Radiobiology Applied to the Clinic
Physics
Energy of X-ray is inversely proportional to its wavelength.  Therapeutic radiation is ionizing 
because it ejects electrons from atoms.  Electron will fly in forward direction and deposit 
its energy distant to site of ejection, usually in water.

Electron colliding with water creates hydroxyl radical, which is very reactive and is what causes 
radiation DNA damage.  The radical breaks the DNA backbone and damages bases.  This 
is the “indirect action” of radiation, and is the primary method of damage.


Radiation may also directly damage DNA with ejected electrons, but this is uncommon.

Depth at which maximum energy is deposited is a function of the energy of the photon.  Using 
high power radiation spares more superficial tissues, and energy is focused deeply.

DNA strand breaks and chromosomal aberration

Double strand breaks can’t be repaired and cause the DNA to break apart with sticky ends.  Both 
hits must occur closely in time and space to cause double strand break.  Sticky ends then 
reassort and connect with other sticky ends, creating novel chromosomes that are often 
ring-shaped.  Cell can’t repair DNA and dies.  More radiation leads to more aberrations 
and dead cells.  Thus, aberrations are quadratic function of dose.
Cell survival curves
DNA damage is a function of dose, and therefore so is cell survival.  At low doses, kills are 
statistically more likely to be due to one photon hit, so this is linear.  At higher doses, two 
separate events are more likely, and kill rate becomes quadratic.
Fractionated Radiation Therapy and the Four R’s
Fractionated therapy kills the tumor by delivering same amount of radiation but in multiple 
smaller doses.
Repair:  the increase in cell survival when radiation dose is split into fractions.  Cancers are not 
as good as normal cells at DNA repair and fidelity.  Therefore, fractionating the regimen 
preferentially spares normal tissue, which can repair itself after sublethal damage.
Reassortment:  the tendency for cells to redistribute into radiosensitive phases of the cell cycle 
after DNA damage.  Border between G2 and M phase is very radiosensitive.  After 
irradiation, cells often go right to this checkpoint.  Then you irradiate again, and kill more.
Repopulation:  both normal and cancer cells divide between doses of radiation.  Subsequent 
fractions should be given six hours after the first in order to catch cells at G2/M border.  
If radiation is delayed, cells, especially cancers, will quickly repopulate.
Reoxygenation:  cells that are hypoxic (further from blood supply) at time of radiation become 
oxygenated after first round of radiation.  This is good, because oxygen makes DNA 
damage permanent via free radicals.  Therefore, reoxygenation helps kill more cells.  
Very little oxygen is required, and at each round the tumor shrinks and more cancer is 
exposed to oxygen.

Summary:  fractionated irradiation spares normal tissue by allowing repair of sublethal damage 
and repopulation of cells.  It also allows tumor cells to reassort to more sensitive parts of 
the cell cycle, and permits reoxygentation to enhance permanent DNA damage.
Early vs. Late Responding Tissues

Early responding tissues are tumors and rapidly-proliferating normal tissues such as mucosa.
Late responding tissues are normal tissues with low proliferative rates such as nerves.

When delivering radiation, at some point you need to deliver more radiation per day to 
counteract tumor repopulation.  Repopulation does occur in late responding tissues, but 
starts much later.  Therefore, prolonging total treatment time doesn’t spare normal 
tissues but does have a sparing effect on the tumor.  Hence, the faster the treatment is 
completed, the more tumor is killed, so you’d want to use more drug.  
However, at low radiation doses, tumors are preferentially killed over late responding tissues, 
and at higher doses normal tissues begin to die faster.  Therefore, normal tissues show 
much better sparing with long, multi-fractionated, low dose regimens.

The point is that you need to balance the need for speed and high doses (for killing the tumor 
efficiently) with the need for low fractional doses (to spare normal tissues).

Luckily, smaller doses only spare tumors a little compared to higher doses, but spare normal 
tissues a lot.  So fractionation allows lower doses which really help spare normal tissues 
and which are almost as effective as high doses against tumors.
Novel Fractionated Radiation Therapies
Hyperfractionation is a scheme to further separate early and late effect curves.  Treatment time 
remains the same but there are twice the number of fractions, and each fraction has a 
lower dose.  This decreases side effects to normal tissue.  Short version is that lowering 
fraction dose decreases side effects.
Accelerated treatment shortens overall treatment time in an aggressive attempt to kill the cancer.  
This scheme uses normal number and dose of fractions but twice the frequency so half 
the normal treatment time.  This increases the kill efficiency of early responding tissues 
by preventing repopulation, but also has worse side effects.  Short version is that 
accelerating treatment improves cancer killing but has more side effects of early 
responding tissues such as hair and mucosa.
This gives you a way to trade-off between side effects and better tumor control.  Faster growing 
tumors require accelerated treatments.

SEE GRAPHS!!

