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1. Understand the pathophysiology of normal 
tissue response to ionizing radiation

2. Apply general radiobiologic principles to the 
clinical practice of radiation oncology

Learning Objectives
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Definitions
Time-Course Definition Radiobiology

Early (Acute) 
Side Effects

• During or shortly after 
radiotherapy

• Found in tissues with high proliferative 
activity e.g. bone marrow, epidermis, 
gastrointestinal mucosa

• Causes imbalance in cell production vs. 
cell loss

• Results in cell depletion 
• Recovery with proliferation and migration 

of stem cells into irradiated volume
Late (Chronic) 
Side Effects

• Latent clinical 
manifestations 
months to years after 
radiotherapy

• Found in all organs
• Causes a change in organ parenchyma 

including connective and vascular tissue 
changes

• Irreversible and progressive
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• Dependent on:
• Tissue type
• Radiotherapy treatment 

technique 
• Additional traumata 

(e.g. chemotherapy)

Early Reactions
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Early Reactions
Phases

Humoral Response
Paracrine secretion by 
vascular endothelial cells, 
macrophages, fibroblasts, 
keratinocytes, etc.

Reduction in Cell 
Number
• Epidermal/ mucosal 

epitheliolysis
• Leukopenia

Breakdown of 
Protective Barrier
• Septicaemia

Stem Cell Recovery
• Surviving stem cells in 

irradiated site
• Migration of stem 

cells from 
unirradiated sites
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Stem Cell Concept/ Target Cell Hypothesis
• Radiation tolerance depends on number and intrinsic radiosensitivity of stem cells

Early Reactions
Hierarchical Proliferative Tissue Organization

Remain in pool

Differentiate

Radiosensitivity

Proliferative
Pool

Functional Differentiation
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Early Reactions
Hierarchical Proliferative Tissue Organization

Mouse Tongue Mucosa

Cell production 
in germinal layers
(basal and suprabasal)

Cell loss

Courtesy of Dr. Shun Wong’s Lecture Slides
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Early Reactions
Hierarchical Proliferative Tissue Organization
Oral 
Mucositis

Courtesy of Dr. Shun Wong’s Lecture Slides
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Time after irradiation (days/weeks)
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Early Reactions 
Turnover tissues: Changes in cell numbers
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Early Reactions
Clinical Manifestations

(Low) (High Dose)
Tissue Dependent
1. Turnover Time (Rate of 

Cell Loss)
2. Latent Time of Clinical 

Manifestation

Dose Dependent
1. Healing Time 

13



Clinical and Experimental Radiobiology Course 2025

Late Reactions
Explanatory Models

Mechanistic Models F-type (Flexible) Tissue 
Organization

Tissue-Rescuing Units 
(TRUs)/ Functional Sub-Units 
(FSUs)

Description On demand recruitment of 
proliferating cells into 
functional population

Serial or parallel functional 
organization of stem cell-like 
structures

Clinical Manifestation 
of Radiation Effect 
When

Critical depletion of 
functional cells

Inactivation of TRUs/FSUs

Explains Dose-response relationship Volume-response relationship
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Late Reactions
Cellular Responses

Cell Type Response Effect

Endothelium • Cell Death 
• Transudation and Edema
• Loss of Smooth Muscle

• Loss of Capillaries
• Thrombi and Occlusion
• Dilated Capillaries (Telangiectasia) 

& Capillary Hemorrhage

Fibroblast • Differentiation • Collagen Synthesis

Macrophages • Signalling Cascades • Reactive Oxygen and Nitrogen 
Species Production
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Late Reactions
Clinical Manifestations

Dose Dependent
1. Latent Time
2. Progression Rate
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Objectives

1. Understand the pathophysiology of normal tissue 
response to ionizing radiation

2. Apply general radiobiologic principles to the 
clinical practice of radiation oncology
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The Clinical Problem

• The target volume in radiotherapy will include 
normal tissue because of:
• Entrance and exit dose of radiotherapy beams
• Margins of target volume

•Clinical Target Volume (CTV): Includes surrounding normal tissues 
with suspected microscopic infiltration

•Planning Target Volume (PTV): Includes setup uncertainty

18



Clinical and Experimental Radiobiology Course 2025

Clinical Assessment
• Frequency of Assessment

• Early: Weekly
• Late: Months to Years Post-RT

• Scoring System

19



Clinical and Experimental Radiobiology Course 2025

Clinical Assessment
Scoring System
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Radiotherapy Constraints
• QUANTEC (Quantitative Analyses of Normal Tissue 

Effects in the Clinic)
• International Commission on Radiological Protection 
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Radiotherapy Constraints
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Radiotherapy Constraints
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Radiotherapy Constraints
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Radiotherapy Constraints
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Example: Skin
Sequence of Radiation Effects

Image Courtesy of Dr. 
Shun Wong’s Lecture 
Slides
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Example: Skin

↑ Severity Over Time↑ Incidence Over Time
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Summary
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Resources

Based on Chapter 14
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Questions?
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Thank you!

Dr. Jennifer Kwan MD PhD FRCPC 
jennifer.kwan@uhn.ca
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