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Efficacy of Systemic TherapyEfficacy of Systemic Therapy

Patients
[%]*

Survival
Rate

MST
[m]

Stage I-IIIA 1 20% 40   50%
5-year

44   66

1LeChevalier, NEJM 2004; Douillard, LancOnc 2006
2Dillman, JNCI 1996; Furuse, JCO 1999
3Shanafelt (Meta-analysis), JCO 2004
*SEER data 1996-2004

Stage III2 25% 7   16%
5-year

10   17

Stage IV3 55% 6   10%
2-year

4.7   6.6
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Double Agent TherapyDouble Agent TherapyDouble Agent TherapyDouble Agent Therapy
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N=1,155 CP       CG       CD    CarbP
Median survival 7.8 8.1 7.4       8.1
1-year survival 31% 36% 31%     34%
CR/PR                         21%     22%     17%     17%

Schiller et al, NEJM 2002



Individualized Therapy:Individualized Therapy:
A Strategy for Improvement?A Strategy for Improvement?

Individualized Therapy:Individualized Therapy:
A Strategy for Improvement?A Strategy for Improvement?

� It is the Application of Molecular 
Knowledge to Patient Care

� Patient Selection
� Drug Development

Just like CML:  imatinib and bcr/abl…Just like CML:  imatinib and bcr/abl…



Science and Patient Impact:Science and Patient Impact:
The Show CaseThe Show Case

Just like CML:  imatinib and bcr/abl…Just like CML:  imatinib and bcr/abl…
Druker et al; NEJM 355: 2408, 2006 ����������	
��
�

��



Lung Cancer Lung Cancer �� CMLCML

Zhao et al, Cancer Res 2005



Chemo Doublets + Targeted Agent:Chemo Doublets + Targeted Agent:
1st Line, Unselected1st Line, Unselected

Chemo Doublets + Targeted Agent:Chemo Doublets + Targeted Agent:
1st Line, Unselected1st Line, Unselected

Trial OS [m]

Gefitinib x2         N=2170 NS     (2003)

PKC-ASO x2      N=1200 NS   (2003/5)

Erlotinib x2         N=2231 NS     (2004)

Bexarotene x2    N=1235 NS     (2005)

Trial OS [m]

Cetuximab
(BMS-099)         N=676

NS      (2007)

Sorafenib x2      N=1250 NS      (2008)

Cediranib           N=750 ?

Bexarotene x2    N=1235 NS     (2005)

Rofecoxib x1      N=400 NS     (2006)

Bevacizumab
(E4599)              N=855

10.2 - 12.5
(2005)

Bevacizumab
(AVAiL)              N=1043

NS     (2008)

TLR9-ASO x2    N=1667 NS      (2008)

Cetuximab
(FLEX)               N=1125

10.1 - 11.3
(2008)

Vorinostat          N=1000 ?

NOV002             N=880

CBT1                 N=400

AMG706            N=1240

Nitroglycerin       N=150

ASA404             N=1200

1/16 (6%)  13,000 patients on phase III trials    



Individualized Therapy:Individualized Therapy:
Crucial StepsCrucial Steps

Individualized Therapy:Individualized Therapy:
Crucial StepsCrucial Steps

� Define the role of a therapy
� Define the role of a marker

� Define the interaction

� Integrate into management



� Prognostic:
– a parameter that impacts on patients’ 

outcome independent of treatment

Predictive and Prognostic Predictive and Prognostic 
“Markers”“Markers”

� Predictive:
– a parameter that is associated with 

efficacy of a specific therapy



� Prognostic:
– Sex impacts on patients’ outcome 

independent of treatment
women live longer than men

Predictive and PrognosticPredictive and Prognostic
“An Example”“An Example”

women live longer than men

� Predictive:
– Sex is associated with efficacy of EGFR-

TKIs
women have a better response



� On/Off

Ideal MarkersIdeal Markers

� K-ras, EGFR-mut



� Continuous Parameter

Most MarkersMost Markers

� ERCC1, RRM1, Ki-67…..



� Continuous Parameter
X

� Mutational Spectrum
X

� Post -translational Modification

Complex MarkersComplex Markers

� Post -translational Modification
X

� Subcellular Location
=

� p53
(>3,000 pubs and still no clinical utility)



� RRM1

Two Molecules as ExamplesTwo Molecules as Examples

…that are predictive of response…that are predictive of response

� ERCC1



Ribonucleotide Ribonucleotide ReductaseReductase



RRM1 & GemcitabineRRM1 & Gemcitabine
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H23Wt H23-Ct H23-R1 H23siCt H23siR1

In vitro IC50 values [mM] for H23 treated for 
72 hours with gemcitabine (MTT-assay).
RRM1 Wt/Ct = 1.0; R1 = x3; siR1 = x1/5

JCO 24: 4731, 2006



RRM1

RRM1 & GemcitabineRRM1 & Gemcitabine

Day 5 of Gem

1
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RRM2

p53R2

H23 exposed to increasing concentrations of gemcitabine (1-20 nM) over 5 months
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H23-GemH

IC50: 

H23: 8.3 nM

H23-GemH:    40.8 nM



Nakahira et al.; Int J Cancer 120: 1355, 2007Pancreatic Cancer



Prospective Validation in PatientsProspective Validation in Patients

Tumor Size

& Biopsy

Chemotherapy

#1

Week 1-2

Chemotherapy

#2

Week 5-6

Tumor Size

& Biopsy

Chemotherapy: Gemcitabine 1,000 mg/m2 d1 + d8
Carboplatin AUC 5 d1

Week 1-2 Week 5-6

JCO 24: 4731, 2006



RRM1 and Disease ResponseRRM1 and Disease Response

p=0.014;  r=(-)0.474
N = 35

RRM1: PR/CR vs SD, p=0.03
JCO 24: 4731, 2006



ERCC1 and PlatinumERCC1 and Platinum

Gazdar; NEJM 356: 771, 2007



ERCC1 and Disease ResponseERCC1 and Disease Response

p=0.099;  r=(-)0.283
N = 35

JCO 24: 4731, 2006
ERCC1: PR/CR vs SD, p=0.32



Adjuvant Chemotherapy:  IALTAdjuvant Chemotherapy:  IALT

p<0.03

Cont Ctx

2-y S 67% 70%

5-y S 40% 45%

MST 44m 51m IALT, NEJM 2004



� low ERCC1 = benefited from chemotherapy 
(HR = 0.67) (p < 0.006)

� high ERCC1 = no benefit from chemotherapy 
(HR = 1.18) (p = 0.29)

IALTIALT--Bio: ERCC1 & Adjuvant TxBio: ERCC1 & Adjuvant Tx



� RRM1 expression is the 
dominant cellular determinant of 
gemcitabine efficacy

ConclusionConclusion

Cancer Res 64: 3761, 2004; Cancer Res 65: 9510, 2005; JCO 24: 4731, 2006; 

J Clin Invest 94: 703, 1994; JCO 19: 4298, 2001; Clin Cancer Res 8: 2286, 2002; 
NEJM 355: 983, 2006; JCO 24: 4731, 2006

� ERCC1 expression is an 
important cellular determinant of 
platinum efficacy

Cancer Res 64: 3761, 2004; Cancer Res 65: 9510, 2005; JCO 24: 4731, 2006; 
Int J Cancer 120: 1355, 2007



N = 60All Advanced All Advanced 
NSCLC, PS 0NSCLC, PS 0--11

MADeIT: MADeIT: A Treatment Selection Trial A Treatment Selection Trial 1st 1st 
Line, All PatientsLine, All Patients

qRTPCR:qRTPCR:
ERCC1 high or lowERCC1 high or low

Fresh frozen specimens

dedicated collection

N = 53

Gem/Carbo
Gem/Doce

Doce/Carbo
Doce/Vino

Primary Endpoint:  
Secondary Edpts:  OS, PFS, Biomarkers

PD

ERCC1 high or lowERCC1 high or low
RRM1   high or lowRRM1   high or low

(2/04-12/05)

N = 53

JCO 25: 2741, 2007

2nd Line
Therapy

RR



Individualized Therapy:  OSIndividualized Therapy:  OSIndividualized Therapy:  OSIndividualized Therapy:  OS

Update: 10/23/08



Individualized Therapy:  OSIndividualized Therapy:  OSIndividualized Therapy:  OSIndividualized Therapy:  OS

Update: 10/23/08



Individualized Therapy:  OSIndividualized Therapy:  OSIndividualized Therapy:  OSIndividualized Therapy:  OS

Update: 10/23/08



qRTPCR:qRTPCR:

Doce/Cis
(141)

R
A
N
D

PD

N = 444
All Advanced All Advanced 

NSCLC, PS 0NSCLC, PS 0--11
FFPE specimens

no dedicated collection

GILT: GILT: A Treatment Selection TrialA Treatment Selection Trial
1st Line, All Patients1st Line, All Patients

2nd

L
qRTPCR:qRTPCR:
ERCC1ERCC1

high or lowhigh or low

D
O
M
I
Z
E

Primary Endpoint:  
Secondary Edpts:  OS, PFS, Biomarkers

N = 366

Doce/Gem
Doce/Cis

(225)

PD

Cobo et al; JCO 25: 2747, 200724 centers in the EU (8/01-10/05)

RR

I
N
e

Tx



1320813208
MADeITMADeIT
JCO 07

12621
(GCb+)
Oncol 05

13303
(PCb+)
CCR 08

CoboCobo
GILTGILT
JCO 07

Schiller
(GCis)
NEJM 02

Scagliotti
(GCis)
JCO 08

Median 
Survival

Individualized TherapyIndividualized Therapy

Survival

12-m 
Survival

Median 
PFS

CR/PR 44%44% 24% 19% 51%    vs51%    vs
39%39%

22% 28%

JCO 25: 2741, 2007 
JCO 25: 2747, 2007



� Expression analysis requires a complex 
infrastructure

� A robust, solid, and familiar bioassay 

RRM1 + ERCC1:  How to proceed?RRM1 + ERCC1:  How to proceed?RRM1 + ERCC1:  How to proceed?RRM1 + ERCC1:  How to proceed?

� A robust, solid, and familiar bioassay 
would greatly facilitate integration of 
gene testing into trial design and 
ultimately general practice
– development of automated objective IHC



RRM1:  development of IHCRRM1:  development of IHC

RRM1-AS RRM1-AS blocked



IHC versus AQUAIHC versus AQUA



RRM1:  development of IHCRRM1:  development of IHC

Target Cytoplasm

Accurate Quantitative Analysis (AQUA) NEJM 356: 800, 2007

Target Cytoplasm

Nucleus Composite



AQUAAQUA
RRM1RRM1

Cytokeratin = red
Nucleus = blue

NEJM 356: 800, 2007

Nucleus = blue
RRM1 = green



� Randomized PIII trial
� 1st line treatment of PS=2 NSCLC
� Gemcitabine (G) vs Gem/Carboplatin (Cb)

US Oncology Practices

RRM1 + ERCC1:  Performance in a RRM1 + ERCC1:  Performance in a 
CommunityCommunity--Based Phase III TrialBased Phase III Trial

RRM1 + ERCC1:  Performance in a RRM1 + ERCC1:  Performance in a 
CommunityCommunity--Based Phase III TrialBased Phase III Trial

� US Oncology Practices
� March 2004 to December 2006

� Endpoints:  Is OS better in GCb then G?
Are RRM1 and ERCC1 predictive 

of response?

84 practices in the US (3/04-12/06)



� Routine diagnostic specimens
� Histology or equivalent

87 patients, 42 sites in US

RRM1 + ERCC1:  Performance in a RRM1 + ERCC1:  Performance in a 
CommunityCommunity--Based Phase III TrialBased Phase III Trial

RRM1 + ERCC1:  Performance in a RRM1 + ERCC1:  Performance in a 
CommunityCommunity--Based Phase III TrialBased Phase III Trial

� 87 patients, 42 sites in US
� 79 useful for analysis – 10 failed



RRM1: calibration arrayRRM1: calibration arrayRRM1: calibration arrayRRM1: calibration array
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For an 8-bit pixel, values range from 0-255
Conversion formula: v1.2 = v1.6 x expT x 255/100,000
expT is in mS (minimum expT is 3 ms)



� RRM1 is significantly correlated with 
measurable disease response

r = -0.41; p = 0.001

RRM1 + ERCC1:  Performance in a RRM1 + ERCC1:  Performance in a 
CommunityCommunity--Based Phase III TrialBased Phase III Trial

RRM1 + ERCC1:  Performance in a RRM1 + ERCC1:  Performance in a 
CommunityCommunity--Based Phase III TrialBased Phase III Trial

r = -0.41; p = 0.001

� ERCC1 is significantly correlated with 
measurable disease response

r = -0.39; p = 0.003



Response PredictionResponse PredictionResponse PredictionResponse Prediction

Response Prediction Model (R1, E1, Tx):
r = 0.54; p = 0.0005
PPV = 0.90; NPV = 0.46



� RRM1 and ERCC1 are predictive of gem 
and platinum/gem efficacy

� Selection of chemotherapy based on 
tumoral RRM1 and ERCC1 expression is 

ConclusionConclusion

tumoral RRM1 and ERCC1 expression is 
feasible (in 50% of advanced stage patients w/o changing current 
practice)

� It has produced promising response and 
survival rates



RRM1 and PrognosisRRM1 and Prognosis
OS
N=187
p=0.024

NEJM 356: 800, 2007



ERCC1 and PrognosisERCC1 and Prognosis
OS
N=184
p=0.014

NEJM 356: 800, 2007

IALT-Bio
OS
N=372
p=0.009
NEJM 355: 983, 2006



RRM1, ERCC1 and PrognosisRRM1, ERCC1 and Prognosis
OS
N=184
HR=1.8
p=0.022

NEJM 356: 800, 2007



� RRM1 and ERCC1 are prognostic 
of survival (patients with high 
tumoral levels live longer)

ConclusionConclusion

� RRM1 and ERCC1 are predictive 
of platinum/gemcitabine efficacy
(patients with low tumoral levels 
have a better response)



SWOGSWOG--07200720
Phase II Adjuvant Therapy in NSCLCPhase II Adjuvant Therapy in NSCLC

SWOGSWOG--07200720
Phase II Adjuvant Therapy in NSCLCPhase II Adjuvant Therapy in NSCLC

Registration:  stage IA >2cm and IB

Resection; fixation; embedding; shipping

RRM1 and ERCC1 determination by AQUARRM1 and ERCC1 determination by AQUA

Endpoint: Feasibility; PFS & OS @ 2y

RRM1 & ERCC1 high:

No adjuvant therapy

RRM1 & ERCC1 low:

Adjuvant Gem/Cis



“MADeIT“MADeIT--Phase III”Phase III”

NSCLC stage IIIB/IV

Tumor block  Tumor block  -- Eligibility  Eligibility  -- RandomizationRandomization

2     :     1

Treatment Selection by AQUATreatment Selection by AQUA

Gemcitabine
&
Carboplatin

Standard of Care:Standard of Care:
no treatment selectionno treatment selection

N: 267 (178 & 89)   Primary Endpoint: 6-month PFS   Assumption: 50% vs 38%

RRM1 high RRM1 low

ERCC1 high Docetaxel
&
Vinorelbine

Gemcitabine
&
Docetaxel

ERCC1 low Carboplatin
&
Docetaxel

Gemcitabine
&
Carboplatin
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