorectal cancer. J Clin Oncol. Apr 01 2008;26(10):1626-1634. PMID 18316791
Van Cutsem E, Peeters M, Siena S, et al. Open-label phase III trial of panitumumab plus best
supportive care compared with best supportive care alone in patients with chemotherapy-refractory
metastatic colorectal cancer. J Clin Oncol. May 1 2007;25(13):1658-1664. PMID 17470858
Van Cutsem E, Kohne CH, Hitre E, et al. Cetuximab and chemotherapy as initial treatment for
metastatic colorectal cancer. N Engl J Med. Apr 2 2009;360(14):1408-1417. PMID 19339720
Bokemeyer C, Bondarenko I, Makhson A, et al. Fluorouracil, leucovorin, and oxaliplatin with and
without cetuximab in the first-line treatment of metastatic colorectal cancer. J Clin Oncol. Feb 10
2009;27(5):663-671. PMID 19114683
Tol J, Koopman M, Cats A, et al. Chemotherapy, bevacizumab, and cetuximab in metastatic
colorectal cancer. N Engl J Med. Feb 05 2009;360(6):563-572. PMID 19196673
Karapetis CS, Khambata-Ford S, Jonker DJ, et al. K-ras mutations and benefit from cetuximab in
advanced colorectal cancer. N Engl J Med. Oct 23 2008;359(17):1757-1765. PMID 18946061
Douillard JY, Siena S, Cassidy J, et al. Randomized, phase III trial of panitumumab with infusional
fluorouracil, leucovorin, and oxaliplatin (FOLFOX4) versus FOLFOX4 alone as first-line treatment in
patients with previously untreated metastatic colorectal cancer: the PRIME study. J Clin Oncol. Nov 1
2010;28(31):4697-4705. PMID 20921465
Van Cutsem E, Kohne CH, Lang I, et al. Cetuximab plus irinotecan, fluorouracil, and leucovorin as
first-line treatment for metastatic colorectal cancer: updated analysis of overall survival according to
tumor KRAS and BRAF mutation status. J Clin Oncol. May 20 2011;29(15):2011-2019. PMID
21502544
Peeters M, Price TJ, Cervantes A, et al. Randomized phase III study of panitumumab with
fluorouracil, leucovorin, and irinotecan (FOLFIRI) compared with FOLFIRI alone as second-line
treatment in patients with metastatic colorectal cancer. J Clin Oncol. Nov 1 2010;28(31):4706-4713.
PMID 20921462

Current Procedural Terminology © American Medical Association. All Rights Reserved.
Contains Public Information

KRAS, NRAS, and BRAF Variant Analysis in Metastatic Colorectal Cancer

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

Page 25 of 26

Maughan TS, Adams RA, Smith CG, et al. Addition of cetuximab to oxaliplatin-based first-line
combination chemotherapy for treatment of advanced colorectal cancer: results of the randomised
phase 3 MRC COIN trial. Lancet. Jun 18 2011;377(9783):2103-2114. PMID 21641636
Qiu LX, Mao C, Zhang J, et al. Predictive and prognostic value of KRAS mutations in metastatic
colorectal cancer patients treated with cetuximab: a meta-analysis of 22 studies. Eur J Cancer. Oct
2010;46(15):2781-2787. PMID 20580219
Dahabreh IJ, Terasawa T, Castaldi PJ, et al. Systematic review: Anti-epidermal growth factor
receptor treatment effect modification by KRAS mutations in advanced colorectal cancer. Ann Intern
Med. Jan 4 2011;154(1):37-49. PMID 21200037
Bokemeyer C, Van Cutsem E, Rougier P, et al. Addition of cetuximab to chemotherapy as first-line
treatment for KRAS wild-type metastatic colorectal cancer: pooled analysis of the CRYSTAL and
OPUS randomised clinical trials. Eur J Cancer. Jul 2012;48(10):1466-1475. PMID 22446022
Benvenuti S, Sartore-Bianchi A, Di Nicolantonio F, et al. Oncogenic activation of the RAS/RAF
signaling pathway impairs the response of metastatic colorectal cancers to anti-epidermal growth
factor receptor antibody therapies. Cancer Res. Mar 15 2007;67(6):2643-2648. PMID 17363584
De Roock W, Piessevaux H, De Schutter J, et al. KRAS wild-type state predicts survival and is
associated to early radiological response in metastatic colorectal cancer treated with cetuximab. Ann
Oncol. Mar 2008;19(3):508-515. PMID 17998284
Di Fiore F, Blanchard F, Charbonnier F, et al. Clinical relevance of KRAS mutation detection in
metastatic colorectal cancer treated by Cetuximab plus chemotherapy. Br J Cancer. Apr 23
2007;96(8):1166-1169. PMID 17375050
Khambata-Ford S, Garrett CR, Meropol NJ, et al. Expression of epiregulin and amphiregulin and K-ras
mutation status predict disease control in metastatic colorectal cancer patients treated with
cetuximab. J Clin Oncol. Aug 1 2007;25(22):3230-3237. PMID 17664471
Lievre A, Bachet JB, Boige V, et al. KRAS mutations as an independent prognostic factor in patients
with advanced colorectal cancer treated with cetuximab. J Clin Oncol. Jan 20 2008;26(3):374-379.
PMID 18202412
Therkildsen C, Bergmann TK, Henrichsen-Schnack T, et al. The predictive value of KRAS, NRAS,
BRAF, PIK3CA and PTEN for anti-EGFR treatment in metastatic colorectal cancer: A systematic review
and meta-analysis. Acta Oncol. Jul 2014;53(7):852-864. PMID 24666267
Douillard JY, Oliner KS, Siena S, et al. Panitumumab-FOLFOX4 treatment and RAS mutations in
colorectal cancer. N Engl J Med. Sep 12 2013;369(11):1023-1034. PMID 24024839
Peeters M, Oliner KS, Parker A, et al. Massively parallel tumor multigene sequencing to evaluate
response to panitumumab in a randomized phase III study of metastatic colorectal cancer. Clin
Cancer Res. Apr 01 2013;19(7):1902-1912. PMID 23325582
De Roock W, Claes B, Bernasconi D, et al. Effects of KRAS, BRAF, NRAS, and PIK3CA mutations on
the efficacy of cetuximab plus chemotherapy in chemotherapy-refractory metastatic colorectal
cancer: a retrospective consortium analysis. Lancet Oncol. Aug 2010;11(8):753-762. PMID 20619739
Peeters M, Oliner KS, Price TJ, et al. Analysis of KRAS/NRAS mutations in a phase III study of
panitumumab with FOLFIRI compared with FOLFIRI alone as second-line treatment for metastatic
colorectal cancer. Clin Cancer Res. Dec 15 2015;21(24):5469-5479. PMID 26341920
Van Cutsem E, Lenz HJ, Kohne CH, et al. Fluorouracil, leucovorin, and irinotecan plus cetuximab
treatment and RAS mutations in colorectal cancer. J Clin Oncol. Mar 01 2015;33(7):692-700. PMID
25605843
Irahara N, Baba Y, Nosho K, et al. NRAS mutations are rare in colorectal cancer. Diagn Mol Pathol.
Sep 2010;19(3):157-163. PMID 20736745
Pietrantonio F, Petrelli F, Coinu A, et al. Predictive role of BRAF mutations in patients with advanced
colorectal cancer receiving cetuximab and panitumumab: a meta-analysis. Eur J Cancer. Mar
2015;51(5):587-594. PMID 25673558
Mao C, Liao RY, Qiu LX, et al. BRAF V600E mutation and resistance to anti-EGFR monoclonal
antibodies in patients with metastatic colorectal cancer: a meta-analysis. Mol Biol Rep. Apr
2011;38(4):2219-2223. PMID 20857202

Current Procedural Terminology © American Medical Association. All Rights Reserved.
Contains Public Information

KRAS, NRAS, and BRAF Variant Analysis in Metastatic Colorectal Cancer

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.

44.

45.

Page 26 of 26

Cappuzzo F, Varella-Garcia M, Finocchiaro G, et al. Primary resistance to cetuximab therapy in EGFR
FISH-positive colorectal cancer patients. Br J Cancer. Jul 8 2008;99(1):83-89. PMID 18577988
Di Nicolantonio F, Martini M, Molinari F, et al. Wild-type BRAF is required for response to
panitumumab or cetuximab in metastatic colorectal cancer. J Clin Oncol. Dec 10 2008;26(35):57055712. PMID 19001320
Freeman DJ, Juan T, Reiner M, et al. Association of K-ras mutational status and clinical outcomes in
patients with metastatic colorectal cancer receiving panitumumab alone. Clin Colorectal Cancer. May
2008;7(3):184-190. PMID 18621636
Laurent-Puig P, Cayre A, Manceau G, et al. Analysis of PTEN, BRAF, and EGFR status in determining
benefit from cetuximab therapy in wild-type KRAS metastatic colon cancer. J Clin Oncol. Dec 10
2009;27(35):5924-5930. PMID 19884556
Loupakis F, Ruzzo A, Cremolini C, et al. KRAS codon 61, 146 and BRAF mutations predict resistance
to cetuximab plus irinotecan in KRAS codon 12 and 13 wild-type metastatic colorectal cancer. Br J
Cancer. Aug 18 2009;101(4):715-721. PMID 19603018
Molinari F, Martin V, Saletti P, et al. Differing deregulation of EGFR and downstream proteins in
primary colorectal cancer and related metastatic sites may be clinically relevant. Br J Cancer. Apr 7
2009;100(7):1087-1094. PMID 19293803
Moroni M, Veronese S, Benvenuti S, et al. Gene copy number for epidermal growth factor receptor
(EGFR) and clinical response to antiEGFR treatment in colorectal cancer: a cohort study. Lancet
Oncol. May 2005;6(5):279-286. PMID 15863375
Perrone F, Lampis A, Orsenigo M, et al. PI3KCA/PTEN deregulation contributes to impaired responses
to cetuximab in metastatic colorectal cancer patients. Ann Oncol. Jan 2009;20(1):84-90. PMID
18669866
Sartore-Bianchi A, Di Nicolantonio F, Nichelatti M, et al. Multi-determinants analysis of molecular
alterations for predicting clinical benefit to EGFR-targeted monoclonal antibodies in colorectal cancer.
PLoS One. Oct 02 2009;4(10):e7287. PMID 19806185
Tol J, Nagtegaal ID, Punt CJ. BRAF mutation in metastatic colorectal cancer. N Engl J Med. Jul 2
2009;361(1):98-99. PMID 19571295
Peeters M, Price TJ, Cervantes A, et al. Final results from a randomized phase 3 study of FOLFIRI
{+/-} panitumumab for second-line treatment of metastatic colorectal cancer. Ann Oncol. Jan
2014;25(1):107-116. PMID 24356622
National Comprehensive Cancer Network (NCCN). NCCN Clinical Practice Guidelines in Oncology: Colon
Cancer. Version 2.2018. https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf. Accessed
June 20, 2018.
Evaluation of Genomic Applications in Practice Prevention Working Group. Recommendations from
the EGAPP Working Group: can testing of tumor tissue for mutations in EGFR pathway downstream
effector genes in patients with metastatic colorectal cancer improve health outcomes by guiding
decisions regarding anti-EGFR therapy? Genet Med. Jul 2013;15(7):517-527. PMID 23429431
Sepulveda AR, Hamilton SR, Allegra CJ, et al. Molecular biomarkers for the evaluation of colorectal
cancer: guideline from the American Society for Clinical Pathology, College of American Pathologists,
Association for Molecular Pathology, and American Society of Clinical Oncology. J Mol Diagn. Mar
2017;19(2):187-225. PMID 28185757
Allegra CJ, Rumble RB, Hamilton SR, et al. Extended RAS gene mutation testing in metastatic
colorectal carcinoma to predict response to anti-epidermal growth factor receptor monoclonal
antibody therapy: American Society of Clinical Oncology Provisional Clinical Opinion Update 2015. J
Clin Oncol. Jan 10 2016;34(2):179-185. PMID 26438111

Current Procedural Terminology © American Medical Association. All Rights Reserved.
Contains Public Information

