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Commentary

KRAS Mutations

An Old Oncogene Becomes a New Predictive Biomarker
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KRAS was one of the first genes found to be mutated in
human cancer. For more than 20 years, mutations in the
KRAS oncogene have been known to be present in a
variety of human cancers, including lung cancer, colo-
rectal cancer, and pancreatic cancer. The frequent mu-
tation of this oncogene has driven efforts to develop a
drug to target tumors with KRAS mutations. More recent
data suggest that KRAS mutations are a useful biomarker
of resistance to epidermal growth factor receptor (EGFR)-
based therapeutics. Most commonly, predictive biomar-
kers are positive markers in which the presence of a
change (increased protein, increased gene copy num-
ber, presence of a translocation, or a mutation) is corre-
lated with the success of a particular therapy. A diagnos-
tic marker that is now a predictive marker is perhaps
the best example of this: the BCR-ABL translocation in
chronic myelogenous leukemia. Patients with BCR-ABL
are most likely to benefit from specific BCR-ABL inhibitors
such as imatinib. Another clear forerunner exists in the
area of breast cancer in which ERBB2 amplification
serves as a prognostic and predictive marker. However,
for another class of agents, the EGFR inhibitors, KRAS
mutations have recently emerged as a useful negative
predictive biomarker, predicting when therapy with this
class of targeted agents is unlikely to work.

Inhibitors of EGFR have been found to be effective in
the treatment of several human cancers. The clinically
useful EGFR inhibitors include kinase inhibitors such as
erlotinib and gefitinib, as well as the anti-EGFR antibodies
panitumumab and cetuximab. The kinase inhibitors have
been most widely used in patients with lung adenocarci-
noma. Erlotinib was approved by the U.S. Food and Drug
Administration for use in the second and third line treat-
ment of non-small cell lung cancer based on the results of
a randomized placebo-controlled trial of patients with
metastatic non-small cell lung cancer (unselected for

EGFR- or KRAS-mutation status) that showed a response
rate of 9% and an improvement in overall survival of about
2 months for patients treated with erlotinib." Cetuximab and
panitumumab, the anti-EGFR antibodies, are more widely
used in colorectal cancer and cancers of the head and
neck. Cetuximab is used alone and in combination with
irinotecan for patients with advanced colorectal cancer
based on demonstrated improvements in overall survival >3
Panitumumab is generally used as a single agent in patients
with colorectal cancer based on improvement in progres-
sion-free survival when compared with placebo.*

The positive predictive biomarkers for EGFR inhibitor
therapy that have been explored include EGFR protein
expression assayed by immunohistochemistry, EGFR
copy number measured by chromogenic or fluorescence
in situ hybridization, and EGFR mutations (reviewed in®").
EGFR protein expression is the least specific marker for
detecting patients likely to respond to therapy, with the
majority of patients with lung adenocarcinoma express-
ing EGFR to some degree while only ~10% of patients
respond to erlotinib or gefitinib. Moreover, EGFR immu-
nohistochemical expression show little or no relationship
to EGFR mutation status.® EGFR mutations are currently
the most specific predictor of erlotinib or gefitinib re-
sponse in patients with non-small cell lung cancer, with
approximately 80% of patients with an activating mutation
in EGFR going on to have a response to erlotinib or
gefitinib. However, in retrospective series, there have
been patients who responded to these therapies with
negative results for all EGFR-related predictive biomark-
ers.® ' While it is possible that such discordant cases
may reflect problems in the coverage or technical sensi-
tivity of the EGFR mutation detection methods used, it is
also clear that there is a need for other markers that might
refine or complement response prediction in this context.

A complementary approach in the development of bi-
omarkers is to identify factors that predict an absence of
response, allowing physicians to prioritize therapies, re-
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Table 1. Retrospective Analyses of EGFR Tyrosine Kinase Inhibitors in Lung Adenocarcinoma
Patients tested for KRAS Response rate Response rate
Author Drugs mutations (mutant/WT) KRAS mutant KRAS WT
Jackman Erlotinib 41 (6/35) 0% 14%
Zhu'® Erlotinib 206 (30/176) 5% 10%
Miller® Erlotinib 80 (18/62) 0% 30%
Massarelli' Erlotinib/Gefitinib 70 (16/54) 0% 7%
Hirsch'© Gefitinib 138 (36/102) 1% 7%
Hirsch'® Gefitinib 152 (12/140) 0% 8%
Han'® Gefitinib 69 (9/60) 0% 27%

WT: wild type (non-mutated).

ducing the chance that a patient will receive a therapy
that is ineffective against their particular tumor. It is in this
vein that KRAS mutation testing has come to the fore. In
the bird’s eye view of the EGFR pathway, signaling leads
from the cell-surface receptor, via a number of signaling
molecules, to growth and proliferation of cancer cells.
One of the many signaling molecules downstream of
EGFR is KRAS. It is because of this downstream role of
KRAS that initial studies examining it as biomarker for
resistance to EGFR-directed therapy hypothesized that
mutations in KRAS would lead to cancer growth regard-
less of modulation of the EGFR signal (via kinase inhibi-
tion or antibodies to the receptor).™

Early work demonstrating that KRAS mutations can be
a predictive biomarker for resistance to treatment with an
EGFR inhibitor looked at a small number of patients with
non-small cell lung cancer who had been treated with
erlotinib or gefitinib, small molecule EGFR tyrosine kinase
inhibitors. In this work, Pao and colleagues demonstrated
that of those patients responsive to erlotinib or gefitinib,
none (0/21) had KRAS mutations.”" In contrast, 9/38 of
patients refractory to erlotinib or gefitinib had KRAS mu-
tations (P = 0.02). A number of groups have gone on to
explore this relationship and confirmed that radiographi-
cal response to treatment with erlotinib or gefitinib is
restricted to the population of patients with KRAS wild-
type tumors (Table 1). These data were so compelling
that many oncologists now routinely request KRAS muta-
tion testing to identify patients who should be offered
other therapies instead of erlotinib or gefitinib (Table 1).

The data supporting the use of KRAS mutation as a
negative predictor of response are even more powerful in
colorectal cancer. In colorectal cancer, a larger number
of patient specimens have been examined for the nega-
tive predictive value of KRAS mutations for treatment with
either cetuximab or panitumumab. In multiple single arm
studies, investigators have demonstrated that the re-

sponse rate for treatment with these EGFR antibodies is
significantly greater in patients with tumors with wild-type
KRAS as compared with mutated KRAS. 72" In trials of
single-agent panitumumab or cetuximab, trials have
demonstrated that the response rate of patients with
KRAS mutations is 0%. Furthermore, in randomized con-
trolled trials (Table 2), it is clear that KRAS mutations are
not acting simply as a negative prognostic factor, but
instead are negative predictors of response only to the
EGFR inhibitors and not to conventional chemotherapy
used in the treatment of colorectal cancer.

As a result of these relatively powerful clinical-molec-
ular correlations, there is now a sudden increased de-
mand for sensitive and rapid methods to detect the most
common KRAS point mutations in routine clinical speci-
mens. In this context, in this issue of The Journal of Mo-
lecular Diagnostics, Tatsumi et al report a novel assay for
detection of mutations in codon 12 of KRAS.?® Previously
used methods to routinely detect KRAS mutations include
direct sequencing, PCR-restriction fragment length poly-
morphisms, PCR-single strand conformation polymor-
phism, and mutant-allele-specific amplification. An even
wider spectrum of technical approaches have already
been applied to EGFR mutation detection.?® Tatsumi et al
have adapted the previously reported technology, smart
amplification process and included a peptide nucleic
acid clamp, developing an assay that can be rapidly
performed without a separate DNA extraction. They re-
port a very sensitive assay that can detect as few as 10
copies in 26 pL. More importantly, mutant DNA can be
identified even when it comprises just 0.1% of the DNA in
a specimen. This sensitivity could reduce or eliminate the
need for microdissection, which is now commonly used
to address the poor technical sensitivity of direct se-
quencing (about 25%). Moreover, a single assay in a
single tube can be used to identify all possible mutations
in codon 12 of KRAS, making it a very simple assay.

Table 2. Randomized Trials of EGFR Antibodies in Colorectal Cancer
Patients tested for KRAS Response rate Response rate
Author Drugs mutations (mutant/WT) KRAS mutant KRAS WT
Amado?®? Panitumumab 208 (84/124) 0% 17%
Supportive care only 214 (100/114) 0% 0%
Van Cutsem?® FOLFIRI + cetuximab 277 (105/172) 36% 59%
FOLFIRI 263 (87/176) 40% 43%
Bokemeyer®* FOLFOX + cetuximab 113 (52/61) 33% 61%
FOLFOX 120 (47/73) 49% 37%

WT: wild type (non-mutated).



Recent clinical data have made clear that KRAS mu-

tations are an important negative predictive biomarker.
The technique reported by Tatsumi et al is an excellent
example of technologies that are emerging that will allow
rapid screening for KRAS mutations in clinical samples.
However, as additional clinically relevant mutations in the
EGFR pathway (for example in BRAF and MEK127?8) and
other targetable pathways continue to be discovered, the
sheer number of mutations may lead to a move away from
single mutation clinical assays to platforms which allow
high level multiplexing.

References

. Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, Hirsh V,

Thongprasert S, Campos D, Maoleekoonpiroj S, Smylie M, Martins R,
van Kooten M, Dediu M, Findlay B, Tu D, Johnston D, Bezjak A, Clark
G, Santabarbara P, Seymour L: Erlotinib in previously treated non-
small-cell lung cancer. N Engl J Med 2005, 353:123-132

. Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro A,

Bets D, Mueser M, Harstrick A, Verslype C, Chau |, Van Cutsem E:
Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl J Med 2004, 351:337-345

. Jonker DJ, O'Callaghan CJ, Karapetis CS, Zalcberg JR, Tu D, Au HJ,

Berry SR, Krahn M, Price T, Simes RJ, Tebbutt NC, van Hazel G,
Wierzbicki R, Langer C, Moore MJ: Cetuximab for the treatment of
colorectal cancer. N Engl J Med 2007, 357:2040-2048

. Van Cutsem E, Peeters M, Siena S, Humblet Y, Hendlisz A, Neyns B,

Canon JL, Van Laethem JL, Maurel J, Richardson G, Wolf M, Amado
RG: Open-label phase Il trial of panitumumab plus best supportive
care compared with best supportive care alone in patients with che-
motherapy-refractory metastatic colorectal cancer. J Clin Oncol 2007,
25:1658-1664

. Hirsch FR, Bunn PA Jr: Epidermal growth factor receptor inhibitors in

lung cancer: smaller or larger molecules, selected or unselected
populations? J Clin Oncol 2005, 23:9044-9047

. Sequist LV, Bell DW, Lynch TJ, Haber DA: Molecular predictors of

response to epidermal growth factor receptor antagonists in non-
small-cell lung cancer. J Clin Oncol 2007, 25:587-595

. Ladanyi M, Pao W: Lung adenocarcinoma: guiding EGFR-targeted

therapy and beyond. Mod Pathol 2008, 21 Suppl 2:516-22

. Li AR, Chitale D, Riely GJ, Pao W, Miller VA, Zakowski MF, Rusch V,

Kris MG, Ladanyi M: EGFR mutations in lung adenocarcinomas:
clinical testing experience and relationship to EGFR gene copy number
and immunohistochemical expression. J Mol Diagn 2008, 10:242-248

. Miller VA, Riely GJ, Zakowski MF, Li AR, Patel JD, Heelan RT, Kris MG,

Sandler AB, Carbone DP, Tsao A, Herbst RS, Heller G, Ladanyi M,
Pao W, Johnson DH: Molecular characteristics of bronchioloalveolar
carcinoma and adenocarcinoma, bronchioloalveolar carcinoma sub-
type, predict response to erlotinib. J Clin Oncol 2008, 26:1472-1478

. Hirsch FR, Varella-Garcia M, Cappuzzo F, McCoy J, Bemis L, Xavier

AC, Dziadziuszko R, Gumerlock P, Chansky K, West H, Gazdar AF,
Crino L, Gandara DR, Franklin WA, Bunn PA Jr: Combination of EGFR
gene copy number and protein expression predicts outcome for
advanced non-small-cell lung cancer patients treated with gefitinib.
Ann Oncol 2007, 18:752-760

. Pao W, Wang TY, Riely GJ, Miller VA, Pan Q, Ladanyi M, Zakowski

MF, Heelan RT, Kris MG, Varmus HE: KRAS mutations and primary
resistance of lung adenocarcinomas to gefitinib or erlotinib. PLoS
Med 2005, 2:e17

. Jackman DM, Yeap BY, Lindeman NI, Fidias P, Rabin MS, Temel J, Skarin

AT, Meyerson M, Holmes AJ, Borras AM, Freidlin B, Ostler PA, Lucca J,
Lynch TJ, Johnson BE, Janne PA: Phase Il clinical trial of chemotherapy-
naive patients > or = 70 years of age treated with erlotinib for advanced
non-small-cell lung cancer. J Clin Oncol 2007, 25:760-766

. Zhu CQ, da Cunha Santos G, Ding K, Sakurada A, Cutz JC, Liu N, Zhang

T, Marrano P, Whitehead M, Squire JA, Kamel-Reid S, Seymour L,
Shepherd FA, Tsao MS: Role of KRAS and EGFR as biomarkers of
response to erlotinib in National Cancer Institute of Canada Clini-
cal Trials Group Study BR. 21, J Clin Oncol 2008, 26:4268-4275

20.

21.

22.

23.

24.

25.

26.

27.

28.

KRAS Mutations 495
JMD November 2008, Vol. 10, No. 6

. Massarelli E, Varella-Garcia M, Tang X, Xavier AC, Ozburn NC, Liu

DD, Bekele BN, Herbst RS, Wistuba II: KRAS mutation is an important
predictor of resistance to therapy with epidermal growth factor re-
ceptor tyrosine kinase inhibitors in non-small-cell lung cancer. Clin
Cancer Res 2007, 13:2890-2896

. Hirsch FR, Varella-Garcia M, Bunn PA Jr, Franklin WA, Dziadziuszko

R, Thatcher N, Chang A, Parikh P, Pereira JR, Ciuleanu T, von Pawel
J, Watkins C, Flannery A, Ellison G, Donald E, Knight L, Parums D,
Botwood N, Holloway B: Molecular predictors of outcome with ge-
fitinib in a phase Il placebo-controlled study in advanced non-small-
cell lung cancer. J Clin Oncol 2006, 24:5034-5042

. Han SW, Kim TY, Jeon YK, Hwang PG, Im SA, Lee KH, Kim JH, Kim

DW, Heo DS, Kim NK, Chung DH, Bang YJ: Optimization of patient
selection for gefitinib in non-small cell lung cancer by combined
analysis of epidermal growth factor receptor mutation. K-ras muta-
tion, and Akt phosphorylation. Clin Cancer Res 2006, 12:2538-2544

. Benvenuti S, Sartore-Bianchi A, Di Nicolantonio F, Zanon C, Moroni

M, Veronese S, Siena S, Bardelli A: Oncogenic activation of the
RAS/RAF signaling pathway impairs the response of metastatic colo-
rectal cancers to anti-epidermal growth factor receptor antibody ther-
apies. Cancer Res 2007, 67:2643-2648

. De Roock W, Piessevaux H, De Schutter J, Janssens M, De Hertogh

G, Personeni N, Biesmans B, Van Laethem JL, Peeters M, Humblet Y,
Van Cutsem E, Tejpar S: KRAS wild-type state predicts survival and
is associated to early radiological response in metastatic colorectal
cancer treated with cetuximab. Ann Oncol 2008, 19:508-515

. Di Fiore F, Blanchard F, Charbonnier F, Le Pessot F, Lamy A, Galais

MP, Bastit L, Killian A, Sesboue R, Tuech JJ, Queuniet AM, Paillot B,
Sabourin JC, Michot F, Michel P, Frebourg T: Clinical relevance of
KRAS mutation detection in metastatic colorectal cancer treated by
Cetuximab plus chemotherapy. Br J Cancer 2007, 96:1166-1169
Lievre A, Bachet JB, Boige V, Cayre A, Le Corre D, Buc E, Ychou M,
Bouche O, Landi B, Louvet C, Andre T, Bibeau F, Diebold MD,
Rougier P, Ducreux M, Tomasic G, Emile JF, Penault-Llorca F,
Laurent-Puig P: KRAS mutations as an independent prognostic
factor in patients with advanced colorectal cancer treated with
cetuximab. J Clin Oncol 2008, 26:374-379

Lievre A, Bachet JB, Le Corre D, Boige V, Landi B, Emile JF, Cote JF,
Tomasic G, Penna C, Ducreux M, Rougier P, Penault-Llorca F,
Laurent-Puig P: KRAS mutation status is predictive of response to
cetuximab therapy in colorectal cancer. Cancer Res 2006,
66:3992-3995

Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena S, Freeman DJ,
Juan T, Sikorski R, Suggs S, Radinsky R, Patterson SD, Chang DD:
Wild-type KRAS is required for panitumumab efficacy in patients with
metastatic colorectal cancer. J Clin Oncol 2008, 26:1626-1634

Van Cutsem E, Lang |, D’haens G, Moiseyenko V, Zaluski J, Folprecht
G, Tejpar S, Kisker O, Stroh C, Rougier P: KRAS status and efficacy
in the first-line treatment of patients with metastatic colorectal cancer
(mCRC) treated with FOLFIRI with or without cetuximab: the CRYSTAL
experience. J Clin Oncol 2008, 26 (May 20 Suppl): abstract 2
Bokemeyer C, Bondarenko |, Hartmann JT, De Braud FG, Volovat C,
Nippgen J, Stroh C, Celik |, Koralewski P: KRAS status and efficacy of
first-line treatments of patients with metastatic colorectal cancer
(cCRC) with FOLFOX with or without cetuximab: the OPUS experi-
ence. J Clin Oncol 2008, 26 (May 20 Suppl): abstract 4000

Tatsumi K, Mitani Y, Watanabe J, Takakura H, Hoshi K, Kawai Y,
Kikuchi T, Kogo Y, Oguchi-Katayama A, Tomaru Y, Kanamori H, Baba
M, Ishidao T, Usui K, ltoh M, Cizdzie PE, Lezhava A, Ueda M,
Ichikawa Y, Endo |, Togo S, Shimada H, Hayashizaki Y: Rapid screen-
ing assay for KRAS mutations by the modified SMart Amplification
Process. J Mol Diagn 2008, pp 520-526

Pao W, Ladanyi M: Epidermal growth factor receptor mutation testing
in lung cancer: searching for the ideal method. Clin Cancer Res 2007,
13:4954-4955

Pratilas CA, Hanrahan AJ, Halilovic E, Persaud Y, Soh J, Chitale D, Shige-
matsu H, Yamamoto H, Sawai A, Janakiraman M, Taylor BS, Pao W,
Toyooka S, Ladanyi M, Gazdar A, Rosen N, Solit DB: Genetic predictors of
MEK-dependence in non-small cell lung cancer. Cancer Res 2008, in press
Marks JL, Gong Y, Chitale D, Golas B, McLellan MD, Kasai Y, Ding L,
Mardis ER, Wilson RK, Solit D, Levine R, Michel K, Thomas RK, Rusch
VW, Ladanyi M, Pao W: Novel MEK1 mutation identified by mutational
analysis of epidermal growth factor receptor signaling pathway
genes in lung adenocarcinoma. Cancer Res 2008, 68:5524-5528



	KRAS Mutations: An Old Oncogene Becomes a New Predictive Biomarker
	References


