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Targeted Therapy in Oncology

• Surgical Oncology
– Minimal invasive techniques

• Medical Oncology
– Tumor specific biological targets

• Radiation Oncology
– IMRT
– Brachytherapy
– Protons
– IGRT
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TOPICS
• Primary Radiation Therapy (Radiosurgery)
• Combing RT and Surgery
• Chemo/RT

– Ca Esophagus
– EGFR, monoclonal antibody cetuximab + RT 

for H&N Ca
• 3D-CRT Treatment of Localized CaP ± AD
• IGRT

Principles of Radiation Therapy

Primary Radiation Therapy
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Combining Radiation Therapy 
and Surgery

Pre-0perative vs Post-Operative
Radiation Therapy
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Radiation Therapy and 
Chemotherapy



8



9



10



11

RT plus Cetuximab for Squamous-Cell 
Carcinoma of the Head & Neck

Bonner et al., NEJM 2006,  354:567

• Multinational, randomized clinical trial 
comparing RT alone (213 pts) with RT plus 
cetuximab (211 pts)

• Stage III or IV nonmetastatic SCC of 
oropharynx, hypopharynx or larynx

• RT up to 72 Gy
• Cetuximab iv 400 mg M2 followed by 

weekly infusions of 250 mg M2
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EGFR/HER1: A Key Factor in Tumorigenesis

Dimer composition

HER 2/3/4

Ligand combinations

EGFR

EGF
TGF-α

JAK

STAT

repair transcription

Response processing 

Cell proliferation 
Tumor growth

Inhibits apoptosis
Tumor cell survival

Cell motility, adhesion
Metastasis

Angiogenesis
Tumor vascularization

Cytotoxic treatment 

RAS
RAF

MAPK
AKT

EGF = epidermal growth factor; EGFR = epidermal growth factor receptor; HER = human epidermal receptor; 
TGF-α = transforming growth factor-alpha.

ERBITUX® Package Insert. March 2006; Herbst RS, et al. Cancer. 2002;94:1593-1611; 
Yarden Y, et al. Nat Rev Mol Cell Biol. 2001;2:127-137.

Cetuximab + RT: 
Enhances Antitumor Activity In Vitro

Wilson GD. Cancer Metastasis Rev. 2004;23:209-225; Harari PM, et al. Int J Radiat Oncol Biol Phys. 2001;49:427-433; 
Kellokumpu-Lehtinen P, et al. Cancer. 1989;63:1108-1118.

G1 S G2 M

ERBITUX RT

Inducing Arrest at 2 Different Radiosensitive Cell-Cycle Points 
May Contribute to the Antitumor Effects of Ionizing Radiation

As cells progress through the cell cycle, their sensitivity 
to ionizing radiation fluctuates. During S phase (DNA 
synthesis), resistance to radiation is greatest
– In vitro studies have shown that Cetuximab causes the arrest and 

accumulation of cells in the G1 phase, when radioresistance is low
– Ionizing radiation induces the arrest of cells in the G2 phase
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P = 0.005

P = 0.03
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Treatment of Localized Prostate 
Cancer with Radiation Therapy

Combined Modality Treatment with AD
In Selected Patients

Principles of Radiation Therapy



15



16

Columbia Biologic Classification of 
Clinically Localized Prostate Cancer

Class Gleason PSA 3-yr BDFS 3-yr BDFS (95% CI)
1 2-6 0-4 100.0 94.7 (67.5, 99.2)

7 0-4 80.0
2 2-6 4-15 58.4 54.8 (43.4, 64.8)

15-50 50.6
7 4-15 48.5

8-10 0-4 50.0
3 2-6 > 50 20.0 22.7 (8.8, 40.4)

7 15-50 25.2
8-10 4-15 18.4

4 7 > 50 0.0 4.6 (0.3, 19.6)
8-10 15-50 7.0

> 50 0.0

Columbia University, Urology
51:265-270, 1998

6-Month AD + 3D-CRT vs RT Alone for 
Patients Localized CaP

Harvard, JAMA 292:821-827, 2004

• 206 patients randomized to 3D-CRT (70 
Gy) alone (n=104) or in combination with 6 
months AD (n=102)

• Eligible patients included those with PSA ≥
10 ng/mL, a Gleason score ≥ 7, or 
radiographic evidence of extracapsular 
disease
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6-Month AD + 3D-CRT vs RT Alone for 
Patients Localized CaP

Harvard, JAMA 292:821-827, 2004

60783D-CRT

80903D-CRT + AD

% 5-Year 
Survival 
Without 

Progression
P = 0.002

% 5-Year 
Overall Survival

P = 0.04
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IGRT
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IGRT

New paradigms and other considerations

• Medical professional teams working together
• Availability of new imaging modalities of tumors 

and normal tissues (CT/PET, MRI, MRS, USTT, 
etc).  Anatomy now being fused with biologic 
function.

• Adaptive Radiotherapy (gating, organ motion, use 
of EPIDs, etc).

• CT/MRI virtual simulation

IGRT
• Respiratory motion of 

a lung tumor (axial 
view)

QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.
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IGRT
• Respiratory motion of 

a lung tumor (sagittal 
view)

QuickTime™ and a
YUV420 codec decompressor

are needed to see this picture.

IGRT Technologies

• CyberKnife (linear accelerator on robotic arm)
• Trilogy (linear accelerator with minimultileaf 

collimators and imaging arms)
• TomoTherapy (CT-like unit with linear 

accelerator)
• Protons
• Carbon ions
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MRS Detection of Prostate Cancer

John Kurhanewicz, Ph.D.
Magnetic Resonance Science Center, Department of Radiology 

University of California San Francisco
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Region of Interest (ROI) and Spectrum
(basis for characterizing tissue)

ROI

A. 3-D rendering of a prostate with a TZ  protruding tumor and PZ tumor.  View from the the base of 
the grand.  Ultrasonic Imaging 23, 135-146, 2001.

B. 3-D rendering of a prostate with cancer suspicious regions predominantly in the PZ.  Medical 
Imaging 2000: Ultrasonic Imaging and Signal Processing, Vol. 1, No 27: 68-76, 2000.

A B
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Dose Sculpting & Imaging

• New imaging modalities combined with IMRT (or 
brachytherapy) open the way to modulating dose within 
diseased organs

• Success is dependent not only to the ability of IMRT (or 
brachytherapy) to modulate dose but also on the quality 
of imaging modalities
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