





signatures and classified as activating oncogenic or wildtype-like,
based on the 33-percentile. Kaplan—Meier survival analysis
resulted in a significant better survival of patients classified as
wildtype (n%46) compared with patients classified as oncogenic
(n¥22) by the gene signatures (KRAS signature, HRY42.62
p¥40.004, logrank test; BRAF signature, HRY2.08 p%0.018;
PIK3CA, HRY2.67 p%0.003; Suppl figure 1). The combined
oncogenic pathway signature also showed a strong predictive
value (HRY2.51 p%:0.0009, figure 4B).

We further evaluated whether the association of the combined
signature with cetuximab response was independent of
amphiregulin (AREG) and epiregulin (EREG) expression levels as
these two ligands have been shown to have predictive value for
cetuximab response.’> For this purpose, the 68 tumours were
split into an AREG-high (n¥34) and an AREG-low (n¥434) group
based on the median AREG expression level. Within the AREG-
high group, the oncogenic pathway signature remained signifi-
cantly associated with survival of treated patients (HRY24.06
p¥40.001, figure 4C). This analysis was repeated for EREG
expression, and also within the EREG-high patient group the
combined signature was able to identify patients who benefited
more from cetuximab treatment (HRY23.28 p¥%40.005, figure 4D).
In contrast, classification using the combined signature showed
no association with survival within the AREG-low (p¥%40.99) and
EREG-low groups (p¥40.35). These results indicate that,
although classification by the gene signature model is associated
with AREG/EREG expression, it likely holds additional predic-
tive value to further stratify patients that benefit most from
anti-EGFR-targeted therapies.

We investigated whether the predictive power of the
combined oncogenic pathway signature is independent of KRAS
mutation status. The combined classification model showed
a significant performance within KRAS wildtype patients
(HRY&2.49 p¥40.009, figure 4E), indicating an association with
survival beyond KRAS wildtype status. As expected, almost all

Figure 5 Mechanism of response to
anti-EGFR inhibitors. The combined
oncogenic pathway signature can not
only identify tumours with one specibc
mutation, but also patients with an
activated EGFR pathway caused by
other aberrations, or by unknown
activation mechanisms.
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samples with a KRAS mutation were classified as mutation-like
by the combined signature (16 of 20), and within this group the
gene signature model showed no association with treatment
response (p¥40.63). Finally, KRAS status is not predictive in the
36 patients with activated oncogenic pathway (data not
shown).

DISCUSSION

Three signalling pathway signatures were developed to charac-
terise specific types of oncogenic mutations in colon cancer
(KRAS, BRAF or PIK3CA). The results indicate that, in spite of
widespread effects, tumours with these mutations display
a partially shared gene expression pattern captured by our
signature. The combined oncogenic pathway signature model
has led to the classification of ‘activating oncogenic’ tumours with
a significant proportion of mutation-negative cases.

The combined oncogenic pathway signature identifies
tumours with one specific mutation, but also patients with an
activated EGFR pathway caused by other aberrations or by
unknown activation mechanisms (figure 5). A variety of mech-
anisms can activate the EGFR/ERK/MAPK pathway in wildtype
patients: (1) directly by upregulation of RAS, PI3K and mitogen-
activated protein kinase family genes; (2) indirectly by up-
regulation of activator genes, like KIT, CDC42, MRAS, CRK|
FCGR2A, LCK and JAK2 or (3) by downregulation of inhibitor
genes. These mechanisms of activation can only by detected by
a signature that measures the effect of any downstream acti-
vation. Taken together, our data reveals novel underlying
mechanism as to why a colorectal tumour with no known
activating mutations in KRAS, BRAF or PIK3CA can display
a shared gene expression pattern with mutation carriers, and
explains resistance to the treatment of anti-EGFR drugs, such as
cetuximab.
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In line with this observation, no particular enrichment for
members of the canonical EGFR-signalling pathways is evident
in the individual and combined signatures. However, a reduced
number of these genes is shared, such as the members of the
dual-specificity phosphatases (DUSPs) family DUSP6 and
DUSP18. Genes associated with the same response (ie, DKK1,
PHLDA1 and SLC7A) are also part of them. DUSP proteins shut
down MAPK signalling and are involved in the late response to
EGE They play a relevant role in the negative feedback regula-
tion of EGFR-signalling pathway attenuating the response to
EGE?® DUSP4 and DUSP6 were originally identified as top
resistance markers to cetuximab in unselected patients'? ?° and
have also been highlighted in in vitro systems.”® The use of
a four-gene model, including AREG, EREG, DUSPé and
SLC26A3, has been shown to improve the identification of
responders among preselected KRAS wildtype patients.”? As
there is a clear association between cetuximab response and
mutation status, it is not surprising that we find DUSPé and
members of the SLC family also in the mutation signatures.
Interestingly, DUSP6 and SLC7A have also been shown to
correlate to response to MEK inhibitors® and PI3K pathway
inhibitors.*

Among the individual signatures, the BRAF oncogenic-specific
signatures showed the most distinct gene expression pattern,
and had the best performance with an overall accuracy of 91%.
The more explicit BRAF signature identified two large distinctive
groups and showed no ambiguous region when compared with
KRAS (figure 1A) and PIK3CA profiling (figure 1C). As expected,
a strong correlation was observed with MSI-H status. BRAF
mutations have been described to be more frequent (40%—50%)
in MSI-H patients.?” The better accuracy of the BRAF signature
may reflect its more downstream position within the EGFR-
signalling transduction pathway. KRAS and PIK3CA are located
more upstream in the EGFR-signalling cascade and may, there-
fore, signal to a wider range of downstream signal transduction
pathways and transcriptional effects. In contrast, the further
downstream-located BRAF may signal to a more limited number
of signal transduction pathways, resulting in a more discrete
gene expression pattern. In spite of its high specificity, BRAF
signature still captures a proportion of KRAS mutant cases in
line with the recent description of a population of BRAF
mutated-like KRAS mutants.*

This combined model is associated with response to cetux-
imab treatment in patients with metastatic CRC with better
performance than each of the three single mutation signatures
and using the KRAS mutation status alone. This combined
signature has independent value from KRAS mutation and
AREG and EREG expression status, which are currently the
major determinants of response. It can be speculated that these
patients might benefit more from downstream inhibitors like
MEK, AKT or PIK3CA inhibitors. In fact, signatures measuring
pathway activation can identify patients who are sensitive to
the pathway inhibition, and the signatures are superior to
measuring the mutation status alone.” !

The finding that the signatures and the combined model are in
good agreement with known markers of response to cetuximab,
but offer additional information beyond those markers, confirms
our hypothesis that a genomic signature might be a more
comprehensive solution to identify the patients who are most
likely to benefit. This might be of special interest when less well-
characterised pathways are targeted, and knowledge about
predictive markers is limited.

The large numbers of well-annotated early stage tumours that
have been profiled have provided us with adequate power to
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develop and validate the signatures. The use of Sanger
sequencing with RNA as a starting material is a robust and
reasonably sensitive option when analysing tumour cell-
enriched samples. While we are aware that some KRAS-positive
cases may have been misclassified, we do not think that this
affects the validity of our observations. The excellent correlation
between the training and validation set and the strong biological
plausibility of the signature genes has confirmed the potential of
using simple predictors and simple reporter-selection strate-
gies.®® The utility of the profile still needs further validation in
patients treated with EGFR-pathway inhibitors. Finally, it will
be of interest to know whether these profiles will be useful in
the prediction of response of the novel compounds that inhibit
the EGFR pathway further downstream, that is, at the level of
PISK, BRAF, MEK or mTOR.

Acknowledgements \We would like to thank Leiden University Medical Center, The
Netherlands Cancer Institute, the Slotervaart General Hospital in The Netherlands,
Institut Catala d'Oncologia and Hospital Vall d'Hebron in Spain for their patient
samples. We also thank Miguel Angel Pujana for deep insight and help in the early
stages of this work.

Contributors ST, IS, VM, PR, JT, MS, LvV, RS, RB and GC have read and reviewed
the final paper. ST, IS, JT, RB and GC have been involved in conception and planning
of the project and analysis. ST, VM, PR, MS, LvV and RS have been involved in
acquiring data and performing experiments. ST, IS, PR, RB and GC have written the
manuscript.

Funding This study was partially supported by grants SAF 09-07319 SAF 06-6084
from the Spanish Ministry of Education and Science, from Fondo de Investigacion
Sanitaria (FIS 07/0475), F05-01 from the Fundacio Gastroenterologia Dr. Francisco
Vilardell, RCESP C03/09 and RTICCC C03/10, RTICCRD06/0020/050, Accion
Transversal contra el Cancer, the Instituto de Salud Carlos IIl (FIS PI08/1635, FIS
Pl08/1359, PS09/01037, CB07/02/2005 CIBERESP) and European Commission grant
FP7-COOP-Health-2007-B HiperDart’. We are especially grateful to the Asociacion
Espanola contra el Cancer.

Competing interests Employment or Leadership Position at Agendia: TS, IS, PR, MS,
LvV and RB. Stock Ownership Agendia: LvV and RB. Honoraria: none. Research
funding: none. Expert testimony: none. Other remuneration: TS, IS and PR are
inventors on a patent relevant to the presented work.

Patient consent Obtained.

Ethics approval Ethics approval was provided by the Medical Ethical Board of the
participating medical centres and hospitals.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement All signature-related gene expression data are available on
the Agendia Research web site (https://research.agendia.com).

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 3.0) license, which permits
others to distribute, remix, adapt, build upon this work non-commercially, and license
their derivative works on different terms, provided the original work is properly cited
and the use is non-commercial. See: http://creativecommons.org/licenses/by-nc/3.0/

REFERENCES

1. Mendelsohn J, Baselga J. Epidermal growth factor receptor targeting in cancer.
Semin Oncol 2006;33:369—85.

2. Hynes NE, Lane HA. ERBB receptors and cancer: the complexity of targeted
inhibitors. Nat Rev Cancer 2005;5:341—54.

3. 0da K, Matsuoka Y, Funahashi A, et al. A comprehensive pathway map of epidermal
growth factor receptor signaling. Mol Syst Biol 2005;1:2005.0010.

4. Marmor MD, Skaria KB, Yarden Y. Signal transduction and oncogenesis by ErbB/
HER receptors. Int J Radiat Oncol Biol Phys 2004;58:903—13.

5. Cunningham D, Humblet Y, Siena S, et al. Cetuximab monotherapy and cetuximab
plus irinotecan in irinotecan-refractory metastatic colorectal cancer. N Engl J Med
2004;351:337—45.

6. Van Cutsem E, Peeters M, Siena S, et al. Open-label phase Il trial of panitumumab
plus best supportive care compared with best supportive care alone in patients with
chemotherapy-refractory metastatic colorectal cancer. J Clin Oncol
2007;25:1658—64.

7. Hoadley KA, Weigman VJ, Fan C, et al. EGFR associated expression profiles vary
with breast tumor subtype. BMC Genomics 2007;8:258.

8. 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
2008;26:1626—34.

Gut 2013;62:540-549. doi:10.1136/gutjnl-2012-302423

"JyBuAdoo Ag peroslold 1senb Aq TZ0z ‘Tz Jequisidas uo /wod fwg inby/:dny woly pspeojumoq "ZT0Z AINC T U0 £2720€-2T0Z-IUNB/9ETT 0T se paysiiand 1siy N9


http://gut.bmj.com/

Benvenuti S, Sartore-Bianchi A, Di Nicolantonio F, et a/. 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
2007,67:2643—8.

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 2008;19:508—15.

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 2007;96:1166—9.

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 2007;25:3230—7.
Lievre A, Bachet JB, Le Corre D, et al. KRAS mutation status is predictive of
response to cetuximab therapy in colorectal cancer. Cancer Res 2006;66:3992—5.
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
2008;26:5705—12.

Sartore-Bianchi A, Martini M, Molinari F, et al. PIK3CA mutations in colorectal
cancer are associated with clinical resistance to EGFR-targeted monoclonal
antibodies. Cancer Res 2009;69:1851—7.

0da K, Okada J, Timmerman L, et al. PIK3CA cooperates with other
phosphatidylinositol 3'-kinase pathway mutations to effect oncogenic transformation.
Cancer Res 2008;68:8127—36.

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 2010;11:753—62.

Frattini M, Saletti P, Romagnani E, et al. PTEN loss of expression predicts cetuximab
efficacy in metastatic colorectal cancer patients. Br J Cancer 2007;97:1139—45.
Sweet-Cordero A, Mukherjee S, Subramanian A, et al. An oncogenic KRAS2
expression signature identified by cross-species gene-expression analysis. Nat Genet
2005;37:48—55.

Gut 2013;62:540-549. doi:10.1136/gutjnl-2012-302423

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

van't Veer LJ, Bernards R. Enabling personalized cancer medicine through analysis
of gene-expression patterns. Nature 2008;452:564—70.

Bild AH, Yao G, Chang JT, et al. Oncogenic pathway signatures in human cancers as
a guide to targeted therapies. Nature 2006;439:353—7.

Sole X, Bonifaci N, Lopez-Bigas N, et al. Biological convergence of cancer
signatures. PLoS One 2009;4:e4544.

Loboda A, Nebozhyn M, Klinghoffer R, et al. A gene expression signature of RAS
pathway dependence predicts response to PI3K and RAS pathway inhibitors and
expands the population of RAS pathway activated tumors. BMC Med Genomics
2010;3:26.

Salazar R, Roepman P, Capella G, et al. Gene expression signature to improve
prognosis prediction of stage Il and Il colorectal cancer. J Clin Oncol 2011,29:17—24.
Glas AM, Floore A, Delahaye LJ, et al. Converting a breast cancer microarray
signature into a high-throughput diagnostic test. BMC Genomics 2006;7:278.
lkenoue T, Kanai F, Hikiba Y, et al. Functional analysis of PIK3CA gene mutations in
human colorectal cancer. Cancer Res 2005;65:4562—7.

Ogino S, Nosho K, Kirkner GJ, et al. CpG island methylator phenotype, microsatellite
instability, BRAF mutation and clinical outcome in colon cancer. Gut 2009;58:90—6.
Amit |, Citri A, Shay T, et al. A module of negative feedback regulators defines
growth factor signaling. Nat Genet 2007;39:503—12.

Baker JB, Dutta D, Watson D, et al. Tumour gene expression predicts response to
cetuximab in patients with KRAS wild-type metastatic colorectal cancer. Br J Cancer
2011;104:488—95.

Oliveras-Ferraros C, Vazquez-Martin A, Cufi S, et al. Stem cell property epithelial-
to-mesenchymal transition is a core transcriptional network for predicting cetuximab
(Erbitux) efficacy in KRAS wild-type tumor cells. J Cell Biochem 2011;112:10—29.
Dry JR, Pavey S, Pratilas CA, et al. Transcriptional pathway signatures predict MEK
addiction and response to selumetinib (AZD6244). Cancer Res 2010;70:2264—73.
Popovici V, Budinska E, Tejpar S, et al. Identification of a Poor-prognosis BRAF-
Mutant-Like population of patients with colon cancer. J Clin Oncol
2012;30:1288—95.

van 't Veer LJ, Dai H, van de Vijver MJ, et al. Gene expression profiling predicts
clinical outcome of breast cancer. Nature 2002;4*5:530--€.

549

"JyBuAdoo Ag peroslold 1senb Aq TZ0z ‘Tz Jequisidas uo /wod fwg inby/:dny woly pspeojumoq "ZT0Z AINC T U0 £2720€-2T0Z-IUNB/9ETT 0T se paysiiand 1siy N9


http://gut.bmj.com/

Supplementary Data

Table S1. Mutation signature gene lists

S$1.1 KRAS signature75 genes

Gene
ID Name Description
AK022594 AK022594 | Homo sapiens cDNA FLJ12532 fis, clone NT2RM4000200
AK130878 AK130878 | Homo sapiens cDNA FLJ27368 fis, clone UBA03195
NM_001164 APBB1 Amyloid beta (A4) precursor protein-binding, family B, member 1 (Fe65)
NM_024590 ARSJ Arylsulfatase family, member J
NM 015338 ASXL1 Additional sex combs like 1
NM_001677 ATP1B1 ATPase, Na+/K+ transporting, beta 1 polypeptide
BC030102 BC030102 | cDNA clone IMAGE:4796690
NM 030766 BCL2L14 BCL2-like 14 (apoptosis facilitator)
NM_001202 BMP4 Bone morphogenetic protein 4
BX647159 BX647159 | DKFZp686H14196 (from clone DKFZp686H14196)
NM_013399 C160rf5 Cell death inducing protein
NM_016470 C20o0rf111 Chromosome 20 open reading frame 111
NM_00108047
2 C200rf142 | Fat storage-inducing transmembrane protein 2 (FITM2)
NM_ 015511 C20orf4 Chromosome 20 open reading frame 4
NM_001218 CA12 Carbonic anhydrase XI|
NM_ 000719 CACNA1C | Calcium channel, voltage-dependent, L type, alpha 1C subunit
NM_032587 CARDG6 Caspase recruitment domain family, member 6
AK098629 CNNM3 Cyclin M3
NM_000784 CYP27A1 Cytochrome P450, family 27, subfamily A, polypeptide 1
DKFZp547
AL390175 K054 ZNF853 zinc finger protein 853
NM_012242 DKKA1 Dickkopf homolog 1 (Xenopuslaevis)
NM_001946 DUSP6 Dual specificity phosphatase 6 (DUSP6)
NM_207032 EDN3 Endothelin 3 (EDN3),
NM_006208 ENPP1 Ectonucleotidepyrophosphatase/phosphodiesterase 1
NM_021727 FADS3 Fatty acid desaturase 3
NM_015566 FAM169A Family with sequence similarity 169, member A
NM_ 015101 GLT25D2 Glycosyltransferase 25 domain containing 2
ENST0000037
1081 GNAS Guanine nucleotide-binding protein G(s) subunit alpha isoforms
NM_00103000
4 HNF4A Hepatocyte nuclear factor 4, alpha
NM_ 002147 HOXB5 Homeobox B5
NM_018952 HOXB6 Homeobox B6
NM_024016 HOXB8 Homeobox B8
NM_033439 IL33 Interleukin 33
NM_018689 KIAA1199 KIAA1199
NM_ 002776 KLK10 Kallikrein-relatedpeptidase 10
NM_144947 KLK11 Kallikrein-relatedpeptidase 11
NM_019079 L1TD1 LINE-1 type transposase domain containing 1
NM_00100155 | LEMD1 LEM domain containing 1




2

XM_00171520 | LOC10013
2 0910 hypothetical protein LOC100130910
ENST0000039 | LOC12037
8035 6 hypothetical protein LOC120376
NM_000239 LYZ Lysozyme (renal amyloidosis)
NM_000260 MYO7A Myosin VIIA
THC2669157 OIT3 Oncoprotein induced transcript 3
NM_007350 PHLDA1 Pleckstrin homology-like domain, family A, member 1
NM_080476 PIGU Phosphatidylinositol glycan anchor biosynthesis, class U
NM 032562 PLA2G12B | Phospholipase A2, group XIIB
NM_002657 PLAGL2 Pleiomorphic adenoma gene-like 2
NM_172236 POFUT1 Protein O-fucosyltransferase 1
Protein tyrosine phosphatase, non-receptor type 13 (APO-1/CD95 (Fas)-
NM_ 080685 PTPN13 associated phosphatase)
NM_007238 PXMP4 Peroxisomal membrane protein 4
NM_014899 RHOBTB3 | Rho-related BTB domain containing 3
NM 198232 RNASE1 Ribonuclease, RNase A family, 1 (pancreatic)
NM_153225 RPESP RPE-spondin (RPESP)
NM_ 005980 S100P S100 calcium binding protein P
NM_002639 SERPINB5 | Serpin peptidase inhibitor, clade B (ovalbumin), member 5
Solute carrier family 22 (organic cation/ergothioneine transporter), member
NM_003059 SLC22A4 4
NM_000112 SLC26A2 Solute carrier family 26 (sulfate transporter), member 2
NM_021095 SLC5A6 Solute carrier family 5 (sodium-dependent vitamin transporter), member 6
Solute carrier family 7, (cationic amino acid transporter, y+ system) member
NM_014331 SLC7A11 11
NM_019844 SLCO1B3 Solute carrier organic anion transporter family, member 1B3
NM_032229 SLITRK6 SLIT and NTRK-like family, member 6
Syntrophin, alpha 1 (dystrophin-associated protein A1, 59kDa, acidic
NM_003098 SNTA1 component)
NM_00104263
3 SNX21 Sorting nexin family member 21
NM_00103495
4 SORBS1 Sorbin and SH3 domain containing 1
NM_145263 SPATA18 Spermatogenesis associated 18 homolog (rat)
NM_006804 STARD3 StAR-related lipid transfer
THC26240
THC2624002 02 HUMAN (Q9BXR?7) Interleukin 10 (Fragment
THC26347
THC2634713 13 Unknown
THC26990
THC2699065 65 DTDP-glucose 4,6-dehydratase (Fragment), partial (9%)
THC27086 | Dihydropteroate synthase (DHPS) (Dihydropteroatepyrophosphorylase)
THC2708669 69 partial (5%)
NM_138554 TLR4 Toll-like receptor 4
NM_144649 TMEM71 Transmembrane protein 71
BE893137 TNIK TRAF2 and NCK interacting kinase
NM_032865 TNS4 Tensin 4
NM_021202 TPS3INP2 | Tumor protein p53 inducible nuclear protein 2




S$1.2 BRAFsignature 58 genes

ID Gene Name|Description

NM_001009185 |ACSL6 Acyl-CoA synthetase long-chain family member 6

NM_006408 AGR2 Anterior gradient homolog 2 (Xenopuslaevis)

NM_001621 AHR Aryl hydrocarbon receptor

NM_001018060 |AIFM3 Apoptosis-inducing factor, mitochondrion-associated, 3

NM_007193 ANXA10  |Annexin A10

NM_005224 ARID3A AT rich interactive domain 3A

NM_005170 ASCL2 Achaete-scute complex homolog 2 (Drosophila)

NM_015338 ASXL1 Additional sex combs like 1 (Drosophila)

NM_004655 AXIN2 Axin 2 (conductin, axil)

BX427767 BX427767 |cDNA clone CSODM012YKO01 3-PRIME

BX647159 BX647159 |cDNA DKFZp686H14196

NM_153256 C100rf47  |Chromosome 10 open reading frame 47

NM_ 018363 C100rf59 |RNLS renalase, FAD-dependent amine oxidase

NM_025113 C130rf18  |Chromosome 13 open reading frame 18

BC029662 C200rf142 |Fat storage-inducing transmembrane protein 2 (FITM2)

NM_004364 CEBPA CCAAT/enhancer binding protein

NM_015147 CEP68 Centrosomal protein 68kDa

CR616309 CR616309 [LIMF1-lipase maturation factor 1

NM_ 033081 DIDO1 Death inducer-obliterator 1

XM 085578 DNAH2 Dynein, axonemal, heavy chain 2

NM_152511 DUSP18 Dual specificity phosphatase 18 (DUSP18), mRNA [NM_152511]

NM_017549 EPDR1 Ependyminrelatedprotein 1 (zebrafish)

NM_004454 ETV5 Ets variant gene 5 (ets-related molecule)

NM_178026 GGT7 Gamma-glutamyltransferase 7

NM_000273 GPR143 G protein-coupled receptor 143

NM_024501 HOXD1 Homeobox D1

THC2657554 KCNK5 Potassium channel, subfamily K, member 5

AK025743 LOC157860 |hypotheticalprotein LOC157860

NM_001013642 |LOC388610 hypothetical LOC388610

NM_000249 MLH1 MutL homolog 1, colon cancer, nonpolyposis type 2 (E. coli)

NM_014484 MOCS3 Molybdenum cofactor synthesis 3

NM_024657 MORC4 MORC family CW-type zinc finger 4

NM_033100 PCDH21 Protocadherin 21

NM_002657 PLAGL2 Pleiomorphic adenoma gene-like 2 (PLAGL2), mRNA [NM_002657]

NM_015352 POFUT1 Protein O-fucosyltransferase 1

NM_012094 PRDX5 Peroxiredoxin 5

NM_030667 PTPRO Protein tyrosine phosphatase, receptor type, O
Quinolinatephosphoribosyltransferase (nicotinate-nucleotide

NM_014298 QPRT pyrophosphorylase (carboxylating)

NM 004163 RAB27B RAB27B, member RAS oncogene family

NM_006834 RAB32 RAB32, member RAS oncogene family 32




NM_032044 REG4 Regenerating islet-derived family, member 4
NM_017763 RNF43 Ring finger protein 43
NM_001649 SHROOM2 |shroom family member 2
NM_020717 SHROOM4 [Shroom family member 4
NM_173596 SLC39A5 [Solute carrier family 39 (metal ion transporter), member 5
NM 014331 SLC7A11  |Solute carrier family 7, (cationic amino acid transporter, y+ system) member 11
NM_019008 SMCR7L  |Smith-Magenis syndrome chromosome region, candidate 7-like
NR_003239 SNHG11 Small nucleolar RNA host gene (non-protein coding) 11
NM_014587 SOX8 SRY (sex determining region Y)-box 8
NM_ 003122 SPINK1 Serine peptidase inhibitor, Kazal type 1
NM_005423 TFF2 Trefoil factor 2 (spasmolytic protein 1)
NM_003279 TNNC2 Troponin C type 2 (fast)
BC107798 TNNT1 Troponin T type 1 (skeletal, slow)
NM_203297 TRIM7 Tripartite motif-containing 7
NM_023076 UNKL unkempt homolog (Drosophila)-like
NM_006113 VAV3 Vav 3 guanine nucleotide exchange factor
NM_033132 ZIC5 Zic family member 5 (odd-paired homolog, Drosophila)
NM_ 080752 ZSWIM3  |Zinc finger, SWIM-type containing 3

$1.3 PIK3CA signature 49 genes
ID Name Description
NM 015338 ASXL1 Additional sex combs like 1 (Drosophila) (ASXL1)
NM_001677 ATP1B1 ATPase, Na+/K+ transporting, beta 1 polypeptide
THC2708669 AQP5 Aquaporin 5
NM_001677 ATP1B1 ATPase, Na+/K+ transporting, beta 1 polypeptide
NM_016470 C200rf111  |Chromosome 20 open reading frame 111
NM_001080472 |C200rf142 |Fat storage-inducing transmembrane protein 2 (FITM2)
NM_ 015511 C20orf4 Chromosome 20 open reading frame 4
NM_080748 C200rf52 |ROMO1 - reactive oxygen species modulator 1
NM_004929 CALB1 Calbindin 1
NM_030877 CTNNBL1 |Catenin, beta like 1
NM_000784 CYP27A1  |Cytochrome P450, family 27, subfamily A, polypeptide 1
NM_033081 DIDO1 Death inducer-obliterator 1
NM_052951 DNTTIP1 |deoxynucleotidyltransferase, terminal, interacting protein 1
NM_001946 DUSP6 Dual specificity phosphatase 6
NM_014183 DYNLRB1 |Dynein, light chain, roadblock-type 1
NM_002212 EIF6 Eukaryotic translation initiation factor 6
CR936791 FAM169A |Family with sequence similarity 169, member A
NM_001452 FOXF2 Forkhead box F2
NM_001098722 |GNG4 Guanine nucleotide binding protein (G protein), gamma 4
NM_000273 GPR143 G protein-coupled receptor 143
NM_014278 HSPA4L Heat shock 70kDa protein 4-like
NM_021258 IL22RA1 Interleukin 22 receptor, alpha 1
NM_003740 KCNK5 Potassium channel, subfamily K, member 5




NM_198991 KCTD1 Potassium channel tetramerisation domain containing 1

NM_018689 KIAA1199 |KIAA1199 , colon cancer secreted protein 1

NM_ 002776 KLK10 Kallikrein-relatedpeptidase 10

NM_144947 KLK11 Kallikrein-relatedpeptidase 11

THC2688670 LOC646951 |similar to hCG1786685

THC2669157 OIT3 Oncoprotein induced transcript 3

NM_032562 PLA2G12B |Phospholipase A2, group XIIB

NM_002657 PLAGL2 Pleiomorphic adenoma gene-like 2

NM_025225 PNPLA3 Patatin-like phospholipase domain containing 3

NM 015352 POFUT1 Protein O-fucosyltransferase 1

NM_004163 RAB27B RAB27B, member RAS oncogene family

NM_ 198232 RNASE1 Ribonuclease, RNase A family, 1

NM_153225 RPESP RPE-spondin

NM_002639 SERPINB5 [Serpin peptidase inhibitor, clade B (ovalbumin), member 5
Solute carrier organic anion transporter family, member 1B3 (SLCO1B3),

NM_019844 SLCO1B3 |mRNA [NM_019844]

NR_003239 SNHG11 Small nucleolar RNA host gene (non-protein coding) 11

NM_001034954 |[SORBS1 Sorbin and SH3 domain containing 1 (SORBS1)

NM_145263 SPATA18 |Spermatogenesis associated 18 homolog (rat)

NM 001062 TCN1 Transcobalamin | (vitamin B12 binding protein, R binder family)

NM_022748 TNS3 Tensin 3

NM_033342 TRIM7 Tripartite motif-containing 7

NM_130783 TSPAN18 [Tetraspanin 18 (TSPAN18)

Unknown Unknown |Unknown

NM_ 021197 WFDC1 WAP four-disulfide core domain 1

NM_013313 YPEL1 Yippee-like 1 (drosophila)

NM_080752 ZSWIM3 Zinc finger, SWIM-type containing 3




Table S2. Enriched molecular and cellular functions of the KRAS, BRAF and PIK3CA
mutation signatures. The enriched biological functions were analyzed using Ingenuity

Pathways Analysis (www.ingenuity.com).

KRAS signature

Number of
Name p-value

genes
Cellular Movement 1 04E-05 - 4 ATE-02 | 8
Cellular Development 6.23E-05 - 4.78E-02 15
Gene Expression 4.61E-04 - 3.84E-02 6
Cell Morphology 7.94E-04 - 4 47E-02 8

10
Lipid Metabolism 1.07E-03 - 4.78E-02
PIK3CA signature

Number of
Name p-value

genes
Cell Cycle 2.40E-03 - 1.67E-02 2
Cell Death 2.40E-03 - 4.69E-02 4
Cell Morphology 2.40E-03 - 3.07E-02 2
CeII-To-'CeII Signaling and 2 40E-03 - 4.92E-02 3
Interaction

2
Cellular Assembly and 2.40E-03 - 3.77E-02
Organization
BRAF signature

Number of
Name p-value

genes
Cell Cycle 8.03E-05 - 4.83E-02 | 19
Gene Expression 4.37E-04 - 4.78E-02 5
Cellular Development 2.47E-03 - 4.51E-02 9
Cellular Growth and Proliferation | 2.47E-03 - 4.23E-02 13
Carbohydrate Metabolism 2.88E-03 -1.15E-02 |2




Table S3. Overlapping genes between EGFR-associated mutation gene signatures

KRAS 75
PIKC3A 21 49
BRAF 6 11 | 58

KRAS PIKC3A  BRAF



Table S4. Concordance analysis of AUC of specific mutation signatures
with mutation status. AUC was calculated from all 381 samples included. p-
values refer to binomial exact test. Kappa= kappa statistics

AUC (n=381) KRAS mutation BRAF mutation PIK3CA mutation
KRAS signature 0.77(p<0.0001) 0.76 (p <0.0001) 0.72 (p <0.0001)
Kappa = 0.324 Kappa = 0.124 Kappa = 0.086
BRAF signature 0.60 (p=0.0003) 0.94 (p <0.0001) 0.65 (p= 0.0002)
Kappa = -0.096 Kappa = 0.585 Kappa = 0.141
PIK3CA signature 0.66 (p<0.0001) 0.87 (p<0.0001) 0.76 (p <0.0001)
Kappa = 0.236 Kappa =0.259 Kappa = 0.176




A. KRAS mutation signature P=0.004, HR=2.62

100 |-

80 |-

60 |-

40}

Survival probability (%)

0h
0

Number at risk
Group: 0

46
Group: 1

22

50

37

21

150

14

Days

200

C. PIK3CA mutation signature P=0.003, HR=2.67
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B. BRAF mutation signature P =0.018. HR=2.08
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