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Surface dose measurements in clinical 6

MeV-X-photon beams

. Comparison of Measurements and MC calculations.

J. M. Jensen ', G. Asuni ', I. Liitiens ?

" CancerCare Manitoba, Winnipeg, Canada
2 Klinik f. Strahlentherapie, UK SH, Campus Kiel, Germany

Keywords : photon dosimetry, surface dose, MC-calculation, plane-parallel ionization chamber, IMRT

Abstract.

or radiotherapy of superficial lesions, but also
Fin intensity modulated radiotherapy (IMRT), 6
MeV-X-photon beams are preferred, with relative
surface doses, dependent on field size and SSD,
of 8 % to 28 %. Depending on absorption material
within the beam this values can vary considerable.
The influence of a block tray, different metals and
a new type of transmission detector on surface
doses as well as on other beam parameters have
been investigated. The surface doses as well as
some other field parameters have been checked
by means of a plane parallel ionization chamber
(Markus chamber, type 23 343, PTW-Freiburg,
Germany). Because of specific design features the
readings have to be corrected, and the results have
been verified by Monte Carlo (MC) simulations and
calculations: Measurements agreed well with
calculations within A = 3 %. So it could be shown
for the used Markus chamber, type 23 343, that the
applied correction function is suitable for open fields
as well as for blocked fields at different clinical used
SSDs.

Introduction.

In radiation therapy it is mandatory to optimize the
dose to the tumor as well as to minimize the dose
to healthy tissue. An important parameter is the
used energy of the photon beam. To treat superficial
tumors and in IMRT often 6 MeV-X photons are used.
For visible complications the dose to the skin is of
importance. This dose is mainly dependent on
secondary electrons emerging from the treatment
head and accessories, such as blocks, block trays
and wedges. Also the field size and the source-skin-
distance (SSD) influences this parameter.

For quality assurance (QA) reasons different
transmission detectors are in use, either to detect
and record dose distributions and fluence matrices
prior to treatment or to record actual fluence
distributions during treatment. For this purpose a
newly developed transmission detector system [6]
has been introduced into the market. This system
is capable of calculating dose distributions within
the patient taking into consideration the anatomy
as well as beam model parameters. But this implies
amodification of beam parameters, in detail, surface

Journal of Thai Society of Therapeutic Radiology and Oncology | 15
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dose and fluence, according to secondary electrons
and absorption, respectively [7].

For measurements of surface doses the
extrapolation chamber is considered as the gold
standard [8, 9]. But in most radiotherapy depart-
ments this special type of ionization chamber is not
available. Therefore other types have to be used,
forinstance plane parallel chambers of Markus type
(M 23 343, PTW-Freiburg, Germany). Dependent
on some design and construction features (i. e.
width of guard ring) of this version, readings of
measurements in depths d < dmax have to be
corrected for scattered secondary electrons,
causing an overestimation of the results for surface
doses to avoid misinterpretations. By comparison
with extrapolation chamber results, some correction
factors [1, 2, 3, 4] have been evaluated and
subsequently a correction function has been defined
for that particular standard SSD and open field set
up [11]. To extend the validity and to verify the
correction function, MC-based calculations and
simulations have been done and compared to

measurements in open and blocked fields.

Materials, methods and procedures.

For measurements of surface doses DO as well
as for estimation and recording of dose profiles the
Markus-type ionization chamber (M 23 343) was
placed at depths d = 0 mm (surface) and d = dmax
in a water equivalent solid water phantom.
Dependent on field size, blocking material and SSD
the surface dose was measured and calculated. In
preparation for this measurements the depths of
dmax for different experimental set up conditions

have been determined. As blocking material

16 iu:lé\)ﬁjvuu sasauALSHASHE IS0 INg DU NAlNg
un 16 avun 1 uns1Au - DQuigu 2553

polycarbonate (Makrolon®), aluminium (Al), and
lead (Pb) was used. The thickness was 5.8 mm,
and 1 mm, resp. This blocking plates where fixed
within the accessory mounting slot of a medical
linear accelerator (Clinac 2100 C/D, Varian, Palo
Alto, USA). The focal spot distance was 66.4 cm in
all cases, except for the transmission detector; it
also fits into this slot, but with a focal spot distance
of 65.0 cm. This general set up allows to realize
SSDs of 2 70 cm, but clinical relevant distances are
80 cm to 100 cm. Because the transmission
detectoris a test tool in IMRT-QA, the checked field
sizes are restricted to F < 20 x 20 cm?, and the
beam energy is limited to 6 MeV-X according to
construction features. Also no measurements have
been carried out with physical wedges, because in
daily routine they have been replaced by dynamical
(or virtual) wedges.

The results of measurements have been
normalized to the particular depth of dose maximum,
in case of profiles to the central axis (100 %).

For estimation of the most probable energy of
the secondary electrons, depth dose profiles for the
reference field size of 10 x 10 cm’ and the smallest
SSD = 70 cm have been measured for open and
blocked situation. The experimental results, such
as energy of the secondary electrons Ep/o, surface
dose DO, depth dose profiles P, dose profiles L,
absorption factors A and output factors OF, have
been verified by MC-simulations and calculations.
For this reasons it was mandatory to correct the
experimental readings for depths d < dmax, to
compensate for the overestimating caused by the
Markus chamber: Ad [%] = -12.3 « exp(-0.0405

d), coefficient of regression r = 0.9925, standard



deviation 6 = 0.742. For the MC-simulations of the
various materials the geometrical and physical data
[5] where taken into account; to characterize the
transmission detector additionally some construction
data provided by the vendor where implemented.
Beside the parameters mentioned above, also
spectral fluence and the angle distribution of
secondary electrons where calculated by means of
the MC program (BEAMnrc/EGSnrc) to explain
modifications in dose profiles caused by the

blocking materials.

Experimental and theoretical results.

Raw data of the surface dose measurements
where corrected for by the correction function Ad.
These results are listed in Tab. 1. Corrected depth
dose data for open and blocked beams at a field
size of 10 x 10 cm” and a SSD = 70 cm resulted in
a theoretical depth dose profile, which allows the
estimation of the most probable energy, assuming
an energy transfer to material by electrons (Fig. 1).
Negative values of the profile at depths d > dmax
reflecting the absorption of the used photon beam
in the particular blocking material; they are also
suitable for calculation of absorption coefficients
(Tab. 2).

Table. 1 Surface doses: Results for field size 10 x 10 cm” .

S50 open field BLTR 1 mm Al 1 mm Pb TRD
[em] exp. MC  exp. MC  exp. MC  exp. MC exp.  MC

il 168 319 555 492 384 314 365 324 527 400
75 158 140 344 304 230 2016 56 95 jog 227
Bl 151 140 249 3226 188 177 154 154 234 173
eli] 146 133 196 174 160 150 136 129 178 142
100 150 170 175 169 154 145 135 31 165 148

Table data: [%] of particular dose maximum; italic data : impossible to
realize in normal treatment mode because of technical and geometrical

restrictions.

Table 2 Transmission data.

Transmission BLTR* I mm Al 1 mm Ph TRD**
theoretical **# 0.967 01,988 0,949 0.965
experimental 0971 0,990 0951 0967
MC 0.969 - - 0.958

* block tray/Makrolon® (5.8 mm);
**transmission detector [6];

ek

absorption coefficients [5], [10] .

Table 3 Output-factors OF (MC-calculations vs. measurements).

Feldgriisse [cm?] Ix3 5x5 10x100  15x15 20x20
OF (MC) 0.846 0,904 1000 - 1.073
OF (exp.) 0.842 0.899 1.000 1.058 1.098

The comparison of the experimental and the
calculated dose profiles at different SSDs (80 cm
and 100 cm) supports the result of the experiments
for estimation of Ep/O of the secondary electrons
emerging from the blocking material: Ep/O ~2.1MeV.
This coincides quite well with the used photon
beam: E = 6 MeV-X. Electrons of this moderate
energy show significant scattering in air [10, 12]:
For short SSDs the dose is increased mainly inside
the photon field, for larger SSDs dose tails outside
of the beam are involved (Fig. 2a and 2b), due to
the mean scattering angle [12] of secondary

electrons. This could be verified by calculations as

1200
100
L

B0
600

D[] e TOI S (]
a0
200

d [mm]
[T
2 4 [ B m“""*.-—-..__g d

200

Fig. 1 Empirical depth dose profile of secondary electrons (SE).
(10 x 10 cm? ; normalized difference D[%] :
TRD-blocked field minus open field )
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Surface dose profile (38D =70 cm)

r[em]

Surface dose profile (SSD = 100 cm)

+—open field
« TRD

Fig. 2 Experimental dose profiles (Transmission detector TRD vs. open field).

(a) SSD = 70 cm; (b) SSD = 100 cm.

well as the shape of the output curve for field sizes
3x3cm’upto20x20cm’A<23%.
Discussion and conclusion.

The validation of the correction function Ad for
the Markus chamber (type 23 343) for open and
blocked photon fields is the basis for some IMRT-QA
measurements, especially because this type of
ionization chamber is still in use in a large number
of departments. The experimental check of
selected parameters for open and blocked photon
fields for a variety of SSDs shows an excellent
matching with MC calculations: The mean deviation
of the corrected surface doses varies from A = 0.9
% at SSD = 100 cm and A = 6.8 % at 70 cm. The
MC calculations in most cases underestimate
cases measurements slightly. The reason for this
might be an incomplete and non-ideal modeling of
the radiation source and the beam forming
components of the treatment head. Largest
deviations occur with the use of the transmission
detector, because some internal details stay

unknown. In particular for a SSD = 70 cm the

18 | W:8V3IU D1sANSAUALSLASNFMA:USHINEIVIBUS:NAlNE
un 16 avun 1 uns1Au - DQuigu 2553

differences between measurement and calculation
become apparent : A = 12.7 %. But the extremely
small deviations for clinically relevant SSDs of 80
cm to 100 cm for all set up variations justify and
support the assumption, that the chosen correction
function for raw data in superficial regions is
reasonable : A = 2.8 %.

Measured depth dose profiles for open as well
as for blocked fields could be verified by MC
calculations. And the estimation of the most
probable energy Ep/O of secondary electrons differs
just slightly. Scattering of secondary electrons,
influencing the dose inside and outside of the
radiation beam, was predicted as well. Even
calculated output factors OF coincide well with
measured one’s.

This excellent results justify the use of the
Markus chamber (type 23 343) for checking doses
in superficial regions in photon fields, instead of
purchasing an extrapolation chamber for this

specific reason.
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Fig. 3

Comparison of measured and MC-based profiles.

(a) Depth dose profile (SSD = 90 cm; field size 10 x 10 cm?); (b) Dose profile (10 x 10 cm?; depth 10 cm).

Further measurements and calculations have to be carried out, to extend the validity of the correction

function to the wide range of photon energies used in radiation therapy, i.e. 4 MeV-X, 10 MeV-X, 15 MeV-X
and 18 MeV-X.
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Abstract

Objective; To identified survival of endometrial
cancer patients in National Cancer Institute of
Thailand.

Material and Method ; This is a retrospective de-
scriptive study. All patients with endometrial cancer
who received treatment in National Cancer Institute
From 1987-2004 were included.

Results ; Five hundred and seventy nine patients
with endometrial cancer that met the study criteria
were included. The median age of the patients were
54.13 years. The median overall survival was 93.75
months. The 5 year survival of endometrial cancer

patients were 84.1% in stage |, 63.6 % in stage I,

Introduction

The endometrial cancer is estimated to be 10%
of female cancer (1, 2) and 60% of these occur in
more developed contries. In Thailand over the
period 1998-2000, it was the tenth common cancer
forwomen, the estimated number of new cases was
reported to be about 2.2 % of all female cancers
(3). Endometrial cancer is most in early stage for

stage | found about 70% of newly diagnosis cases

E-mail: nithinai@yahoo.com

53.5% in stage Ill, and 13.6% in stage IV. In patient,
were received radiotherapy, had overall survival
about 70.1% at 5 years. In cases of intermediated
to high risk of recurrence endometrial cancer had
no statistically significant in difference of overall

survival between radiation and non-radiation

group.

Conclusion ; The survival in endometrial cancer
patients were good and radiation in intermediate
to high risk of recurrence was not increase overall

survival.

Keywords : survival, endometrial cancer, radio-

therapy

and stage Il about 10% of cases. (4) In standard
management of endometrial cancer are surgical
staging is initially accepted in cases which have
co-morbidity or unsuitable for surgery and adjuvant
treatment were composed radiotherapy, chemo-
therapy, hormonal therapy and immunotherapy. In
cases, which received adjuvant treatment, classified
by stage and risk of recurrence. Survival in endometrial
cancer are reported about 84% (5) in early stage
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and 30-70%(6) in advance stage at 5 year survival.
In interesting condition of early stage endometrial
cancer, which have intermediated to high risk for
recurrence such as FIGO stage IBG2-3, IC and
grade, IIA-B, had receive radiotherapy is better
local control of disease but not prolong overall
survival. (7-13)

Therefore, the authors assessed survival of
endometrial cancer patients were received

treatment in National Cancer Institute, Thailand.

Materials and Methods

This is a retrospective descriptive study. All
patients with endometrial cancer received treatment
in National Cancer Institute From 1987- 2004 were
included. This study was approved by the Ethics
Committee of National Cancer Institute.

The patients’ clinical and pathological data
were collected from the medical records which
included radiotherapeutic charts and follow-up
information. As of May 31, 2004, 612 patients with
histology confirmed endometrial cancer were
identified. The staging of endometrial cancer
according by International Federation of Obstetrics
and Gynecology(FIGO) staging system.(6) The
patients data such as age, stage, histological types
(from record in office histological report), grade of
tumor, radiotherapeutic doses, cycle, and brachy-
therapy technique and duration of radiotherapy were
collected. The date of first diagnosis of endometrial
cancer, the date of each course of radiotherapy,
the date of recurrence, the date of last visit and the
date of death were all recorded. The main outcome

was overall survival.
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Follow up examination took place at Gyneco-
logical Oncology Unit and Radiation Therapy Unit.
Patients were scheduled for follow up every 2
months in the first year, every 3 months during the
second year and every 6 months thereafter. Follow
up data, such as date of last visit and disease
status at the time of the last contact were noted. All
patients were followed until date of death or lost to
follow up. The overall survival was defined from the
date of primary laparotomy or date of diagnosis in
case of in-operable to the date of death or the date
of last follow up. (7)

The statistical analysis was done using
Statistical Package for the Social Sciences (SPSS)
and the descriptive statistics were used for
demographic data and summarized as mean,
median and standard deviation for overall survival,
variation between patients use ANOVA method.
Survival curves were estimated by the Kaplan-Meier
method and compared using the log-rank test in
univariate analysis. A p-value of less than 0.05 was

considered statistically significant.

Results

From January 1987 to May 2004, a total of 612
cases of endometrial cancer were registered in
gynecological oncology unit was found 4 percent
of female cancer and about 9.3 percent of gyne-
cological cancer in National Cancer Institute. The
number of endometrial cancer patients were met
the inclusion criteria, were 579 cases and become
to data analysis. The patients’ characteristics are
shown in Table 1. The mean age of patients was 54
years with the range of 27 to 72 years. The occupation

of endometrial patients was most in housewife. The



marital status more married than single status. The
most menopausal status of endometrial cancer was
postmenopausal status about 70.2%. Eighty three
percent of case were receive surgical staging by
hysterectomy and seventeen percent were not take
hysterectomy because of advance stage and
unsuitable for surgery.

Stage and cell types were shown in Table 1.
Most of the patients were in stage I-Il were 80.7%
and stage -1V were 19.3%. Most common
histological cell types were adenocarcinoma 93.1%
and most grade of carcinoma were well differentiated
about 54 %.

The most of adjuvant therapy was radiotherapy
about 68%. The radiotherapy in endometrial cancer
was comprised whole pelvic irradiation and vaginal
brachytherapy. External beam irradiation used
Linear Accelerator 6 mega voltages (MV). The
doses of whole pelvic irradiation was 40 Gy (36-55
Gy) with antero-posterior parallel-opposed (AP//PA
technique) fields and daily fractions of 1.8 to 2.0
Gy. The Caesium-137 low dose rate vaginal
brachytherapy was applied 20 Gy (1.8 - 30 Gy) at
point 0.5 centimeters from submucosa of upper
part of the vagina by vaginal colpostats in 1-2
fractions. The mean duration of radiotherapy was
about 40 days (within 6 weeks). The recurrence was
found about 15.4% of endometrial cancer and
disease related death about 18%.

The survival analysis, was performed in five
hundred and seventy-nine patients, was shown in
figure 1. The median overall survival of endometrial
cancerwas 93.75 month, range 0.9-138.97 months.
The 5-year overall survival depend on stage were

84.1% in stage I, 63.6 % in stage Il, 53.5% in stage

Table 1. Base line characteristics of patients
(total N=579 patients)

Characteristics Number of Percent
patients
Age (years) Mean 54.13 Range 27-72
Occupation
Farmer 94 16.4
Sale 134 23.3
Housewife 155 26.7
Government 70 12.0
Employee 126 21.6
Marital status 109 18.8
Single 332 57.3
Married 138 23.9
Divorce
Parity
<2 217 374
2-5 327 56.5
>5 35 6.1
Underlying disease
No 462 79.8
Underlying disease "7 20.2
Menopausal status
Premenopause 173 29.8
Postmenopause 406 70.2
Surgery
Hysterectomy 480 82.9
Non - hysterectomy 99 171
Stage
-1l 467 80.7
-1V 112 19.3
Grade
Well differentiated 314 54.3
Moderate differentiated 116 20.0
Poorly differentiated 149 25.7
Cell type
Adenocarcinoma 539 93.1
Clear cell carcinoma 5 0.9
Mixed tumor 10 1.7
Other 25 4.3
Adjuvant treatment
Expectant 149 25.7
Radiotherapy 391 67.5
Hormonal treatment 6 1.0
Chemotherapy 33 5.8
Recurrence
No 490 84.6
Yes 89 15.4
Course of Death
Disease related 104 17.9
Non — disease related 79 13.7
Alive 396 68.4
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Figure 1 Overall survival in endometrial cancer by stage

[Il, and 13.6% in stage IV. The overall survival of
patients, when analyzed by subgroups in radio-
therapy group, was 70.1% at 5 years. (Figure 2)

In intermediated to high risk of recurrence of
early stage endometrial cancer was comprised
FIGO stage IB to IIB. The median overall survival in
this group was 92.39 month, range 0.93 to 137.77
months. The 5 years overall survival in intermediated
to high risk of recurrence was 84.6% in observation
group and 75.8% in adjuvant radiotherapy group.
The comparison of overall survival in intermediated
to high risk of recurrence was found have statistically

significant, p-value about 0.314. (Figure 3)
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Figure 3 Overall survival in intermediated to high risk of
recurrence of early stage endometrial cancer between
radiotherapy and non-radiotherapy groups.
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Figure 2 Overall survival in RT patients (n=391 patients)

Discussion

In the present study show endometrial cancer
patients which had treatment in National Cancer
Institute of experience for seventeen years. The
mean age of patients was about 54 year which most
in postmenopausal woman. Major of them were in
early stage about 80% which same from previous
study (4,14) and this finding will have good
prognosis when compared with other gynecologic
malignancy( 15). The major cell type was adeno-
carcinoma about 93% and well differentiated type
was about 54.3% which represented favorable
outcome(15 ). In treatment of endometrial cancer
initially by surgical staging excepted in-operable
cases such as major medical disease or more
advance disease. This presented study was show
the patients who underwent surgery about 82.9%.
In cases which not have surgery about 17.1%
because of major medical diseases not appropriate
to surgery and advance locally disease which can
not hysterectomy. This group of the patients was
treated by primary radiotherapy or palliative
treatment (palliative hormonal therapy and
chemotherapy).

The radiotherapy in endometrial cancer in this

present study showed variation in treatment



technique and dose. The most of treatment fields
used AP//PA technique in whole pelvic irradiation
and about two percent used four field box technique.
The most of brachytherapy used Caesium-137 and
about ten percent used Ir-192 HDR. The variation
of treatment in radiotherapy was depended by
radiologist and variation of guideline because of
long duration of data review about 17 years.

The overall survival in this study were 84.1% in
stage 1, 63.6 % in stage Il, 53.5% in stage Ill, and
13.6% in stage IV at 5 years, which associated in
previous study.(14 ) In intermediated to high risk of
recurrence of early stage endometrial cancer which
is stage IB-IC, and stage Il, had overall survival
equally from previous study. (7-10) The comparison
of overall survival in intermediated to high risk of
recurrence was found better in radiotherapy

patients but not have statistically significant. This

conclusion of role of radiation therapy in intermediated
to high risk early stage endometrial cancer is
limited in overall survival.(16 ) In this presented
study found recurrence rate about 15.4% and
cancer related death was 17.9% which same with

previous study( ).

Conclusion
The survival in endometrial cancer patients
were good and radiation in intermediate to high

risk of recurrence not prolong overall survival.
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PREVENTION AND MANAGEMENT OF
ACUTE RADIATION DERMATITIS BY THE TOPICAL AGENTS

A LITERATURE REVIEW

Titaree Suwannalai*

* Division of Radiology, Uttaradit Hospital

Abstract

Objectives: To review historical and current published studies on prevention and management of acute

radiation dermatitis.

Data sources: Research studies, Review articles, Standard text books

Conclusion: The literature showed no standard recommendation for the use of specific topical agents
for prevention or management of acute radiation dermatitis. The researches studied on aloe vera gel,
biafine cream, almond ointment, chamomile cream, Théta-Cream® and topical vitamin E cream
demonstrated negative results for prevention and reduction of radiation induced skin alteration. Some
evidence suggested the use of topical steroid, topical sucralfate/ sucralfate derivatives, hyaluronic acid

cream and MDS065D. However, more studies are needed to support the firm recommendation.

Key words : acute radiation dermatitis, topical agent, prevention

adiation therapy is one of the standard
Rtreatments for cancer in present, but the
common side effect that causes suffering symptoms
to the patient is “radiation-induced skin reaction”.
Because of the important functions such as tem-
perature regulation, barrier functions, immunological,
sensory and autonomic functions’, when the skin
was damage, the complications were occurred.

Normally, the skin is a continuously renewing
organ, but when it was irradiated, radiation will
interfere with normal maturation, reproduction and
repopulation of germinative epidermal and hair

matrix cells, fibroblasts and the cutaneous

vasculature®. The structural tissue damage from
radiation occurs instantaneously, mediated by a
burst of free radicals resulting in DNA damage and
alteration of proteins, lipids, and carbohydrates.
Each additional exposure or fraction contributes to
inflammatory cell recruitment as well as to direct
tissue injury5. Wound healing is further impaired by
inhibition of normal granulation tissue, fibrogenesis,
and angiogenesis. Acute radiation therapy induced
skin injury is, therefore, a consequence of reduction
and impairment of functional stem cells, endothelial
cell changes, inflammation, and epidermal cell

apoptosis and necrosis®”.
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The Acute radiation dermatitis is defined as
occurring within the first 6 months of irradiation,
usually within 90 days®. There are various criteria
used to define the severity of acute radiation
dermatitis, but the common one is from The
National Cancer Institute, thatis Common Terminology
Criteria for Adverse Events (CTCAE). In version 3.0
of CTCAE, dermatitis associated with radiation was
graded in to 5 levels®.

Grade1: Faint erythema or dry desquamation

Grade 2: Moderate to brisk erythema; patchy
moist desquamation, mostly confined to skin folds
and creases; moderate edema

Grade 3: Moist desquamation other than skin
folds and skin creases; bleeding induced by minor
trauma or abrasion

Grade 4: Skin necrosis or ulceration of full
thickness dermis; spontaneous bleeding from
involved site

Grade 5: Death

Prevention and management of acute radiation
dermatitis can be a controversial subject as practices
differ considerably between institutions and often
also between individual practitioners. Inconsistencies
in clinical management can lead to conflicting of
the patients7-10.

The literatures showed difference results and
recommendations for the use of topical agents,
aiming to prevent or reduce acute radiation
dermatitis7-39. The agents included and will be
summarized for the results in this paper were steroid
cream, sucralfate cream, aloe vera gel, biafine
cream, almond ointment versus chamomile cream,
hyaluronic acid cream, gentian violet, Théta-Cream

®versus Bepanthol®Lotion, topical vitamin E,

o8 | 803 1saSALIALSLESNLA:L:5UINEVUS:INFATNg
un 16 avun 1 uns1Au - DQuigu 2553

anionic phospholipid-based cream and
MDS065D.

Topical Steroid
There were 8 studies about the effects of
topical steroid on the skin of irradiated patients; the

results can be summarized in to 2 categories

1% categories: positiive results

Bjornberg et al.11 studied the effects of
betamethasone-17 valerate, vasline®(Unilever, Inc.,
New York, NY), Eucerin® (Beiersdorf AG, Wilton,
CT) and no topical treatment in patients receiving
experimental radiation administered in 4 equal
areas on the inner thighs. During the 1st five weeks
of treatment, the steroid cream performed better
than the other creams and no treatment. After six
weeks, statistical significant for the superiority of
the steroid cream was not demonstrated over
Vasline, although it still had a significantly better
effect than Eucerin or no treatment

Bostrom et al."” compared the effects of topical
steroid with emollient cream (0.1% mometasone
furoate cream) versus emollient cream alone for
prevention of acute skin reaction in women with
breast cancer receiving radiotherapy. The results
showed that 0.1% mometasone furoate cream
significantly decreased acute radiation dermatitis
in term of lower maximal erythema score and grade
4 or greater skin reaction (6/24 patients, 25%, vs
15/25, 60% in orderly), but no significant difference
in symptoms of pruritus or pain.

Shukla et al.” investigated the use of beclom-
ethasone dipropionate spray versus no topical

treatment to the irradiated axilla of breast cancer



patients. They founded more evidence of wet
desquamation in no topical treatment than the
steroid group (36.66% vs. 13.33% respectively) and
concluded that the use of opical steroid (beclom-
ethasone dipropionate spray) for skin during
radiotherapy significantly reduces the risk of wet
desquamation of the skin.

Shapour et al."* compared the use of topical
betamethasone 0.1% to prevent acute radiation
dermatitis (ARD) caused by chest wall irradiation
in breast cancer patients, comparing to the use of
petrolatum or no topical treatment. The results
showed that all patients developed some degree
of ARD, the frequency and severity of which
increased with time and reached the maximum at
the end of the seventh week for all groups. Patients
receiving betamethasone had less severe ARD than
the other two groups throughout the course of the
study, but this difference was significant only at the
end of the third week (p =0.027). They concluded
that prophylactic and ongoing use of topical
betamethasone 0.1% during chest wall RT for breast
cancer delayed occurrence of ARD but does not

prevent it.

2™ categories: negative results

Gless et al.15 compared two different steroid
cream, 1% hydrocortisone cream and 0.05%
clobetasone butyrate in patients undergoing RT for
breast cancer. The majority of patients using either
cream derived benefit from its soothing effects, but
patients using clobetasone butyrate developed
more severe skin reaction. Although the result of
hydrocortisone cream was better than the

clobetasone cream, the authors did not recom-

mended either cream as first choice treatment of
radiation dermatitis because 96.4% of the hydro-
cortisone group and 88.5% of clobetasone butyrate
group experienced a moderate to maximum skin
reaction.

Portera ME’ found no statistically significant
difference in the duration or intensity of skin reactions
with the prophylactic use of steroid cream (0.2%
hydrocortisone valerate) and a placebo.

Lokkevik' presented clinical prospective study
of 86 patients comparing Bepanthen cream with no
topical treatment.in laryngeal and breast cancer
patients receiving radiation therapy. The results
showed no clinically relevant differences between
groups. They concluded that the study did not
indicate any clinically important benefits of using
Bepanthen cream for ameliorating radiogenic skin
reactions.

Schmuth et al."” compared treatment with
topical 0.1% methylprednisolone aceponate (MPA)
vs. 0.5% dexpanthenol cream in comparison to
control group in a cohort of patients undergoing
fractionated radiation therapy for breast cancer.
The result showed no significant difference in the
degree of skin reaction between patients. Neither
topical treatment reduced the incidence of radiation
dermatitis (19 of 21 patients developed radiation
dermatitis, 76% > grade 2, 38% >/ grade 4).

Sucralfate Cream/ Sucralfate derivatives
Sucralfate is a non-absorbable, basic aluminium
salt that address to positively charged proteins in
the base of ulcers and thus creates a surface
barrier protecting the ulcer from further irradiation

which would normally delay healing. Sucralfate also
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acts directly on prostaglandin synthesis; previous
studies have shown that result in cytoprotection. It
has an inflammatory effect, promotes angiogenesis,
enhances epithelial regeneration and bind epidermal
growth factor to tissue .Some studies have shown
an antibacterial effect of sucralfate, although the
mechanism is not understood [9] .Sucralfate cream
was attended as an agent for radiation dermatitis
since the 1990. Five trials have been conducted,
and all of them showed demonstrated the positive
results.

The 1% randomized clinical trial studied the
protective effect of sucralfate on radiation dermatitis
was done by Maiche A., et al.”® The authors
compared the efficacy of sucralfate cream to a
base-cream in 50 breast cancer patients receiving
postoperative electron beam therapy to their chest
wall. Every patient used both creams, one on ether
side of the scar. The result demonstrated that the
skin treated with sucralfate cream was significantly
better than the skin treated with placebo .Sucralfate
delayed development of grade 1 and grade 2 skin
reactions. The recovery time of skin lesion was
faster on the areas treated with sucralfate cream.
At the end of radiotherapy the area treated with
sucralfate cream showed the lower grade of skin
reaction than the placebo ones. The authors
concluded that the acute radiation-induced skin
reaction was statistically, significantly prevented by
sucralfate cream.

Geoffrey Delaney, et al.”® assed the value of
sucralfate cream in the management of moist
desquamation during radiotherapy in patients with
cancer of head and neck, breast and other sites.

The patients were randomized to received 10%
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sucralfate in sorbolene cream or sorbolene alone
.Patient's pain and time to skin healing were
assessed. The trial included 39 patients and
terminated after 2 years due to poor patient
accrual. Data analysis showed no significant
difference between the two arms in either time from
randomization to skin healing (14.8 vs. 14.2 days,
p=0.86) orimprovement in pain score (p=0.32). The
authors reported that their trial was unable to show
a difference in term of time to healing or pain relief
in the treatment of moist desquamation by sucralfate.
However due to a poor patient accrual they
commented that an important-effect of sucralfate
has not been excluded.

Evensen JE, et al.”’ tested for ability of sodium
sucralfate octasulfate (Na SOS) in the reduction of
radiation-induced skin alteration in head and neck
cancer patients. They randomized 20 patients to
receive either sodium sucralfate octasulfate (Na
SOS) gel or a placebo. Skin reactions were scored
using several variables. The authors report no
significant difference in erythema,but the placebo
group had less moist desquamation. In conclusion,
they did not recommend sodium sucralfate octasulfate
for the routine management of radiation-induced
skin reaction.

Mary Wells, et al.21 randomized 357 patients
with head and neck, breast and anorectal cancer
to receive aqueous cream, sucralfate cream or no
cream to irradiated skin. They aimed to investigate
whether sucralfate or aqueous cream reduced
acute skin toxicity during radiotherapy. The
outcomes measured were acute skin toxicity,
measured using a modified radiation therapy

oncology group ( RTOG) score, reflectance



spectrophotometry, patient diary card and derma-
tology life quality index (DLQI). The result showed
no significant difference in the severity of skin
reactions or levels of discomfort suffered by patients
between the treatment arms. The authors
concluded that there was no evidence to support
the prophylactic application of either sucralfate
or aqueous cream for the prevention of radiation—
induced skin reaction.

* gvaluated the

De Rauglaudre G, et al.
tolerance of topical application of the combination
sucralfate /copper zinc salt in radiation dermatitis
in breast cancer women .Patients were treated by
photon or electron. The results showed good
tolerance of the patients to topical sucralfate /
copper zinc salt. Pruritus, pain and discomfort
appeared, but the intensity was low. The soothing
effect of the combination of these agents was
considered satisfying or very satisfying by
investigators and patients during the study, varying
from 94 to 100 % of satisfaction. The researchers
concluded that topical application of the combination
sucralfate / copper zinc salt can be used in radiation

dermatitis.

Aloe vera gel

Areview of the literature suggested that topical
aloe vera is useful for mind sunburn. Various
animals’ models suggest that aloe vera enhanced
wound healing. It is claimed that aloe vera many
reduce vasoconstriction, leukocyte and platelet
aggregation at an injured sites. It may also improve
wound oxygenation; increase rate of collagen
formation reduced the amount of dead tissue at the

wound site as well as being a potent macrophage

activating agent [9].

Maurecon S.Williams® conducted two phase
[l randomized trials. The first one was double
blinded study in 294 patients, comparing an aloe
vera gel versus a placebo gel. The second trial
randomized 108 patients to receive an aloe vera or
no treatment. All patients in both trials were
diagnosed of breast cancer with a planned course
of radiation therapy to the breast and/or chest wall.
Both the patients and healthcare provides rated
skin reactions. The result demonstrated that
maximum radiation-induced dermatitis severity
scores and the weekly mean severity score were
identical on both treatment arms during both of the
trials. The authors concluded that dose and
schedules of aloe vera gel in these two trials cannot
prevent radiation-induced dermatitis.

Vagler, B.K., etal.24 made a systematic review
of clinical effectiveness of aloe vera, due to a wide
variety of its useness by general practitioners with
a few data known about its allergy. They found only
10 studies that used aloe vera monoperperations.
The summarized result concluded that topical
application of aloe vera was not an effective
prevention for radiation-include skin injuries.

Dana J. Dudek, et al.25 compared the acute
skin reaction in patients undergoing radiation
therapy for early breast cancer who use aloe vera
gel on the irradiated skin to the acute skin reaction
in patients who followed a routine normal skin care.
The author found that the use of aloe vera gel did
not increase the acute skin reactions due to
irradiation and no evidence of toxic skin reactions
from aloe vera (no signs of improvement nor

increased toxicity) patients could safety use aloe
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vera gel while undergoing radiotherapy.

Olsen DL, et al.?® performed a prospective,
randomized, blinded clinical trial to determine
whether the use of mild soap cleansing and aloe
vera gel versus mild soap cleansing alone would
decrease the incidence of skin reactions in patients
undergoing radiotherapy. The results showed that
atlow cumulative dose level (< 27 Gray), no difference
existed in the effect of adding aloe vera to mild
soap. But when the cumulative dose was high
(> 27 Gray), there was benefit of delayed the skin
change from radiation in the aloe vera/soap arm
versus in soap arm only (5 weeks versus 3 weeks
respectively). The author concluded that when the
cumulative dose increase over time, there seemed
to be a protective effect of adding aloe vera to the
mild soap regimen.

Sue Heggie, etal.”’ conducted a phase Il study
involving 225 patients with breast cancer after
lumpectomy or partial mastectomy, who required
a course of radiation therapy. The aim of the study
was to test the hypothesis that topical aloe vera was
effective in reducing the radiation skin side effects
of itching, erythema, pain and skin breakdown when
compared with aqueous cream. The result demon-
strated that aqueous cream was significantly better
than aloe vera gel in reducing the incidence of dry
desquamation and moderate more pain due to
treatment. (p<0.001 and p=0.03 in orderly). The
incidence of moderate or more itching was also
reduced in the aqueous arm, although. It was not
statistically significant difference. There was no
significant difference between the treatment arms
with respect to the incidence of moist desquamation.

The authors concluded that aloe vera gel did not
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significantly reduce radiation - induced skin side
effects.

Richard son J., et al.”® performed a systematic
literature review about aloe vera for preventing
radiation — induced skin reaction. They searched
the data from major biomedical database, specialist
complementary and alternative medicine databases.
Further more, unpublished and ongoing researches
were also identified. Data from this review showed
that there is no evidence from clinical trials to
suggest that topical aloe vera is effective in
preventing or minimizing radiation — induced skin

reaction in cancer patients.

Biafine Cream

“Biafine” is a hypotonic, oil- in —water emulsion.
Itis reported to have non-steroidal anti-inflammatory
properties, and enhance wound healing by recruiting
macrophages to the wound bed, modifying the
concentration of various immunoregulator and
promoting the production of granulation tissue. Four
trials have been conducted with Biafine with less
favorable results.

J. Fisher, et al.*® conducted a randomized
phase Il study in breast cancer patients undergoing
breast irradiation. They aimed to compare the
preventive effect for radiation-induced skin toxicity
between biafine and best supportive care (BSC)
BSC was defined as the institution’s product of
choice with 31% of patients receiving Aquaphor,
34% aloe vera ,19%other therapy and 16%reciving
no skin care products. There was no overall difference
between Biafine and BSC in prevention time to, or
duration of radiation-induced dermatitis.

Ewa Szumacher, et al.*® assed the effectiveness



of biafine cream as a prophylactic agent for
radiation-induced acute skin toxicity and to evaluate
health outcomes related to skin symptoms in
women who underwent concomitant chemotherapy
(CMF) and radiotherapy for breast cancer. There
was no controlled group in this trial. They founded
that during the 5 week course of radiation, the
majority of the patients developed grade?2 radiation
dermatitis (82%). However no treatment delays or
interruptions were observed because of skin
toxicity. At the end of the study, 61% presented with
little dryness oritchiness in the treated breast, 47%
complained of little blistering and breakdown of the
skin in the affected breast area, and 44% of patients
complained of some trouble fitting brassieres. The
data from this trial pointed out that. Biafine cream
had no protective effect for radiation induced acute
skin reaction.

Fenig E, et al.”" investigated in breast cancer
patients who received post operative radiotherapy.
They evaluated the effects of biafine and lipiderm
ointments (a lipid based moisturizing agent containing
anti-pruritic properties) comparing to no topical
treatment for the prevention of radiation dermatitis.
The result showed no significant statistical difference
in the degree of skin reaction between the two
preparations compared to no topical treatment
group. They concluded that neither biafine nor
lipiderm seemed to have a radioprotective effect.
P. pammier, etal.32 conducted a randomized phase
[l study to assess the effectiveness of calendula
(Pommade au Calendula par Digestion; Boiron Ltd.,
Levallois-Perret, France) for the prevention of acute
radiation-induced dermatitis of grade2 or higher

during post-operative radiotherapy for breast

cancer, compared with trolamine (Biafine; Genmedix
Ltd, France) which is an oil in water emulsion that
can enhance skin healing by recruiting macrophages
and modifying the concentration of various
immunomodulator. The result showed more
effectiveness of calendula than trolamine. The
occurrence of acute dermatitis of grade?2 or higher
was significantly lower (41%. vs. 63%, p<0.01) with
the use of calendula than with trolamine. The authors
concluded that calendula is highly effective for the
prevention of acute dermatitis of grade2 or higher
and should be proposed for patients undergoing

post operative irradiation for breast cancer.

Almond ointment and Chamomile cream

Chamomile cream had been the standard
treatment for skin protection during radiotherapy
for the previous 10 years in Sweden. Maiche AG,
etal.** compared almond ointment versus chamomile
cream in 48 patients undergoing radiotherapy for
breast cancer. The severity of skin reaction, pain,
and itching were assessed. Both creams were used
in each patients, one cream applied above the
surgical scar and the other one applied below the
scar. No statistically significant difference in the
frequency of skin reaction between the two groups,
although > Grade 2 skin reaction appeared later in
the chamomile cream treated areas compared to
the almond treated areas.

Patient’s experience of pain and itching were
not quantitatively analyzed, but the researchers
reported no difference between the two treatment
groups. The radiation dermatitis generally cleared
within two weeks of the final radiation dose, but in

some patients, it took up to 3 months, leading the
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authors to report that neither cream can prevent

radiation dermatitis.

Hyaluronic Acid cream

Hyaluronic acid is a polymer that has been
shown to stimulate fibroblast and fibrin development,
there by accelerating the granulation phase of
healing. In animal models, it has been hypothesized
that hyaluronic acid destroys the oxygen free
radicals associated with impairing wound
healing™.

There is 1 clinical trial studied about the
effectiveness of hyaluronic acid cream for reducing
radiation induced skin toxicity by ionizing radiation
in human by Vincenzo Lig uori, et al.*>. They
conducted a double-blind, randomized clinical
study comparing hyaluronic acid 0.2% cream
(lalugen R) and placebo creams, provide by Bio-
chimique S.A. (IBSA), Lugano, Switzerland. The
study was performed in 134 patients receiving
radiation treatment for head and neck cancer,
breast or pelvic carcinoma.

Their aim was to analyzed whether the
prophylactic use of a cream with hyaluronic acid
postpones the first signs of acute radio-epithelitis
and /or reduce its severity. Result indicated a
statistically significantimprovement in delaying the
onset of skin reaction by the 3rd week. Acute
radioepithelitis scores were significantly higher in
placebo group than in hyaluronic group, starting
from the control at week 3 and throughout the 6
week of treatment (p<0.01 from week 3 to week 7;
p<0.05 at weeks 8 and 10) .The global judgments
of the therapeutic efficacy at the end of treatment,

by both the physician and the patient showed a
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significant difference in favor of hyaluronic acid
group (p<0.01 and p<0.05 respectively). The
therapeutic tolerability between the two groups
showed no significant difference. (p =0.18 according
to the physician and p = 0.42 from the patient’s
viewpoint). The author concluded that hyaluronic
acid cream had a prophylactic role and suggested
the use of this agent as supportive treatment to
improve compliance and quality of life in patients

undergoing radiotherapy.

Gentian violet

Mak, Suzanne S., etal.*

created a prospective
randomized clinical trial in 42 patients to compare
the effect of a gentian violet topical application with
that of a moist dressing (hydrocolloid) on the rate
and efficacy of radiotherapy-induced moist
desquamation, wound healing and the patients’
satisfaction level with each method. The result
showed that gentian violet significantly decreased
wound size and reduced wound pain but the time
required for healing was not statistically different
between the two groups. However the treatment by
gentian violet received significantly lower rating for
dressing comfort and dressing aesthetic acceptance.
The authors suggested that the causes may be from
the skin discoloration and drying effects of the
treatment, witch renders patients unable to move
or stretch the skin. So gentian violet may not be a
realistic method for treatment the skin reaction from

radiation treatment.

Théta-Cream®versus Bepanthol®Lotion
Théta-Cream R (TheraCosm GmbH, Germany)

was developed by French scientists. It was a new



formulation containing three active substances that
are believed to influence radiation dermatitis. The
tree active substanced were GM glucan, Hydroxy-
prolisilan C and Matrixyl. GM glucan is a biological
response modifier, promoting phagocytosis of
macrophages and production of cytolytic, cytostatic
factors reducing oxidative stress. Hydroxyprolisilan
C is said to help in the rearrangement of lipids and
collagen fibers decreasing the skin sensitivity to
free radicals. Matrixyl should stimulate the synthesis
of collagen |, llland IV, thus participating in the skin's
regenerative process™.

Bepanthol ¥ Lotion is an oil-in water emulsion
containing dexpanthenol, the alcohol derivate of
panthothenic acid which is a component of coenzyme
A. Acetye-coemzyme A, an active from of coenzyme
A in the epithelium, is known to play a central role
in lipid metabolism and for normal skin integrity.
Extra supply of panthothenic acid may be thought
to promote epithelial formation and regeneration
and it is widely used in radiotherapy™.

There was only one clinical trial conducted
about Théta-Cream " by Barbara Roper, et al. *.
They evaluated the effectiveness of Théta-Cream”
in direct comparison with Bepanthol * lotion for
preventing radiation dermatitis in breast cancer
patients undergoing radiation therapy. The scoring
of acute skin toxicity at 50 gray revealed no
statistically significant difference between study
arms. Mild itchiness and sporadic efflorescence
were more frequently seen with Théta-Cream ~. A
trend toward worsening skin marks was also noted
with Théta-Cream group. The Théta-Cream group
was reported more frequent sporadic efflorescence,

worsening the skin marks and adverse events

occurred in the users: suspected allergic reaction
and the necessity for re-simulation twice. The
authors concluded that they could not demonstrate
any advantage of Théta-Cream ". Higher costs and
problems with skin marks prevent a general

recommendation.

Topical vitamin E

The property of being a free radical scavenger
causes vitamin E to be an interested topical agent
from the past until now. Many clinical studies used
vitamin E for reducing the skin changes from external
causes, including radiation. Most of trials were about
the ultraviolet light. However, data from the
radiobiological knowledge shows that ionizing
radiation can produce free radicals and damage
tissues, including skin [1]. There are a few studies
about the effect of vitamin E on this radiation type.

A. Dirier, M., et al.* investigated the preventive
effect of antioxidant vitamin E on irradiation —
included acute skin reaction in The New Zealand
rabbits .The result showed no protective effect of
vitamin E on the irradiated skin. The skin reactions
were stronger in the area to which the 5% vitamin
E studies or the solvent was applied than in the
areas that received radiation treatment only. The
authors hypothesized that the cause may from the
vehicle induced free radical. There is only 1 clinical
trial, investigated the effect of topical vitamin E on
radiation induced skin alteration in the human
being.

Nopadol Asavametha, et al.”

compared the
effectiveness of topical vitamin E and placebo on
the reduction of ionizing radiation — induced skin

reaction, intra-individually in head and neck cancer
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patients. The results showed no statistically significant
difference of the skin reaction between topical
vitamin E and placebo (p=1.00). However, the
degrees of skin changes were not severe in both
groups. The authors hypothesized that moisturizing
agents which were the ingredients of cream base
of both preparations might decrease the severity
of skin damage, probably by reducing the transepi-
dermal water loss or from other mechanisms. They
initially concluded that topical vitamin E cream did
not make any difference of skin alteration caused

by ionizing radiation when compared to the placebo.

Anionic Phospholipid — based cream

The APP skin cream (Ocular Research of
Boston (ORB), Inc, Boston, MA) is an oil-in-water
emulsion that was prepared in an FDA-approved
facility under cGMP guidelines, but it is not
commercially available. The active ingredients of
APP cream are triglyceride and phospholipids
preserved with benzyl alcohol, methyl paraben,
propy!l paraben and diaxolipinyl urea [38].

Thomas E Merchant, et al.*® studied the
effectiveness of APP cream in comparison with that
of aloe vera gel in the prevention of radiation
dermatitis in children with various diagnoses. Most
common diseases were Hodgkin disease, CNS
tumors, pediatric carcinoma and neuroblastoma.
The children were treated with fractionated external
beam irradiation .The total dose of radiation was
greater than or equal to 23.4 Gray. The study
demonstrated the superiority of a phospholipids-
based cream over an aloe vera gel in the prevention
of radiation dermatitis in children receiving more

than 23.4 Gray. Subject skin comfort and dermato-
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logic assessment were performed. The APP cream
was favored during treatment for subject comfort
variables of dry (p=0.002), softness (p=0.057), good
feeling (p=0.002) and smoothness (p=0.012). The
APP cream was also more efficacious during
treatment for the dermatologic variables of dryness
(0.013), erythema (p=0.002) and peeling (0.008)
.Grouped common toxicity criteria scores were

supportive of APP cream (p=0.004).

MDS065D

MDS065D (Sinclair pharmaceuticals Ltd,
Godalming, UK) is a non steroidal medical device
registered in the United State and Europe for the
symptomatic treatment of radiation dermatitis (RD).
MDS065D is water — in-oil cream with barrier-
forming, hydrating and anti—inflammatory properties
that can minimize the side effects of radiation on
the skin. It's formulation containing hyaluronic acid
(HA), shea butter, glycyrrhetinic acid (GrA), Vitis
vinifera and telmesteine *.

Maria Cristina LEONARDI, et al.* conducted
a double-blind, randomized, vehicle - controlled
clinical study comparing the efficacy of MDS065D
with vehicle (an emollient base cream) in minimizing
acute skin reactions and associated symptoms
during and after radiation therapy for breast cancer.
The results showed a statistically significant
difference between vehicle and MDS065D groups
regarding the maximum severity of skin toxicity
(p<0.001), symptoms of burning within the radiation
field (p=0.039) and desquamation (p=0.02), in favor
of MDS065D group. No significant differences were
observed concerning pain, itching and dryness.

The authors concluded that MDS065D may be



considered a safe and one of the available effective
treatments in the prevention and minimization of
skin reaction, and associated symptoms induced

by radiation.

Discussion

A review of the literature examining radiation-
induced skin toxicity clearly demonstrates that no
standard treatment recommendations exist for the
prevention or management of radiation induced
skin toxicity. Thus, managementis based on clinical
experience, physician preference, and availability
of topical agents. Quality and quantity of studies
evaluating the used of topical agents did not allow
for specific recommendations in prevention and
management of acute radiation dermatitis.

Topical steroid and sucralfate creams have
been the most promising topical agents in the
prevention and treatment of acute radiation dermatitis.
Some evidence suggested that the use of topical
steroid cream or topical sucralfate/ sucralfate
derivatives had a radioprotective effect, but more
studies are needed to support the firm recommen-
dation.

Aloe vera gel has not been shown to provide
any major benefit, although one small study (by
Osten et al.) reported that it prolonged the time to
skin damage at high dose of radiation therapy. None
of the trials demonstrated positive effects of topical
biafine, almon ointment, chamomile cream,
Theta-Cream and topical vitamin E cream on acute
radiation-induced skin toxicity by ionizing radiation
in human. So these topical agents are not recom-
mended in clinical practice, until proven others.

One small trial showed benefit of gentian violet

in the reduction of skin toxicity, but it was improper
for the application due to skin discoloration and
drying effects. There were limited evidence to
support the use of hyaluronic acid cream, anionic
phospholipid-based cream and MDS065D for the
prevention and management of acute radiation
induce skin toxicity. More evidence is needed to
support firm recommendation.

However, most of the studies mentioned above
have been conducted with small sample size which
can render the result significant. Much of the trials
have been written about women undergoing
irradiation to the breast; there fore, result many not
be generalized to all treatment fields. New researches
need to have a larger sample sizes and need to be
conducted with patients undergoing therapy for
various cancers, so the results can be proven with
greater statistical significant and can be more
generalized.

Reports of the clinical trials are conflicting;
which may result, in part, from the difference of
scales used to measure the severity of radiation
dermatitis. So if we want to reference the result of
researches for the judgments and choosing the
appropriate prevention and management for this
common skin problem, a stand staging system for
severity of radiation dermatitis is necessary. Then,
the result can be interpreted and generalized.

In addition to conducting more trials with
previously studied agents, research should be
done on new products. However, the researchers
also be aware of potential patient allergic reaction
and side effects of the new topical agents that will
be used in the trials.

In conclusion, acute radiation dermatitis is a
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very common side effect of patients receiving
radiation therapy. It cause many suffering symptoms
to the patients and disturbs their daily life activities.

Many topical agents are claimed to be an effective

conducted to provide betters evidence for the

topical agents that are appropriate for the prevention

agents for prevention and management of this and management of acute radiation dermatitis.

common problem, but the scientific researches are
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Output tactors for squared,
rectangular and elongated photon fields of linear accelerators:

A supplement to Stirling” formula.*

J. M. Jensen
Dept. Medical Physics, CancerCare Manitoba, 675 McDermot Ave., Winnipeg, Canada

Abstract.

or dose calculation in radiation therapy with photons a variety of basic beam data are required,
Fsuch as percentage depth doses, dose profiles, and output factors (OF) for open as well as for
wedged beams. In contrast to profle measurements, output factors have to be measured for all squared,
rectangular and also for extremely elongated field sizes. To realize smooth output factor functions, at
least 100 different field sizes with small increments in length and width have to be measured.

A simple modification of the Stirling’ formula, taking into consideration the collimator exchange
effect, allows an accurate prediction of the output factors for all field sizes, based on the experimental
data survey for the minimum, the maximum and the reference field size (10 x 10 cm?) only. The ratio of
the calculated OF and the measured one’s stays within 1.0025 + 0.009, even for elongated and wedged

field sizes. All major vendors of medical linear accelerators have been included in this study.

1. Introduction.

Dose calculation in radiation therapy requires an accurate beam modeling. This might increase the
number of basic measurements dramatically, especially for the realization of a smooth output factor func-
tion, when the collimator exchange effect is taken into account. This is mandatory, because the output
factor OF(F) is directly combined with the number of monitor units NMU to deliver a defined dose D(F, d, r)

to a specific point:

D(F, d,r) = D_ N, ° OF(F) « TMR(F, d) « OAR(F, r, d) » (SCD/(SSD+d))’ « MOD, (1)
F field size, OF output factor,
d depth, OAR off axis ratio,
r off axis distance, SCD source-calibration-distance,
DCal calibration factor, SSD source-skin-distance,
" number of MU, MOD dose modificator.

* presented at 9" AOCMP and 7" SEACOMP, 22-24 Oct. 2009, Chiang Mai, Thailand
The original Stirling’ formula for calculation of equivalent squares does not take into account the collimator exchange effect,
because the formalism was developed for a cobalt unit with a totally
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The output factor itself is defined as the ratio of
measured doses at depth d on central axis for a
field size A x B and the reference field size 10 x 10
cm’: “A” represents the distal (lower) collimator, “B”
represents the proximal (upper) collimator, defining
field width and field length, respectively. Forsquared
field sizes a small increment in field width and length
guarantees a smooth and accurate shape of the
output factor function. But for rectangular and
extremely elongated field shapes it is in addition of
importance, which one of the jaws (collimators)
defines length and width of the treatment field. The
different influence of the jaws on output factor is
called exchange effect and might amount up to
4 -5 %, depending on construction features of the
treatment head of the linear accelerator.

different jaw and source construction compared
to a linear accelerator. " And Co-60 units
are not equipped with an ionization chamber for
dose measurement, because this is accomplished
by a redundant clock system with respect to dose
rate, depending only on physical half life of the used
nuclide.

Instead of introducing a treatment planning
convention using always a specific jaw (upper or
lower) for the larger field dimension, which is in
practice hardly feasible, or increasing the number
of OF — measurements, a simple correction factor
is suggested here to take into account the jaw
exchange problematic. This is known only for linear
accelerators equipped with two pairs of movable

jaws. @

2. Material, methods and procedures.

For determination of output factors in photon
fields different commercially available medical linear
accelerators of all major vendors (Elekta/Philips
Siemens; Varian; Varian-Novalis) have been
investigated. The photon energies of 12 units
include 4-, 6-, 8-, 10-, 15- and 18 MeV-X, for a total
of 30 beams. Only for two units output factors for
wedged fields have been measured, because in
general dynamic (or virtual) wedges are mainly used
in daily routine.

Either a mini-phantom (build-up-cap), a block
phantom (both made of PMMA) or a water phantom/
solid water phantom was used to measure relative
doses at SSD of 90 cm or 100 cm. The diameter of
the mini-phantom as well as the depths in phantom
depend on the photon energy of the beam, or was
setto d = 10 cm or to d = dmayx, respectively. The
field sizes varied between 2 x 2 cm? (4 MeV-X), 3 x
3 cm’ (18 MeV-X) and 40 x 40 cm’ for all linear
accelerators, except for the stereotactic unit
(6 MeV-X) with field sizes ranging from 1 x 1 cm® to
15 x 15 cm’. (8) The field sizes for wedged beams
where set according to the technical limitations of
the particular linear accelerator, in most cases 4 - 20
cmin wedge direction. Readings where normalized
to the reference field size 10 x 10 cm?: OF(10) =
1.000. For the stereotactic unit the output factors
for wedged beams include the wedge factor : OF
<< 1. To cover the whole range of rectangular field
sizes for most of the units the number of measured
field sizes exceeds n = 80.

According to Sterling’ formula the equivalent
field sizes are calculated: F =2 « A« B/ (A + B).

The approximation of the output data for squared
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field sizes can be done by several analytical
functions, for example a polynomial fit of higher
order, a modified 2 - parameter exponential function
@ asigmoidal 4 - parameter function (MMF model),
or a so called Hoerl function (3 - parameter power
function).”’ For this investigation the Weibull
function OF = a - b » exp(-c = F%), (OF: output
factor; F: equivalent field size; a, b, ¢, d: constants)
as well as the Hoerl model is used: OF =a » b" « F°
(OF: output factor; F: equivalent field size; a, b, c:
constants). In this context the constants a, b, ¢, and
d have no physical meaning: They where optimized
for best approximation of the data. The shapes of
this curves don’t show any inflection points nor
maxima or minima within the range of field sizes
(Fmin... Fmax) and the slope is positive, describing
the increase of the scattering volume of the flattening
filter and the wedges, in case of the total output

factors the additional scattering in the phantom as

well. By means of the Marquardt-non-linear fitting

% the parameter a, b, ¢, and d are

algorithm
determined for the squared field sizes.

The approximation is characterized in all
cases by 0 = 0.0023 (< 0.3 %). Adding the output
data of rectangular and elongated field sizes,
recalculated by the Stirling’ formula, increases the
scattering of data significantly: G = 0.0093 (J stands
for a particular treatment unit in table 1). This is
caused by the position of the proximal and distal
collimator pair, and the influence of the build-in
monitor chamber. To account for this collimator
exchange phenomena, a simple correction,
describing the different distances between the focal
spot and the top of the movable collimator jaws, is

introduced.”""?

' This data can be easily taken from
the physical device description provided by the

vendors:

F:2-A-C1°B'C2-C3/(A°C1+B°CZ),
field width (lower collimator),
field length (upper collimator),

correction for A,

correction for B,

N

O O O W »r

re-normalization factor for corrected field size [C3 = (C1 + C2) /(2 C1 . CZ)].

Four effects mainly influence the output factor,
and subsequently describe the collimator exchange
factor: 1. scattering within the flattening filter ; 2.
forward scattering of collimator jaws; 3. back
scatter into the monitor chamber of the linear

accelerator; 4. phantom scatter."? All of these
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effects show field size dependencies. But combined
with correction factors C1 and C2 the projected
primary collimator unveils the different geometrical
position with respect to scattering into the internal
dose monitor, which is positioned at 10 cm upstream

of the top of the upper jaw collimator (see figure 1).



ppe

2

Figure 1. General design of collimators (beams-eye-view).
X1, X2 : lower jaws; Y1, Y2 : upper jaws; X, Y : field size;
ppc : projected primary collimator.

Out of this four above mentioned effects, only
the backscatter (3) into the monitor chamber of the
treatment unit and the forward scatter (2) to the
external ionization chamber are influenced by the
collimator exchange effect. A separation and
estimation of these two effects is possible by
evaluation of a complete set of OF data of a unit.
This will be described in a future publication. Phantom
scatter and scattering of the flattening filter are
invariant according to the exchange effect, because
the scatter defining volumes are identical in

phantom and flattening filter, respectively.

3. Results.

The output data for squared field sizes of 31
photon beams from 12 different medical linear
accelerators show extremely small deviations
according to the used analytical function for
approximation: 6 = 0.0023 (< 0.3 %); in all
cases the correlation coefficientr > 0.999. Including
the data for rectangular and extremely elongated
field sizes increases the scattering interval to about

2 ...3%. This demonstrates clearly, that the Stirling’

formula doesn’t account for the exchange effect

(figure 2).
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Figure 2. Output factors for squared, rectangular and
elongated field sizes.
F: equivalent field size; OF: output factor.

The application of the correction factors C1
and 02 reduces this interval again to about 0.3 ...
0.5 %. This uncertainty of data is comparable to the
reproducibility of the measurements itself (figure 3).
Slightly larger deviations occur in some special
cases, when a motorized wedge was used for very
small field sizes and the output measurements
where done inthe depthd = dmax (linear accelerator
unit P 6X and P 15X, P 6XW60 and P 15XW60) or
when on a stereotactic unit the minimum field size
seems to be inadequate small with respect to the
used ionization chamber (linear accelerator O1
and O3) for the basic measurements : 1 x 1 cm’
(table 1).

For demonstration of the quality of the above
described correction formalism, the data of the
linear accelerator J 8X are presented and analyzed
more in detail. The best fit approximation off all
measured squared field sizes (n = 10) is characterized
by G = 0.0017 (GJ < 0.2 %) and rJ = 0.999918.
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Taking into account all measured field sizes and the regression coefficient reduces to rJ:O.9944
(n = 100), squared, rectangular and elongated, (see also figure 2).

increases the standard deviation to GJ = 0.0077,

Table 1. Accuracy of prediction of OF

LinAc E[MeV-X] A, A As As As  (Y/X)
E 4 0.996 0.999 0.001 1.004 1.002 3/40
AB,JLK 6 0.992 1.000 0.003 1.000 0.995 2/40
ALK 18 1.012 1.011 0.002 1.000 1.003 3/40
J 8 1.003 1.005 0.002 0.999 0.997 3/40
F 6 0.996 1.001 0.001 1.017 1.013 3/40
G 10 1.000 1.003 0.001 1.010 1.010 3/40
G 15 1.008 1.009 0.002 1.010 1.016 3/40
B 10 1.005 1.003 0.003 0.995 0.997 2/40
Cl 15 1.010 1.005 0.002 0.996 0.994 5/40
C2 15 1.008 - 0.002 - 1.002 5/35
CL* 18 1.005 1.014 0.002 1.000 0.995 4/35
01 6 1.020 1.000 0.003 1.005 1.017 1/40
02 15 1.009 1.009 0.005 1.003 1.009 3/40
03 6S 1.005 1.001 0.004 1.015 1.025 1/15
O W15 6 0.996 0.996 0.001 1.002 1.003  4/20/40
0 W30 6 0.990 0.993 0.003 0.997 0.995  4/20/40
O W45 6 0.993 0.996 0.002 0.999 1.000  4/20/40
0 W60 6 0.992 0.995 0.002 1.001 1.000  4/15/40
O W15 15 1.001 0.999 0.002 1.005 1.006  4/20/40
0 W30 15 0.998 0.996 0.002 0.999 1.001  4/20/40
0 W45 15 0.996 0.995 0.002 1.000 1.000  4/20/40
0 W60 15 0.997 0.995 0.001 1.003 1.003  4/15/40
P 6 1.000 0.994 0.003 1.023 1.023 4/40
P W60 6 0.972 0.980 0.003 1.017 0.995  4/30/40
P 15 1.003 0.995 0.003 1.027 1.032 4/40
P W60 15 0.983 0.976 0.004 1.030 1.029  4/30/40
M 1.000 1.000 0.0023  1.005 1.005
c 0.009 0.007 0.0009  0.009 0.011

A Y= min;X:max;Az:Y:min +1 cm;X:max;A3 =0 Y =X=min ... max;
A Y= max; X = min + 1 cm; A5 1Y = max; X = min; (Y/X): minimum and maximum settings of
movable jaws ; tab. values: calc./exp; * data from Purdy (1983).
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The application of the exchange correction
factors C1 and 02 minimizes the scattering of the
output factors again: G = 0.0019 (see figure 3).
Even for the extremely elongated field sizes 3 x 40
cm? and 40 x 3 cm’ an accurate prediction of the
output factor is possible: the deviations between
the measured and the predicted data are AJ < 0.2
% (see table 2). Because of the characteristics of
both of the functions used for approximation,
representing the construction features of the
treatment head, the number of input data can be
reduced to the minimum, the maximum and the
reference field size. The results, based on this 3 —

point - approximation, are also listed in table 2.

4. Discussion and conclusion.

The collimator exchange effect already
exceeds the 1% - level at moderate field sizes of
about 20 x 20 cm?, and for extremely elongated field
sizes, such as 40 x 4 cm?, which are sometimes in
use for dorsal spine treatments, this phenomena
introduces an uncertainty of more than 3% on
particular medical linear accelerators. Beside this
uncertainty a variety of other facts might influence
the result of the dose calculation. According to
propagation of errors even this small influence of
the collimator exchange effect should be minimized.
This can be accomplished by measuring the whole
range of field sizes (n = 100), setting the increment
of length and width as small as necessary to get
smooth shaped output factor functions, to minimize

interpolation errors.
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Figure 3. Output factors for squared and corrected
rectangular and elongated field sizes.
F : equivalent field size; OF : output factor.

Or to use a simple algorithm, based on physical
device data, some basic assumptions about
involved scatter volumes, and only three field size
measurements, which allow a prediction of output
factors for the whole range of field sizes, open as
well as wedged, with an accuracy of about 0.5 %,
even for extremely elongated fields sizes and also
accounting for the collimator exchange effect. This
proposed addition to the Stirling’ formula fulfills in
an ideal manner the simplification and reduction of
measurements without any loss of accuracy,
because it depends on pre-known geometrical
data instead of post-optimization of experimental
results, (140191

Also for QA reasons this finding validate the
assumption, that 3 field sizes characterize the
whole OF data matrix of at least 100 single field

measurements in an adequate and sufficient way.
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Table 2. Prediction of OF for radiotherapy unit J8

F [em’] squared' all (uncorr.)’ all (corr.)’ 3-pt.' OF.," Az, [%]°

3x3 0.859 0.859 0.859 0.860 0.860 0.0

10x 10 0.999 0.998 0.997 1.000 1.000 0.0
20x20 1.085 1.084 1.084 1.084 1.083 <0.1
30x30 1.133 1.132 1.133 1.132 1.132 0.0
40 x 40 1.165 1.164 1.164 1.165 1.166 <0.1
40x3 0.915 0.910 0.914 0.917 0.915 0.2
3x40 0.943 0.937 0.941 0.944 0.943 <0.1
40x 10 1.047 1.042 1.046 1.047 1.044 0.3
10 x 40 1.068 1.063 1.067 1.067 1.067 0.0
30x3 0.913 0.908 0.912 0.915 0.913 0.2
3x30 0.939 0.934 0.938 0.941 0.937 0.4
20x3 0.909 0.904 0.908 0.911 0.910 0.1
3x20 0.933 0.927 0.931 0.934 0.929 0.5
10x3 0.898 0.893 0.897 0.900 0.899 0.1
3x10 0.915 0.910 0.914 0.916 0.911 0.5

" all squared field sizes (n = 10); ? all field sizes, including squared, rectangular and elongated (n = 100); * all field sizes corrected according to
formula (2); “ best-fit based on 3 field sizes (minimum, maximum and reference); ° measured OF factors; ° difference between 3-pt.-approximation and
measured values of OF.

5. Addendum.
Experimentally it has been shown, that C1 and 02 work excellent to describe the collimator exchange

effect on all linear accelerators of the main vendors:
F= 2°C3-A-C1-B-CZ/(A-CW+B-C2). (3)

A simple re-arrangement and some abbreviations result in a unique constant k, which is specific for
each type of treatment unit, including open and wedged beams, because the principal field size dependence

is described by the output factor function for squared field sizes:

F= AeBe(k+1)/(kesA+B), (4)
with k = C1/C2.

Table 3. Correction parameters.

Vendor SIEMENS Elekta/Philips VARIAN/Novalis
K 1.333 1.329 1.315
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In table 3 the values of k are listed for different
vendors. The constant k, calculated by means of
physical device data, seems to be identical to the
analytically derived constant A, proposed in the
literature. ©

All commercially available medical linear
accelerators show similar design characteristics
with respect to the movable jaws and subsequently
the factor k is comparable for all units.

When the correction factors C1 and C2 are
identical, there is no exchange phenomena and the

equivalent field size formula reduces to the well
known Sterling’ formula. Also for squared field sizes
the correction function is neutral.
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in breast cancer patients receiving
postoperative radiation
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Abstract

The addition of radiation after mastectomy or breast conservative surgery in high risk breast
cancer women can reduces the risk of locoregional recurrence. Weekly CBC is a routine monitor
during the period of radiation. But the CBC abnormalities or bone marrow suppression is not much
observed in our clinical practice.

The purpose of this retrospective study was to evaluate the necessary of this routine practice.
We had collected the CBC abnormalities in 122 stage I-lll breast cancer patients who received
postoperative radiation with or without preceding adjuvant chemotherapy in 2008.

The finding showed that 27 % ,12.2 % and 2.4 % of patients had Hb < 10 g% , ANC < 1,500/mm®
and PLT < 100,000 /mm® in any weeks during radiation period. The mean duration between adjuvant
chemotherapy and starting date of radiation were 4 weeks and 4.8 weeks in the patients who had
abnormal CBC and no abnormal CBC respectively. Most of these abnornormalities occurred in the first
3 weeks of radiation.

In our conclusion, routine CBC entired radiation period may not be necessary. CBC monitor in the

first few weeks and clinical evaluation may be sufficient.
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Tumwasne
Male breast cancer

Abstract

Male breast cancer is a relatively rare neoplasm. This is a report case of male breast cancer treated
by modified radical mastectomy with post operative radiation and chemotherapy using
anthracyclin-based regimens. The patient remained well without evidence of disease or serious
complication. Several investigators have reported that Male breast cancer occurs at an older age than
female breast cancer and is frequently diagnosed at a later stage. Mammography and ultrasonography
are useful to distinguish between breast cancer and gynecomastia. Tumors are predominantly estrogen
and progesterone positive. Tamoxifen is effective for first-line hormonal therapy. Radiation should be
use in patients at high risk for local recurrence. Prognosis is approximately equivalent to that of breast

cancer in females when matched for age, stage and hormonal receptors. The literatures are review.
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9.00 — 10.00 . aanziieny

10.00 - 10.15 . Aodle Toe  wisnannANSaA LAz NzTRnawialszmAlne
A, WA, UN. Uszya weunFnuned

10.15-11.00 %. Honorary lecture

Speaker: A, Wey. ANEIAIIU NI
Moderator: 9. Wey. leaansnd anryAal

11.00 - 12..00 1. Update in Molecular Radiation Oncology
Speaker:  HFl. UN. TANEIA VU sTIATY
Moderator: ®.1W. SUIWUE Wezad

12.00 - 13.00 . Lunch Symposium

13.00 — 14.00 . Radiobiology of liver tumor

a a

Speaker  A%. AN YaNARALATHY

o
=l I

Moderator:  NA. WEY. THWT ARTE1Y

14.00 - 14.30 U. Hypofractionation in breast cancer
Speaker:  9A. Wiy. nyaun laAaednm
Moderator: ®. WW. SUIWUE WIzad

14.30 — 15.00 w. Coffee break + Exhibition + Poster presentation
15.00 — 16.00 . Diagnostic Imaging in Therapeutic management

Speaker :  Wry.UgHnFIAN WnTHsUNA
Moderator : WA.NEY. TUNT AREIT
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16.00 — 17.00 .

17.30 - 18.30 .

v&15 13 NUIAN 2553

7.00 - 8.00 .

Room A
8.15-9.00 .

9.00 - 10.30 %.

76 |

o Ao

mfgz%ﬂqﬁma‘mmm@ummmmqmmnm

Speaker: M3, HIWT JAuAN AIUNIRUUATHRNUNTTLLNTNEINTLAAS
AN1INUnN.
WenaNNANTATNE LA NS Ane Ll szmalne
wananANAAndn1sunngdling
weananANTAmatautslsznalne

Moderator:  A.Wgy. Anwau) Twauna

dszguandnyilsvantananiadinmuarnzisanaualszmalng

Early bird

Functional Imaging for IMRT Planning
Speaker  HA.UW.IAR LAAYHENUNA
Moderator WA WEY. TUNNUs IanuIuunde

Image guided brachytherapy

Speaker:  UNW.LONANTE §971ANING
wey.ulia ansdiaeg
WEBETN BATINNT DU BEIFELN

Moderator: ~ Wey.fueidmil nezyey
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10.30 - 11.00 w.

11.00 - 12.30 .

12.30 - 13.30 .

13.45-15.15 4.

15.15-15.45 4.

15.45-16.30 .

Room B
Room C
9.00 - 11.00 u.

Isblisu @oaiag dud 5. D. WBSUS

Coffee break + Exhibition + Poster presentation
Scientific session (wiwngl oral 7 papers)

Lunch Symposium

Management of complication in H&N cancer

Speaker:  ENT  9A.UN.NTR AnTimgel
RT B.NEY.AUATN INTIRUAT
Dentist WAFasT ARALE YuWIA

Moderator: NANDY. ARG WIANA

Coffee break + Exhibition + Poster presentation

Hyperbaric Oxygen Therapy

o

Speaker:  wnensurdmyl deuna

o

b
Moderator ~ wey.fueidmil nezyey

Physics

Nurse

Nutrition in cancer patient

Speaker: . Wiy. Wnad naiyael
7M. AT, ANART BIANZANLT

Moderator:  A. Wey. ANA §UaNEN
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19.00 — 22.00 U. Gala dinner
Wa\la Gala dinner
Presentation of visiting experience from Roche funding
U, SUNWUE Neznad
Lilly and Novartis fund
Moderator: 97 UN. 312 NABINEI

aing 14 Au1AN 2553
7.00 — 8.00 . Early bird
8.00 - 10.00 1. Advanced in radiation therapy machines
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@@dﬁ@bﬁ@“@gg of Liver Cancer

Vipa Boonkitticharoen, Ph.D

Division of Radiation Oncology, Department of Radiology, Faculty of Medicine.

Ramatibodi Hospital, Mahidol University.

Radiosensitity of the liver cancer is a subject
of recent debate. Traditionally, the cancer can be
considered as resistant or sensitive depending on
whether the radiation treatment involves the entire
or part of the liver organ. Using the published
linear-quadratic (LQ) parameters, numbers of log
cell kill induced by a conventional fractionation
(2 Gy x 30f in 6 weeks) and a hypofractionation
scheme (15 Gy x 4f in 2 weeks) were calculated for
liver cancer and different radiocurable tumors
including cancers of the brain, breast, prostate and
non-small cell cancer of the lung (NSCLC). The
radiosensitivity could be rated as follows: NSCLC
> preast cancer > prostate cancer > brain cancer

> liver cancer.

Despite the relatively low radiosensitivity of the
liver cancer, significant tumor control probability
(TCP) curve could be established from published
clinical reports. The logistic function describing the
TCP curve allow calculations to help understanding
that a few ablative dose fractions, i.e. 3-5 fractions
of 12-18 Gy, would be able to induce a 2-year
survival rate of > 90%. With the use of a normal
tissue complication probobilty (NTCP) equation
incorporating the fractional irradiated volume and
LQ model, NTCP or tolerance dose based on the
critical volume dose constraint could be calculated
to provide guidance for dose optimization to achieve

the treatment goal.
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HYPOFRACTIONATION IN

BREAST CANCER

a o
SA. Wey. Nyawn Esaadna
AFRNEUAZNLTANGT ALHNEANERAT RNaINTRININEN A

UNUN
uzSudundnunSdinuteslulsymelne
AMNATATBIIIINLNLIAIIAINTINLFT N3N
uuﬁqﬁﬁmirﬁqx‘i%mmzwuLﬂuﬁuﬁwﬁwmmﬁq
ﬁwulumﬁmﬁaéﬁa WA WA 2543 Y nnafnenuzida
WnunAaeR s uFnE@nunly (Breast Conserving
Therapy, BCT) sl iunnnauriell daunthmes
Juouaulaguadoles waziinnsngaa nsessag
mammography UNTU NIFNERNNLT FaeiAE BCT
14 invasive ductal carcinoma of the breast ‘ffu
lsznaufaan1INIFALLL lumpectomy, quandran-
tectomy 938 wide local excision WAIRN ARl
Postoperative whole breast irradiation and tumor
bed boost. Tae wallasdsnuidaly standard
treatment A8 whole breast radiation 50 Gy in 25
fractions MNALE tumor bed boost 10-16 Gy in 5-8
fractions. atidlsfima nssnenseiieaiuszes
AU 6-7 dllanf Aaiduilymuazaanuauin
Tufdazunese Tnaiannzdgeenyfiazfesiun
A lenenunanniu u‘?‘r@ﬁﬁﬁm@g’immni‘mwm-
1nann aduiifaulahmetfunaemidinnsany
X1 CTTORIRITA S Py, (hypofractionation) 14

v
=

Tufanzidasusnguil
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UANNITNNAITIRUDINITTNHILLIL
hypofractionation

n17a18598ULLL hypofractionation “uNaIfaNNg
anefedneFunnid@neanse (dose per fraction)
490U UFAARUIUATY (number of fraction) Tun1g
ana¥edas nranefa@uuy hypofractionation taiflu
da o v d . P
nlntinlunisinedilhenudananieann feilities
AINANFNI9TIFA N uNIRRUAUBIILAN
FINNAUIEIY tumor LAY normal organ 1agl tumor
4aiflu acute responding tissue @214 normal organ
o 3 . = o ]
4piflu late responding tissue TN13a859Alae 1
Fnuisdsanisgeasyinliinnzunandeugeau
\e9ann late responding tissue dmnulafeanis
WNUFNuS9R s (fraction size) NINNFILALANT
AnneadtnAguguInnan1sineAae hypofrac-
e e a o X od s X
tionation HnadwAEsiaieEialnfgaa

1laq1iu Linear Quadratic Model 13185118
sensitivity to fraction size 167 lne acute responding
tissue 39409 tumor azilAn OU/[3 ratio g9 (~ 10) dau
late responding tissue QLHAN OL/B ratio M1 (~3)
nnsAnedaulugludas 20-30 Tuasaadiulilunng
anlTuruiadsranse WAz ANAIUIUATIARTY

A -

(hyperfractionation) WANINNANAZINNLTNIUTNA
f9une (total dose) IaslsiiunadaAea829n1T
§nn @



agelsfimunisane AUy hypofractionation
TANAuGNnauNaulaiuNINIY Hasann

1. Audngaunnudnuzideusatiaian o/

e b do va o
ratio AaudNesNUszann 2-3 TelnalAeeiu normal
tissue i1l prostate cancer ©
al =S ldl v @ U

2. Auan1sAnsINLanaliiingn overall
treatment time uasie local control TN 7am overall
treatment time azaatamily11 tumor repopulation

3. NI RIRLNARANITR1aRaAAdewmATiAT
y1uge 1 Intensity Modulated Radiation Therapy,
Tomotherapy, Stereotactic Radiosurery, 4-Dimen-
sional treatment AAAAAYU Image Guided Radio-
therapy MnlfanausnlifFunnisdnseungu
tumor 1aa Taafauisauauvaniiieitielnmls

X 5 PN o o Y = |
NNTUALEY NFANLTNN AR ATIRIN AN
aulannnTUWIIE normal organ ALFNNMTARe
AFalagannn

N17R1859ALLLY hypofractionation §edaeam
naglgihelunismunisnnaneidilusyevioan
wunanedlanyf deenadenalilfAnldaneaes
filoe souleszungun naeslsvind uzisesiangn

@ % [ dld o
nunLaznzifusuniuaedlsaniauanlaiinig
1859AuUL hypofractionation 111 iefliuanann
nzifesaNgnuunuAanudluanisAnE luias
NARBITIATUAYUIN adenocarcinoma 189U
o = & v a e ®)

aduazsanienzifasunda o/ ratio ain

NSANHINIIAREN

NNIANHINIIARRNTLTIN prospective studies
o o o . %
nld hypofractionation radiation therapy Tun13§nen
NTUAUNAINNAY breast conseriving surgery
(BCS) ANA181318991 TIRANITANHINLINUsLANS
A nrean13inen lusuLed local control luidaeiag

Turnuznnazunsndanladifand 6002

Clark RM Wa¥AMIIENTUNANITANEILLTIL
Wiguszundnanns i Auldlel postoperative radio-
therapy FLu&:I‘ﬂfm node negative breast cancer 416
8711450 breast conserving surgery Tmﬂmju‘ﬁliﬁ
FU postoperative RT a9 whole breast radiation
40 Gy in 16 fractions 14 3 dUanY muAae tumor
bed boost 12.5 Gy in 5 fractions W11 local recur-
rence in breast ¥/ 11% 7 median follow-up 7.6
o

Olivotto 1A WaZALETIEN1Y 5-year local
recurrence 6% Iuéﬂ‘m node negative breast
cancer 186 i‘wmﬁ?u postoperative radiotherapy
71 whole breast 44 Gy in 16 fractions 11 3 &Uma1sk
kAT tumor bed boost 5 Gy in 2 fractions Iuéﬂw
13 i"mﬁlﬁ pathological closed margin Haundn 2
fadums ludauaes cosmetic outcome 7 5 1
Uszifiulpagihauwazunnd agluseds good/excel-
lent 90% ©

Yamada Y LL@ﬁﬁmgﬁﬂH’]Nﬂﬂ'}?%ﬂﬂ"lﬁQﬂ
postoperative whole breast RT 40 Gy in 16 fractions
(BED 65 cGy4) wlFaiuifiguriu 50 Gy in 25 fractions
(BED 75 cGy4) laanflun1saiasnziuuy Matched
pair analysis W41 5-year local recurrence Wy
6.8% 11 conventional fraction ey 12.7% 1u
hypofractionation RT %QﬁLLmTﬁM’]mﬂgﬁ conven-
tional fractionation a%13% local control AANTN Bt
lefimulafimnuuanstsasaldad Anyneans
(p 0.09) ©

SIENUNANNTTNEN A hypofractionated RT
anuszwrdsaas T filaanzdasun 150
ﬁzgqmﬂ (mgmﬁlﬂ 78 1) wuan 71.5% vesfilon
IHFunnsenfmuUL breast conserving surgery Wag
28.5% L{u total mastectomy Hilagr 90% il T1,2
lsznnns 1 T 3 vesald § positive axillary lymph
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nodes 5@ineaz il 6.5 Gy siaass dlaviaz 1
A Punnufa@iaviun 32.5 Gy lu 5 dilaf annnng
AARTNEAT median follow up 65 AR WU local

recurrence rate 2.3% ®/IINI9NA late reaction

45.5% dauunniflu grade 1,2 lalfisearuans skin
necrosis %98 rib fracture " M54 1 LARINIT AN

il nonrandomized study 283 hypofractionation

m‘mdﬁ 1 WAANNITANHILUL case series WA cohort study 2988 Hypofractionated RT after Breast
Conserving Surgery
Fractionation Syr Local
Study Patients
Schedule recurrence
Clark RM 416 40 Gy/16f 11% (7.6 yr)
Olivotto 1A 186 44 Gy/16f 6%  (5yr)
Yamada Y 183 40 Gy/16f 12.7% (5 yr)
Shelly W " 294 40 Gy/16f 3.5% (5yr)
LiviL " 539 44 Gy/16f 2.1% (5yr)

nsAnEIMNeAREnAElW Randomized trials
nnsAnufifu randomized trial wsnifly
PENTUANNUIZINALALIAT Whelan T WAZALE 918
aumamsAnelugitlaaasdadnum 1,234 11e 4
FUNITHIFALLL lumpectomy HANININEIEINEN
siaald clear margin wag ldfnsunsnszangldsew
vvdenBnusnug giloe 622 318 143U postop-
erative whole breast RT 42.5 Gy in 16 fractions
lugniziigian 612 918 TdFuBunused 50 Gy in
25 fractions aglldf tumor bed boost
NANTTANBINLIN 5-year local recurrence free
survival Wi 97.2% Iuﬂzjuﬁiﬁﬁ"‘i_l hypofractionated
RT waz 96.8% lunguilléFu conventional RT
ldfAnuuANFA19299 disease free survival or

82 | 803 1saSALIALSLESNLA:L:5UINEVUS:INFATNg
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overall survival iwdwéﬂwﬁmmmju lefiansan
G;EN cosmetic outcome Tagld European Organisation
for Research and Treatment (EORTC) Cosmetic
Rating System Taeimenunaddenflugilszidiu wudd
17; 51l excellent or good cosmetic outcome LU
76.8% WA 77.4% ”Luéﬂqw?i”l,r;’i hypofractionated RT
waz conventional RT muansu
wdannuilseaunanisAnenantsyimea
maglslTedianaaulanisanefiduuy hypofrac-
tionation TaefuRiaz@nsifsaruaanalalunis
peavauadsaied luduoanzidadaun Yamold J,

1419 91819714

Owen JR azAnzanssmasany s ¢
nnsAnwutgNlufaanzSusun 1,410 9w

Trewtieffioaw iy postoperative radiotherapy 1



schedule fluAnsnaiy 3 ngu weldszazinanlunig
Snuviniume 5 dulaniike
50 Gy in 25 fractions ( 2Gy/fraction)
naN 2 39 Gy in 13 fractions

(3.0 Gy/fraction)
naN 3 42.9 Gy in 13 fractions

(3.3 Gy/fraction)

nax 1

9AU3E@9ANAN (primary endpoint) 184019
?ﬁﬂmﬁﬁ@@mmmaﬂsﬁ@mzmmq (late change in
breast appearance) ilaRazAntsyanames o/
ratio W9LENUN LATH secondary endpoint Lﬁ‘@@
ipsilateral breast tumor recurrence NANTTANSE
Wud1A1 O/ ratio 41150 late normal tissue change
in breast NANUszaU 3 Gy wazidieRanunanTs
snunliliede 9.7 T wud ipsilateral breast tumor
relapse Wil 12.1%, 14.8%, 9.6% Tunan 1,2 uay
3 unL Wethantszanae ou/ ratio duiu
local recurrence Wu1 OL/B ratio 184 breast cancer
fAnsvanny 4.0 Gy enanisAnEnilvale UK
National Cancer Research Institute lemiﬁﬂ‘m
Standardization of Radiotherapy (START) trial

1T A.A. 2008 The START Trialists Group 718
MU START Trial A (16) TnaidnenTugilaeszidasinu
2,236 318410 17 anntuvesdssinadange
pT1-3a pNO-1MO (Uaeunnd 30% iflu positive axillary
lymph nodes) wikgtaenili 3 ngailéidi postoperative

whole breast radiation 4%l

nau 1 (749 978 16 50 Gy in 25 fractions
(2 Gy/f)

nax 2. (750978 16 41.6 Gy in 13 fractions
(3.2 Gy/f)

ngu 3 (737 974) 16 39 Gy in 13 fractions
(3 Gy/f)

;:Jﬂfmﬁwumié’%mwﬁ*nm“lmwmm 5daul
winfiu taengu 1 210593 5 Ausedianf doungu 2
uaz 3 aZldsuiadTusunino-ans luddensi 1,3
LAz 5 uazasfaATussne-noas ludnnii 2
way 4 Tnefilasdaulunjdszunns 85% Léunns
HFALIL BCS 8n 15% iy mastectorny ulaeilé
FunisinfinwLL BCS Usznnns 60% vestlag ity
tumor bed boost #agl electron beam 10 Gy in 5
fractions Fennssadnlaideniiazyin tumor bed boost
viseldduduiupaiusesuAazaniy

nan17AnE ludauaea primary endpoint ‘171‘
median follow-up 5 Uwwudn 5-year locoregional
relapse WL 3.6%, 3.5% WAz 5.2% Iumjuﬁ 1,2
WAT 3 MINATAL

dawBnuilansAnenaes The START Trialists
Group ‘ﬁmﬁumuummﬁﬂwﬁﬁw hypofractionation
AR luthAaaiuAe START Trial B Anmdiloe
2,215 518 il pT1-3a NO-1 MO LuAeinfii wei b
trial B wiiagtaenily 2 ngu ngw 1 (1,105 97a) 1o
postoperative whole breast RT 50 Gy in 25 fractions
T 5 dlmnad doungu 2 (1,110 9121) 195 40 Gy in 15
fractions 1 3 #Um9 (2.67 Gy/f) Telunnsfneni
92% WluflneildFuniadnfauLL BCS Taanunsn
13 tumor bed boost IéafndaALlARLEL boost
doselafAMNUANFIITUIENING 2 NGN HANNg
Anniinudndnsnisnauaulsalunguiile hypot-
ractionation l#uamlisiean conventional
fractionation waziinatnadizstesndn 1 asned 2
WAMINITANEILUL Randomized trials 289

Hypofractionated RT
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ms’mﬁ 2 WARNNITANEIWLL Randomized trials 184 Hypofractionated RT
Study Patients Fractionation 5yr Local
Schedule recurrence
Whelan T,et al™” 1,234 50 Gy/25f/5wks 3.2%
Vs Vs
42.5 Gy/16f/3wks 2.8%
Owen JR, etal™” 1,410 50 Gy/25f/5wks 12.1% (10 years)
Vs Vs
42.9 Gy/13f/5wks 9.6%
Vs Vs
39 Gy/13f/5wks 14.8%
START A" 2,236 50 Gy/25f/5wks 3.6%
Vs Vs
41.6 Gy/13f/5wks 3.5%
Vs Vs
39 Gy/13f/5wks 5.2%
START B"” 2,215 50 Gy/25f/5wks 3.3%
Vs Vs
40.0 Gy/15f/3wks 2.2%

n19ANE1 START A WAz START B 4muilu
. Ao 9 ! v
randomized study Nl WLgLeAeud eI ninenW
UNTRN5ALUL hypofractionation Tiul#dmsN
nnsaauAxlsalifeandinisetsf@uuy conven-
tional ag19lsfimunisazinnanisAnelyldas
Audiloeliiy BCS wwARgRansaidnifiay 15%
1 trial A waz 8% 1w trial B AlAFUATHAFALLL
= o RN dl VYo o

mastectomy luanzinaaiugiaenlaiunisinm
WUL BCT i Usennns 60% 1 trial A Lag 40% 1u
trial B 145U tumor bed boost @avinle Biological
Equivalent Dose (BED) WANFENNMAY
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NNTAARINNATLE LA WTI UYL THAN
paULs ladaaululudiueeaniozunsndanly
L d m o de ae
srelzeNn (late complication) FUIUAINTIATNEN
wnsTuane AN Fatlinge cosmesis ALY
outcome N@ARylun1sfnIwuy BCT Filaad
fialunyd separation a9 unly tangential field
11NN"3k dose/fraction ﬁzﬁﬁu%zﬁdmlﬁ skin dose
WANNINTWTIR1Rasn 19 cosmesis welas Tuaniy
= o . A X 4do Vo
\hari dose/fraction Ngeauivialalaiulunisane
o a v v £ & ] U
RGN UNFE A RINATEE 812130 L1 AIF D97
S1ENUNANNTAN N T eIz eNaN AT Tuanizngana



LHUARELBNTLIETABNNIADS (CT Simulation) Azl
MazBnunEART 1185 souetaevay
vanBnusanalalduanay
sra9un1gAneandssnalluaudiiunng
review literature ﬁﬂ‘m@qﬁﬁﬂ’mﬂ‘nm radiation-in-
duced brachial plexopathy Iuﬁﬂww&ﬁ\uﬁﬁumﬁ
1#5unnranefe@uuy hypofractionation regimen
wud’];:iﬂqmﬁ‘iﬁ%u dose/fraction 2.2 Gy-4.58 Gy L@
| §1BannuisRvianna 43.5-60 Gy avilaaidedlu
n9LNA brachial plexus injury Lﬁu%umjwﬁﬁﬂdﬁﬁzy
NWADH (1.7-73%) LAaZWL4NE1 dose/fraction 2.2-
2.5 Gy TheSunuiadnanun 34-40 Gy AN
brachial plexopathy 1aand1 1% %
lleanlaniainnazunsndanannisenssad
WUL hypofractionation AMZLNNETFNATNE1AN
Uszimanss " Ifmeeunani1sinenfag hypofrac-
tionation RT $9sf1l Amifostine 341l radioprotector
Tugtlenzdasuniildunisinmaen BCS fihe
Favain 92 e/l #5UN9918598 whole breast radiation
3.5 Gyl/fraction 10 Ass (F9uMU supraclavicular or
axillar field Tugiloei19978) AIxA9E tumor bed
boost 4 Gy/f A 2 AK sEMinannsane Ay ldien
Amifostine 1,000 mg/day subcutaneous injection
Inafinslfuanmunada@as #ae median follow
up 39 WA WLYN acute grade 2 breast toxicity

(breast desquamation, erythrema, edema and pain)
6.5% ’Lu@ﬂqmﬁ'mi"u amifostine 1,000 mg/day lu
mmxﬁﬁﬂwﬁ'%‘?ﬂmﬁ@mdﬁ 1,000 mg/day  grade
2 breast toxicity 46.6% (p.0001) @1 late grade 2
toxicity VMU 3.2 LA 6.6% (P=NS) ANNATAL e
ﬁ@ﬁi@l&’]ﬁ@fﬁ'%éﬂ%ﬁié’%ﬂﬂﬂ 1,000 mg/day Winfiu
77% fifjtlan 13% vesauldanuniideyaen
iesanniennislduaziiu

nanN133NEIAae hypofractionation RT i
ﬁﬂwfa%‘%ﬂuﬁﬁu local control WAL cosmesis
maglsdlFiEunnsAneiadn FAST trial duily
prospective randomized trial wFaLiiay fraction
FULANANSAL 3 UL AR 50 Gy in 25 fractions (2 Gy/f),
30 Gy in 5 fractions (6 Gy/f) kay 28.5 Gy in 5
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n3anafad inAAndnisunndAugnIn CT way PET
L& NN TR BUTNNSMLATE LI AT B target
volume wazadeazinidnaAee dausunisnivue
GTV-PET finnilasine fail

1. prstmuai e aUnAdaanildn

(visual assessment)

Window Width 35000 Level 5000
.

Window Width 50000 Level 5000
».

i‘ﬂVI 2 LL’MNJT’]W PET @Uﬂﬂ‘uﬂ’ww CT ‘m”ﬁm window W|dth/leve|
[FI'N"'\ nu i&dLﬂﬁl’]'Wl WIndOW level mmu VBUUDI GTV- PET mﬂmuimmv
ila window level mw contrast nelu GTV-PET ‘«l”mm
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Jwdnnsiineiign Tnsunndiden window
width/level 493 CT wazPET Tngldanunsniiiuaana
WENGNY (contrast) sepdnaFinRasdadnasil
saelsafiuadandnune %um@udﬁﬁtyﬁ@ﬁmﬁu%
d1N199UFENINNIN PET waz CT gnsied watloymn
fAyreiaiAewINEnsw @y window width/
level 984 PET glaunnliiauinues target volume
Waewlddaeauguil 2 Tunanenisineniinasld
window width/level 184 PET #1497 i1 10w Width
30,000; Level 15,000 (11) 138 35,000; Level 30,000
12 o Sailensu window width/level udaaeana
Aauuy mmm\mmu(halo ) mﬂmﬂglugﬂm%

@u(iﬂwfﬂ)

37 3 wanaumauTIRanaIINUSY window width level Laa

2. nuanvuaiihvunglnaiaiainel Stan-
dardized uptake value (SUV)

wnnehagaransionaafinldan SUV gegn
( maximum SUV, SUVmax) 1ntaglunissindulasn

%’/ =l 2 [~ [~3 . ] dl Cs
saalsntiulnualduazidunsifavzald dawnned

§a@5nee1atin AN SUVmMax Nntaenmadnseslsn
laaaslasuvalulifused i A SUVmax > 2.5 §
winliudnaziilu malignant 1nnnan benign ' wan
390 SUV thindasivuatentes GTV-PET Tasiils
window width/level 19L& threshole ‘17{ SuUV 2.5

1803 O’WSGWSGUWHUS\JHSHUWUQ u:8vdngwivus:inAlng

94 I UA 16 auuil 1 unsAU - onuigu 2553

WANRIINAVD LAY GTV-PET (g‘ﬂ‘ﬁ‘ 3) luunansel
a1aldlaldAn 2.5 Wusn1mue wiazAn threshole
fudpdawidiefiousy SUVmax %aﬁu@ﬁﬁma
naNnAsNARTaLII TR A uNISR 40% (14,15
42% "9 114 50%(17,18)189 SUVmMax W6 AReN1aae
adnEnlunzBalentiin NSCLC Taugnslifiugnen
threshold SUV HANNLANFANIANTIATessaelsa
nanqAeLszNIe 15% lufeuauiaNinNngn 5T,
24%\uAUNA 3-5 T, LAY 42% HieaunaReEnn
3 il il uw

TunsnvualeLIlIRYaL target volume liuAznd
ABNTLABSLAL 14 software laignunan import AN
SUValdannieies PET/CT fathuasdastinnsamunns
nduLluniaed treatment planning software
neuls iunsel software 284 Eclipse (Helios
version 7.3.10, Varian, PA) AZLAASHALTL MBag/cc
ﬁﬂﬁﬁ@ﬂ%@;mﬂuma‘ﬁﬂmmﬁqﬂ
SUV = ROI counts (Mbg/cc)/ [injected dose(Mbq)/
body weight(gram)]

flafuandléen ROI counts 1w 7 SUV 2.5 lu
gilaesnating ﬁ“]J‘Vl 214F1 15000 MBg/cc At liiilm
window level 71 threshold mmmmm\ﬂmmﬂumu

Tuauidaaee Black 2 Anwinisnivum
threshold SUV Lﬁ@iﬁlﬁﬂ?mmmﬁu target lunn
ﬁa;m”l,uﬁgjummm (phantom) TAg@9a1NA1 mean
target SUV ilasannidadnnislddadiusia SUVmax
a1aldrnfigeintnilumefiildn SUvmax gaung
wudﬁzgm Threshold-SUV =0.588 +[0.307 x (mean-
target-SUV) 1 azlalsunmsues target IndlAzeiy
ﬂ?uwmmm@faﬂ‘imiuﬁzjmmmmﬂﬁ@m Fraiiide
aindanunan1# &1y target 7l mean SUV > 2 uaz
FadlaleglndruLsiniill background SUV ga] i
mediastinum

fviusaslsafiledoudld iy Aeufitlen ay
WUFIA1 SUVMax 189508 15AR2anad Lashauaunm



’Lmﬁu (dnanaliudnies TV H1ad) 1eLmesien
azilAn SUVaRAT faiuunneasdasiiansnnaaian
threshold SUV @sanadasanas wazvnniflulallélu
AUNARAZABINNTALAWILLIL gated PET/CT

3. source-to-background ratio (SBR)

flauusifainid FDG uptake WNAIANUNES
(background) Ffunnanansnundngauaes FDG
uptake Wnuiasdadnanifufeuusfafiauiy
Nomdainmsiidndauuminlsanadoa | funmedsad
SnuivusteLIATesReunS LR Daisne ¢
nnnmaaesluiunaaeslagldauinues source
wazAINdNaes background (Taaldd3uims
background Tagiseu 100 AU.TH.) AN AU WUdn
SBR @1:130vuNeL5u1m3a89 source balagal
ANANWUETTL threshold 289 SUVmax mugﬂﬁ 4

FBP, r*=004 OSEM,r*=081

OSEME,r*=081

Threshold of activity (percentage of maximal activity)
4 5§ 88 3884 5 8¢83¢8¢8

e
N
-
@
@
a8
o
N
-
@
@
a

g 4 wanansANdNiugszudng threshold SUV Uag source-to-
background ratio lun9vinuneLBunnseas source lusnennuaad Daisne
(21) nawlusiazzuans reconstruction algorithm finge] fiu

lunedfiie deliiimatialaduisnisuans
FUIUNINUATDAATBY GTV-PET Hesannaey
WARINANI81A N AN LANARR NN 39FA 9T
viraudinseianz 5ario Ao Ry uAlian PET
wATANNLANGAN9LRY FDG uptake (inhomoge=

neous tumor) IUNALNWINAY ANE9ANaTuAana
¥l aunnees GTV-PET fiunmeruuadasusias
wallasanatadefunanseiunnn @ Tnaanie
atinsflasaalsatafaunadnndn 5 avgu.aziino
lnsia threshold SUV fiaz 14 lunnsinvuateyinaes
GTV d1n (Lﬁ@\imn partial volume effect) u@nmnﬁ
53U reconstruction algorithm 1A% smoothing
fiter 3914\ uAsas PET/CT usaziasnadag @ fariy
wnnelazfosandulszaunisninieadtinuazdeya
mmm%"ﬂLﬂul,m?'mﬁfmluﬂﬁiﬁmﬁulﬂué’ﬂw

LEAZINE

dayan1eAainuan1sid PET/CT Tunisuiis
FEHTUDINLLSIUALUDLLUAURY GTV

fihanziSainazdedlAiunsdnseazmnu TNM
staging WAAANGNAN stage grouping iieazld
neuthuunenisinen PET daaluntsAuvinng
nsvaneasuzieasanavnlanuvnnldnim CT vide
MRI ftlefiinisnszansaasmzidaliudaanalals
Fudszlamilunisfneuuundaalivaan wnne
;:J’f?ntmm@Lﬂalmﬁ‘%mﬁ“ﬂmLﬁuLﬂﬁlﬂmmmmﬁﬁ
Thldenaiitinta wWasuBnuidesensied vise
luynanstienadaalunisdndulacnfiniennig
nTrataUediauNzisaenn (metastatectomy)ila
FaT189 U9 Kruser @ yinnnsAnefFauiiey
senInansauEunsinEnlaeld CT atnanevse
lddayaain PET/CT sandoalufilaenzidalen 38
918 NZTNATHIUATANAD 23 318 NTIFUFEIUN 8 18
Nzifalnungn 15 918 NziRUaaAIMT 9 318
LAz IR NWEe 18 78 (muﬁjﬂwﬁwm 111
518) lmen PET/CT ORI NN E59R
wWudn PET/CT walfdaqilaguuiasdanissne
Bunaied vie 13nnianssadetnamin (major
change) 14 35 78
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fenAsuunninedanannientsld PET lums
wivszezaasisamulunziieilansiia non small cell
L 5MADABIMS NzISReNTIMADY NzSean1d
gy Taevinlunan PET snlsigneilisnaaziden
Renfiu T stage anntiniitasann PET ladlduan
AYNANTRINITQNANNTBIABUNLITILFUYH whisin
azdagninuanLusresfeunzifalgugila
LaiuginTy Hanant PET finasdasuen N stage uag
M stage lAANINNINNSTALLLAN Ndamnqssyda
AevndilaglaFueeiintininudaeesin PET a1a
\im false negative 3andn “metabolic stunning
phenomenon” Yi3ainin false positve 27N inflamma-
tory response 1 Taervinlaluuzai 19N PET wdsann
Tgaafuds 2-3 dlaiiieliarunsoutanald

atagnsiay @

uzi591lan

n13AN®I meta-analysis wWiauAaunsld CT
war PET Tun1sun N stage Tugthauziielen
WUIIN1991 CT dArulanazaoiuannizeg
% 0 o v
Fariaz 60 LAz 70 AMNAAL HAYNGNERY (accuracy)
WesFasay 65 Tuanzinn PET Taawlauay
AIINANIzaYNFetay 79-84 war 59-90 AN

@28 ngpnauladnaziIfnTn primary lung

AR
resection 13891 mediastinoscpe wﬂummmm
lumﬂqwmmqzifmw.,,ummﬂmmmmum
wiaealutedan (N2 disease) D|etle|n I yualanng
Lﬁmmﬁmimwm mediastinal node LN@ PET negative
waz CT negative Nie3aeaz 4 wrvnn PET negative
LA CT positive arillamanszaneifisiufesas 8
?ﬁ\mmﬁﬁdﬂumjmﬁ PET negative fithazaungla
T ldfinsgnanssantimdeamezngu it ses
widedln PET asiiaanlageiannnindesas 95
(ﬁuﬁ@ false negative Jaandnfasaz 5 ﬁum\‘i) Tanng

Y - L a PN —
aradnulantanazladifianisnszanai mediastinal

1803 O’WS?T’WS?(UWHUS\JHSHUWUQ u:8vdngwivus:inAlng

96 I UA 16 auuil 1 unsAU - onuigu 2553

node lunsdiit PET positive laidnnm CT axilvize
hiﬁﬁi@m”hmﬁmimﬁ@;qﬁﬁ@mz 17 (false positve
17%) ﬁ\iﬁuéﬂwmﬁuﬁ'ffﬁma‘ﬁﬁ mediastinoscope
rawielWlé N stage Tigniesrieuiiaziansnnans
LuunnsinEselldsden AdesiuALLyinae
National Comprehesive Cancer Network (NCCN)
(30) neElAana28 N1301 N I lunN A M UAT Y
wmes mediastinal node TugtlaenziSelaniiazld
fuFednlundnlifae g uFun1sAuninisnszany
Tedaazaunudn PET 1%aannlauas negative
predictive value gax1n wiladminnegative il
Fufludesrinnnsfntuiiersinusna ety
%ﬂﬁmuﬁqmiﬁw’ummimxmmmmz@ﬂﬁfm e
funanzifeandninisnszataaeanszgnuuy
osteolytic lesion Fafumn PET negative agly
siTuaai bone scan T1an ! uanannifi;esy
41 PET @nansndunuzidaisnaauinaliiald
n¥euar 20 defaunguilenaldsniudeddi
Msnefed 2 videlaianflugesingn © viaunlaay
Whnaunan1sfnenannn1sfn e uuunneanaily
wuutlszAudszaas 9 gmFunisAumIninIzany
fiamtisnnd CT fsnaflidandnitiesanniinony
zm%ﬂmmmmw@;\mdﬁLf?ul,mﬁ@umﬁqﬁﬁmmmLﬁn
1nsffaudl uptake FDG anienyldlaitian drusy
Msnszanefanes MRI uay CT flapdldimeaziaan
ABEILAD LAMINANN PET axfiasiinistnenin PET
LLfiAsd U fenlusneiiasannileanesiead
N3 uptake FDG HNBELAN
Bradley " vinnnsAnmdilienziialenaiin
NSCLC 26 talagn1silTe e uni1sa9upw1nng
anefa@sae PET/CT fusion iWTauieunuld CT agng
Reanudn PET/CT vialddeanldauszazaadlsa
vianedesay 31 il GTVMQJ'%LL 11 918 (46%)
wagyinlef GTV anad 3 118 (12%) LanNIANE Ll

LLmnﬁh\‘mnmﬂmuﬁuj D9 Erdi (16) B9WL90



PET/CT iisunpaes PTV luftloe 71w 11 918 Uz
AATUNALRS PTV 4 11 11 918l

Mah " yinnsAnegilsenziiasantiin NSCLC
922121A-3B 30 978 Wudn PET/CT vinl¥iEfiloeeaay
23 wWaguimunanissnea e e sy
UszAunlszaes uazvnlfinnswAsuuasunnaes
PTV InsianaslugilaeFotay 24-70 uazifaduienas
3076 WeuReuiuniunisld CT ednade Tued
FULANTTANATELITATA target (miﬁnmﬁﬁ
LNERRENENTINATe LA 3 AL) UENANEAIN
fAtyanetaviies PET/CT Aeanunsnannany
LANAINTRINITINA target (AM interobserver
variability) ?z‘m"mLwaﬁﬁﬁ*nmummﬂu (17.36:36)

PET Waguulasaunnaes target volume i
wziivlenag 2 AnwouzAe 1) GTV ﬁmmmlm,i%u
flogann PET ATNITDABUINITRNATNTDIA BN
vwiaedldand T 2) GTV SrwnaEnadlusedia
atelectasis W31 PET d4qu1tnuein target volume
aananLFaudilenuny (gﬁ‘ﬁ‘ 5) 1113 RTOG
symposium Wizina1Aasld PET/CT lunisdae
fvunreuATesAeuLz SN Aeans N Bnas
59819 iufeu (dose escalation)lpainisanesad
wuy 3 avrauuudiumnudy @

Van Baardwijk " ¥inn1snaaadana GTV lu
fuaanzidaten 33 9 Tnudiasinnismaassian
SBR lusiunnaasrion udald software Litetaeann
target Ine18m iR (autosegmentation) luyunnana
U4 threshold @?4171" 31-47% 283 SUVmax hazlu
n36ii SBR 1nndwitewinfiu 54214 threshold 7 34%
2939 SUVmax TnauanisAnslugisanidn SBR-
based auto-contour NANANRUSTU gross
orimary tumor AtEAREANALAZEAN T 1LANS
mq@wumi@ﬂmmﬁ'ﬁi@uﬁﬁmﬁﬂ 67% wazimnu
SNz 95% nsmeaesiiiaulawdiinan1fluma
TR lugufuzSsaurldenn Hamndesiar1 SR

U9 5 wassnanwdeunzifauinutlestdeldainisananannuion

4

A atelectasis lurnennw PET/CT M liiudeuilandniy

\WWavinnn3 calibrate A1 SUV sine)ldnian n1sided
aunsnian ldineuaesluniedjiandiendnpe

9 FayniaFauieu Bunnsues

NN9ReUad Yu ¢
ABUNZLTNRINNANITATIANIINETINe Iugae
uzi5atlenafin NSCLC w9t 15 s1eaaldsin PET
AAUYNNNTENAANLAN ANLRAEUa4 threshold T84
SUVmax Winfid 31% WagAT absolute SUV WU 3
azld1Funmsasdounsifeann PET AlndiAaariy
ﬁ?‘u"uma‘mﬂﬁ@mﬁ@ﬁﬁm@ﬂmmﬂﬁ@m

fa3a109n15 14 PET/CT Tunziferlentila small
cell (SCLC) Hlssnnuslsinanisdnililunuanig
e NSCLC Aa PET/CTydidinnsaeusseizann
limited stage \{lu extensive stage 1928104 8-33 %
LA IR AL AR Tl CT
Itlsznnnudesay 25 “Y PET & positive predictive
value BMFLNIAUMNNNINIEANETAeNINIMAR
UANNIINBNLATANINTTANELFINNAY (Bnfuanes)
wihiLenay 98 AT 96 Aaian A Tuansd negative
predictive value WinfiuFagas 100 LA 96 AMNATAL
LANIRUMNNNINsTanefiguesiinanalla e e ay
46 Faueindn MRI
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NzISIATHELATANAR

PET llaRdszlamlvile CT vive MRI Tusu
Msdnszes T stage lunsiiinnsnsasianie CT vide
MRI anxnsaiinfeunsifealgunildeguds andu
LLﬁﬂm’mﬁlLﬂu neck node with unknown primary
WEIANNYNNNIATIAIINNE LA CT ¥ise MRI &4 PET
arnrrnAunIA Uil gugilAdsann
faeiny 25-30 (43,44)

#15U N-stage £hs PET 1%Annulanazaany
SUNETiFeTas 96 LAY 98.5 MNAELTIANGN CT
1178 MRl agiaimes “9 911idelng Murakami wuziin
197ldAn standardized uptake value (SUV) et
Tunnsulans PET lnaldrentinmaesiinnuiia
1n# 15l maximum SUV 1nnndn 1.9, 2.5, 1az 3.0
eseutimaesdiaunn <10 uu., 10-15 1., uay
15 131, MAEL B9azldrnAnnallaFeeas 84 uax
ANNANZatar 99 “O AsfidarzieAnenalia
false positive Iuiﬂﬂﬁlﬂu reactive lymph node 78
false negative 11&?’1?1*71'1,1“]1& micrometastasis ¥irailu
necrotic node 4 SUV enalsigandning unnded
i“ﬂm%ﬁmﬁmau%fmi@uﬁﬁmﬁmﬁuj GRERH DT
Anadmhs positive node aadiasl@iunFunnig
guvieiluud elective node deazliFunlunniied
Haundn

éﬂqaﬁﬂﬁﬁmuﬁwma@ﬂﬂﬁ (clinically negative
lymph node) fidannifieariuagan PET azililszlomd
Tunn9A1M1 occult node metastasis L@AN41 CT viga
MRIvalsdidasann PET flasnulalunsdifengnn
ientlsvanasfesay 50 0 Fadunsinduladnay
1% elective node irradiation eLmWEI‘ﬁILﬂu clinically
negative lymph node £lassiatadtdoyanisans
Anaginsesimdsinglammielinslétunig
%’nw,](SO-SZ)

Dietl “14 PET TugilheAsuruazainasses 3-4
AU MereUENNNTINE W9 PET WAeulag

98 | 803 1saSALIALSLESNLA:L:5UINEVUS:INFATNg
un 16 avun 1 uns1Au - DQuigu 2553

3801951109 20 T4 49 8 (41%) wazldninng
genudnazs © Tudioe@n 35 918 wudn PET
U 1 L v

anunsnAurnsundnazanalugiheiasas 17 uay
W‘]JN?JL?\iﬂﬁuqﬁamLﬁWﬁd (second primary cancer)
= E% o £% [~3 =®K v
anfeuaz 11.4 waznnluzifa upstage Ne¥eeay 34
Tupnueh downstage $eaaz 23 Tannldfasiinng
wasuwlasisunassiesanswasludiheienay 57
91EM1U949 Koshy * alliauwin PET/CT waauszery
wasnziiv o 5 14 36 318 (14%) uazyinliisies
wWanuBunsnseslfiunisansfadludilos 5 9e
(14%) wazwlasunlasiBunuiadludilon 4 9e
(11%)

Dalsne  vinns@AnEAgaiuLENIATUR9s08
T9a11 CT, MRI waz PET Tugilauzifaisunamas
Ta9L1N NAINABUALN LAZNABILAEN 29 378 WLFN
Funmsaesreslsalaniuunnae CT ¥3a MRI #
aunalunininsealsndeniuunsiog PET wazide
wRaufauFuimsann CT, MRI way PET fuauin
v a L [~3 1 = dJ Yo 1 o
Aauasslugilionsiianaen@asdelaiunisnisn
wudnBunmsesiauuziieann PET unjndndaun
Jalaannnisunsa waldAnlnameaiuliuinsann

] o ‘ﬂl ‘ﬂl = o .
nsEfaNINTgaHaeuAULENIAZAIN CT WTe
MRI T4l Rumaslunndunn n1adneniddliiuin
felainmnianisunndlanAneasnui U ALes
GTV lalndpssiufeunziieasalanngaudidnazld
PET dama93v 598 uiu PET iiulda@nsnsnnsaanyufian
i o a4 X , 4
NHAUALAN UTDALYAU (superficial lesion) L1UAIAN
partial volume effect Aatiluidnazldnn CT MRI
i3 PET faaiiluiazsaslif margin fiu GTV tiva s
ANNTOATRUARN microscopic extension TfAD
CTV 1uLag

1297401314 PET/CT @995UN1397190HUANT

o aa ] 1 v
125988 lduan daulnnTeanunandiaseay
984 Dalsne (56) NA19AANUIN GTV F991mann PET
(GTV-PET) sinHaunaLannan GTV $991ma0n CT 4138



MRI (GTV-CT) LLﬁi%mmmﬁuwummﬂmuﬁm'fam
vwAsaNnTy (GTV-lymph node El‘m&i%umn PET)
Wil UI89IUU89 Paulino(57) wua1d3umsaeg
GTV-PET laz GTV-CT winriu 20.3 A1, WAL 37.2
AU.T. ANANL WARE Feraz 18 sedUani GTV-
PET aavLianuNgauluningn GTV-CT umneAN
UININUHLNNIIN AT LARAAIN GTV-
CT anavnlduredauans GTV-PET luléfufadasing
[erme udenfuseanuaes Ciernik @ danwdn
navin PET vililuaefesas 17 Avinld GTV
’Lmﬁu uazfaaay 33 Ml GTV aunalanas
ANNNEINTAINITNINUATALLLR GTV A
yniideyaita PET, CT uaz MRI wnnd§edsnenaz
L%@'*ﬁfaajmﬂwlmmwﬁqLﬂuﬁmw 178910 target
‘Emmmmqmmﬁmﬁﬁﬁqmn PET, CT uaz MRI &9
anizilliifdeyanendiniinismia 6TV uuulad
fiqm ﬁqﬁuﬁmﬂmim%ﬂmwﬂﬂ ANdBY AN
mﬁﬁﬂmmﬁjﬂqmwﬁuj LATNANTNTNANAR HAR
ualderaIniza PTV lugjiiuly (@sanavilviadeny
IaAeslE5URed) waznimne GTV @nliifedas
Aenadenvdnafes (AR MAAANNTANITLY8
N2L3) [UIN8911289 Geets FaiNnnsAnEnne
nszateBunuied ludisuzifndastasiinnass
R wazvdanaedessn 18 :e wudniileld PET
Tun1997m target volume azfawnatannanld CT
ptnaifen uazdanlBunasadiRnnsentinge
¥4 2 drsanadldng usnisAnmnillallgldanesed
Tugilaeia3s Nishioka 14 PET daelunisinuun
geunnsanefdludibanvifandsdelinuas
Nzifanasingaayn 21 9e Fewwdn 15 Tu 22 9w
(71%) §1HIIAINLALNNIRNEIARBIAD IR DY
viranednamsadnall linunnsrnGuLRnns elective
lymph node A &sun1ra185a@dae prophylactid
dose 8N 1 :efifl elective lymph node $aufiw
miﬁﬁﬁuﬁﬁ@um‘%ﬂﬁuqﬁ

nsld PET/CT Tunisnviuare Ll anae9iau
w5 liEnns1d PET/CT iiiadaelunisinauay
e fAkuLUFuANdN Madani® nns@nen
szaiil 1 ile escalate dose lneild PET/CT lugitlan
NZFUAITe9UN UAINAedne LAaTNafdLAna
793 41 alpgn1sanafdunuudiuaiudu 2 szee
srelzwn IIRALIN GTV 25 1n9¢l (dose level 1)
vian 30 (N3¢l (dose level 1) 11 10 A%a sindneszeisiians
KR 2.16 1n3elAn 22 A% sl ESeRvanun 72.5
wn3¢] (dose level 1) %178 77.5 1n3¢l (dose level 11) 11
32 pfaPLFoud PET-positive volume Tyaniei
elective node 1#59@ 56 wnael (1.75 miff/m%\i)
uannsfnIwLangLaalungu dose level | wag Il {
dnsnisguunalugioniesas 85.7 uay 81.2
paansL SEtaefiinisiBuomn 14 se
isolated regional relapse 1 718, isolated local
relapse 3 718, locoregional relapse 9 718 Tu
LTINS GUT boosted area 4 118 ANTANEA
Huanalfifiudsloniraanisld PET/CT lunns
ANUEUAE IMRT waszaznanfnnngiloadals
WUNNNEN Soto © TeuNANNIFNHNITaATEY
waraIAe AUIU 61 918 taediaaynanalsvin PET/
CT Aeaunnranasad Tmﬂﬁﬁﬁﬂﬂmmmmiﬁmmu
gilog 22 1hew wudngilae 9 918 (15%) AnsniBy
e Tus s 8 TenfinnnsrGyly GTV-PET
TPENLINTIUNIATRY GTV NHasanI1Tn1EY 115y
mean SUV 38 SUVmax tuflaadusiusiunismzy
Faaesmena v R dauilianisrEy
uenU3ians GTV-PET faviuadlaimanideianzdenya
PET ualieqeenanen unndfadineiazmogin
dayaann CT MRI vsan19m3aseniaxnlsznay
faaiiteltinm GTV I#nseunqudsdu anilsznns
wilngid i deyanispannfivinuudanis
[N BN saRLR 10 GTV-PET axdefindmsnnis
paugulsAtanziviselsl uddniannuneanuas
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A BRI ARELN 9Ty 1 nsldansLnd
$afdstauanieinumnisfiifly hypoxic area
wsiluwsaznisAneAdadgiaalininneazuuzin
G e SRR

PET flelunuimdnanyluniauenazudnenng
Anuresisavzaiduanlinlniannuaaeanns
Fnudu fibrosis visanTsenIdL Lowe ®© wudn PET
HAnulanazANaInIg 100 % Laz 93% luane
71 CT vide MRI Zannala 38 % UazAMNSIINNE 85%
wazanadaeliFndulalunigyn salvage treatment
Baa © luaneRannnsAnm e wudn PET 19
negative predictive value §4714 91.3-100 % ﬁﬁldéﬂfm
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Comeplications of Radiotherapy Confronting

the Head and Neck Surgeon

Pichit  Sittitrai M.D.

Department of Otolaryngology, Faculty of Medicine, Chiang Mai University

Radiotherapy has a fundamental role and
becomes more frequently used in the definitive and
adjuvant treatment of head and neck cancer.
Despite advances in knowledge and application of
radiation to cancer therapy, there will still be
complications to the normal tissue. The head and

neck surgeon needs to be able to prevent and
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manage the side effects of the soft tissue, salivary
gland, cartilage, and bone. Due to recently evolving
of chemoradiotherapy in a primary treatment for
laryngeal and hypopharyngeal cancers, we should
also be concerned in differential diagnosis between

radiation complication and recurrent tumor.



Managemenks of complications

Janjira Petsuksiri, M.D.

in head and neck cancer treatment

Division of Radiation Oncology, Faculty of Medicine Siriraj Hospital, Mahidol Unversity,

2 Prannok Rd, Bangkoknoi, Bangkok, Thailand 10700

adiation therapy is one of the major treatments
Rfor most of the head and neck malignancies,
in definitive and adjuvant settings. Radiation on the
other hand, can produce the significant conse-
quences in both early and late phases. Prevention
is crucial to diminish the side effects. Managements
of the complications are also important aiming to
improve the durable quality of life.

The head and neck is a complex region
composed of several dissimilar structures, for which
each have a unique response to radiation such as
mucosal lining, skin, muscle/subcutaneous
connective tissue, salivary gland, teeth, cartilage
and bone. Accordingly, radiation complications are
mostly determined by the radiosensitivity of the
particular target cell, volume irradiated and the
time-dose-fractionation schedule, and chemo-
therapy employed.(1)

Early complications can be affected to all
tissues in the head and neck region. Predomi-
nately, skin (erythema, desquamation), mucosa
(erythema, mucositis, pseudomembranous-covered
ulceration), taste bud (decrease acuity), salivary
gland (decrease in serous output), and middle ear
(serous otitis media) are affected during courses of

radiation therapy.

Oral mucositis is the most significant and dose
limiting acute toxicity during RT in head and neck
cancer. Also, concurrent chemoRT double the
incidence of grade 3 or higher mucosal side effects
compared with RT alone. (2) Recent studies
regarding dose response relationship with a clinical
mucositis show that cumulative radiation dose of
less than 32 Gy is associated with minimal acute
mucositis.(3) Supportive treatment including
maintenance of oral hygiene, topical and systemic
anesthetics, special mouthwash (antacid, diphen-
hydramine and antifungal combinations), infectious
control, feeding tube placement with adequate
hydration and nutrition would alleviate the symptom.
Peak rate of high grade mucositis may not differ
between 2D, 3D and IMRT, but IMRT has a potential
to limit the total volume of mucosa involved with
high grade mucositis. Other potential agents are
N-acetyl cysteine, glutamine, topical GM-CSF,
keratinocyte growth factors (palifermin) are waiting
to confirm their benefit in phase Il trials. (4)

Long term complications can occur in all
structures. Skin atrophy or telangiectasia, mucosal
ulceration, transient or permanent loss of taste,
connective tissue fibrosis and edema, dysphagia,

xerostomia with increase risk of dental decay,
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osteonecrosis/chondronecrosis, sensorineural
hearing loss or thyroid disorders may occur.
Mostly, the severities of these complications are
radiation dose dependent.

A seriously occurring but underreport serious
late side effectis dysphagia and aspiration. Radiation
doses to constrictor muscles, glottis and supraglottic
larynx and radiation techniques are the significant
impact factors for profound swallowing problems
in addition to comorbid conditions, large tumor and
postoperative sequel. (5-7) The purpose of a high
sophisticated radiation technique with IMRT is to
spare normal tissue function; however, this would
bring up the major side effects as a result of unaware
radiation dose contamination to the non constraint
areas. Minimizing RT dose and dose inhomogeneity
to the uninvolved tongue base, pharyngeal wall and
laryngeal structures may also decrease the risk of
long term dysphagia.

Laryngeal edema and necrosis is also
concerned especially in the patients with laryngeal
or hypopharyngeal cancer treating with laryngeal
preservation approach. The recent studies
demonstrated that mean radiation dose of < 50 Gy
to the larynx would diminish grade 2 or more
laryngeal edema and stricture. (8) Emami et al had
reported the TD5/5 and TD 50/5 for laryngeal
necrosis of about 70 and 80 Gy, respectively. (9)
The laryngeal side effects would consequently
affect the patient’s swallowing function and airway
inadequacy in long term.

Xerostomia isa common longterm complication
from radiation therapy. The current solution has
come up with minimize radiation dose to the

parotid and submandibular glands during the
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course of radiation therapy. This radiation strategy
appears to be more helpful than using specific
agents such as cytoprotective agent (Amifostine),
salivary stimulant (Pilocarpine), artificial saliva or
alternative treatment with acupuncture which
appear to be not very effective.(10)

Radiation induced dental effects essentially are
produced by salivary changes after radiation
therapy, not by direct irradiation to the teeth them-
selves. (11) The teeth are susceptible to decalcifica-
tion from highly acidogenic and cariogenic oral
microflora.

Osteoradionecrosis (ORN), a hypocellular,
hypoxia and hypovascular dissolution of bone is a
potentially serious complication of head and neck
irradiation, leading to intolerable pain or fracture
and may necessitate resection. (11) RT causes a
loss of osteoblasts relative to osteoclasts because
of difference in their inherent radiosensitivity, thus
increasing bone resorption. RT also causes throm-
bosis, fibrosis and eventual obliteration of blood
vessels supplying the bone, leading to a state of
hypoxia. The risk of ORN is significant greater for
patients who underwent teeth extraction after RT.
However, the use of pre-RT dental extraction with
non-adequate healing time does not seem to reduce
the risk of ORN of the mandible following RT.
Multivariate analysis revealed increase ORN risk
with dose > 70 Gy. (12) IMRT with limited dose
constraint to mandible in conjunction with proper
dental care (fluoride application, antiseptic mouth
rinses, sucrose avoidance) would minimize ORN
risk. The use of HBO (hyperbaric oxygen) therapy
is well established and has been employed as an

adjuvant in extraction after RT. It increases tension



and diffusion of oxygen in the irradiated tissue,
collagen synthesis, vascular networking and
metabolism of bone and consequently the healing
of tissue. (13)

Sensorineural hearing loss is one of the long
term side effects that would perturb the patients’
quality of life by having high frequency hearing loss.
The patients with high location of the tumors such
as nasopharyngeal cancer or parotid tumor are
more susceptible to have radiation exposure to the
cochlea and internal ear canal. Most recent data
showed that mean radiation dose of less than 45-50
Gy to the cochlea would have less sensorineural
hearing loss. (14-15)

Thyroid disorders induced by radiation therapy
include primary or central hypothyroidism, thyroiditis,
benign adenoma, multinodular goiter and radiation
induced thyroid carcinoma. Primary hypothyroidism
is the most common thyroid disorder following

radiation therapy, which affected 20-30% of the

patients. Reduction in radiation doses to the thyroid
gland and hypothalamic/pituitary complex should
be attempted whenever possible. The percentage
volume of thyroid gland receiving radiation dose
between 10 and 60 Gy (V10-V60) seems to be a
possible predictor of hypothyroidism. The thyroid
volume receiving over 30 Gy (V30) has a significant
impact on the peak level of TSH. Annual follow up
with clinical examination and thyroid function test
is recommended in patients who received thyroid
and parasellar irradiation. Hormone replacement
therapy is recommended for both overt and
subclinical hypothyroidism. (16)

In conclusion, radiation therapy could produce
acute and late complications. Minimizing radiation
dose exposure to those organs is the key to
alleviate the complications. Managements of the
complications are also crucial to improve the

patients’ quality of life.
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The Using of Surface mould brachytherapy in
palliative freatment of breast cancer;

Chiang Mai University Hospital (CMUH) experience

Ekkasit Tharavichitkul, MD

The division of therapeutic radiology and oncology, faculty of medicine, Chiang Mai University, Chiang Mai, Thailand

Introduction

38 years old women presented with bulging
mass at right chest wall. In the year of 2008, she
presented with Breast cancer (stage T2N2MO).
Modified radical mastectomy was done and
pathological report revealed invasive ductal
carcinoma with axillary lymph node involvement
(10/10). Estrogen and Progesterone receptors were
positive (+1). Bone scintigraphy and Liver
ultrasound were negative. After resection, she
received 6 cycle of FAC regimen. She was planned
to receive post-mastectomy irradiation after the last
cycle of chemotherapy. At simulation date, we found
right chest wall mass and biopsy showed invasive
ductal carcinoma. She received 5 cycles of
chemotherapy (Paclitaxel) and got stable of
disease. She was sent to radiotherapy department
again for palliation radiation therapy. Physical
examination showed huge right breast mass 15*15
cm in diameter with necrotic ulcer on top and foul
smelling. Many regimens of chemotherapy were
used but unfortunately, no response occurred. She

suffered from the foul smelling of the tumor on her

right breast. So Palliative RT was performed to this
patient. Surface mould brachytherapy was used

and individual mould with catheter was made.

Methods

The CT simulation was carried out with 5 mm
slice thickness. The dose of 1.5 Gy per fraction two
times per day in total dose of 30 Gy will be
calculated. Three weeks later, EBRT with tangential
field technique in total dose of 50 Gy was cooperated.
After EBRT completed, she was sent back to receive
chemotherapy. After treatment, the chest wall mass
disappeared without foul smell. Unfortunately, her

disease progressed elsewhere.

Conclusion

In summary, Surface mould brachytherapy can
be use as palliative treatment. It can help to improve
the quality of life and relief symptoms of locally
advanced disease. However, careful selection
should be kept in-mind for high benefit of

modality.
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Developing of software

(Sirira] BioDVH)

to create Biological Dose Volume Histogram.

Poompis Pattaranutaporn’,  M.D., Porntip lampongpaiboon?,
Chumpot Kakanaporn®,

Vipa Boonkitticharoen®

Assist. Prof. Nantakan leumwananonthachai‘,M.D.,

" Division of Radiation oncology, Department of Radiology, Faculty of Medicine, Siriraj Hospital, Mahidol university, Thailand.
° Department of Radiology, Faculty of Medicine, Ramathibodi Hospital, Mahidol university, Thailand.

Abstract

Background In modern radiotherapy technique
such as 3D-CRT or IMRT, the radiation dose to
target and nearby normal structures are more
different and inhomogeneous than conventional
radiotherapy technique. We usually use the
dose-volume histogram to evaluate the treatment
plan but conventional dose-volume histogram
showed only the physical dose. From the basis of
LQ model, the biological effect to the tissue is
depended on the fractionation size and many
factors, biological dose-volume histogram might be
better for evaluation of treatment planning. Today,
the available commercial treatment planning system
cannot calculate the biological dose-volume  his-
togram and there is no available of this kind of

program in Thailand.

Purpose To develop the program for create
biological dose-volume histogram from conven-
tional dose-volume histogram which is exported

from treatment planning system.
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Method The program named “Siriraj BioDVH”
was developed using Borland Delphi. The input
data for create the biological dose-volume
histogram were dose-volume histogram from treat-
ment planning system, biological parameters such
as Alpha/Beta value. Biological dose-volume
histogram was created by convert the physical dose
axis to BED or EQD2 (using LQ model) axis. This
program was tested by 5 set of testing data, each
set has 10 dose-point and then compared the
results with the results calculated by 2 medical

physicists.

Result The accuracy of Siriraj BioDVH program
to calculate the Biological dose-volume histogram
is 100%

Conclusion Siriraj BioDVH can accurately
create the biological dose volume histogram and

leading to clinical investigation in the future.
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The effect of two HDR intracavitary

brachytherapy schedules in radiotherapy for

cervical concer

Pitchyaponne Sittitan, M.D.,  Ekkasit Tharavichitkul, M.D.,
Vicharn Lorvidhaya, M.D., Vimol Sukthomya, M.D.
Nantaka Pukanhapan, Bsc, Imjai Chitapanarux M.D.

Division of therapeutic radiology and oncology, Department of Radiology, Faculty of Medicine, Chiang Mai University, Thailand.

Abstract
Purpose

The radiotherapeutic treatment for cervical
cancer is consisted of teletherapy and brachyther-
apy. Appropriate dose-fractionation regimen of
high-dose-rate (HDR) brachytherapy is still
controversial. Since 2004, two fractionation
regimens of HDR have been studied at the same
time in Maharaj Nakorn Chiang Mai hospital, and
their treatment results and toxicities were evaluated.

Patients and Methods

From January 2004 to December 2005, 246
patients with histologically proven cervical
carcinoma stage IIA-IVA were treated with
concurrent chemoradiation. Radiotherapy con-
sisted of external beam irradiation to the pelvis
(mean dose of 40-45 Gy), combined with HDR
brachytherapy that given 4x6 Gy (group A: 141
patients) or 3x7.2 Gy (group B: 105 patients). The
Kaplan-Meier method was used for statistical
analysis. Acute and late toxicities were also
evaluated.
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Results

At median follow-up time of 36 months (range
2-65 months), disease free survival rate for group
A and B was 65.2% and 73.3% (p=0.177). Local
recurrence rate was 13.5% and 13.3% (p=0.982),
and distant failure rate was 20.6% and 12.4%
(p=0.108), respectively. In acute toxicity, no Grade
3-4 Gastrointestinal and Genitourinary systems
could be observed. There was no significant
difference in late Grade 3-4 Gastrointestinal (1.4%
vs 2.9%) and Genitourinary (0.7% vs. 0%) toxicities
among two groups.

Conclusion

Similar local control and toxicities between 4 x 6 Gy
and 3 x 7.2 Gy were observed from this study.
Longer follow-up should be performed. Further
investigation about the optimal dose schedule

regimen should be carried out.
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Implementation

of Total Skin Electron

Irradiation Technique

Chirapha Tannanonta1, M.S., Sangutid Thongsawad1, M.Sc.,
Chirasak Khamfongkhruea1, B.Sc., Wilai Masa-nga, B.Sc.

'Division of Radiation Oncology, Chulabhorn Hospital, Bangkok, Thailand

Abstract

Purpose : To establish the technique of Total
Skin Electron Irradiation (TSEI) and patient dose
verification for Chulabhorn Hospital.

Methods and materials : The high dose rate
total skin electron irradiation mode (High Dose Rate
TS e) of 6 MeV using a dual-field Stanford technique
(AP, RPO, LPO, PA, RAO and LAO) with a 1 cm
lucite scatter plate was used in this study. To
determine the appropriate irradiation gantry angle,
beam profiles in vertical and horizontal directions
were measured by using DPD-12pc system of
Scanditronix Wellhofer with a styrofoam sheet (100W
x 200H cm), varying the gantry angles between
+17° to £19.5°.. The percentage depth dose and
x-ray contamination of single dual fields were
measured by using the Gafchromic EBT film,
TLD-100 chips and Wellhofer PP-40 chamber in
square solid water phantom (30 x 30 x 30 cm) and
six dual fields by using the Gafchromic EBT film in
a Rando phantom. A round phantom with 30 cm
diameter was used to measure the point dose
(single dual fields)-and surface dose (six dual fields)
using both the TLD and fim. Then the overlapping
factor (the ratio between surface dose and point
dose) and the monitor units for 2 Gy/cycle were
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calculated. Before treating the patient, the surface
dose distribution was verified by using TLDs and
Rando phantom. During patient irradiation with six
dual fields, in vivo measurement of the skin dose
was done using the DPD-12pc detectors to verify

the dose distribution and patient positioning.

Results : The optimal gantry angle for this study
was = 18° with flatness of + 8% along 190 cm of
patient’s length and + 6% along 60 cm of patient’s
width. The x-ray contamination was 0.5%, 0.3 %
and 2.3 % for the chamber, TLD and EBT fim
measurements respectively. The overlapping factor
was 3.09 withthe calculated MU of 526 MU/angle
for 2 Gy/cycle. The uniformity of the dose on the
skin of two patients was within £10% except the
localized regions of extreme non-uniformity of the

patient’s skin dose.

Discussion and conclusion : TLD is an important
part of the beam data collection and quality
assurance programs for TSEl. EBT film is not
convenient for routine measurement because it
needs least one 24 hours delay before reading and
cannot measure very low dose as the x-ray
contamination.



Inter-hospital Im dosimetry project of infensity modulated radiation therapy :

The way to break though

the insufficiency situation.

Thanarpan Peerawong MDa, Sivalee Suriyapee MEngb,
Amporn Funsian MSca, Sonjarod Oonsiri MScc

“Division of Therapeutic radiology and Oncology, Department of Radiology, Faculty of medicine, Prince of Songkla University, Songkhla, Thailand,

“Division of Radiation Oncology, Department of Radiology, Faculty of medicine, Chulalongkorn University, Bangkok, Thailand

“Division of Radiation Oncology, Department of Radiology, King Chulalongkorn Memorial Hospital, Bangkok, Thailand

IMRT is radiation technique which is superior
than 3-D conformal in many clinical results. It is
suitable with irregular shape tumor such as head
and neck cancer, but the processing are more
sophisticate. International Atomic Energy Agency
(IAEA) published IAEA-TECHDOC-1588 for the
“Transit from 2-D to 3-D conformal and intensity
modulated radiotherapy”. The one of the milestone
is the implementation of new radiation techniques.
They must not compromise daily patient treatment.

In the year 2009, Thai Society of Therapeutic
Radiology and Oncology (THASTRO) reported the
staffs and equipments status of cancer centers in
Thailand. This report included 21 from 28 cancer
centers. They have only 4 government cancer cen-
ters which can perform IMRT. Three centers lo-
cated in Bangkok and one center in Chiang Mai.
From this report, the least of physicists for
performing IMRT process in Thailand are three
persons for total cases per year of ninety seven at
Chulabhorn Research Institute.

In Songklanagarind hospital, we served more
than 2000 cancer patients per year. We have only

2 linear accelerators (Clinac 6EX and Linac 2100)

and 1 cobalt machine. Furthermore, we have only
2 physicists.

Many regional cancer centers deal with these
problems. Many cancer patients denied treatment
in Bangkok because of socioeconomic problems.
Should patients do for themselves? Would we
resolve this situation?

There is a small but important step of break
though the insufficiency situation in Songklanagarind
hospital. Since Feb 2009, the treatment planning
was installed with IMRT license. In the other hand,
we do not have any CT simulation, quality assurance
equipment and no physicist who experiences in
IMRT. Butaiming to treat the patient with the IMRT
technique, we cooperated with the division of
radiation oncology at King Chulalongkorn Memorial
Hospital for the patient specific QA assistance.

In the year 2009, eleven patients and eighteen
plans of head and neck cancer were included in
this project. Patient was performed computerize
tomography simulation-with-adaptation of Single
slide computerize tomography (Philips AVE ). The
patient was in supine position with the thermoplastic
face mask and hands along body. The slice of CT
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image was 5 mm. thicknesses in the entire head
and neck area.

The CT data set was transferred to treatment
planning machine (Eclipse Planning System Version
8.1.0 (Varian Medical system, Palo Alto, CA)). The
treatment machine is Varian Clinac 6 EX, leaf width
of 10 mm. The IMRT was planned with 6MV photon
beam of 9 fields.

The quality assurance was performed by one
IMRT experience radiation oncologist and one
senior physicist. Film dosimetry was chosen for
verification. The calibration of flm was performed
for each session of specific patient QA, itwas placed
at 5 cm in solid water phantom. The dose range
was selected according to the range of IMRT dose
distribution which were 5, 100, 200, 300, 400, 450
cGy. The 3x3 cm” field size was employed so that
all the doses were irradiated in one film. The next
step, the composite IMRT plan of the patient were
transferred to the 5 cm depth phantom and the film
was irradiated. After this process, both of Kodak

EDR2 fims were developed at the same time to
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control the developing machine factor. Films were
sent to physicists at King Chulalongkorn Memorial
Hospital (KCMH) by post. And the patient data files
were sending via electronic mail.

After physicist at KCMH have received the data
already, the verification step started. The physicist
made the calibration curved by optical density and
radiation dose with film scanner (VIDAR scan). The
verification plan fluences and actual fluences were
compared with OmniPro I'mRT program. The result
was sent back by electronic mail. The process took
about 2-3 weeks started from the day of irradiated
film. Duration of QA process depend of many
factor.

These quality assurance techniques might be
breaking though the insufficiency situation. They
offer the better opportunity to our patients. And the
result of the quality assurance make more confident
to the radiation treatment team. So the Inter-hospital
film dosimetry project is very helpful in country side

region of Thailand.



Management of Complications of Irradiation in

Head and Neck Area
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