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1. Overexpression of EGFR 2. Autocrine ligand production

3. Dimerization 
and crosstalk

3. Failure in EGFR
downregulation

5. Activating mutations
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EGFR Selective Small Molecule Tyrosine 
Kinase Inhibitors

• The tyrosine kinase 
activity requires ATP

• gefitinib and erlotinib 
compete for ATP binding  

• Orally bioavailable small 
molecules
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… si è cominciato ad utilizzare questi farmaci, a scopo 
compassionevole in varie forme neoplastiche in fase 
avanzata, incluso il ca. polmonare …

… questi inibitori del TKD, a differenza della chemioterapia 
classica, sono farmaci mirati ed  hanno pertanto minimi 
effetti collaterali …





Phase III studies
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Log-rank HR: 0.89 (95% CI: 0.77, 1.02)
p=0.087

ISEL BR.21

ISEL (gefitinib) 
Previous treatment: platinum
Cases: 1129 gefitinib,  563 placebo
Response rate: Gefitinib: 8%, Placebo 1%.
Ov.survival: Gefitinib: 27 months, Placebo 21.

BR-21 (erlotinib) 
Previous treatment: platinum
Cases: 488 Erlotinib,  243 placebo
Response rate: Gefitinib: 9%, Placebo 1%.
Ov.survival: Erlotinib: 31 months, Placebo 22.
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L858R

48%
Ex 19 Deletion

Mutations associated
with drug sensitivity

Pathology of EGFR MutantsPathology of EGFR Mutants



EGFR
gene copy number

High polysomy EGFR1 gene amplification

a b

FISH

Patient with lung ADK

Mutational analysis

Gene copy number analysis (FISH)





Intrinsic resistance to TKI

K-ras mutations

Resistance to TKI



Epidermal Growth Factor Epidermal Growth Factor 
Receptor (EGFR) in Receptor (EGFR) in 
Colorectal CancerColorectal Cancer

In vitro and in vivo data indicate that: In vitro and in vivo data indicate that: 

-- preventing the binding of ligands to EGFR results in inhibitionpreventing the binding of ligands to EGFR results in inhibition of tumor cell growthof tumor cell growth

-- monoclonal antibodies can inhibit the binding of ligandsmonoclonal antibodies can inhibit the binding of ligands



100% 100% 
Mouse ProteinMouse Protein

MouseMouse

The Development of Human The Development of Human 
Monoclonal AntibodiesMonoclonal Antibodies

~10% ~10% 
Mouse ProteinMouse Protein

HumanizedHumanized

~34% ~34% 
Mouse ProteinMouse Protein

ChimericChimeric Fully HumanFully Human

100% 100% 
Human ProteinHuman Protein

cetuximab
rituximab

bevacizumab panitumumab

Yang XD, et al. Crit Rev Oncol Hematol. 2001;38:17-23;



PanitumumabPanitumumab

Panitumumab Inhibits Ligand Panitumumab Inhibits Ligand 
Binding to EGFR and DimerizationBinding to EGFR and Dimerization

•• A fully human* lgG2 monoclonal A fully human* lgG2 monoclonal 
antibody to EGFRantibody to EGFR

•• High affinity, KHigh affinity, KD D = 5 x 10= 5 x 10--1111 MM

•• Inhibits ligandInhibits ligand--induced EGFR induced EGFR 
tyrosine phosphorylationtyrosine phosphorylation

Inhibition of EGF and Inhibition of EGF and TGFTGFαα
binding to EGFRbinding to EGFR

This may lead to:
↓ Cell proliferation
↓ Cell survival
↓ Angiogenesis
↓ Metastatic spread

EGF, TGFEGF, TGFαα or other or other 
ligands binding to ligands binding to 

EGFREGFR



Panitumumab pharmacokineticsPanitumumab pharmacokinetics

•• Panitumumab administered as a single agent Panitumumab administered as a single agent 
or in combination with chemotherapy or in combination with chemotherapy exhibits exhibits 
nonlinear pharmacokinetics nonlinear pharmacokinetics 

•• SteadySteady--state is obtained afterstate is obtained after 3 doses at 6 3 doses at 6 
mg/kgmg/kg given given once every 2 weeksonce every 2 weeks without the without the 
need of a loading doseneed of a loading dose

•• The The mean halfmean half--lifelife value during the dosing value during the dosing 
interval is interval is 7.5 days7.5 days (range: 3.6 (range: 3.6 --10.9 days) for 10.9 days) for 
the 6 mg/kg dosethe 6 mg/kg doseUS FDA label, www.fda.gov

Weiner LM, et al. Proc Am Soc Clin Oncol. 2005;23:A3059.



Based on preliminary data on outcomes in colorectal cancer, a laBased on preliminary data on outcomes in colorectal cancer, a large, rge, 
randomized, phase 3 trial in EGFRrandomized, phase 3 trial in EGFR--expressing tumors of  patients with expressing tumors of  patients with 
metastatic colorectal cancer resistant to 2 lines of chemotherapmetastatic colorectal cancer resistant to 2 lines of chemotherapy was y was 

designed.designed.

Van Cutsem E et al JCO 2007; 25(13):1658-1664 

PD

1:1

Panitumumab 
6.0 mg/kg Q2W 

+ BSC 
(n = 231)

Best 
Supportive 
Care (BSC) 

(n = 232)

Optional 
panitumumab

Crossover Study
(n = 174)
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75% of BSC alone 
patients entered 
crossover study

PD

PD

Follow-up

Follow-up

Study DesignStudy Design
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Van Cutsem E et al JCO 2007; 25(13):1658-1664
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Van Cutsem E et al JCO 2007; 25(13):1658-1664



Skin Toxicities Are the Most Skin Toxicities Are the Most 
Common Adverse Events With Common Adverse Events With 

PanitumumabPanitumumab

RashDermatitis 
acneiform

Paronychia

Dermatologic toxicities of any grade were reported in 89% of patients
12% of patients reported grade 3 and higher skin toxicities

US FDA label, www.fda.gov; data on file, Amgen



Skin Toxicity was the Most Skin Toxicity was the Most 
Commonly Reported Adverse Commonly Reported Adverse 

EventEventPanitumumab + BSCPanitumumab + BSC
(n = 229)(n = 229)

BSC aloneBSC alone
(n = 234)(n = 234)

Adverse EventAdverse Event All gradesAll grades Grade 3Grade 3--44 All gradesAll grades Grade 3Grade 3--44All Skin/Integument All Skin/Integument 
toxicitytoxicity 90%90% 16%16% 9%9% 0%0%

SkinSkin 90%90% 14%14% 6%6% 0%0%
ErythemaErythema 65%65% 5%5% 1%1% 0%0%
Acneiform dermatitisAcneiform dermatitis 57%57% 7%7% 1%1% 0%0%
PruritusPruritus 57%57% 2%2% 2%2% 0%0%
Skin exfoliationSkin exfoliation 25%25% 2%2% 0%0% 0%0%
RashRash 22%22% 1%1% 1%1% 0%0%
Skin fissuresSkin fissures 20%20% 1%1% <1%<1% 0%0%
Dry skinDry skin 10%10% 0%0% 0%0% 0%0%
AcneAcne 13%13% 1%1% 0%0% 0%0%

NailNail
ParonychiaParonychia 25%25% 2%2% 0%0% 0%0%
Other nail disorderOther nail disorder 9%9% 0%0% 0%0% 0%0%

HairHair 9%9% 0%0% 1%1% 0%0%
Growth of eyelashesGrowth of eyelashes 6%6% 0%0% 0%0% 0%0%

EyeEye 15%15% <1%<1% 2%2% 0%0%
Per-patient incidence of adverse events occurring in ≥5% of patients with a between group difference of ≥5% 

Van Cutsem E et al JCO 2007; 25(13):1658-1664
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Overall Survival by Worst Grade of Overall Survival by Worst Grade of 
Skin Toxicity in the Panitumumab Skin Toxicity in the Panitumumab 

PatientsPatients

a Hazard ratio for Grade 2-4 relative to Grade 1, stratified by ECOG and geographic region Peeters M, et al. Proc Am Assoc Cancer Res. 2006;47:A CP-1;  http://www.aacr.org/page6026.aspx

Hazard ratio = 0.61a

(95% CI: 0.40, 0.95)
p  = 0.0278



US FDA LabelUS FDA Label

‘‘Panitumumab has been approved for Panitumumab has been approved for 
treatment of EGFRtreatment of EGFR--expressing metastatic expressing metastatic 
colorectal carcinoma in patients with disease colorectal carcinoma in patients with disease 
progression progression or following chemotherapy or following chemotherapy 
containing fluoropyrimidine, oxaliplatin, and containing fluoropyrimidine, oxaliplatin, and 
irinotecanirinotecan’’

US FDA label, www.fda.gov



In search for a predictive markerIn search for a predictive marker

•• CLINICAL MARKER:CLINICAL MARKER: Skin toxicitySkin toxicity

••BIOLOGICAL MARKERS:BIOLOGICAL MARKERS:

••EGFR mutationsEGFR mutations

••Immunohistochemical expressionImmunohistochemical expression

••EGFR copy numberEGFR copy number

••KK--ras mutationsras mutations



EGFR mutations in CRCEGFR mutations in CRC

Barber TD, Vogelstein B, Kinzler KW, et al. Somatic mutations of EGFR in colorectal 
cancers and glioblastomas. N Engl J Med 2004;351:2883.

EGFR mutations:   1/293 (0,34%)

Nagahara H, Mimori K, Ohta M, et al. Somatic mutations of epidermal growth factor 
receptor in colorectal carcinoma. Clin Cancer Res 2005;11:1368–1371.

EGFR mutations:   4/33 (12%)



Hisashi Nagahara,1,2 Koshi Mimori,1 Mitsuhiko Ohta,1 Tohru Utsunomiya,1 Hiroshi Inoue,1 Graham F. 
Barnard,3 Masaichi Ohira,2 Kosei Hirakawa,2 and Masaki Mori1

1Department of Surgery, Medical Institute of Bioregulation, Kyushu University, Beppu, Japan; 2Department of Surgical 
Oncology, Osaka City University Graduate School of Medicine, Osaka, Japan; and 3Department of Medicine, 
University of Massachusetts, Worcester, Massachusetts

EGFR mutations

4/33 (12%)

G-A 
transitions

Laser 
microdissection



Artifactual mutations 
in normal tissues

(normal lymph node)

Adenocarcinoma   



EGFR IHC expressionEGFR IHC expression

• EGFR is overexpressed in up to 82% of colorectal cancers

• Required for patients selection (US FDA criteria)

• No evidence of a significant relationship with CET or PAN activity in CRC patients* 

Cunningham D et al. N Engl J Med 351:337–345, 2004
Chung et al. J Clin Oncol 23:1803–1810, 2005
Van CE et al. J Clin Oncol 25:1658–1664, 2007

*



EGFR copy numberEGFR copy number

Disomy

Polisomy

• EGFR amplification 
is a rare event in crc

• EGFR copy number
was associated with response 
to CET  or PAN *

• This has been contradicted by 
recent findings**

Moroni M et al. Lancet Oncol 6:279–286, 2005.
Italiano A et al. Ann Surg Oncol 15:649–654, 2008.

*
**



The Role of KThe Role of K--Ras in Ras in 
Patient Selection for Patient Selection for 

Therapeutic EGFR Therapeutic EGFR 
InhibitorsInhibitors



Geni della famiglia  RAS

H-RAS     K-RAS N-RAS

• Codificano proteine di 21 kd ad attività GTPasica
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Mutazione
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Mutated Ras May Lead to Mutated Ras May Lead to 
Uncontrolled Cell Signaling and Uncontrolled Cell Signaling and 

CancerCancer
–– KK--ras mutationsras mutations

•• Mutations at codon 12, 13 (exon 2) and Mutations at codon 12, 13 (exon 2) and 
61 (exon 3)  near the GTP binding site.61 (exon 3)  near the GTP binding site.

•• Mutatated proteins lose their GTPase Mutatated proteins lose their GTPase 
activity.activity.

•• This type of mutation is often called This type of mutation is often called 
““dominant activatingdominant activating””

•• There is no way for the cell to There is no way for the cell to ““turn offturn off””
a protein that has a dominant activating a protein that has a dominant activating 
mutationmutation

1. Esteller M, et al. J Clin Oncol. 2001; 19:299-304. 
2. Schubbert S, et al. Nature Rev Cancer. 2007; 7:295-308.

ABNORMAL ABNORMAL 
–– GrowthGrowth
–– ProliferationProliferation
–– DifferentiationDifferentiation

GDP

GTP

inactive

active

*



Mutated Mutated KRASKRAS is Prevalent in is Prevalent in 
Many Different Tumor TypesMany Different Tumor Types

Cancer TypeCancer Type
Reported Reported 

Incidence of Incidence of 
Mutated Mutated KRASKRAS

PancreaticPancreatic 72 72 –– 90%90%
ColonColon 32 32 –– 51%  (40%)51%  (40%)
LungLung 15 15 –– 33%33%

OvarianOvarian 5 5 –– 50%50%

Gall bladderGall bladder 14 14 –– 38%38%

Multiple myelomaMultiple myeloma 16 16 –– 33%33%

Adapted from: Friday BB and Adjei AA. Biochim. Biophys. Acta. 2005; 1756:127-144



StudioStudio nn°° casi casi 
studiatistudiati

nn°°
mutazionmutazion

ii
%%

CodonCodon
e 12 e 12 
(%)(%)

CodonCodon
e 13 e 13 
(%)(%)

Urosevic et al. [1993]Urosevic et al. [1993] 3737 1717 4646

Breivik et al. [1994]Breivik et al. [1994] 251251 9999 3939

Andreyev et al. [1993]Andreyev et al. [1993] 679679 225225 3333

Rajagopalan et al. Rajagopalan et al. 
[2002][2002] 330330 169169 5511

Brink et al. Brink et al. [2003][2003] 737737 271271 3737 7272 2222

Moroni et al. Moroni et al. [2005][2005] 3131 1010 3232 6060 4040

Ogino et al. Ogino et al. [2005][2005] 3030 1010 3333 6060 4040

LiLièèvre et al. [2006]vre et al. [2006] 3030 1313 4343

Benvenuti et al. Benvenuti et al. [2007][2007] 4848 1616 3333 6363 3737

Wojcik et al. [2008]Wojcik et al. [2008] 163163 5757 3535 6666 2222

Benvenuti et al. Benvenuti et al. [2008][2008] 175175 7070 4444

Freeman et al. [2008]Freeman et al. [2008] 6262 2424 3939

TotaleTotale 25732573 981981 3838 6464 3232

K- ras mutations in CRC revealed by direct sequencing



Objective Objective 
ResponseResponse

N (%)N (%)
ReferenceReference

Treatment Treatment 
(panitumumab or (panitumumab or 

cetuximab)cetuximab)

No of patients No of patients 
(WT:MT)(WT:MT) MTMT WTWTA. LiA. Liéévre, et al. vre, et al. 

(AACR Proceedings, (AACR Proceedings, 
2007)2007) cmab cmab ±± CTCT 76 (49:27)76 (49:27) 0 (0)0 (0) 24 (49)24 (49)

S. Benvenuti, et al. S. Benvenuti, et al. 
(Cancer Res, 2007)(Cancer Res, 2007) pmab or cmab or cmab + pmab or cmab or cmab + 

CTCT 48 (32:16)48 (32:16) 1 (6)1 (6) 10 (31)10 (31)
W. De Roock, et al.W. De Roock, et al.
(ASCO Proceedings, (ASCO Proceedings, 
2007)2007) cmab or cmab + irinotecancmab or cmab + irinotecan 113 (67:46)113 (67:46) 0 (0)0 (0) 27 (40)27 (40)
D. Finocchiaro, et al. D. Finocchiaro, et al. 
(ASCO Proceedings, (ASCO Proceedings, 

2007)2007) cmab cmab ±± CTCT 81 (49:32)81 (49:32) 2 (6)2 (6) 13 (26)13 (26)

F. Di Fiore, et al.F. Di Fiore, et al.
(Br J Cancer, 2007)(Br J Cancer, 2007) cmab + CTcmab + CT 59 (43:16)59 (43:16) 0 (0)0 (0) 12 (28)12 (28)

S. KhambataS. Khambata--Ford, et al. Ford, et al. 
(J Clin Oncol, 2007)(J Clin Oncol, 2007) cmabcmab 80 (50:30)80 (50:30) 0 (0)0 (0) 5 (10)5 (10)

SingleSingle--Arm Studies Support the Hypothesis for Arm Studies Support the Hypothesis for 
KRASKRAS as a Biomarker for EGFR Inhibitorsas a Biomarker for EGFR Inhibitors

TOTAL       457 (290:167)       3 (1.7)   91 (20)
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Panitumumab PD Follow-up
6.0 mg/kg Q2W
+ BSC

BSC PD Follow-up
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Optional 
Panitumumab  

Crossover Study

Hypothesis: The treatment effect of panitumumab monotherapy is larger in 
patients with wild-type KRAS compared to patients with mutant KRAS

KRAS Analysis of a Phase 3, Randomized Trial 
Comparing Panitumumab vs Best Supportive Care 

(BSC) in Colorectal Cancer
Amado R et al. JCO:26 (10) April 2008.

Van Cutsem E et al JCO 2007; 25(13):1658-1664



Method Used to Detect Method Used to Detect 
KRASKRAS Mutational StatusMutational Status

•• DNA was isolated from fixed tumor samplesDNA was isolated from fixed tumor samples

•• Mutant Mutant KRASKRAS was detected using a was detected using a KRASKRAS mutation kitmutation kit
(DxS Ltd, Manchester, UK) that used allele(DxS Ltd, Manchester, UK) that used allele--specific, realspecific, real--
time PCRtime PCR



Prevalence of Mutant Prevalence of Mutant KRASKRAS
TotalTotal

Patients included in Patients included in KRASKRAS
analysis, n (%)analysis, n (%) 427 (92)427 (92)

WildWild--type type KRASKRAS, n (%), n (%) 243 (57)243 (57)

Mutant Mutant KRASKRAS, n (%), n (%) 184 (43)184 (43)

RESULTSRESULTS



Wild type yp KRAS Subgroup: PFS by g p y
TreatmentTreatment
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p < 0.0001 for quantitative-interaction test comparing PFS log-HR 

(pmab/BSC) between KRAS groups



Mutant Mutant KRASKRAS SubgroupSubgroup
PFS by TreatmentPFS by Treatment
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Objective Tumor Response Objective Tumor Response 
(Central Radiology)(Central Radiology)

KRASKRAS
All EvaluableAll Evaluable

n (%)n (%)
MutantMutant
n (%)n (%)

WildWild--typetype
n (%)n (%)

ResponseResponse
PmabPmab

(N = (N = 
208)208)

BSCBSC

(N = (N = 
219)219)

PmabPmab

(N = 84)(N = 84)

BSCBSC

(N = (N = 
100)100)

PmabPmab

(N = (N = 
124)124)

BSCBSC

(N = (N = 
119)119)

CRCR 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0)

PRPR 21 (10)21 (10) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 21 (17)21 (17) 0 (0)0 (0)

SDSD 52 (25)52 (25) 22 (10)22 (10) 10 (12)10 (12) 8 (8)8 (8) 42 (34)42 (34) 14 (12)14 (12)

PDPD 104 (50)104 (50) 149 (68)149 (68) 59 (70)59 (70) 60 (60)60 (60) 45 (36)45 (36) 89 (75)89 (75)

CR, PR, SDCR, PR, SD 73 (35)73 (35) 22 (10)22 (10) 10 (12)10 (12) 8 (8)8 (8) 63 (51)63 (51) 14 (12)14 (12)
Pmab, panitumumab; BSC, best supportive care; CR, complete response; PR partial response;
SD, stable disease; PD, disease progression



Objective Tumor Response Objective Tumor Response 
(Central Radiology)(Central Radiology)

KRASKRAS
All EvaluableAll Evaluable

n (%)n (%)
MutantMutant
n (%)n (%)

WildWild--typetype
n (%)n (%)

ResponseResponse
PmabPmab

(N = (N = 
208)208)

BSCBSC

(N = (N = 
219)219)

PmabPmab

(N = 84)(N = 84)

BSCBSC

(N = (N = 
100)100)

PmabPmab

(N = (N = 
124)124)

BSCBSC

(N = (N = 
119)119)

CRCR 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0)

PRPR 21 (10)21 (10) 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0) 21 (17)21 (17) 0 (0)0 (0)

SDSD 52 (25)52 (25) 22 (10)22 (10) 10 (12)10 (12) 8 (8)8 (8) 42 (34)42 (34) 14 (12)14 (12)

PDPD 104 (50)104 (50) 149 (68)149 (68) 59 (70)59 (70) 60 (60)60 (60) 45 (36)45 (36) 89 (75)89 (75)

CR, PR, SDCR, PR, SD 73 (35)73 (35) 22 (10)22 (10) 10 (12)10 (12) 8 (8)8 (8) 63 (51)63 (51) 14 (12)14 (12)
Pmab, panitumumab; BSC, best supportive care; CR, complete response; PR partial response; 
SD, stable disease; PD, disease progression



Panitumumab (Vectibix) Panitumumab (Vectibix) 
Anticorpo monoclonale antiAnticorpo monoclonale anti--

EGFr EGFr 
•• Parere positivo del Parere positivo del Committee for Medicinal Committee for Medicinal 

Products for Human Use (CHMP)Products for Human Use (CHMP):  20 :  20 
settembre 2007settembre 2007

•• Decisione della Commissione Europea : 5 Decisione della Commissione Europea : 5 
dicembre 2007 dicembre 2007 

•• Vectibix Vectibix èè indicato indicato «« come monoterapia per il come monoterapia per il 
trattamento di pazienti con carcinoma colorettale trattamento di pazienti con carcinoma colorettale 
metastatico esprimenti il recettore per il fattore di metastatico esprimenti il recettore per il fattore di 
crescita epidermico (EGFR) dopo fallimento di crescita epidermico (EGFR) dopo fallimento di 
regimi chemioterapici contenenti fluoropirimidine, regimi chemioterapici contenenti fluoropirimidine, 
oxaliplatino e irinotecan nel caso in cui i tumorioxaliplatino e irinotecan nel caso in cui i tumori



Total                        817                    306 (37%)

Characteristics of studies of patients with metastatic colorectal cancer receiving second-line treatment

METHODS FOR MUTATIONAL ANALYSIS
DxS=approved kit assessing the six most frequent point mutations of codon 12 and the most frequent point mutation of 
codon 13; Ex=exon; bi-ds=bi-directional sequencing;  AD=allelic discrimination.

THERAPY
P=panitumumab; C=cetuximab; I=irinotecan; O=oxaliplatin; F=fl uropyrimidines; BSC=best supportive care; 
CAPOX=oxaliplatin and capecitabine; FOLFIRI=fl uorouracil, folinic acid, and irinotecan.

Meta-Analysis

(39)

(%)

(39)
(39)
(37)
(35)

(37)

(38)
(32)

Linardeou H. Lancet Oncol, October 2008; 9: 962–72



Comparison of all studies and subgroups for metastatic colorectal cancer

LR = likelihood ratio. 
Sequencing = bi-directional sequencing;
Other = approved kit or allelic discrimination, which are more specific



Forest plots representing all studies for k-RAS-mutation sensitivity 
and specificity in colorectal carcinoma

The main problem is the low sensitivity of the K-ras marker

Other mechanisms of pharmacoresistance     Low sensitivity of the screening techniques

Non sequencing



Le mutazioni di K-ras 
possono essere presenti 
in  sottopopolazioni
di cellule (in rosso) che
risultano resistenti 
al farmaco 

Trattamento 
farmacologico

Selezione del 
clone resistente

Soppressione
Delle cellule sensibili

Resistenza farmacologica su base mutazionale.

1

2

3

4

Extremely sensitive techniques are needed



Direct sequencing of the PCR products





Tessuto 
normale

Tumore

Codone 12 (GAT) 

Codone 12 (GGT) 



The direct sequencing is not the the most sensitive method available

Detection limit of sequencing = 1:5 (20%)

Neoplastic cells in a tumor samples 70%

The mutation is usually heterozigous 35%

Tumor policlonal for mutation  (50% of the neoplastic cells)   17%



Technological principles
The Kit combines ARMS (allele specific PCR) with the scorpions real time PCR technology



Sonda scorpion

Ibridazione 
al templato

Denaturazione

Formazione 
dell’ansa

Ibridazione ed 
emissione di 
fluorescenza

A

B

C

D

E

DNA Templato

Quencer

Fluoroforo
Bloccante

Primer

Primer

Probe



SENSITIVITY
The TERASCREEN assays can detect 1% of mutant in a 
background of wild type genomic DNA.  

The test identifies 7 somatic mutations in codons 12 and 13The test identifies 7 somatic mutations in codons 12 and 13

Gly 12 AspGly 12 Asp
Gly 12 Ala              Gly 12 Ala              
Gly 12 ValGly 12 Val
Gly 12 SerGly 12 Ser
Gly 12 Arg
Gly 12 Cys

Gly 13 Asp

Codon 12

Codon 13

39% of K-ras mutations     

15%  in codon 13
Amado R et al. JCO:26 (10) April 2008



StudioStudio nn°° casi casi 
studiatistudiati

nn°°
mutazionmutazion

ii
%%

CodonCodon
e 12 e 12 
(%)(%)

CodonCodon
e 13 e 13 
(%)(%)

Urosevic et al. [1993]Urosevic et al. [1993] 3737 1717 4646

Breivik et al. [1994]Breivik et al. [1994] 251251 9999 3939

Andreyev et al. [1993]Andreyev et al. [1993] 679679 225225 3333

Rajagopalan et al. Rajagopalan et al. 
[2002][2002] 330330 169169 5511

Brink et al. Brink et al. [2003][2003] 737737 271271 3737 7272 2222

Moroni et al. Moroni et al. [2005][2005] 3131 1010 3232 6060 4040

Ogino et al. Ogino et al. [2005][2005] 3030 1010 3333 6060 4040

LiLièèvre et al. [2006]vre et al. [2006] 3030 1313 4343

Benvenuti et al. Benvenuti et al. [2007][2007] 4848 1616 3333 6363 3737

Wojcik et al. [2008]Wojcik et al. [2008] 163163 5757 3535 6666 2222

Benvenuti et al. Benvenuti et al. [2008][2008] 175175 7070 4444

Freeman et al. [2008]Freeman et al. [2008] 6262 2424 3939

TotaleTotale 25732573 981981 3838 6464 3232

K- ras mutations in CRC revealed by direct sequencing



Normal

Tumor
379T

Normal Sequencing

Codon 12

Enriched sequencing

Codon 12

Sensitive detection of K-ras mutations
Enriched sequencing



Normal

Tumor
382T

Normal Sequencing

Detection limit of Enriched sequencing = 1:1000 (0,001%)

Enriched sequencing

Sensitive detection of K-ras mutations



In a series of 90 colorectal carcinomas 

METHOD (%) of K-ras mutations

Direct sequencing: 39 % 

Enriched sequencing 54 %

In a series of 126 NSCLC treated with Erlotinib :
METHOD (%) of K-ras mutations

Direct sequencing: 17 % 

Enriched sequencing 30 %

Overall survival 
(multivariate 

analysis)
0.0053.19 (1.43-7.16)KRAS mut (Enriched)

0.0442.45 (0.92-6.319)KRAS mut (Direct 
sequencing)

PHR (95% CI)



Ferdinand I (June 2, 1423 – January 25, 1494), 

“He was autopsied by an Italian team. They concluded that King Ferrante I had died of 
a large pelvic tumor, either prostate cancer or colorectal cancer. 

Two years later, in 1996, genetic research of a small part of the tumor revealed 
a KRAS mutation, which is rare in prostate cancer but is frequently encountered in 
colorectal tumors. Concluded is that King Ferrante I of Naples died from a colorectal 
tumor and is therefore the earliest documented person in history who died from
this cancer.”



K-ras mutation: G A

N

T

T

Direct sequencing

Enriched sequencing

THE LANCET
K-ras mutations in the tumour of Ferrante I of Aragon, King of Naples

A. Marchetti ,  S Pellegrini, G. Bevilacqua, G. Fornaciari.

Saturday 4 May 1996, vol. 347 No. 9010


