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Towards understanding RT dose-response

Advances in dosimetry

Chemical dosimetry
Guido Holzknecht 1902

lonization chambers
Paul Villard 1906

Systematic studies
linking dose to
probability of biological
effect

Mathematical and
statistical models of
dose-response

~1910-1920
Increasing awareness of
late effect of radiation
“The 1936 paper”
Hermann Holthusen
1886-1971
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Therapeutic window concept
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Power law models and bioeffect

The Schwarzschild law of photochemistry

E=1-TP =2-TP =p.T®P-D

where / is intensity, Tis time and p is a parameter, p<1.
Applied to erythema with changing dose rate by Holthusen (1926) and others.

This led to double logarithmic
plots of isoeffect dose-time
relatiof

Witte 1941

This representation was chosen
by Strandqvist 1944 >
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Evolution of the NSD concept

Strandqvist (1944):

D=k- T0'22 SQCA, wound healing/necrosis

Cohen (1949):
- Skin:  n=0.33
Ellis (1969):

D = NSD-N°%

= Difference in recovery exponent
® Nis more important than T (at least for 7<28days) in pig skin (Fowler 1963)
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Liversage’s criticisms (1971)

D=NSD-N"-T*

Ellis: v is the same for tumours and normal tissues
< is zero for tumours

> The difference in recovery exponents is an artefact !!

=> v varies from one tumour to another

> The value of t depends on the data set being used

= In particular, two animal studies gave different values of t

> Isoeffect curves in the Strandqvist plot are not linear !!

...the Ellis formulae are derived by applying
doubtful assumptions to questionable data...

Liversage 1971

In vitro cell survival assay

400

Dose (Rads)

Puck & M Med 103: 653 (1956)
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DOSE-EFFECT RELATIONSHIPS FOR RADIATION DAMAGE TO
ORGANIZED TISSUES

Departmant of Phy:

The target cell hypothesis:

Biological effects of radiation in tumors
and normal tissues are due to the
depopulation of putative target cells.
The (in vitro) dose-survival curve of
these target cells governs the tissue
response to fractionated radiation.

The target cell paradigm

"The object of treating a tumour by radiotherapy
is to damage every single potentially malignant
cell to such an extent that it cannot continue to
proliferate"

"There are good reasons for believing that the
primary effects of radiation on tissues are cell
damage and cell depopulation in renewing
populations. . ."

1/10000 RADS
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Equieffective doses — correcting for dose/fraction

D, delivered under reference

e
conditions, produce an equivalent d-g+ [(/B
effect with respect to a specific
endpoint, as the dose D delivered
with dose per fraction d.

Range of

applicability:

01 2 3 4 5 6 7 8 9 10
Dose per fraction (Gy)

12)

Deliver the dose in the shortest possible time without
exceeding early-responding tissue tolerance

This will improve tumor control because the time available for
(accelerated) tumor cell proliferation is minimized

Use as low dose per fraction as possible without prolonging
overall treatment time

This will increase the biological effect on tumors relative to late-
responding normal tissues

Altered fractionation

Hyperfractionation:

dose per fraction less than 1.8 Gy

Accelerated fractionation:

rate of dose accumulation exceeds 10 Gy/week

Hypofractionation:
dose per fraction exceeding 2.2 Gy
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A RATIONALE FOR FRACTIONATION FOR SLOWLY PROLIFERATING
TUMORS SUCH AS PROSTATIC ADENOCARCINOMA

Jack F. FowLer, Pu.D., D.Sc.*" anp Magrk A. RirTeg, M.D., Pu.D.*
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Human tumor fractionation sensitivity

Prostate Bentzen &Ritter 2005

Breast Owen et al. 2006

Esophagus Geh et al. 2006

Bentzen et al. (in press)

Melanoma Bentzen et al. 1989

Liposarcoma Thames & Suit 1986

20

Therapeutic ‘ratio’ of breast RT schedules
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TGF-f pathway: extra-cellular

TGF- signaling: intra-cellular

TGrpR

es

The dose-volume trade-off
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DOSE-FRACTIONATION EFFECTS DOMIN.

Dose
VOLUME EFFECTS DDMINA.




Hypofractionation & dose distribution
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Does the LQ-model fit at high dose/F?
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Does one (LQ-) size fit all?

The Fowler Phenomenon - Jack’s legacy

Thank you, Jack.

It was a great privilege to know you
and to work in the same field as you.

You made all of us better scientists.
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Ellis’s assumptions (1967)

“The healing of skin epithelium depends on the condition of the
underlying connective tissue stroma”

“Apart from bone and brain, connective tissues throughout the body
are similar”

“Within and around a malignant tumour normal connective tissue
elements make up the stroma”

“Therefore apart from bone and bra
'mal tissue tolerance dose, could be based on skin toler:

Special consideration — subclinical breast cancer

Clinical outcome data from
1487 patients in the two 13F
test arms of the START A trial

Lancet Oncol 9: 331 (2001

130=17
without adjusting for age,

chemotherapy, tamoxifen,
breast size, and surgical deficit

Yarnold, Bentzen et al. lJRO!

START @ 10

TRIALE: Median F-U: 10 years
Change in breast appearance
a/P=3.1 Gy (95% Cl 2.0-4.2 Gy)
Tumor relapse
F.5 /B =3.5 Gy (95% CI 1.2 - 5.7 Gy)

25F,5

I

13F. Swhs

20pts. J— Radiobiol. modeling in progress
Loco-regional relapse — cumulative hazard Moderate/marked side-effect in conserved breast
A ] 100
| 196Gy )
’

10yr rate 48.6%, C1 44.9-64.,3)
yr vl

14: 1086 (2013)
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Relative contraindications for hypoFx?
0COG (N=1234)

Standard Regimen Better

y ey
Regimen Better

nd, Yarnold, Bentz:

UK FAST-FORWARD trial

_~ 40 Gy, 15F, 3 wks

27 Gy, 5F, 1 wk

mN-Z200z>®

26 Gy, 5F, 1 wk

Target accrual: 4,000 women with early breast cancer randomized 1:1:1

Primary endpoints and statistical design:
Tumor control: 80% power to exclude an increase in local relapse at 5 years from 2%
t0 3.6% (1-sided P = 0.025)
Tumor control (II): 80% power to exclude a 1.3% increase in 5-year local relapse in
the two test arms combined

Breast shrinkage: 2196 patients will provide 80% power to detect an 8% increase in
5-year late toxicity (assuming 35% incidence in control arm)

Cosmetic results from RAPID trial

Open 2006-2011
2,135 women
randomly assigned to
3D-CRT APBI or WBI
38.5 Gy in 10 fractions
twice daily vs.
42.5 Gy in 16 or 50 Gy
in 25 daily fractions Boseline

Median follow-up was

t al. JCO 31: 4038
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A time factor for prostate cancer?

3,: dose recovered per day due to proliferation

Time factor Time factor
IV, Fixed, 95% CI

Miralbell 2011 .
0.24 [0.03, 0.45]

Total (35% CI) 0.31 [0.20, 0.42]
Hel eit

This could potentially explain some of the effect of short, hypo-fractionated
schedules

o/ estimates would increase
= reduce the effect of some hypo-fractionated schedules currently tried

Vogelius & Bentzen 1/ROB
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