atg act gaa tat aaa ctt gtg gta gtt gga gct gta ggc aag agt

ROUTINE KRAS MUTATIONS ANALYSIS METHODS

ME s TR E IVaEL V- VIR s G s G- GRIs VAR Gl K-S
ata cag cta a QQU\Sgac, nt cca aca ata gag
HRM o900
DIRECT SEQUENCING PYROSEQUENCING DHPLC High Resolution Melting Real time PCR LCD array - I o [ 4 E
5%

agg aag caa gta gta att gat gga gaa acc tgt ctc ttg gat att ctc gac

SENSITIVITY 15-20 % 2-5% 2-5% 1-2 % <1%

(MT/WT, %) R K ARV VI > L&D
® Detects all genetic ® Sensitive ® Sensitive ® Sensitive ® Sensitive ® Sensitive gag gag tac agt gc{mmy. . k= : act ggg gag ggc
. t. . th s 4 \ o
wn Zzzjel:::dl:m:licons ® Detects only specific ® Detects all genetic variations in ® Detects all genetic ® Rapid TAT (1 week]) ® Rapid TAT (1 week) Q.5 BB Y aniS A Bl KR J&¥ G IHERNG
L mutations tested the amplicon tested variations in the . . . . ; - oy
2 amplicon tested ® Detects only specific ® Doesn't require any technical background gta ttt gcc ata aat aa 9 i « R cac cat tat aga
mutations tested ___ BN N
|<£( ® Only 1 PCR to identify all the mutations tested /PR E A i -8 H-LY HIRALE
E ® Presence of Wild Type suppressor sequence aaa aga gtt a [ T4 ! ' Bl gta gga aat aaa
< (WSC) to enhance sensitivity of the mutation - / |
detection (R, T < B : Vot SGESE NS
® Detects only specific mutations tested cct tct aga a \ { | ) 5 .-_. ¥ gca aga agt tat
ﬂ ® Lack of sensitivity ® Technical background  ® High technical background ® High technical back- ® Not convenient: detects P S R _ 4 R ‘Sl
ired ired d ired L inal ifi .
2 e Technical background require require ground require c;\uilaa:izlnngeersrzgzilsn
E required ® Extended TAT (4 days ® Sequencing confirmation requi- ® Sequencing confir-
%Z ® Extended TAT to 2 weeks) red mation required L S::gezn;ir\:)eb’[32S ;;;Ln;z::s;‘
< (4 days to 2 weeks) ® Extended TAT (4 days to 2 weeks) ® Extended TAT ifi tation i
7 (4 days to 2 weeks] specific mutation in
=) each PCR reaction)
References Sample preparation Contacts
Clinical relevance of EGFR- and KRAS-status in colorectal cancer patients HematO—OYICOlOgiCal Depal‘h’nent
treated with monoclonal antibodies directed against the EGFR.Heinemann V et PRE-ANALYTICAL REQUIREMENT

al - Cancer Treat Rev. 2009 May;35(3):262-71 . . . i i
Molecular biology for KRAS status is available on: @ Biomnis
KRAS mutations and sensitivity to epidermal growth factor receptor inhibitors

in colorectal cancer: practical application of patient selection. Jimeno A et al International Division

Jcm Oncol. 2009 Mar 1;2v7[7]:113(.376,. | o 7 17/19 avl. Tony (-Ba;réwier mU ta tl O n Sta tU S

K-ras mutations and benefit from cetuximab in advanced colorectal Paraffin embedded tumoral tissue BP 7322 . .
cancer.Karapetis CS et al -N Engl J Med. 2008 Oct 23;359(17):1757-65. ® Formalin - not Bouin 69357 LYON Cedex Q7 A Blorna I'kel' TO establlS]1
Assessment of somatic k-RAS mutations as a mechanism associated with ; ; FRANCE SiLiave .

resistance to EGFR-targeted agents: a systematic review and meta-analysis of ® Tumor Samp[e is returned after ana[YSlS el.: (+33) 4 72 80 73 55 f]]e Cllrllcal OIJTCO]‘I]Q m

studies in advanced non-small-cell lung cancer and metastatic colorectal can- or .

cer. Linardou H et al - Lancet Oncol. 2008 Oct;9(10):962-72. ) ) _ Fax: [{33];‘ 72 ?0 73{(%%_ , t t t b l ' t ‘l
KRAS mutations as an independent prognostic factor in patients with advan- UnStamed_ slides [10-20 Hm thICk] e-mait-nternationa 1omnis.com M e a S 8 lC O O l eC a
ced colorectal cancer treated with cetuximab. Liévre Aet al - J Clin Oncol. 2008 @ Paraffin embedded (or cryO] mass tumor : B

Jan 20;26(3):374-9. 5 unstained slides ® Said EL MOUATASSIM, PhD C x

Clinical relevance of KRAS mutation detection in metastatic colorectal cancer ® Paraffin embedded (or cryo] biOpSy - 10 unstained Benoit QUILICHINI, MD 8 nce I

treated by Cetuximab plus chemotherapy.Di Fiore F et al - Br J Cancer. 2007 lid Arnaud MILLARET, MP

Apr 23;96(8):1166-9. stades APRIL 2009

Wild-type KRAS is required for panitumumab efficacy in patients with metas-
tatic colorectal cancerAmado RG et al - J Clin Oncol. 2008 Apr 1;26(10):1626-34.

Mutations in the epidermal growth factor receptor and in KRAS are H|5t0l09y report IS mandatorY'
predictive and prognostic indicators in patients with non-small-cell lung can-

cer treated with chemotherapy alone and in combination with erlotinib.

Eberhard DA et al - J Clin Oncol. 2005 Sep 1;23(25):5900-9.

Ras oncogenes in human cancer: a review. Bos JL. Cancer Res. 1989 Sep TAT: 10 days Bl_omn!s
1:49(17):4682-9. www.biomnis.com

Biomnis provides full expertise and organization
for clinical trials.

. biomnis

SPECIALISED MEDICAL PATHOLOGY




Clinical use

Colorectal cancer (CRC) is the second most commonly
diagnosed cancer. CRC represents the second most com-
mon cause of deaths world wide. Approximately 30 % of
patients with CRC have metastatic disease at the time of
diagnosis (MCRC).

KRAS mutations screening is performed in cases of
metastatic colorectal cancer [mCRC] for therapeutic decision.
Several studies showed the presence of a hotspot muta-
tional site in codons 12, 13, 61 and 63 in KRAS oncogene.
KRAS mutation status allows for the identification of
patients who might benefice from anti-EGFR therapies
and avoid a costly and potentially toxic administration of
this treatment in non responsive patients.

Wild-type KRAS status :
Responsive to anti-EGFR therapies

Mutated KRAS :
Non responsive to anti-EGFR therapies

Scientific background

Somatic mutations in the RAS oncogene familly (HRAS, KRAS
and NRAS) are observed in a variety of various malignancies,
including colorectal cancer (33~53 %), pancreatic cancer
(~80 %), lung adenocarcinoma (~30 %), ovarian and endome-
trial cancer, gall bladder cancer, bile duct cancer (~45 %),
thyroid cancer (~55 %) and hematological malignancies.
The KRAS gene is located on chromosome 12 and encodes
for a G protein involved in colorectal carcinogenesis. The
KRAS protein plays a central role in tumor development,
regulating downstream proteins involved in proliferation,
survival, metastasis and angiogenesis via the EGFR
signalling pathway.

The KRAS protein regulates PIBK/AKT and RAS/MEK/ERK
signalling pathways located downstream of many growth
factor receptors, including EGFR. When bound to it's
ligand, EGFR stimulates tyrosine kinase activity leading to
activation of KRAS and signalling pathways.

Genetic alterations of the intracellular effectors involved
in EGFR-related signalling pathways may have an effect
on response to this targeted therapy. The presence of an
activating mutation in codons 12 and 13, the KRAS protein
is permanently turned on, even without being triggered by
EGFR mediated signalling and the therapies targeting
EGFR are ineffective.

Specific target-directed therapies

3 monoclonal antibodies have been approved for colorectal
cancer therapy including monoclonal antibodies against
epidermal growth factor receptor (EGFR] and vascular
endothelial growth facter (VEGF).
The new therapies targeting EGFR are cetuximab (Erbitux®;
Merck Serono) and panitumumab (Vectibix®; Amgen). The
action of cetuximab or panitumumab is the blockage of
ligand binding receptor and thereby causing the inhibition
of ligand mediated pathway.
The European Commission has granted a market authori-
zation for cetuximab and panitumumab for the treatment
of patients whose tumors harbor normal, non-mutated
(wild type; WT) KRAS gene.
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KRAS mutations in exon 2

Kras mutations Distribution in metastatic
colorectal cancer

p.G12V; c.35G > T 21,7 - 28,1 %
p.G12A; c.35G > C 6,4-82%
p.G12D; c.35G > A 35,7-38 %
p.G12S; c.34G > A 7,6-99 %
p.G12C; c.34G > T 53-7,6%
p.G12R; c.34G > C 1,2-1,6%

p.G13D; c.38G > A 11,7-158% (FLLLEE
p.G13C; c.37G > A 0,6 % 15 %

Others (codon 61 and 63)

Additional advances in bio marker use
for direct target therapies

BRAF and PI3K mutations are being explored and seem to
give promising data for a more accurate therapeutic
approach.

HES coloration
Tumor localization

BRAF?
PI3K?

-

HOW TO MANAGE KRAS MUTATION SCREENING?
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Ex: Detection of c.35G>A (p.G12D) in codon 12 of KRAS gene /




