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Physics

x-ray = continuous wave of photons, energy is inversely proportional to its wavelength.  
Therapeutic radiation (photon NRG >125eV, wl<10-8cm) is ionizing b/c it ejects e- from atoms.  Mechanism: Photon hits e- and ejects it will forward depositing its energy at a distant site (ex: H20)
Electron colliding with water creates reactive hydroxyl radical (DNA damage 
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, because it takes time and distance for e- to reach max energy but then it weakens again.
DNA strand breaks and chromosomal aberration

Double strand breaks = total disruption of DNA. Irreversible due to chromosomal aberrations. 

-Free “sticky ends”can re-assort to dicentrics & rings that can’t be repaired or may fail to join at all.

-Both hits must occur closely in time and space to cause double strand break.  ring-shaped.  
-Aberrations are quadratic function of dose (at high doses)
Cell survival curves
Linear-Quadratic Formulation = starts linear then becomes quadratic (bends over)

Low doses, kills are statistically more likely to be due to one photon hit, so this is linear. (≈dose)

High doses, two separate events are more likely, and kill rate becomes quadratic. (≈dose2)
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 = sublethal damage repair
-Cancers have ↓ DNA repair, so fractionating the regimen preferentially spares repairable normal tissue 
Reassortment:  cells redistribute into radiosensitive phases of the cell cycle after DNA damage.  
Border between G2 and M phase is very radiosensitive. 

Why? DNA conf differences, histones, thiol levels (oxygen radical scavengers high during S phase)

After irradiation, cells are blocked at G2-M checkpoint.  Then you irradiate again, and kill more.
Repopulation:  both normal and cancer cells divide between doses of radiation to increase survival 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. (see figure 9)
Reoxygenation:  cells that are hypoxic at time of radiation become oxygenated after first round of radiation.  –Helpful since oxygen makes DNA damage permanent via free radical, thus killing more cancer cells. 

-Very little oxygen is required (30mmHg is full). At each round, tumor shrink exposing more cancer to O2
Summary:  

Fractionated irradiation spares normal tissue by allowing repair of sublethal damage and repop. 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. (Don’t forget however that tumors can also repair and repopulate)
Early vs. Late Responding Tissues

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

When delivering radiation, need eventual ↑ dosage to counteract tumor repopulation and maintain cell kill  Repopulation does occur in late responding tissues, but starts much later (months) 
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, low radiation doses preferentially kill fast responding tumors. At higher doses, normal tissue dies faster

Normal tissues show much better sparing with long, multi-fractionated, low dose regimens.

Balance need for speed and high doses (to kill tumor) w/the need for low fractional doses (to spare normal tissues).
See figure 12 which shows that late responding tissues have better survival at low dose, but due to more curved dose-response curve, lines cross and they survive less then tumors at higher doses.
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.
Summary: Kill tumors by rapid treatment but use lower doses to prevent normal tissue death.
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 each w/ a lower dose.  
Lowering reaction dose decreases side effects.
Accelerated treatment shortens overall treatment time in an aggressive attempt to kill the cancer.  

This scheme uses normal #  and dose of fractions but twice the frequency so half 
the normal treatment time. 
 (increases the kill efficiency of early responding tissues by preventing repopulation, but  worse side effects.  Improves cancer killing but has more side effects of early responding tissues such as hair and mucosa.
Faster growing 
tumors require accelerated treatments. Not that beneficial for slow-growing tumor
This gives you a way to trade-off between side effects and better tumor control. 
Look At Graphs!
