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Targeted Therapies:

Head and Neck Cancer
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Adapted from Weinberg, 
The Biology of Cancer (© Garland Science 2007)

Cancer Biology
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limitless 
replicative 
potential

uncontrolled 
cell proliferation

evade apoptosis

invasion 
angiogenesis

metastases

Genetic Basis of Malignancy: accumulation of mutations

Normal Cell
Increasing numbers of genetic changes (mutations), 
leading to increased cellular abnormality

Cancer

Source Cancer Research UK
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Cancer Pathways (RA Weinberg)

RTKs associated with Cancer

Breast
Colon
SCCHN
Lung
Glioblastoma

GIST
Mastocytoma
AML

Angiogenesis Renal
Hepatocellular 
carcinoma

Multiple Endocrine
Neoplasia
Medullary Thyroid 
carcinoma

Yosef Yarden, Molecular Systems Biol 2007

Tyrosine Kinase Receptors

Molecular Targeted Cancer Drugs
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Tyrosine kinase receptors

Molecular Targeted Cancer Drugs

EGFR1
HER2/neu VEGFR cKIT

PDGFR

Trastuxumab
Bevacizumab
Sorafenib Imatinib

Sunitinib

Molecular Targeted Cancer Drugs

Erlotinib/
Cetuximab

Sunitinib

Tumor type Drug Biomarker predicting 
response

Gastrointestinal 
stromal tumor (GIST)

Imatinib
Sunitinib

cKIT 

Tailored Treatment in Oncology

Breast cancer Trastuzumab HER2

Metastatic colorectal 
cancer (mCRC)

Cetuximab KRAS
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EGFR1
cKIT

PDGFR

Gleevec

Molecular Targeted Cancer Drugs

Gastrointestinal Tumour (GIST)

Before Gleevec (Novartis) 6 th ft t ti GlBefore Gleevec (Novartis) 6 months after starting Gleevec

18 months after starting Gleevec

Targeted Cancer Drugs: Resistance

Cancer Research Viral Oncology Group
Molecular Cancer Therapeutics 2005



5/20/2009

6

EGFR1
cKIT

PDGFR

Targeted Cancer Drugs: Anti-EGFR Treatment

Erlotinib

Lung Cancer with Brain Secondaries (treated with Erlotinib)

Targeted Cancer Drugs: Anti-EGFR Treatment

MRI Brain: Before MRI Brain: After
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Targeting EGFR 

From Harari and Huang, Semin. Radiat. Oncol., From Harari and Huang, Semin. Radiat. Oncol., 1111: 281: 281--289, 2001289, 2001

The Signaling Pathways of the EGFR/HER Family

Yarden,Y and Sliwkowski, M.X. Nature Reviews Molecular Cell Biology 2:127-137, 2001

Targeting EGFR: Antibodies

Baselga, J. and Arteaga, C.L.  J Clin Onc 23: 2445-2459, 2005
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Targeting EGFR: Small Molecules

Baselga, J. and Arteaga, C.L.  J Clin Onc 23: 2445-2459, 2005

C225, Cetuximab

– Chimerized antibody of the IgG1 subclass

– Highly specific for EGFR (ERB1)

• Prevents ligand binding to EGFR

Targeting EGFR: Cetuximab

• Stimulates receptor internalizaton

• Blocks receptor dimerization, TK activity, 
phosphorylation, and signal transduction

– Cetuximab alone, or with combination with cytotoxics has 
activity in colorectal, lung, and head & neck cancer

• FDA-approval for refractory colorectal cancer in 2004        
and locally advanced/metastatic head & neck cancer 
2006

Cetuximab + Stratified 

Clinical Efficacy in Locoregionally Advanced 
SCCHN

Cetuximab in Head & Neck Cancer

Radiation
(n=211)

Radiation 
Alone (n=213)

Hazard Ratio  
(95% CIa)

Log-rank p-
value

Locoregional control
Median duration 24.4 mo 14.9 mo 0.68   (0.52-

0.89) 0.005

Overall survival
Median duration 49.0 mo 29.3 mo 0.74   (0.57-

0.97) 0.03

a CI = confidence interval.

Bonner, NEJM
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Comparison of activity with Cetuximab (in colorectal cancer) and 
trastuzumab (in breast cancer) by receptor expression level

Cetuximab Trastuzumab

EGFR level Response rate 
(%)

HER2 level Response rate 
(%)

Lack of correlation of EGFR expression and response to Cetuximab 

Baselga, J.  J Clin Oncol 2001;19:41s-44s
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Cetuximab-treated Patients

Survival by Severity of Acne/Rash*

MRG

Time (Month)

Pr
ob

ab
i

MRG PRG

N 81 127

Median 25.6 68.8+

Logrank p=0.002

HR (CI)       0.49 (0.34 – 0.72)

0 10 20 30 40 50 60 70

0.25

0.00

* Significant after stepwise cox adjustment for KPS, age and region

MRG= Minimal Rash Group
PRG = Prominent Rash Group

Bonner ASTRO 2008

• HPV-16 > HPV-18

• Oropharynx: Palatine and lingual tonsils

• < tobacco exposure; < alcohol use

HPV and SCCHN

• Younger age (median 49 vs 58)

• Favourable survival

• Role of anti-EGFR therapy for HPV-positive 
tumors?

Gillison M, et al. J Natl Canc Inst. 2000;92:709–20; Weinberger et al. J Clin Oncol 2006;24: 736–747; Smith et al. 
Cancer Epidem Biomarkers Prev 2008;17: 2087–96
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16INK4A16INK4A

D cyclinsD cyclins

HPV-HPV+

HPV-associated SCCHN is a distinct genetic entity

MUp53WTp53

pRbpRb

p16INK4Ap16INK4A

Wilczynski SP, et al. Am J Pathol 1998;152:145–56; Andl T, et al. Cancer Res 1998;58:5–13; Klussman JP, et al. Am J 
Pathol 2003;162:747–53;  Balz V, et al. Cancer Res 2003;63:1188–91; Wiest T. Oncogene 2002;21:1510–7

Representative Images of p16 Staining

Copyright © American Society of Clinical Oncology

Kumar, B. et al. J Clin Oncol; 26:3128-3137 2008

HPV positive

p16 positive
Lower EGFR

Good response markers to 
organ sparing therapy and outcome

Markers of Response for Organ-sparing 
Advanced Oropharyngeal Cancer

Copyright © American Society of Clinical Oncology

Kumar, B. et al. J Clin Oncol; 26:3128-3137 2008

organ-sparing therapy and outcome

HPV negative

p16 negative (most HPV negative)
High EGFR
Smoking
Female sex

Poor outcome 
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Survival in metastatic colorectal cancerSurvival in metastatic colorectal cancer

BSC 1980s

5-FU/LV 1990s

IFL 2000s

Drug costs for
8 weeks
of Treatment
$63

$263

$9539

0 6 12 18 24 (months)
Median overall survival

FOLFOX or FOLFIRI 2000s

FOLFOX/FOLFIRI sequence 2002

Chemotherapy + 

Targeted Therapies

$9381

$11 889

$21 399-
30 790
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MEK
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AKT

Mdm2

S

EGFR 
mutations:

Sensitivity

Ras mutations:

Resistance
PTEN

PTEN deletions:
↑ Resistance
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Cetuximab,

Adapted from Weinberg, The Biology of Cancer (© Garland Science 2007)

RAS-GDP

RAF

MEK

RAS-GTPPI3K

Akt

NF B

Mdm2

Src

ERK

ELK1

p70

p53 mTOR

NFκB

Cell survival    Cell growth       Angiogenesis

JNK

C-fos, c-jun, VEGF
Cyclin D, p21

Src

Stat 1,3,5

Targeting the EGFR and IGFR Pathway in Cancer

Recommended reading: Klein and Levitzki, Current Opinion in Cell Biol 2009 
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• Future investigations will elucidate biomarkers to 
predict the efficacy of targeted therapies in 
individual patients

• No clinically relevant biomarker for Cetuximab in

Tailored therapy for SCCHN?

• No clinically relevant biomarker for Cetuximab in 
SCCHN to date

• Understanding Genetic Basis will lead to more 
Rational Design of Combination Therapies

In future, a systems medicine-based approach
could be employed for tailored therapy


