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1. Distinguish the difference between structural and 
functional tissue tolerance

2. Describe the concept of serial and parallel tissue 
organization

3. Understand the importance of cell migration from the 
edge of irradiated fields and their contribution to the 
tolerance of specific tissues

Learning Objectives

5



Clinical and Experimental Radiobiology Course 2025

1. Distinguish the difference between structural and 
functional tissue tolerance

2. Describe the concept of serial and parallel tissue 
organization

3. Understand the importance of cell migration from the 
edge of irradiated fields and their contribution to the 
tolerance of specific tissues

Learning Objectives

6



Clinical and Experimental Radiobiology Course 2025

• Tolerance dose = Dose at which radiation exposure of 
the volume induces a pathological change

• Considerations:

Organ Tolerance Dose
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• Structural tissue tolerance
• Depends on cellular radiation sensitivity 
• Independent of volume irradiated
• Local tissue damage = Significant Loss of Function

• Functional tolerance (“even” distribution of function)
• Depends on tissue organization
• Functional reserve capacity
• Significant tissue damage without loss of function

Organ Tolerance
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• FSU = largest tissue volume or unit of cells that 
can be regenerated from a single surviving 
clonogenic cell
• Intrinsic radiosensitivity properties
• Independent from other FSUs
• Clinical consequences based on FSU arrangement

•Serial vs. parallel

Organ Tolerance and Tissue Architecture
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FSU Organization
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FSU Organization
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Most organs or 
tissues show both 
serial and parallel 
components
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Stem Cell Migration
• After complete sterilisation of stem/precursor cells in an 

irradiated volume…
• Repopulation by stem cells outside of treatment volume

• Examples
• Irradiated bone marrow recovery by circulating hematopoietic stem cells 

or un-irradiated active bone marrow
• Epithelial tissues with high cellular migratory capacity (e.g. skin, oral 

mucosa, intestinal epithelium)

• Confers tolerance to irradiation of small field sizes
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• Early responding tissues: Tolerance depends largely on 
overall time and migration from unirradiated margins

Stem Cell Migration

Courtesy of Dr. Albert van der Kogel
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• Acute reactions in human skin: Competition between 
regeneration vs. tissue breakdown

Stem Cell Migration

Courtesy of Dr. Albert van der Kogel
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Acute and Late Effects
Higher doses required for small fields 

due to migration of unirradiated cells into volume

Courtesy of Dr. Albert van der Kogel
Hopewell & Trott, Radiother & Oncol 2000 (Pig Skin)
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Irradiating Sub-Volumes

Courtesy of Dr. Albert van der Kogel
van Luijk, Coppes, et al. 2012 (Rat Parotid)
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Irradiating Sub-Volumes

Courtesy of Dr. Albert van der Kogel
van Luijk et al. Sci Transl Med 2015 (Rat Parotid)

Stem cells 
located in 
ducts
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Irradiating Sub-Volumes

Courtesy of Dr. Albert van der Kogel
van Luijk, Coppes, et al. 2012 (Rat Parotid)

• Two types of response:
• Bulk tissue: local damage limited to irradiated volume
• Critical region: global atrophy, related to dose to 

critical region (high concentration of stem cells)
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Parotid Stem Cell Sparing

Courtesy of Dr. Albert van der Kogel
van Luijk, Coppes, et al. 2012 (Rat Parotid)

• Reduce dose to ventral extension
• Maintain treatment goals
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Volume Effects in Spinal Cord Tolerance
Rat spinal cord tolerance rises steeply for lengths < 1 cm

Courtesy of Dr. Albert van der Kogel
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Volume Effects in Spinal Cord Tolerance
Rat spinal cord tolerance rises with stem cell migration

Courtesy of Dr. Albert van der Kogel
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Spinal Cord Stem Cell Regions
Tolerance reduced with bath irradiation to surrounding stem cell regions

Courtesy of Dr. Albert van der Kogel
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Courtesy of Dr. Albert van der Kogel
Bijl et al. IJROBP 2005 (Rat Spinal Cord)

Spinal Cord Dose Inhomogeneity Effects
Radiosensitivity of lateral white matter > central white matter
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Courtesy of Dr. Albert van der Kogel
P. Van Luijk et al IJROBP 2007 (Rat Lung)

Volume Effects in Lung Tolerance
Effect of Location/ Relationship to Heart
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Courtesy of Dr. Albert van der Kogel

Volume Effects in Lung Tolerance
Effect of Location/ Relationship to Heart
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Courtesy of Dr. Albert van der Kogel

Volume Effects in Lung Tolerance
Effect of Location/ Relationship to Heart
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Courtesy of Dr. Albert van der Kogel
Barazzuol et al. Molecular Oncol 2024

Volume Effects in Lung Tolerance
Cardiopulmonary irradiation: Time-Course of Cellular & Tissue Events
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NTCP Models
• NTCP = Normal Tissue Complication Probability
• Theoretical mathematical models to estimate NTCP for:

• Partial-volume irradiation 
• Inhomogeneous dose distributions

• Models have limitations/uncertainties and need to be 
validated against clinical data emerging from new 
treatment methods
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Normal Tissue Constraints
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Summary
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Resources

Based on Chapter 16
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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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