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The Physical and 
Biological Basis of 
Radiation Therapy

Wilhelm Conrad 
Roëntgen

Discovered
X rays in 1895
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X rays were immediately 
big news at Columbia

“The College of Physicians and 
Surgeons is using x-rays to 
reflect diagrams directly on to 
the students’ brains, making a 
more enduring impression than the 
normal method of learning”

New York Morning Journal, 1896

By 1899 X rays were being 
used for cancer therapy

1899                                          1929
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Who gets radiotherapy?

HALF

Who gets radiotherapy?

Half of all
cancer patients 

get radiotherapy
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Who gets radiotherapy?

Half of all
RT patients

are treated with
curative intent

Who gets radiotherapy?

Half of all
RT patients

treated with
curative intent

are cured
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RT has both a 
physical and a biological basis

The goal is always to produce as much 
cell killing as possible in the tumor, 
while minimizing damage to normal tissue

Physical Basis of Radiotherapy

• Aim beam at tumor

• Shape beam to conform to the  tumor

• Minimize dose to normal tissue
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External-beam radiotherapy: 1951

Higher energy beams and aiming at the tumor from 
more directions, made for better dose distributions
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IMRT (intensity modulated radiation therapy)

Continuously changing multi-leaf collimator

The CyberKnife, an x ray machine 
on the end of a robotic arm



8

The bottom line in 2006 is that far more normal-tissue 
dose sparing can be achieved than was previously possible
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By late 1903, the first treatment of cervical 
cancer with radium was reported from New York

Radioactive seeds are increasingly 
used for treating prostate cancer
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The Three R’s of Radiotherapy

Repair

Reoxygenation

Repopulation

Repair of DNA damage
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Radiation-induced DNA Damage

DNA repair is different for tumors 
(proliferating tissue) compared with
late-responding normal tissues
(slowly proliferating tissue)

Dividing the treatment into many fractions 
takes advantage of this, allowing for more 
repair in late-responding normal tissue 
than in tumors

Taking advantage of
DNA damage repair
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The significance of oxygenation:
All tumors have significant proportions of hypoxic cellsHypoxic cells are very resistant to radiation killing

Solution is fractionation:
Allows reoxygenation between treatments
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Accelerated Repopulation
As the tumor shrinks, the surviving tumor 
cells proliferate at an accelerated rate

Loss of tumor control as a result of 
increasing overall treatment time

2% per day for head and neck tumors

1% per day for cervix, bladder cancers
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Biological Basis of Radiotherapy

Exploit biological differences 
between tumor and normal tissues

Minimize effects of hypoxic cells

Fight accelerated repopulation

From a biological perspective:

Must divide radiotherapy treatment
into many separate fractions

To overcome hypoxia

For differential response of 
tumor control and late side effects
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Must keep the treatment short

To counteract accelerated population

Must prolong the treatment

To limit early side effects

From a biological perspective:

The Physical and Biological 
Bases of Radiation Therapy

• 1.4  million malignant cancers / yr in the US

• Half of them treated with radiotherapy

• Radiation therapy uses both physics 
biology to maximize the differential 
between tumor control and side effects
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Clinical Principles of 
Radiation Therapy

Peter B. Schiff, M.D., Ph.D.

Department of Radiation Oncology

Columbia University Medical Center

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

Clinical 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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Clinical Principles of 
Radiation Therapy

Radiation Therapy
and Chemotherapy
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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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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
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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

Clinical Principles of 
Radiation Therapy

Image-Guided 
Radiation Therapy

IGRT
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IGRT

• Medical professional teams working together

• Availability of new imaging modalities of tumors 
and normal tissues (CT/PET, MRI, MRS, USTT)
• Anatomy now being fused with biologic function.

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

• CT/MRI virtual simulation

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.  

B.  3-D rendering of a prostate with cancer suspicious 
regions predominantly in the PZ.  

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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Clinical Principles of 
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