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NCCN Guidelines Panel: Colon Cancer Panel

On behalf of lllumina, | respectfully request the NCCN Colon Cancer guideline panel to review the enclosed information regarding
extended RAS molecular testing in metastatic colorectal cancer and ask for inclusion of an FDA-approved next-generation sequencing
(NGS)-based in vitro diagnostic for panitumumab eligibility, which targets 56 mutations in KRAS exons 2, 3, and 4 and NRAS exons 2, 3,
and 4. In addition, physicians need to be informed that the current FDA approved PCR-based assays for RAS testing only examine KRAS
exon 2.

Specific Requested Changes:

We ask the panel to emphasize that KRAS and NRAS testing in mCRC needs to cover exons 2, 3, and 4 of both genes. This level of
extended RAS testing is available through a new FDA-approved NGS-based Extended RAS Panel assay. This assay determines RAS
mutation status in exons 2, 3, and 4 of both KRAS and NRAS in colorectal cancer patients being considered for panitumumab therapy.

FDA Clearance:

On 29 June 2017, the NGS-based Praxis™ Extended RAS Panel was approved for the detection of 56 specific mutations in RAS genes [KRAS
(exons 2, 3, and 4) and NRAS (exons 2, 3, and 4)] in DNA extracted from formalin-fixed, paraffin-embedded (FFPE) colorectal cancer (CRC)
tissue samples. The test is indicated to aid in the identification of patients with colorectal cancer for treatment with Vectibix®
(panitumumab) based on a no mutation detected test result [1].

Rationale:

e A growing body of literature has established that mutations in KRAS exons 2, 3 and 4, and NRAS exons 2, 3, and 4 are predictive of a
lack of patient benefit with panitumumab and cetuximab in mCRC, with a negative impact on progression-free survival and overall
survival [1-9].

o  The PRIME study (20050203) was a phase 3, multicenter, open-label, randomized trial that evaluated panitumumab plus FOLFOX4
compared with FOLFOX4 alone as first-line therapy in 1183 patients with wild-type KRAS exon 2 mCRC [10]. KRAS status was
determined by the investigational use only TheraScreen KRAS Mutation kit (QIAGEN®), which targeted 7 somatic mutations in
KRAS exon 2. Later, banked PRIME samples that were characterized as wild-type KRAS exon 2 were evaluated for mutations in
KRAS exons 3 and 4, and NRAS exons 2, 3, and 4 using Sanger sequencing. The ascertainment rate of tumor RAS status was 90%;
17% of tumor samples carried other RAS mutations (other than KRAS exon 2) [3]. In the PRIME cohort, extended RAS analysis
would have saved 201 patients from an ineffective therapy and associated adverse events.

o In 2017, ajoint guideline was published and explicitly stated that extended RAS mutational assessment (including KRAS and NRAS
exons 2, 3, and 4) should become standard of care for metastatic CRC [5].

e  To determine the accuracy of the Praxis Extended RAS Panel, NGS-based assay results were compared to results from Sanger
sequencing in samples from 441 patients from the PRIME study. The positive percent agreement (PPA) was 98.7% and the negative
percent agreement (NPA) was 97.6% [1]. The Sanger methodology was more labor intensive, time consuming, and required a much
higher DNA input, as opposed to NGS which simultaneously detected 56 potentially activating mutations in a single experiment using
only 40 nanograms of DNA.

e Per the FDA labeling for panitumumab [8] and cetuximab [9], treatment is not indicated in patients with RAS mutant colorectal cancer

or when RAS mutation status is unknown.
o  The other FDA-approved tests, which are PCR-based, detect mutations in KRAS exon 2 only, missing KRAS exons 3 and 4 and any
NRAS mutations, thereby not establishing the full RAS mutation status (ie, RAS mutation status is unknown).
=  The cobas® KRAS Mutation Test is approved for the detection of seven somatic mutations in codons 12 and 13 of the KRAS
gene. The test is intended to be used as an aid in the identification of CRC patients for whom treatment with Vectibix
(panitumumab) or with Erbitux® (cetuximab)) may be indicated based on a no mutation detected result [11].

=  The therascreen KRAS RGQ PCR Kit is approved for the detection of seven somatic mutations in the human KRAS oncogene
(in codons 12 and 13 of exon 2). The test is intended to aid in the identification of CRC patients for treatment with Vectibix
(panitumumab) and Erbitux (cetuximab) based on a KRAS no mutation detected test result [12].

Current Recommendation
COL-A 4 of 5: KRAS, NRAS, and BRAF Mutation Testing

o All patients with metastatic colorectal cancer should have tumor tissue genotyped for RAS (KRAS and NRAS) and BRAF mutations.
Patients with any known KRAS mutation (exon 2 or non-exon 2) or NRAS mutation should not be treated with either cetuximab or
panitumumab.43 4445 BRAF V600E mutation makes response to panitumumab or cetuximab highly unlikely. 46-48
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e Testing for KRAS, NRAS, and BRAF mutations should be performed only in laboratories that are certified under the clinical laboratory
improvement amendments of 1988 (CLIA-88) as qualified to perform high complexity clinical laboratory (molecular pathology) testing.
No specific methodology is recommended (eg, sequencing, hybridization).

Proposed Changes
COL-A 4 of 5: KRAS, NRAS and BRAF Mutation Testing

e All patients with metastatic colorectal cancer should have tumor tissue genotyped for KRAS exons 2, 3, and 4; NRAS exons 2, 3, and 4;
and BRAF mutations. Patients with any known RAS mutation or unknown RAS mutation status should not be treated with either
cetuximab or panitumumab.3 44 4> BRAF V600E mutation makes response to panitumumab or cetuximab highly unlikely. 46-48

e Testing for KRAS (exons 2, 3, and 4); NRAS (exons 2, 3, and 4); and BRAF mutations should be performed only in laboratories that are
certified under the clinical laboratory improvement amendments of 1988 (CLIA-88) as qualified to perform high complexity clinical
laboratory (molecular pathology) testing. No specific methodology is recommended for BRAF mutation testing (eg, sequencing,
hybridization). Determination of RAS mutation status should be performed using an FDA-approved test for this use. [8,9] An NGS-based
FDA-approved companion diagnostic for panitumumab is available which detects 56 mutations in KRAS exons 2, 3, and 4 and NRAS
exons 2, 3, and 4. Current PCR-based FDA-approved tests detect 7 mutations in KRAS exon 2 only.

Additional Changes: Discussion

In the Discussion section of the guidelines, there is discussion of KRAS or NRAS testing, including data from clinical studies, and a method
for determining KRAS/NRAS mutation status. We recommend similar changes, noting that, “An FDA-approved NGS companion diagnostic
for panitumumab is available that can simultaneously test for mutations in KRAS exons 2, 3, and 4, and NRAS exons 2, 3, and 4.”
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Thank you for your consideration,

Amy Mueller MD
Medical Director, Oncology
Ilumina
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