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If the overall treatment time is T days, then the
tumour BED may be corrected for concurrent Dal e (1994)

tumour repopulation via:

The suggested form of the FOM, which utilizes the
ratio BED,.,, /BED,.; for both the tumour and critical
tissue, is as follows:

d
BED=Nd| 1+ — | —KT A2
[+(a/ﬁ)] Pl

where K is the dose equivalent of daily repopu-
lation, defined in terms of intrinsic radiosensitivity
(«) and potential doubling time (T, ) as:

FOM =[10 x (BED,., /BED ). ]" (6)

where:

K= 0.693 (A3)
"~ aT,

pot

Z = 2.5 when (BED,,, /BED, ), = 1.0
Z =8 when (BEDncw/BEDrcf)lum <10

X = [(BEDref/BEDnew )cnl r]

Y = 2 when (BED,_, /BED, )., = 1.05
Y = 1 when (BED,,, /BED, ). < 1.05

cnt

Table 2.1  Tvpical range of values observed for LQ model parameters

‘ and some suggested “generic” values (in paranthesis) that are

frequently emploved when more definitive values are not
available
Tissue a'B (GY) u (hr?) K T, (days)
(Gv/day)
Late responding 1-5 03-1 0-01 0-20
2.5 (0.46) (2 (0
Early responding 1-15 03-20 02-04 0-30
(10 (046 or 1.4 (0.3) (0)
Tumour 5-30 03-20 0-1 0-30
(10or20) | (048 or 1.4) (0.72) (14 or 28)




Carcinoma of the cervix

Tissue

o/
(Gy)

L
(hrt)

Tumour
Point A
Rectum
Bladder

10.0

3.87
4.00

0.69

0.46
0.46

Head and neck cancer

Tissue

o/
(Gy)

U
(hr)

K
(Gy/day
)

TO
(day)

Tumour

Early
resp

Late
resp

13.4

11.2

4.3

0.69

1.40

0.46

0.76

0.5

28

28
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CRITICAL REVIEW

TOWARDS MULTIDIMENSIONAL RADIOTHERAPY (MD-CRT): BIOLOGICAL
IMAGING AND BIOLOGICAL CONFORMALITY

Deparceents of

Purpose: The goals of this study were to survey and summarize the advances in imaging that have potential
zpp cabons in radiation oncology, and to explore the concept of integrating phyiical and biclogacal conformality
iz multidimensional conformal nd:mher:m (MD-CRT).
Methods and AMaterial:: The advances in three-dimensional conformal radiotherapy (3D-CRT) have greatly
i 3 oved the pE Tconformality of treatment planning and delivery. The development of intensity

lotherapy (NRT) has provided the “dose painting” or “dose culpting” abilify to further ¢
delivered doe distribution. The improved capabilities of nuclear magnetic Te508ance IMAKDE and PEITOICOPY,
and of positron e n tomography, are beginning to provide phy
the rumor and its surroundings. In addition, molecular imaging promi
and yh:::r_rye level. These developments comverge to provide significant oppertunities for enbancing the

erapy.

Y pres

phyiiological, gemotvpic, and phenotypic data. Important for radiotherapy. e o
4 memod may yield three-dimensional radiobiological information. Studie: are urgently
gemotypes and phenotyp: t affect radiosensitivity, and to devise methods to inage them
mcremental to the concept of gross, chinical, and planning target volumes (GTV, CTV, and PTV),
se the concept of “biclogical target volume” (BTV) and h\'polhe.\ze that BTV can be derived from
b:ol gical images and that their use may incrementally improve target delineation and dose delivery. We
ze, bowever, that much basic reiearch and climical studie ¢ peeded before this potential can be

Conclusions: Whereas IMRT may bave u-umled the beginming of the end relative to physical comformality in
Fadiotherapy, biological imaging may launch the beginning of a new era of biological conformality. In combi-

5¢ approaches constitute MD-CRT llm may farther unprove the ¢ficacy of cancer radiotherapy in the
wew millenzium.  « 2000 Elsevier Science Inc.

Biological imaging, Conformal radiotherapy

AXIAL VIEW OF DOSE DISTRIBUTION - 10F PLAN

GTV NEAR THE RECTUM STRUCTURE KEY

PTV

GTV

URETHRA
==  RECTUM

(LEE]

ISODOSE KEY

- 909Gy
91Gy
86Gy
60Gy

- 30Gy

g An example of an ultraconformal. or “dose painted” external beam treatment of the prostate. We assume that
biological imaging techniques exist which permit localization of regions within the prostate that contain highest tumor
burden (GTV., outlined in orar and also identification of urethra (blue outline) and prostatic capsule (PTV, green
outline). This 10-field plan demonstrates the exquisite capability, using the existing MSKCC inverse treatment planning
system. to sculpt the dose to the desired shape.
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