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ABSTRACT

The current primary standards at NPL for the measurement of absorbed dose to water in
high energy photon and electron beams are graphite calorimeters. However, the quantity of
interest in radiation dosimetry is absorbed dose to water. Therefore, a new absorbed dose
to water standard based on water calorimetry has been developed for use in high energy
photon and electron beams. The calorimeter operates at 4 °C, with temperature control
being provided by liquid cooling. The sealed glass inner vessel of the calorimeter was
designed to minimise the effect of non-water materials on the measurement of absorbed
dose. The temperature sensing thermistor probes were designed and constructed so that
glass is the only material in contact with high purity water inside the vessel. Initial
measurements of absorbed dose to water made in 6, 10, and 19 MV photons, and 16 MeV
electrons agreed, within the measurement uncertainties of approximately 1.5% (95% c.1.),
withthose determined by graphite calorimetry. These measurements confirmed the feasibility
of the calorimeter design. Significant improvements have been made to the temperature
measurement system, the water phantom and its temperature controlled enclosure since
these measurements were performed, reducing the estimated uncertainty on the
measurement of absorbed dose to water to 1% (95% c.1.), although further work is required

before the calorimeter can be used as a primary standard.
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1. INTRODUCTION

Radiotherapy treatment uses ionising radiation to destroy cancerous tissue, the aim being
to kill the tumour whilst leaving the surrounding tissue as undamaged as possible. According
to Brahme [1], ‘An absolutely necessary prerequisite for precise radiation therapy ... is a
high accuracy in the delivery of absorbed dose [the mean energy deposited per unit mass]
to the target volume’. Brahme [1] states that the level of accuracy required depends on the
‘dose response relation’ for the tumour in question. In order to better appreciate the
requirement for accurate absorbed dose delivery, it is advantageous to understand a simple

radiobiological model of cell survival.

1.1  CELL SURVIVAL AND THE DOSE RESPONSE RELATION

The following model is based on that developed by Brahme [1]. The fraction of tumour
cells, S, surviving a single irradiation of absorbed dose D, is given by a cell survival curve

such as that shown in Figure 1.

1 . L A simple approximation of the value

1.00 1 - of § for a given dose D, is

D.
S = exp[— F’] a)

0

where D, is the absorbed dose required

to reduce the proportion of surviving

o

-

o
1
T

tumour cells to €.

Surviving fraction

Equation (1) can be used to calculate
the number of tumour cells surviving
after a number of irradiations. In this

approximation, the irradiations or

0.01 J | |
0 2 4 6 8 “fractions” are of equal dose (it can also
Dose (Gy)

. o . be calculated for the case when the
Figure 1 Cell survivability curve. The fraction of cells

surviving decreases as the absorbed dose increases. number of fractions is constant and the
dose per fraction changes). If it is
assumed that tumour cells are, (i) of equal sensitivity, (ii) uniformly distributed over the

tumour volume, (iit) irradiated to the same absorbed dose, and (iv) that there is no cell repair



between irradiations, then the number of surviving tumour cells N(n) after » irradiations is

given by
N = NOI] ) (z)

where N(0) is the original number of cells in the tumour. Evaluating the product in equation

(2) using equation (1) for S(D), N(n) becomes

N(n)= N(0) exp[— DE} 3

0

where

D=) D (C)

i
1

n

I

i.e., net cell survival is directly proportional to the total dose D. The probability of tumour

control, also called the dose response relation, is given by
P(D) = exp[- N(n)] )

and is plotted in Figure 2 for a number of different N(0). Brahme’s value for D, of 2.73 Gy
was used. From Figure 2, it is clear that an increase in tumour size requires an increase in
dose for the same probability of tumour control. The steepest point or gradient of these dose
response curves can be found when P(D) = €. However, a more useful parameter in

radiation therapy is the normalized dose response gradient y given by

dP
= —_— (3
7 DdD ©)

It describes how the tumour control probability increases with a given relative increase in
dose. In the above model, where the dose per fraction has been kept constant, the value of
y is given by

In N(0)
e

v = )

so for the three cases in Figure 2, y = 4.2, 5.9 and 7.6 respectively. Therefore, a relative
uncertainty in the absorbed dose of 5% results in a relative uncertainty in tumour control

probability of less than 21%, 30% and 38% respectively.
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