374

B. Ghanbar Moghaddam, ef al.: Diameter Discrepancy and Treatment Accuracy in ...
Nuclear Technology & Radiation Protection: Year 2012, Vol. 27, No. 4, pp. 374-379

DIAMETER DISCREPANCY AND TREATMENT ACCURACY
IN EXTERNAL BEAM RADIOTHERAPY

by

Behnaz GHANBAR MOGHADDAM * and Masoud VAHABI-MOGHADDAM
Department of Physics, University of Guilan, Rasht, Iran

Scientific paper
DOI: 10.2298/NTRP1204374M

One of the most problematic elements of radiation therapy is the determination of contour
data or treatment depth which may vary due to various parameters. The provision of this data
is crucial for treatment calculations and setup. The present study is devoted to the assessment
of discrepancies between the water equivalent (effective) diameter and patient diameter of the
dose delivered to the target. Combined entrance and exit dose measurements were carried out
on patients treated for thorax, abdomen, and pelvic cancers by °Co gamma rays, using silicon
diodes. The effective diameter and target dose were evaluated on the basis of dose transmis-
sion data. Our study reveals that the most influential parameter leading to discrepancies in
target dose delivery is the difference between effective depth and patient depth. A difference
of more than 5% in the target dose is bound to happen when the difference between the effec-
tive and contour diameters is greater than 10%. Therefore, using the effective diameter for
treatment calculations provides a more realistic value of the target dose, since it incorporates

the impact of all contributing factors.
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INTRODUCTION

An ideal radiotherapeutic procedure would be
the one ensuring an exact delivery of a sufficiently
high radiation dose to the target volume, while main-
taining the dose to the surrounding normal tissue as
low as possible. This goal can be attained through a
precise therapeutic chain which can only be validated
by in vivo dosimetry. In addition, in vivo dosimetry
provides helpful hints for improvement in the quality
of patient treatment [1-9]. In this regard, international
and national organizations have recommended criteria
aimed at achieving certain accuracy and precision
standards. According to the international commission
on radiation units and measurements (ICRU), treat-
ment uncertainty should be within the 5 percent mar-
gin of the dose prescribed in conventional radiother-
apy [10]. The proposed margin is adaptable to modern
therapeutic techniques, as well [11].

In vivo dosimetry is usually applied to measure-
ments of the entrance, exit and intracavitary doses and
the determination of doses delivered to critical organs.
The entrance dose serves to check the output and per-
formance of the treatment device, accuracy of patient
setups and treatment calculations. In addition, the exit
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dose value is used to evaluate uncertainties related to
patient data, such as contour errors and tissue
inhomogeneities, as well as that of the algorithm in the
treatment planning system [5].

Radiotherapy involves a number of steps, each
of them contributing to the overall uncertainty of the
dose delivered to the target volume. One of the most
problematic stages of the process is the determination
of contour or treatment depth data which vary due to
human mistake, body shape, body movements and tis-
sue inhomogeneity. The provision of this data is cru-
cial for treatment calculations and setup. The aim of
this study, besides implementing an in vivo
dosiometric program for the sake of quality control, is
the assessment of the role of discrepancies between
water equivalent depth and patient depth in the accu-
racy of targeted dose deliveries.

MATERIALS AND METHODS

In vivo dosimetry has been performed on patients
isocentrically treated for thorax, abdomen, and pelvic
cancers. The treatment dose was delivered thorough a
pair of parallel opposed (POP) anterior-posterior
(AP/PA) treatment fields or along two POP lateral (L)
fields, as a four-field box technique. Dose measure-
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ments have been carried out in 342 treatment fields of
which 214 were in the anterior posterior (AP/PA) and
128 in lateral (L) positions. For each couple of the POP
fields, the average dose values were considered as the
delivered dose. Patients have been treated by gamma ra-
diation (with an average energy of 1.25 MeV ) from a
Theratron Phoenix °Co therapy unit. Entrance and exit
doses, defined as the depth of the dose maximum from
the entrance and exit surfaces, respectively, have been
measured simultaneously during treatment. Measure-
ments have been carried out weekly, as a routine check
for each patient treated for thorax, abdomen or pelvic
carcinoma, using PTW in-vivo Semiconductor Probes,
along with a VIVODOS E Four-channel dosimeter.
P-type diodes with an effective area of 1 mm? and effec-
tive detection thickness of 30 um were used as well,
along with 1.0 g/cm? of titanium as the buildup material
for achieving the required electron equilibrium.

In order to convert the diode signal (in nC) to the
dose value (in cGy), a calibration procedure was car-
ried out [12, 13]. Diodes have been calibrated for en-
trance (D) and exit dose (D,,) measurements, sepa-
rately. A standard 30 cm x 30 cm x 10 cm water
phantom was used to simulate the body backscatter
during calibration. The diodes were irradiated to iden-
tical dose values on the phantom surface under the ref-
erence geometry (field size of 10 cm x 10 cm and
source-skin distance (SSD) of 80 cm) and correspond-
ing signals compared with the respective absolute
dose values recorded by a 0.6 cm? Guarded Farmer NE
2571 ionization chamber (IC) connected to a Farmer
NE 2670A electrometer. The IC was calibrated by the
National Secondary Standard Dosimetry Laboratory
and positioned inside the phantom at the depth of 5 cm.
The IC recorded dose values were then converted to
D, and D,,, using the tabulated percent depth dose
(PDD) data. The relationship between the diode signal
in nC and the dose value indicated by the IC reading in
cGy is found to follow a linear function, as presented
in fig. 1.
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Figure 1. Dose — response function for one of the diodes;
the function has been determined for entrance and exit
surfaces, separately

Correction factors (CF) have been determined so
as to account for the probable differences between
clinical and calibration (reference) geometry. For this
purpose, the influence of variations in gantry orienta-
tion, source-skin distance (SSD) and the field size of
the diode response, studied (see figs. 2, 3, and 4). CF
has been defined as the ratio of the IC absorbed dose
and diode readings in the two geometries [5]
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Figure 2. Angle correction factor for one of the diodes
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Figure 3. Diode correction factor as a function of the SSD
for entrance dose (a), and exit dose measurements (b); all
data has been evaluated on a 10 cm x 10 c¢m field size
(at the collimator)
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Figure 4. Diode correction factor as a function of the field
size for entrance dose (a), and exit dose measurements
(b); all data has been evaluated in SSD = 80 cm

The influence of field sizes and SSD variations
in diode responses was found to amount to less than
1% and, therefore, negligible.

The influence of the gantry orientation and tem-
perature dependence is considered to be negligible,
due to the steady beam axis and rapid readings of the
diodes [7]. The dose value is calculated by replacing
the diode reading (R) in the determined linear calibra-
tion function.

The midline dose is calculated on the basis of
transmission measurements. The ratio of the exit dose
(D.y) to the entrance dose (D,,) is defined as the exit
transmission (7,, = D./D,,). Also, the exit and
midline transmissions (7,, 7,,4) are calculated and es-
tablished as tables on the basis of the following rela-
tions (adopted from [5])

2 ,
I ~TMR(A.d,_, ) 80-2/2+d,, | BSF(4)
"\ 80+Z/2-d,, ) BSF(4,)
2
I ~TMR(4.d,) 80-2/2+d,, ) BSF() 3
80 BSF(4,)

where Ay, A, and 4 are the field sizes at the entrance,

midline and exit levels. Z—the water equivalent (effec-

tive) depth, and d,,, — the depth of the maximum dose.

TMR and BSF stand for Tissue Maximum Ratio and

the Back Scatter Factor, respectively. The doses deliv-

ered to the midline (target) were determined based on

the method recommended by Leunens et al. [5]:

(1) determination of the exit transmission (7 =
= Dey/Dey), using the measured entrance (D.,,) and
exit dose (D.y) values,

(2) determination of water equivalent thickness (Z2)
for the patient, interpolating the measured T, in
the T table composed according to relation (2),

The results of entrance dose measurements are
evaluated as the ratio of the measured (D, ,,) to the ex-
pected (Dyy, 1) dose values (D, /Dy, 1) 100, as pre-
sented in fig. 5. They show a rather Gaussian distribu-
tion, with a mean value of 103.0% and a standard
deviation 0f 2.5%. At this level, both the entrance dose
distribution and the average value show a systematic
overdose. The values for AP/PA and L positions are
(103.0+2.6)% and (103.0 £ 2.5)%, respectively. Vari-
ations of more than 5% have occurred in 17% of the
cases. The frequency distributions of the ratio of effec-
tive to contour depths (Z/d) are presented in fig. 6. A
more skewed Gaussian distribution was found when
the mean value amounted to (99.0+7.7)%. AP/PA and
L positions with mean values of (98.6 = 7.9)% and
(99.7 £7.3)% showed a relatively similar distribution.
On the average, a systematic underestimation of the ef-
fective depth was detected. In this case, a difference of
more than 5% occurred in 21% of the treatment fields,
most likely related to contour inaccuracies, body
shape, tissue inhomogeneity and body movement.

50 —
g

5 G

§ 497 L

w

301

201

10 N

= \\N=

0 T T T T T 1
85 20 95 100 105 110 115 120

(Den.m"‘Den.cal) [Q/‘Q]

Figure 5. Frequency distribution of the ratio of the
measured entrance dose (D.,m) to the expected value
(Den,car) for AP/PA and L position
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Figure 6. Frequency distribution of the ratio of the
effective diameter (Z) to the contour diameter (d) for
AP/PA and L positions

In order to evaluate the contribution of counter
inaccuracies (human mistakes), the diameter was ran-
domly checked by a caliper on 48 patients and the dis-
crepancy with contour data determined. The root
square of the differences is plotted in fig. 7. For com-
parison purposes, the root square of the difference be-
tween the measured diameter and the effective diame-
ter is also presented as a negative value. Differences
between contour and measured depths equal to 1cm or
over have been observed in 18.7% of these cases, indi-
cating that diameter measurements are the problematic
part of treatment preparation. We have established that
patient thickness, especially in the AP/PA position,
extends up to 0.5 cm, due to respiration, and that the
exact diameter is sometimes hard to determine, due to
body contour variations along the treatment field, es-
pecially for excessively fat or slim patients. The larg-
est deviation from the effective depth was found in an
esophagus lateral field in which the presence of the
lung lead to a deviation of almost 4 cm.
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Figure 7. Difference between the patient diameter (d)

and contour diameter (d.).; the differences from
effective depth (Z) are presented as negative values

(102.8 £ 5.4)% and (102.4 + 9.6)%, respectively.
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Figure 8. Frequency distribution of the ratio of the
evaluated target dose (Dyigm) to the prescribed (Dpiq,p)
one for AP/PA and L positions

CONCLUSIONS

The overall accuracy of the treatments has been
studied by in vivo dosimetry, using silicon diodes on
patients treated for thorax, abdomen, and pelvic tu-
mors in external beam radiotherapy. Water-equivalent
depth and the midline dose have been evaluated using
transmission dose data. Though a systematic overdose
of approximately 3% at the entrance level was de-
tected, to some extent, this may be attributed to the tar-
get itself, but in cases when the target dose inaccura-
cies exceed 5%, the difference between effective
depth and patient depth is the dominant factor. Ac-
cording to our measurements, a difference of more
than 5% in the target dose is bound to happen when the
difference between the effective and contour diame-
ters is more than 10%. Since dose ratios are used for
the determination of the effective diameter, its accu-
racy is quite independent of treatment precision,
which leads to a more comprehensive depth value for
treatment calculations. Therefore, the use of the effec-
tive diameter for treatment calculation provides a
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more realistic value of the target dose since it incorpo-
rates the impact of a variety of decisive factors.
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bexnaz TAHBAP MOTAJAM, Macyn BAXABU-MOT'AJTAM

YTULAJ HECATJTACHOCTU NPEYHUKA HA TAYHOCT IMOCTYIIKA
PN PAIUOTEPAIINIA CIIO/bAIIILUM CHOIIOM

JepaH o] Haj3aXTEBHUJUX 3aaTaKa y TEpaluju 3padyetheM je oipebuBame KOHTYPHUX MOflaTaKa
unu gyOuHE Jedena, KOjiu MOTY fla 3aBUCE Off pa3IHINTHX mapameTapa. [lo3HaBame OBUX MOfjaTaka je
IIPECY[IHO 3a IPOpayyH Tepalyje Kao 1 leHy nocraBky. OBaj paji je nocseheH npolenu yrunaja ogcTynama
n3Meby ekBUBaJIeHTHOT (e(peKTHBHOT) IMPeYHrKa y BOAY U MAaIWjeHTHOT MpEeYHMKa, IPH AaBamy J03€.
Ynorpe6oM CUNMHMIUjYMCKHUX AMO[Aa M3BpIIEHA CYy KOMOMHOBaHA Mepewa yla3He U U3Ja3He [03e Ha
HaIjeHTy TOKOM Tepamnmje KoOalaToM Tpy[HOT Kolla, abgomeHa u kapnuie. Ha ocHOBy mopaTaka o
TpaHCMUCHjH fj03¢ ofipeheHn ¢y epeKTUBHY MPEIHMK U IWJbaHa fo3a. Ha OCHOBY Hammx mCTpakmBarba
OTKPUJIM CMO J1a je pa3ninka u3Mebhy eekTuBHe NyOnHE U NalyjeHTHe NyOnHe HajyTUIAjHUjU TTapaMeTap
KOj¥ BOJIM 10 OfICTYNak-a y IaBawy fo3e. Pasnuka Beha ox 5% y maToj no3u Hacraje Kaja je paznuka usmeby
e(peKTUBHUX U KOHTYpHUX peuHuka Beha on 10%. Crora, ynorpe0a e(peKTUBHUX IPEYHUKA 3a IPOPAUYH
Teparnuje Jiaje peajiHuje BpeJHOCTH MJbaHe I03€ KOoja YKIbyUyje YTHIlaj CBUX e(peKTUBHUX (pakTOpa.

Kmwyune peuu: paouoitiepaiiuja cilobauitbum CHOIOM, eK8UBANEHIUHA OYOUHA Yy 800U, 003UMeiipuja in
Vivo, ToayupoB8oOHUYUKA OUOOd




