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ABSTRACT

Background: Delivering the maximum dose to tumor while achieving the minimum
dose delivery to normal tissue; is the most important goal in external radiotherapy. Diode
in vivo dosimetry is widely considered to be an important tool for quality improvement
of patient care in external radiotherapy. Uncertainty in dose delivery should fall within
5% of the prescribed dose as recommended by International Commission of Radiologi-
cal Units and Measurement (ICRU).

Materials and methods: In vivo dosimetry was implemented for treatments of 36 pel-
vis and 38 breast cancer patients which were treated by 60Co photon irradiation and 38
brain cancer patients which were treated by 6MV photon irradiation. The diode dosim-
eters that were used in this study were two different models of PTW products, T60010L
model was used for 60Co photon beam and T60010M model was used for 6 MV photon
beams.

Results: The frequency histograms of the relative difference between the expected and
measured doses at breast, pelvis and brain treatments, have mean values and standard
deviations of -1.21% ( 7.01%), -0.44% ( 4.06%) and -1.32% ( 5.08%) , respectively. Our
study showed that the accurate prediction of the dose value at breast cancer treatment
is harder than that at brain and pelvis cancer treatment and requires an estimation of the
lack of scatter due to missing tissue.

Conclusion: Quantitative verification of the prescribed daily dose is important in exter-
nal radiotherapy to ensure precision in patient set-up accuracy in dose delivery.

Keywords: External radiotherapy, in vivo dosimetry, Diode dosimeter.
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Introduction

n vivo dosimetry by diodes is a reliable method

for patient dose control. The major advantage of

diode dosimeter compared with thermo-lumines-
cent dosimeters (TLD) is that the results of the measure-
ments are immediately available in diode dosimeter.!”
Uncertainty in dose delivery should in general, fall within
5% of the prescribed dose as recommended by the Inter-
national Commission of Radiological Units and Measure-
ments (ICRU).**

A routine diode in vivo dosimetry is based on a com-
bination of prescribed and measured doses. The midline
dose is defined as the measured dose value on the ray
line halfway between the points of entrance and exit dose
measurements.”” In diode in vivo dosimetry at clinical
radiotherapy, the midline dose is determined using only
measured entrance and exit patient doses.® Calculation of
midline doses were made using in vivo dosimetry proto-
cols recommended by the ESTRO.*°

Radiation treatment accuracy is expressed as a com-
parison between delivered and prescribed doses.!'"'? This
study examined the reliability of the use of diode dosim-
eters for in vivo dosimetry and its usefulness as part of
departmental quality assurance program.

Methods

All measurements were performed using T60010L
diode (a model of P-type diodes for 1-5SMV photon en-
ergies) and T60010M diode (a model of p-type diodes
for 5-13MV photon energies). Investigations were per-
formed using 60Co x-ray beams generated by Teratron
780-C 60Co treatment machine and 6MV x-ray beams
generated by Varian Clinac 2100C. Diode dosimeters
were calibrated against an ionization chamber system
placed at the maximum depth dose inside a polystyrene
phantom with a thickness of 15cm under reference physi-
cal conditions (field size=10x10cm2, SSD=80cm and
SSD=100cm for 60Co and 6MV photon beams respec-
tively, temperature=22.50C). The entrance dose calibra-
tion factor was determined as the ratio of the absorbed
dose measured by the ionization chamber at the build up

depth and the entrance semiconductor signal reading on
the surface with a build up layer under reference condi-
tions.**1%13 Also, exit dose calibration factor was deter-
mined as the ratio of the absorbed dose measured by the
ionization chamber at the build down depth and the exit
diode signal reading on the surface with a build up layer
under reference conditions.®% 13

The midline transmission (Tmid) was estimat-
ed as the ratio of absorbed dose measured at mid-
line depth (Dmid) and absorbed dose that was
measured at build up depth (Dm,en);>¢ therefore
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Also, Tmid was estimated as the ratio of ab-
sorbed dose at midline depth (Dmid) and absorbed
dose at build down depth (Dm,ex) °; therefore
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To reduce the statistical error in the measurements,
the midline dose was given by

PDD,,
PDD,,, xD, +——"“x D,
PDD,

D =
‘mid 2

Where PDD corresponds to the percentage depth dose
under reference conditions and Den and Dex are entrance
and exit measured doses, respectively.’

In this study, for 36 pelvis and 38 breast cancer pa-
tients which were treated by 60Co photon irradiation,
the midline dose was determined during her or his treat-
ments. Also, we evaluated 38 patients with brain cancer
who treated with 6MV x-ray beams and referred to radia-
tion oncology department of Imam Khomeini hospital.

In clinical measurements, the placement of dosimeter
on the entrance surface was made by a slight shift from
the beam axis to avoid the shadow effect, but the exit di-
ode was positioned along the beam axis.*

The dosimetric quantity directly related to the treat-
ment accuracy is the distribution of the dose delivered to
the patient compared with the prescribed dose, defined as
the percentage
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cal
Where Dmeas is midline measured dose and Dcal is
prescribed calculated dose.

Results

The entrance and exit dose calibration factors for two
model diodes used in this study were periodically checked.
The calibration factors remained constant for the diodes,
with negligible variation (+1%). Combined midline dose
measurement values derived from midline transmission
data with prescribed dose values have been performed on
112 patients (36 pelvis, 38 breast and 38 brain cancer pa-
tients). All pelvis patients were treated with SAD set-up
by 60Co, all breast patients were treated with SSD set-up
by 60Co and all brain patients were treated with SSD set-
up on the 6MV linear accelerator. The results are plotted
as histograms in Figures 1, 2, and 3. Data are presented
as the difference between the measured dose and the ex-
pected dose expressed as a percentage of the expected
dose. Thus, a positive value indicates that measured dose
was larger than expected and a negative value indicates
that measured dose was smaller than expected.

Figure 1 shows the percentage deviation of measured
midline doses from prescribed target doses in treatment
of breast cancer. These data are well represented by a co-
lumnar distribution with a mean of -1.21% and a standard
deviation of 7.01%.
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Figure 1- The relative deviation of measured midline doses from ex-
pected target doses as a percentage for the treatments of breast tumor
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The histogram in Fig. 2 shows the distribution of the
discrepancies between measured and expected values for
patient doses in treatment of pelvis cancer. Mean value
of the distribution is -0.44% and standard deviation is
4.06%.
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Fig. 2- The relative deviation of measured midline doses from expect-
ed target doses as a percentage for the treatments of pelvis tumor.

The frequency distribution of the relative difference
of measured and expected midline dose in treatment of
brain cancer is depicted in Fig. 3. Mean value of the dis-
tribution is -1.32% and standard deviation is 5.08%.
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Fig. 3- The relative deviation of measured midline doses from ex-

ted target d as a percentage for the treatments of brain tumor.
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Discussion

Quantitative verification of the prescribed daily dose
is of paramount importance during external radiotherapy
to ensure precision in patient set-up and accuracy in dose
delivery.




A.Mohammadkarim. et al.

As mentioned before, comparing measured midline
doses with due calculated doses, errors can be detected if
the difference between measured and calculated doses is
more than 5%.

Large errors detected in midline dose measurement,
when comparing measured midline doses with calculated
midline doses. Although there are a number of reasons
responsible for such deviations, an apparent contribution
is the inhomogeneities of tissues.

Large deviations, defined as a deviation larger than
5% from the expected midline dose, occurred in 47.4%
(18/38) of measured treatment set-ups for breast cancer
patients. Discrepancies larger than 5% from the ex-
pected midline dose have been detected in 22.2% (8/36)
of measured treatment set-ups for pelvis cancer patients
and deviations larger than 5% from the expected midline
dose have been detected in 36.8% (14/38) of measured
treatment set-ups for brain cancer patients. The standard
deviation results at each organ presented here are approx-
imately similar to those observed in previous papers.'+

The result of breast cancer treatment showed larger
standard deviation than the results of pelvis and brain
cancer treatments (Figs.1,2,3). The large standard devia-
tion at breast cancer treatments has to be ascribed com-
pletely to the lack of scatter due to missing tissue which is
not taken into account in the dose calculation algorithm.

Some of the sources of errors are inaccuracies in al-
gorithm, error in set-up, patient motion, error in contour
determination, tissue inhomogeneities and error in plac-
ing diode.

The inherent measurement precision of the diode sys-
tem is within 0.5%. The limiting factor on this, however,
is the number of significant figures on the electrometer
display, particularly for small measured signals. For en-
trance doses this is typically up to 1% and for exit doses
typically up to 2%. However, particularly for small com-
ponents of an overall irradiation (i.e. for very small diode
readings), this limiting precision can be as high as 5%.3

Conclusion

In summary, this work described the methodology
used and the results obtained in the implementation of
an in vivo dosimetry method for patients receiving radio-
therapy treatment of the breast, pelvis and brain cancer.

ESTRO in vivo dosimetry protocols were basically fol-
lowed in the determination of midline doses from mea-
surements of entrance and exit doses. The clinical results
from this study are in agreement with other similar inves-
tigations published. From our study it can be concluded
that diode in vivo dosimetry has a potentially significant
role to play in the routine quality assurance of the delivery
of radiotherapy and proving confidence in the delivery of
treatment and in the identification of individual errors.
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