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Plans For This Class

¢ Discuss homework for 3/30

¢ Review: Vascular Endothelium

¢ Late Effects where
Vascular Endothelium is the primary target

¢ Exceptions

¢ Fractionation

¢ Models for Fractionation

¢ Role of Repair in Fractionation

¢ Stochastic effects: Cancer
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Homework problem, Chapter 10

¢ This is an attempt to get you to think about the
collected information in fig. 10.10. There is no
right answer, but some general conclusions
should be evident:

¢ Most effects on the eye (other than cataracts)
occur relatively late

¢ Most functional disorders are very late
¢ Cephalic disorders occur all through gestation
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Review of fig. 11.1
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Systems where this mechanism

Eredominates

¢ Gastrointestinal
- Esophagus
- Stomach
- Small & large intestine
- Rectum (not the only mechanism)

¢ Skin (dermal layer) &
other epidermoid mucosal organs

# Liver (except for hepatitis)

¢ Kidneys (many other mechanisms)

¢ Lung (other mechanisms)

¢ Brain

¢ Spinal cord (low-dose effects are of this type)
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Non-endothelial late effects

2

Rectum: thinning & perforation of rectum
Epidermal layer of skin: desquamation

¢ Kidneys: complicated, multi-causal;
tubular disfunction in glomerulus unrelated to
vascular disorders

Lung: killing of type 2 alveolar cells

¢ Spinal cord: fast paralysis involves damage to
myelin sheath around cord

¢ Eye: improper differentiation of lens fiber cells
leads to cataracts

2
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Summary of organ-specific
effects

See table in website for full summary:

http://icarus.csrri.iit.edu/radbio/
nonstochastic.html
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Fractionation
¢ Radiotherapy can’t wait for research:
people need answers now

¢ Evenin the 30’s and 40’s it was
recognized that there was an advantage
in treating tumors to fractionate the
dose, i.e. if the total dose you wanted to
deliver was 5 Gy, you got a better
therapeutic ratio if you delivered it in
several small doses rather than all at
once.
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Power Law

+ Witte:
measured dose D required to reach the
threshold for skin erythema as a function of
dose rate or number of fractions n:

¢ Power law:
InD =a + blnn, i.e.
D= ea+b|nn = ea eblnn = ea elnnb
D = QnP, where Q = e

¢ Strandqvist: total time of treatment T:
D = UTP; 1-p for skin was about 0.2.

¢ Cohen: 1-p is tissue specific (0.30 normal, 0.22
for carcinomas); this enables radiotherapy!
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Normalized Standard Dose

¢ Ellis: tolerance dose D for normal tissue is
related to the number of fractions N and the
overall treatment time in days, T:

¢ D= pT0.11N0.24

¢ The value of p is called the Normalized
Standard Dose or NSD; it can be determined
separately for each tissue and each treatment
modality.
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Can we do better than this?

¢ Explicit accounting for damage in terms of
repairability:
- Sublethal
- Potentially lethal
- Nonreparable
¢ Model suggests that the limiting slope of InS vs

D as you fractionate a lot is determined by the
single-hit (nonrepairable) mechanism
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Effect of Fractionation

Fig. 11.3: Repair capability; limiting slope determined
by fraction sizes <W
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Douglas & Fowler

¢ Used mouse-foot skin reaction to fractionated
doses: < 64 fractions , constant overall time
¢ For an isoeffect, the following equation held:
n(ad + p&F) = y
where n = # of fractions, 4 = dose per fraction
note: I'm using 4 where Alpen uses D.

¢ Assumptions:

- Repair occurs after single doses

- Biological outcome depends on surviving
fraction of critical clonogenic cells

- Every equal fraction will have same biological
effect
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Survival fraction,

Douglas&FowIer formulation

InS = n(F /a)4

Note that a is not a.

For an appropriate choice of a, F_ = 1/(n4)
Single-dose cell survival is S = exp(F /a)4

So we do an isoeffect plot of F vs. A:

F.=b+c4

Thus InS = n(bA/a + c4%/a)

cf. Standard LQ model, assuming constant effect per

fraction: InS = -n(ad + BLP)

Defining E = -InS, E/(n4) = a + A
1/(n4) = alE + BAE
plot Avs F, = 1/(n4)to get alE, GE.
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Fig. 11.4: finding a/E, B/E

# a/E = intercept = 1.75 Gy’
¢ PB/E = slope = 27 Gy

T & a/p = ratio = 0.0648 Gy
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Aeelicabilitx
¢ We don’t have to be using an LQ model to work

with the Douglas-Fowler formulation; we just
need a nonzero slope of InS vs. D at low dose.

¢ Thus MTSH doesn’t work:

With MTSH, S=1 - (1 - exp(-D/Dy))"
¢ Forn>1,

dS/dD = -n(1-exp(-D/D,))™"

at D =0, dS/dD = -n(1-e0)™'= -n(0)' = 0.
¢ Forn=1,S =exp(-D/Dy)

dS/dD = -1/Dyexp(-D/Dy)

atD =0, dS/dD = -1/Dye-0 = -1/D, # 0.
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Applicability
¢ We don’t have to be using an LQ model to work

with the Douglas-Fowler formulation; we just
need a nonzero slope of InS vs. D at low dose.
¢ Thus MTSH doesn’t work:
With MTSH, S=1 - (1 - exp(-D/Dg))"
¢ Forn>1,
dS/dD = -n(1-exp(-D/D,))™"
at D =0, dS/dD = -n(1-e0)™'= -n(0)™"! = 0.
¢ Forn=1,S =exp(-D/D,)
dS/dD = -1/Dyexp(-D/Dy)
atD =0, dS/dD = -1/D,e-0 = -1/D, # 0.
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Withers extension of F, model

¢ Define flexure dose as the dose per fraction below
which no further protection is provided by
interfraction repair.

¢ It turns out the flexure dose is a multiple of a/3
(units are correct: a/f is in Gy)

& Let’s pick a reference total dose D
reference dose per fraction A .. Then
-INS ¢ = N, (¢ + BA?), Where N, is the
reference number of doses

ref refAref
* Then for a different total dose D and different
dose per fraction A, D = N A,
-InS= N (ad+ BLP)

et @Nd @
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Withers result

+ In order for the reference regimen to have the
same effect as the test regimen,

¢ S=S, or-InS=-InS
¢ Therefore
Nref(aAref + /84ef2) = N(O’A + ﬂAz)’ i.e.
aNrefAref + /a\lrefAref2 =aN4 + ﬂNAz
¢ But N A.=Dand NA=D, so
& Nl = Dol and N2 = DA

ref

¢ Thus Dref(a+ ,B4ef) = D(a+ﬂA)
DI, = (a+ Bl (a+B4) = (/B + Ae)(a/B+0)

ref
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Withers Elot

Comparison of three different Isoeffect
curves, depending on a/f3:

=
-
T

a/3=10 cGy

Ratio of Isoeffect total dose
n

o
&
T

2 Dose per fraction, Gy 10
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Homework for Friday 6 April

¢ [This is a variation on problem 1 of

chapter 11 in the book. | don't understand
the wording of Alpen's problem, so |
made up my own version]

Suppose that the Ellis power law equation
(11.2) is valid in a particular tissue. A
typical tumor dosing regimen consists of
twenty treatments over four weeks using
weekdays only, i.e. 25 days from the first
Monday through the last Friday. Thus if
the total dose delivered is 60 Gy, we
deliver 3 Gy in each of the 20 treatments.
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Homework for 6 April,
concluded

¢ (a) Assuming NSD=17Gy, calculate the tolerance dose

associated with this regimen. Will we be able to deliver
this treatment regimen without damage to the normal
tissue?

(b) If we wish to shorten the treatment time to three
weeks (18 days from the first Monday to the last Friday)
we will have to deliver larger doses per day, e.g. 60/18 =
3.33 Gy/day if we include weekends. If we allow more
than one dose delivery per day we can reduce the dose
delivered in each treatment back to lower levels, though.
Calculate the number of doses we will have to deliver
over the 18-day period if we wish to ensure that the full
60 Gy will be tolerated. Determine the dose per
treatment.
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it very bigh doses. This explanation is not entivly satisfactory 20 cxpesss
e contmaons plateas in the dose-respoess corse seen for masy temon
lzinaly bendod of Sodes ke boen dooe oo asimal mokeh for
rafativn crcnopeacss, bet it wosld be exprodoctive 1o revicw these
roports i detad Uptoa (1956) has, bosover, prosided 2 very concise
===ury of the Endmgy of ol of theie oxriments

1. Neoplress of al=wst asy hpe ca he indocrd by Eradation of 2a
==l of sstalle sescoptdliny, pon appropriate condtions of oqposere.

L Not overy npe of acoplasm b increased in frogeency by imadiation
dnﬁ-ﬁﬂqmqﬁ:umﬁ

3. Thx carcimogesic effecn of Eradiation are isteroneseciad throogh 2
varty of mochasioms, dependeag on the hype of temor 3ad the toadeioe
of exposere.

4. Some mechasioms of crdaoponcss Evolve dreat effects on the
t==ww forming ool themsches, bt otben may Evolve indroat offccts ca
dntand crlls or Ofpass

5. Albough the dosc-faciience cone b oot been &efmcd procicly
fox sy pooplres over 3 widke nsge of doscs, dose nates, and radntion
qralines, the nciience pencrally rises more stocply 3 3 fenction of dose
and is kess dependent oo dome rates with radiaticesy of bgh Encar enerpy
tramsfer (LET)—sxh s alplo pontcies or (6 sestroos—thoa with
raSatices of low LET—sach 1 X-rap and gz ey

& The dowchopecst of oooplasiy appean o be 3 ==itcasal and
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£ A beph dose levels the oypeession of carcmopesic offect ofies tendy
1o be smppecaad by storilintion of the potretlly massiorsal ol o
by other forms of rafutvn isgery, roslting B wsnsion of he dose-
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characterntically varics with the hpe of oo, the pesctic backpooad
and ape of the cxponnd szl the comdnoes of iradntion, and odker
variables,

10. Beaene of the Evendty of wap ia skach praiutoa ca isflecec
the rmbdﬁj of mcoplnis, the dose-incidence relaticenlse myy vary
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