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Treatment Outcomes of Acute Lymphoblastic Leukemia in both
children and adults using the Thai Pediatric Oncology
Group-based protocol at Chiang Mai University hospital
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Abstract
Backgrounds: Acute lymphoblastic leukemia (ALL) occurs in both children and adults.
It is the most common type of cancer in children and its prognosis is not optimistic
in adults. According to the advent of effective ALL therapy, long-term survival rates
and cured rates could be more than 80%. However, that in Thailand between 1995

and 2009 ranged from 51-59%.

Objective: This study analyses the outcomes of the National Health Security Office
(NHSO) ALL national protocols in Thai children and adults, using data collected from
the Chiang Mai Cancer Registry, Faculty of Medicine, Chiang Mai University.

Materials and methods: Participants were 83 children and 54 adult patients with
ALL between 2005 and 2012. The newly-diagnosed high-risk patients might have
been received prophylactic cranial irradiation (PCl). The demographic, clinical char-
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acteristics, treatment outcomes, incidence and site of relapse were analyzed using
descriptive statistics. The analyses were separated into two parts between children and
adults ALL patients: estimated disease-free survival (DSF) and the relapse rates using

Kaplan-Meier method and compared the relapse rates in adults using log-rank test.

Results: The five-year overall survival rate for children was 59.04% (45.65% in the
high-risk and 70.27% in the standard-risk groups) and for those who relapsed was
21.69% (26.09% and 12.22%, respectively). The five-year DFS rates were 62.6% and
81.2% in the high-risk and standard-risk groups, respectively. In adults, the five-year
survival rate was 25.93% and it was 46.30% in those who relapsed, and the five-year

DFS rate was 36.2%. The most relapses occurred in central nervous system (CNS).

Conclusion: The standard national protocols for ALL could not improve the outcomes.
The relapse occurrence of ALL was still quite common in both children and adults.
PCl has been shown a slightly better outcome in terms of prevention or delayed

CNS relapse.

Keywords: Acute lymphoblastic leukemia, Chiang Mai Cancer Registry, outcomes,
ThaiPOG,

Introduction

In 2012, the International Agency
for Research on Cancer estimated that
351,965 new leukemia cases were diag-
nosed (age-standardized incidence rate
[ASR] = 4.7) and 265,471 people died
from leukemia (ASR=3.4) globally. While in
Thailand, leukemia is the fifth most com-
mon cancer in males and the eighth most

common in females with 3,744 new cases

(ASR = 5.1) and 3,071 deaths (ASR = 4.0)."
Acute lymphoblastic leukemia (ALL)
usually progresses rapidly and is likely fatal
within weeks or a few months if a patient is
not treated.”* The rate of ALL incidence is
approximately 1 to 1.5 per 100,000 persons
and exhibits a bimodal age distribution,
with the first peak in children aged 4 to
5 years (4 to 5 per 100,000) followed by

a second peak at around 50 years of age
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(2 per 100,000)."* ALL is the most
common cancer in children and accounts
for around 80% of children with
leukemia.’*™

Due to the effectiveness of ALL
therapy, the complete remission (CR),
disease-free survival (DFS), long-term
overall survival (OS), and cured rates have
reached more than 80% in children®®®1%*%,
However, the prognosis in adults is still
inferior to children,”
DFS rate of less than 39-40%, "> and

a cured rate of only 50%." There are some

with a long-term

differences between children and adults in
the clinical and biological characteristics
which have resulted in differences in the
types of cancer, metastasis, treatment, and
response to treatment. Therefore, analyses
of children (age <15) and adults should be
separated.

Most treatment failures for ALL
remain relapse, which occurs 15-20% of
children,™® in one-third of adults with a
standard risk of ALL, and two-thirds of
adults with a high risk of ALL.""” Most
relapses occurred in the bone marrow
(BM), either in an isolated form or
combined with the involvement of another
site, mainly central nervous system (CNS)
or the testes; isolated CNS or testicular

relapse or, much less frequently, relapse

involving other extramedullary sites might

1017 The site of the relapse

also occur.!
and the duration of the first complete
remission have influenced on both DFS
and OS in children."®

The treatment of ALL is chemo-
therapeutic agent in combination with
medication to treat complications, includ-
ing blood and blood components, which
can be required for up to three years.””
The treatment affects the vital organs of
the body, including the liver, kidney, heart,
brain, etc. Some patients require radio-
therapy to prevent or treat CNS diseases
or improve outcome of children with T-cell
ALL " |n adult, PCl is performed in highly
aggressive (Philadelphia-chromosome
positive) ALL."” Now prophylactic
cranial irradiation (PCl) has been recently
replaced by other treatment strategies
(e.g. intrathecal and systemic chemo-
therapy) because of its association with

[22

long term toxicities in ALL survivors, "such

as learning disability,”” late neurocognitive

24-25] [26]

sequelae,[ endocrinopathy,“” and

P28 1t also psycholo-

secondary cancers.
gically, socially, and economically affects
the patients’ family members.

Thailand has different protocols
among the various institutions caring for

leukemia patients” ", To standardize the
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treatment of leukemia, the Thai Pediatric
Oncology Group (ThaiPOG) proposed a
package of national protocols for child-
hood leukemia treatment in 2006 to the
National Health Security Office (NHSO) of
Thailand.”” The protocols were sub-classi-
fied according to the subtype of leukemia
and the clinical risk factors that had inter-
national acceptance and reproducibility:
age and initial white blood cell (WBQC)
count at diagnosis, and new patients were
treated according to the new protocols
starting in March 2006.%" Treatment of ALL
in adults has largely been based on the
adaptation of pediatric regimens, but the
success rate has been considerably lower
than in children.?***

Herein, we report the outcomes of
the NHSO ALL national protocols in Thai
children and adults, using data collected
from the Chiang Mai Cancer Registry,
Faculty of Medicine, Chiang Mai University.

Materials and Methods

Patients

We performed a retrospective
analysis of patients who had been diag-
nosed with ALL at Maharaj Nakorn Chiang
Mai Hospital between 1 January 2007
and 31 December 2012. The data were
collected by the Chiang Mai Cancer

Registry, Faculty of Medicine, Chiang Mai
University, which is a population-based
cancer registry that collects the data on

many types of cancer, including ALL.”"

Treatment

The child ALL patients (0-15 years
of age) were treated by applying the Thai
national protocols. The selection of the
appropriate protocol was carried out
according to stratified risk factors. Thai
national protocol ALL-01-05 (standard-risk
ALL) was used for patients ranging 1-10
years of age with an initial WBC < 50,000/
mm3. Protocol ALL-02-05 (high-risk ALL)
was used for patients > 10 years or <
1 year of age with (a) an initial WBC >
50,000/mm3, (b) CNS or testicular disease
at diagnosis, (c) T-cell ALL, and/or (d) the
specific abnormal chromosome. Protocol
NHL-04-06 was used for patients with
Burkitt-type acute lymphoblastic leukemia
(L3 morphology).?” For adult ALL, the
patients were also treated by modified

Thai national protocols.

Variables

Demographic and clinical charac-
teristics were extracted from the medical
records, including gender, age at diagnosis,

level of education, occupation, number of
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family members, anemia, weight loss, fever,
fatigue, lymphadenopathy, hepatomegaly,
splenomegaly, bone pain, dyspnea,
immunophenotype, RBC, WBC, blood
platelets, prognosis, and family cancer

history.

Ethical approval and consents of
patients

This study received ethical from
Faculty of Medicine, Chiang Mai University

Ethics Committees.

Statistical analysis
All patients were followed up until
January 2018. The demographic and
clinical characteristics of the patients,
treatment outcome and site of relapse
were analyzed using descriptive statistics.
Death was defined as all-cause mortality;
relapses were defined on the basis of
morphologic evidence of leukemia in the
BM or other sites; OS was defined as the
time from either the date diagnosis or the
started treatment until death or the end
of study; DFS was defined as the time from
diagnosis to the event; and events were
defined either as relapse or death. Differ-
ences in outcome distribution between
the risk groups for the child patients were

tested using the log-rank test. Due to the

difference in the clinical and biological
characteristics of ALL between children
and adults, the analyses in our study were
separated into two parts: the Kaplan-Meier
method was used to estimate DFS and the
relapse rate, and the differences in the
relapse rate in adult patients were tested
using the log-rank test to evaluate the
results of receiving PCl. All statistical
analyses were performed using STATA

version 13.

Results

A total of 155 patients were
enrolled, 18 of whom were subsequently
excluded because of a revised diagnosis
of acute myelogenous leukemia (one
case), relapse (three cases), denial of treat-
ment with chemotherapy and radiation
to the brain (13 cases), and not treated
with chemotherapy (one case). There-
fore, the data on 137 patients with newly
diagnosed ALL were included in the
analyses.

All patients had received chemo-
therapy, and 57 of them were assigned
to receive PCl with the prescribed total
radiation dose of 18-36 Gy. The median
duration of follow-up was 3.41 years

(range: 7 days to 11 years).
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The characteristics of child patients

We enrolled 83 children with ALL,
with boys being more common than girls
(1.5:1). The median age at diagnosis was 4
years. Four (4.82%) were classified as T-cell
lineage immunophenotype, while one
(4.55%) and two (5.56%) were recorded as
having a history of HIV history and a family
history of cancer, respectively. The median
initial WBC was 12,800/mm3 (range:
1,400-515,000/mm?3). Characteristics are
summarized in Table 1. Overall, more
than half of the children (n = 46) were
categorized in the “high-risk” group. Among
these, 80.43% (n = 37) were assigned to
receive PCl with a prescribed total radiation
dose of 18-36 Gy.

The results of the treatment of the child
ALL patients

These results are reported in Table
2. The death rates showed no statistically
significant difference between the stan-
dard-risk and high-risk ALL groups (16.22%
vs. 13.04%). The common causes of death
include ALL and uncontrolled brain metas-
tasis (8.70% in the high-risk and 16.22% in
the standard-risk ALL groups). The OS rate
was 85.54% with a median survival time of
69.87 months (86.96% with median 62.18
months and 83.78% with median 84.83

months in the high-risk and standard-risk
ALL groups, respectively, p = 0.004).
The five-year survival rate of the child
patients was 59.04% (45.65% in the high-
risk and 70.27% in the standard-risk ALL
groups, p = 0.023). In the high-risk ALL
group, 62.16% of patients who received
PCl survived with controlled brain metas-
tasis, while those who did not receive PCl
survived with controlled brain metastasis
only 22.22%.

Of the 21.69% child ALL patients
who relapsed, 26.09% were in the high-risk
and 12.22% were in the standard-risk ALL
groups. Relapses of child ALL patients were
mostly isolated in the CNS (21.74% and
8.11%), while other relapses were 4.35%
and 8.11% in the high-risk and standard-risk
groups, respectively. The median survival
time of the relapsed patients was 40.57
months (medians of 38.25 months (n = 12)
and 43.20 months (n = 6) in the high-risk
and standard-risk ALL groups, respectively).
About Thirty-three percent (n = 6) of the
relapsed patients died (three were high-
risk ALL patients). Among the 18 relapsed
patients, 10 had received PCl (all of them
were high-risk ALL patients), and eight
had not (two of them were high-risk ALL
patients). The median duration of relapse

was 37.43 months. The five-year DFS rates
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Table 2. The Treatment Results of the Child and Adult ALL patients

Children
Adults
ALL Treatment Results High Risk  Standard Risk (n = 58)
n =
(n = 46) (n =37)

Death 6 (13.04%) 6 (16.22%) 15 (27.78%)
ALL 4 (8.70%) 6 (16.22%) 14 (25.93%)
Complications 1(2.17%) - -
Other causes 1(2.17%) - 1(1.85%)

Relapse
Central nervous system (CNS)
Bone marrow (BM)
CNS+BM
Acute myelogenous leukemia (AML)
Acute promyelocytic leukemia (APL)

Testes

12 (26.09%)

6 (16.22%) 25 (46.30%)

10 (21.74%) 3(8.11%) 21 (38.89%)
- 3(8.11%) 2 (3.70%)
1(2.17%) - -
1(2.17%) - -
- - 1 (1.85%)
- - 1 (1.85%)

were 62.6% and 81.2% in the high-risk
and standard-risk ALL groups, respectively
(Figure 1(a)).

The characteristics of the adult ALL
patients

We enrolled 54 adults with ALL.
The median age at diagnosis was 24 years.
Seven patients (12.89%) were classified as
T-cell lineage immunophenotype and four

patients (7.41%) as having a family history

of cancer. The median WBC, RBC, and
platelet count at diagnosis were 21,100/
mm3, 9.2 ¢/dL and 64,250 /mm3, respec-
tively. Characteristics are summarized in
Table 1. Among these, 37.04% (n = 20)
were assigned to receive PCl with a
prescribed total radiation dose of 18-36
Gy.

The results of the treatment of the
adult ALL patients

Jornal of Thai Association of Radiation Oncology
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These results are reported in Table
2. The death rate was 27.78%, most of
which were due to ALL and uncontrolled
brain metastasis (25.93%). The overall
and five-year survival rates were 72.22%
and 25.93%, respectively, with a median
survival time of 26.17 months.

Of the 46.30% adult ALL patients
who relapsed, the median duration of
relapse was 9.53 months and the five-year
DFS rate was 36.2% (Figure 1(b)). Relapses
in adult ALL patients were mostly isolated
in the CNS (38.89%), while other relapses
comprised 7.41%. The five-year survival
rate of the relapsed patients was 2.5%.
The median survival time of relapsed

patients was 15.43 months. The five-year

Disease free survival probabilities of ALL
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overall relapse rates of adult patients was
relative high but not related to whether
PCl was administered (no PCl: 66.4% and
with PCl: 63.8%, p = 0.396) (Figure 2).
However, the patients who received PCl
had a slightly better outcome in terms
of prevention or a delay in CNS relapse
(median duration of CNS relapse = 8.23
months in patients with no PCl vs. 11.93
months in patients with PCI) and a longer
survival time (median survival time = 21.75
months in patients with no PCl vs. 48.29
months in patients with PCI). Furthermore,
35.0% of patients who received PCl sur-
vived with controlled brain metastasis

compared to only 20.59% in who did not.
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Figure 1. The ALL Disease free survival rates of (a) child and (b) adult patients who

received PCl or did not.
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Relapse rate of ALL by treatment
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Figure 2. The ALL relapse rates of adult patients who received PCl (Radian) or did not

(Non-radian).

Discussion

The survival rate of child ALL
patients in developed countries varies
from 60-90%, while that in Thailand
between 1995 and 2009 ranged from
51-59%.%" In 2006, ThaiPOG via the NHSO
developed the national guidelines for
the treatment of childhood leukemia
to meet the international standard and
implement a practical treatment policy
for the country as a whole. The five-year
survival of child ALL patients in Khon Kaen
between 1985 and 2009 rose to 51% after

implementation of the national proto-

col in 2006.”¥ In this study, the five-year
survival of ALL patients after implementing
the NHSO protocol at the Department of
Pediatrics, Chiang Mai University Hospital
tended to improve (59.04% overall,
45.65% in the high-risk and 70.27% in the
standard-risk ALL groups) and was better
than or comparable to previous studies,
albeit this outcome is still less than that in

[34, 36

developed countries.** ** This accords to

[38]

)

the findings of Seksarn®” and Wiangnon
who concluded that survival subsequently
improved in patients in the standard-risk

ALL group but not in the high-risk one. In
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our study, 21.69% of child ALL patients
relapsed, which corresponds to previous
studies,™® ™ ?? thus it is not certain whether
the nationwide implementation of the
standard protocols has been beneficial.*"
Recurrence occurred in the high-risk group
approximately twice as often as the stan-
dard-risk group, resulted in five-year DFS
rates of 62.6% and 81.2%, respectively,
which is better than the results reported

*in which the event free

by Seksarn,'
survival rates from 12 institutions
throughout Thailand were 51.2% and
66.5%, respectively. Finally, 62.16% of
patients who received PCl survived with
controlled metastasis.

For the adult ALL patients, the
five-year survival rate was 25.93%, which
is considered as relatively low compared
to previous studies that reported
25-47%.%% " " Relapse developed in
46.30% of adult ALL patients and the
five-year DFS rates was 36.2%, which is
similar to the results in for adults
diagnosed with ALL from 2005 to 2015
at a reference center in Mexico.””

In this study, the relapse occurrence
of ALL was still quite common in both
child and adult ALL patients and were high-
er than in previous studies."" " The

majority of relapse occurrence in this study

was due to CNS relapse (14 (77.78%) out
of 18 relapses in children, and 21 (87.50%)
out of 24 relapses in adults). The relatively
high rate of CNS relapse in our study might
have been related to inadequate system-
ic chemotherapy™” and most enrolled
patients were high risk of relapse in the
CNS or at other sites.* *~** %

There was no difference in the
frequency or site of relapse between
patients who received PCl and those who
did not. However the trend in the rate of
CNS relapse was not significantly different,
although the patients who received PCl
had a slightly better outcome in terms
of prevention or delayed CNS relapse.
Retrospective data was used in this study
and unfortunately, some useful demo-
graphic variables were not available for our
analysis. Future research with alternative
data sources could address the possible
relationship between other covariates and
relapse occurrence. A study of adolescents
and young adults might be useful since
the ALL occurring in this age group could
be biologically different from that in
younger and older ALL patients, and an
understanding of the biology of ALL in
all of these patient groups could help to
improve outcomes and prognosis. The

limitation of this study are that its based
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on a retrospective analysis. Therefore, in of pirarubicin in the treatment of childhood

the next study should be added toxicities acute lymphoblastic leukemia.
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ABSTRACT
Background: RapidPlan (RP) knowledge-based treatment planning was developed
and adopted in volumetric arc modulated radiotherapy (VMAT) planning to
improve plan quality and planning efficiency. RP used plan database to train a
model for predicting organ-at-risk (OAR) dose-volume-histograms (DVHs) of the new

treatment plan.

Objectives: The purpose of this study was to develop and evaluate the performance
of the RP knowledge-based treatment planning to generate VMAT for definitive

radiotherapy of prostate cancer.

Materials and methods: Three RP models based on a number of 20, 40, and 60
previously VMAT plans were trained and validated on 10 new prostate cancer
patients. Dosimetric parameters of the target volume and organs at risks (OARs)
between models and manually optimized method (MO) from experienced planner

were compared. The D2%, D95%, D98%, homogeneity index (HI), and conformation
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number (CN) for planning target volume (PTV), V65Gy, V70Gy, V75Gy for bladder
and V50Gy, V60Gy, V65Gy, V70Gy, V75Gy for rectum were collected and analyzed
(one-way repeated measures ANOVA, p<0.05).

Results: VMAT plans between models and MO showed similar results of D95%,
D98% for PTV but a significant higher of D2%, CN, and HI from RP (105.4%-105.7%
for D2%, 0.06-0.07 for HI, and 0.9 for CN) when compared with MO (104% for D2%,
0.05 for HI, and 0.8 for CN). For bladder and rectum, all dose-volume parameters
of RP were significantly lower than MO (p<0.05), only in RPmodel20 which bladder
V75Gy, was similar to MO. Dosimetric analysis for model training based on a different

number of VMAT plans showed no statistical difference in plan quality.

Conclusion: RP knowledge-based treatment planning in this investigation presented
acceptable VMAT plan quality for definitive radiotherapy prostate in only single op-
timization. Twenty historic plans were found to be an acceptable minimum number

of plans for the model training.

Keyword: Knowledge-based planning, Prostate planning, RapidPlan, VMAT
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INTRODUCTION

Intensity-modulated radiation
therapy (IMRT) and volumetric modulated
arc radiotherapy (VMAT) utilized the inverse
planning process that is needed to solve
this complexity through the optimization
process. To get the satisfied results, an
appropriate set of optimization parameters
for organs at risk (OARs) and the target
volume has to be specified by planners
through a repeated trial-and-error process.
Therefore, the planning outcome was

strongly based on the experience and skills

of the planners'™?. The treatment planning
could take several hours in trial-and-
error optimization to achieve the planning
goals. Currently, various tools were
developed for IMRT and VMAT radiation
therapy treatment planning. Knowledge-
based (KB) approaches were introduced
and adopted in treatment planning to
improve planning consistency in IMRT
and VMAT. KB treatment planning (KBTP)
method was used to predict the
dosimetric features of the new treatment

plan by utilizing a database of prior plans
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determined via the spatial relationship
between anatomical, geometric and
dosimetric features of targets and OARs %
This method was useful to reduce varia-
tions in plan quality. Previous studies®”
have demonstrated that KBTP resulted
in superior treatment plans in terms of
planning time and dose distributions as
compared to conventional IMRT and
VMAT plans. Furthermore, this approach
is able to decrease optimization time.
RapidPlan version 13.6 (Varian Medi-
cal System, Palo Alto, CA, USA; RP) is a
commercially KB planning application
software which is an optional applica-
tion from the Eclipse treatment planning
system (TPS). Therefore, the purpose of
this paper was to study and demonstrate
the potential of the RP knowledge-based
TPS for VMAT plans in prostate cancer in
terms of plan quality and efficiency at the
Division of Radiation Oncology, Depart-
ment of Radiology, Faculty of Medicine,

Siriraj Hospital.

MATERIALS AND METHODS
Previously clinical VMAT plans of pros-
tate cancer selection

Sixty VMAT planning of prostate
cancer patients who treated only prostate
gland, not involved lymph node during
January 2016 to March 2018 were
collected and analyzed. All treatment
plans were created with two or three
arcs, using 10 MV photon beams, and
total prescribed dose to PTV was 78 Gy
in 39 fractions. Dose-volume constraints
for the planning target volume (PTV-
prostate gland), the OARs such as
bladder, rectum, and the PTV overlap
OARs were assigned as the planning goal
for the optimization process. All treatment
plans were approved by the radiation
oncologist according to Quantitative
Analyses of Normal Tissue Effects in the
Clinic (QUANTEC) guideline® as shown in
Table 1. Volume data of the PTV and all

OARs were also collected for the analysis.

Table 1. Dose-volume constraints assigned for VMAT prostate cancer optimization

Organ Dose constraints

PTV D2%< 107%, D95%:= 95%, and D98%=> 93%

Bladder V65Gy<50%, V70Gy<35%, and V75Gy<25%

Rectum V50Gy< 50%, V60Gy<35%, V65Gy<25%, V70Gy<20%, and V75Gy<15%

a U=iS933RUU 015ansauALSIESNFIA:UzSIoNEIKIUS:INATNg
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Model configuration

RP system consists of two main
components: model configuration and
model validation. To configure a model,
the geometric and dosimetric parameters
of the historic treatment plans are
extracted and trained by using a com-
bination of Principal Component Analysis
and regression tecniques in the RP

algorithm!™.

For model validation,
estimated dose volume histogram (DVH)
and optimization objectives for the
optimization process of new patients were
generated. In this study, sixty previously
VMAT prostate plans were used to
generate three RP models. Model20 is
the minimum number of 20 random
previous plans that used for building the
model as suggested by the vendor. To
examine whether a number of plans
result in model quality and consistency
or not, Modeld40 and Model60 were
generated from using 40 and 60 previous

plans for training.

Model Validation

CT dataset of 10 new prostate
cancer patients were used to validate
the model. For each patient, three VMAT
treatment planning were created from a

total of 3 RP models. The VMAT planning

parameters including the field geometry
(2 arcs), 10 MV photon energy, and dose
prescription 78 Gy to PTV were set. In the
optimization process, the RP system was
used to perform an estimation for the
DVHs in any new patient. The workflow of
the DVHs estimation started with a selec-
tion of the RP model. Then, the outlined
structures of new patient auto-matched
to the model structures using a structure
code. The system automatically generated
optimization priorities, setting of the
upper and lower objectives to the PTV,
DVH estimated boundary to the OARs, and
line objectives, which placed along the
inferior DVH estimated boundary®. The
examples of the resulting RP predictive
DVH estimated and priorities are shown
in Figure 1. Generating estimated DVHs
and priorities based on patient geometry
of new patient and previous knowledge
contained in a model database and were
used in the optimization process. A single
optimization without any planner inter-
vention was performed to assess the

quality of the models.

Performance of the RP plan compared
to the manually optimized plans
Two expert planners with their

experience in VMAT planning of more
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Figure 1. (a) priorities and objectives (b) the estimated range and line objectives of RP prediction

than 60 prostate cancer plans were
participated in this study. Manually
optimized (MO) VMAT plans were created
by the planners using the same technique
as the RP plans. Dosimetric parameter
results of MO plans from two planners
were comparable. Then, the MO plans
results were averaged and compared
with plans from 3 RP models. Dosimetric
parameters in term of (1) dose to 2%
of the PTV volume (D2%); (2) dose to
95% of the PTV volume (D95%); (3) dose
to 98% of the PTV volume (D98%); (4)
homogeneity index (H)"” of the PTV
defined as HI =[D2%-D98]/D50%, the HI
value is O, representing dose homogeneous
in target ; (5) conformation number (CN)!"
of the PTV defined as CN = [TVRI/TV] x
[TVRI/VRI] where TVRI = target volume

covered by the prescription isodose,

TV = target volume, and VRI = volume of
the prescription isodose, the CN value is
1, representing conformity of target; (6)
dose-volume parameters to the bladder
as V65Gy, V70Gy, and V75Gy; and (7)
dose-volume parameters to the rectum as
V50Gy, V60Gy, V65Gy, V70Gy, and V75Gy
were used for the analysis.

The one-way repeated measures
ANOVA (p < 0.05) was used to test the

significance of the plan comparison results.

RESULTS

Collecting the structure’s volume
from the historic plans, the results in
Table 2 shows mean + SD of PTV, OARs,
and OARs overlapping with PTV volumes
for each RP model, compared with 10
new patients. The mean of the PTV

registered in each model and test group

m U=iS933RUU 015ansauALSIESNFIA:UzSIoNEIKIUS:INATNg
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Table 2. Data of the structure volumes in each RP model and a test group

Volumes (cm?) Model Model_ Model New Patients
Mean = S.D.

PTV 112.2 £ 339 112.6 + 30.8 116.1 + 35.1 110.0 £ 35.3
Bladder 2645+ 161.6 2513+ 1354 251.1 +117.1 266.2 + 141.8
Rectum 56.6 + 24.0 57.6 £+ 23.9 56.3 + 21.6 526 + 14.1
Bladder Overlap 114+ 4.2 149 +9.0 147+ 7.8 1131+ 4.0
PTV
Rectum Overlap 28+ 13 30+ 15 30+ 1.7 27+19

PTV

were 112.2 + 33.9 cm’, 112.6 + 30.8 cm’,
116.1 + 35.1 cm® and 110.0 + 35.3 cm’ for
I\/\odetzo, Modelao, Modeléo, and test
group respectively. The mean + SD of the
bladder were 264.5 + 161.6 cm?, 251.3
+ 135.4 cm?®, 251.1 + 117.1 cm’, and
266.2 + 141.8 cm’ for Model , Model ,
I\/\odetéo, and test group, respectively. In
the rectum volume, the mean + SD were
56.6 + 24.0 cm’, 57.6 + 23.9 cm’, 56.3 +
21.6 cm?®, and 52.6 + 14.1 cm” for Model ,
I\/\odeL4O, Modeléo, and test group, respec-
tively. It can be seen that the volumes
of the target and organs at risks among
3 models and in a test group were quite
similar.

The isodose distribution for VMAT
planning from both RP & MO optimiza-

tion methods are shown in Figure 2. All
plans were evaluated and passed the
clinical planning goal as prescribed from
QUANTEC guideline. All dosimetric results
were summarized as shown in Table 3.
The comparison of RP plans to MO plans,
RP improved D%% and D%% of PTV, but
no significant difference was seen. A
significant higher of D, CN, and HI from
all 3 RP models (DZ%: 105.7 %, 105.4 %,
and 105.49%, HI: 0.07, 0.07, and 0.06, CN:
0.9, 0.9, and 0.9 for Model , Modelao, and

20
Model , respectively) was shown when

compa6:ed with MO (D2_: 104%, HI: 0.05,
and CN: 0.8), (p<0.05). The higher D, and
HI showed more dose variation. However,
the higher CN represented more con-

formity of target. For bladder, almost all
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Figure 2. Isodose distributions for VMAT prostate cancer of (a) Modelzo, (b) ModelAO, (c) Modeleo, and (d) MO

Table 3. Summary of the dosimetric results from RP and MO plans in 10 new prostate

patients

Mean + SD

(Model vs. MO)

P-value

(Model vs. Model)

PTV; D, (%) Model

Model
MO

PTV;D (%) f\/\odel20

Model

Model
60

MO

U=iS933RUU 015ansauALSIESNFIA:UzSIoNEIKIUS:INATNg
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20

Model
40

105.7 £ 0.8
105.4 £ 0.8
105.4 + 0.7
104.0 £ 0.3

100.1 + 0.5
100.0 £ 0.6
100.0 + 0.5
99.7 £ 0.9

0.187
0.162
0.880

0.307
0.770
0.125



Mean + SD P-value P-value
(Model vs. MO) (Model vs. Model)

PTV, D%% (%) !\/\odel20 98.8 + 0.6 MZO vs. MO:  0.341 l\/\20 vs. M40: 0.373
!\/\odel40 98.7 + 0.7 Mao vs. MO:  0.526 Mzo vs. M60: 0.878
!\/\odel60 98.8 + 0.6 Méo vs. MO:  0.328 l\/\40 vs. M60:  0.052
MO 98.5+ 09

PTV; HI Model20 0.07 + 0.1 f\/l20 vs. MO:  0.012 Mzo vs. M40: 0.343
I\/\odelllO 0.07 £ 0.1 r\/l40 vs. MO:  0.037 MZO vs. M60:  0.177
Modelé() 0.06 + 0.0 M60 vs. MO:  0.023 Mzo vs. M60:  0.443
MO 0.05 + 0.1

PTV; CN !\/\odel20 09+ 0.0 MZO vs. MO:  0.001 l\/\20 vs. M40:  0.343
!\/\odel40 09 +0.0 f\/\40 vs. MO: <0.001 !\/\20 vs. M60:  1.000
!\/\odel60 0.9 +0.0 Méo vs. MO:  0.001 Mao vs. M60:  0.343
MO 0.8 +0.1

Bladder; VéBGy (%) !\/\odel20 86 +59 f\/l20 vs. MO:  0.020 !\/\20 vs. M40: 0.144
!\/\odelllO 82+51 M, vs. MO:  0.001 M, vs.M60: 0.534
!\/\odel60 8.4 +5.1 M60 vs. MO: <0.00 !\/\40 vs. M60:  0.059
MO 10.1 £ 5.3

Bladder; \/7OGy (%) !\/\odel20 75+50 MZO vs. MO:  0.036 I\/\20 vs. M40: 0.193
!\/\odelL10 7.1+44 Mqo vs. MO:  0.002 MZO vs. M60:  0.535
!\/\odel60 73 +4.4 M vs.MO: 0.001 M vs. M60: 0.120
MO 8.6 +45

Bladder; V756y (%) I\/\odel20 6.2 +4.1 M vs.MO: 0.160 M vs.M40: 0.135
!\/\odel40 6.0+ 338 M, vs. MO 0.020 M, vs. M60: 0.622
I\/\odel60 6.1 +38 f\/l60 vs. MO:  0.026 M40 vs. M60: 0.051
MO 6.8 +35

Rectum; V5OGy (%) !\/\odel20 16.1 +4.6 Mzo vs. MO: <0.001 Mzo vs. M40: 0.109
!\/\odelaO 175+ 6.0 M4O vs. MO:  0.006 l\/\20 vs. M60:  0.158
!\/\odel60 174 + 6.0 Méo vs. MO:  0.006 I\/\ao vs. M60:  0.752
MO 203+ 58

Rectum; V60Gy (%) Model 12.0 + 3.8 M, vs.MO: 0.001 M, vs. M40: 0.156
Model40 127 £ 4.6 M40 vs. MO:  0.001 Mzo vs. M60: 0.242
I\/\odel60 12.7 + 4.6 r\/l60 vs. MO:  0.002 l\/\40 vs. M60:  0.957
MO 149 £ 4.7
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Mean + SD

P-value

(Model vs. Model)

P-value
(Model vs. MO)

Rectum; V. (%) Model 10.2 + 3.4
65Gy 20
f\/lodelqo 10.7 £ 4.0
Model60 10.7 £ 4.1
MO 12.6 + 4.2
Rectum; V. (%) Model 8.4 + 3.1
706y 20
Moolell10 8.7 +35
!\/lodel60 8.7+36
MO 10.1 £ 3.7
Rectum; V. (%) Model 6.4+ 28
75Gy 20
!\/lodelL10 6.5+ 30
!\/lodel60 6.6 +3.0
MO 7.1 +3.1

M_ vs. MO:  0.001 M_ vs. M40: 0.216
I\/\40 vs. MO:  0.001 !\/\20 vs. M60:  0.305
M, vs. MO:  0.001 M, Vvs. M60:  0.957

Mzo vs. MO:  0.002 Mzo vs. M40: 0.237

M, vs. MO:  0.002 M, vs. M60: 0.335
I\/\60 vs. MO:  0.003 MAO vs. M60:  0.826

I\/\20 vs. MO:  0.030 !\/\ZO vs. M40: 0.478
!\/\40 vs. MO:  0.028 M20 vs. M60:  0.375
l\/\60 vs. MO:  0.048 !\/l40 vs. M60:  0.405

a!\/\zo is 20 plans model training, M_is 40 plans model training, and M_is 60 plans model training

“The p-value < 0.05 is the statistical significance of this study

dose-volume parameters of RP were
significantly lower than MO (p<0.05), only
RPmodel20, V75Gy of the bladder was
similar to MO (V75Gy: 6.2% and 6.8% for
RPmodel20 and MO). All dose-volume pa-
rameters to the rectum in RP plans were
significantly lower than MO plans (p<0.05).
In addition, PTV parameters in terms of
D2%, D95%, D98%, HI, and CN illustrated
result among the models insignificantly.
For bladder and rectum, all 3 RP models
provided comparable the dose-volume

parameters.

DISCUSSION
The complicated VMAT treatment

planning needed the efficient optimi-
zation process in the inverse planning
system. However, to reach the planning
goals, the optimization was currently
a trial-and-error approach, and quality
of planning was mostly based on the
experience of planners. To reduce the
planner dependent variability in plan
quality, the RP knowledge-based (KB)
solutions for the inverse planning have
been developed. Best practice models
were able to apply for the clinic to increase
planning efficiency. The performance of
RP had been compared with manually
optimized clinical plans for different

treatment sites and techniques. Previous
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studies” ™ > of RP for VMAT optimization
in head and neck, hepatocellular, lung,
rectum, pelvic, and esophagus cancer
were reported and RP optimized plan is
able to improve plan quality and increase
planning efficiency. For prostate cancer,
better plan quality than the original
clinically acceptable plans were
presented, from the study of Fogliata
et al.” Hussein et al."  and Kubo et al.”
In addition, reduction of planning time,
and independently of planner’s skill
when they used RP was also exhibited.

In this study, after the 3 RP models
for VMAT prostate cancer validation, all
plans from 3 models were clearly shown
the acceptable and better plan quality.
For PTV dose coverage, similar results
of D%%, Dgg%, and higher CN, from the
models were exhibited when compared
with MO. However, in MO plans showed
lower D.. and HI number due to the
better control of a hotspot area in PTV

15]

from the planner. Kubo et al.™ also

showed that the dose coverage, D,

H

%’ 98%’

CN, and HI to the PTV was slightly inferior
in KBP plans when compared with the
manually optimized planning. They
suggested to manually adjust in the RP
optimization process for improving PTV

coverage. For OARs, almost all of the

rectum and bladder doses in RP models
showed significantly better results than
MO, except the V75Gy to the bladder in
Model20 that was comparable to the MO
plans. For the head and neck studied from
Tol et al"®, they reported that the high
dose-volume of OARs might be increased
due to the overlap region between PTV
and OARs. Therefore, Hussein et al."” and
Kubo et al."” suggested that the planners
should add the upper objective of OARs
in the optimization process to reduce the
high dose of RP plans.

The number of the plan for
model training and the removing of
outliers was also investigated in this study.
Three different RP models, based on 20,
40, and 60 prostate cancer plans, showed
similar results of PTV coverage, blad-
der, and rectum dose. When the organ
volume used in building the model was
analyzed, it can be seen that all 3 models
presented a very similar volume of the
PTV, bladder, and rectum. A study of
Tol et al.'"” also created head and neck
model using 30 and 60 plans and plan
quality obtained from both models were
the same and concluded that 30 plans
were sufficient for building model. In
addition, their study showed OAR

outlier did not influence to OAR dose.
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' as well found that

Hussein et al
removing statistical outliers from the
training set was insignificant effect to
modal quality. In our study, removing
the outliers from the model was also
tested, and showed the same result of
no effect on our model quality. Besides,
the application of RP for VMAT optimiza-
tion was found to reduce the optimiza-
tion time from 30 min in MO plans to
6-7 min. However, the result of this study
was limited from a number of sample
size in the model validation and further
study with more number of data or

applied in other clinical cases should be

conducted.

CONCLUSION

RP knowledge-based treatment
planning system is able to increase
planning efficiency and plan quality.
Satisfactorily and acceptable prostate
VMAT plans from 3 RP trained models in
this investigation can be obtained in only
single optimization. The 20 historic plans
were also found to be an acceptable
minimum number of plans for the model

training.

ACKNOWLEDGEMENT

We would like to thank you staff at
Division of Radiation Oncology, Department
of Radiology, Faculty of Medicine Siriraj
Hospital for help and support throughout

this research.

m U=iS933RUU 015ansauALSIESNFIA:UzSIoNEIKIUS:INATNg

Un 25 aoun 1 unsIAu - 0NUI9U 2562



REFERENCES

1.

Khan FM. The Physics of Radiation
Therapy. 4”ed. Philadelphia:
Williams & Wilkins. 2010

Nelms BE, Robinson G, Markham
J, Velasco K, Boyd S, Narayan S, et al.
Variation in external beam treat-
ment plan quality: An inter-
institutional study of planners and
planning systems. Pract Radiat
Oncol 2012;2:296-305.

Wu B, Ricchetti F, Sanguineti G,
Kazhdan M, Simari P, Chuang M,
et al. Patient geometry-driven
information retrieval for IMRT
treatment plan quality control.
Med Phys 2009;36:5497-505.
Sutherland K. A Dosimetrist Per-
spective on the Role of Knowledge
Based Planning [online]. 2014 [cited
2017 Jul 12]. Available from: http://
pubs.medicaldosimetry.org/pub/
ddbccde6-f920-82a8-7e3e-e2c37
d5eaaec.

Fogliata A, Belosi F, Clivio A,
Navarria P, Nicolini G, Scorsetti M,
et al. On the pre-clinical validation
of a commercial model-based
optimisation engine: Application to

volumetric modulated arc therapy

for patients with lung or prostate
cancer. Radiat Oncol 2014;113:
385-91.

Fogliata A, Nicolini G, Clivio A,
Vanetti E, Laksar S, Tozzi A,
et al. A broad scope knowledge
based model for optimization of
VMAT in esophageal cancer: valida-
tion and assessment of plan quality
among different treatment centers.
Radiat Oncol 2015;10:220.

Fogliata A, Wang P-M, Belosi F, Clivio
A, Nicolini G, Vanetti E, et al.
Assessment of a model based
optimization engine for volumetric
modulated arc therapy for patients
with advanced hepatocellular
cancer. Radiat Oncol 2014;9:236.
Marks LB, Yorke ED, Jackson A, Haken
RT, Constine LS, Eisbrruch A, et al.
Use of normal tissue complication
probability models in the clinic. Int
J Radiat Oncol Biol Phys 2010;76:
10-9.

Luca C. RAPIDPLAN: The clinical
value and DVH estimation algorithm
[online]. 2014 [cited 2015 Jul 16].
Available from: Varian Medical

System Source.

Jornal of Thai Association of Radiation Oncology

Vol. 25 No.1 January - June 2019 |



10.

11.

12.

13.

14.

22

Kataria T, Sharma K, Subramani V,
Karrthick KP, Bisht SS. Homo-
geneity Index: An objective tool
for assessment of conformal
radiation treatments. J Med Phys
2012;37:207-13.

Riet A, Mak A, Moerland M, Elders
L, van W. A conformation number
to quantify the degree of confor-
mality in brachytherapy and
external beam irradiation: Applica-
tion to the prostate. Int J Radiat
Oncol Biol Phys 1997;37:731-6.
Fogliata A, Reggiori G, Stravato A,
Lobefalo F, Franzese C, Franceschini
D, et al. RapidPlan head and neck
model: the objectives and possible
clinical benefit. Radiat Oncol
2017;12:73.

Wu H, Jiang F, Yue H, Zhang H, Wang
K, Zhang Y. Applying a RapidPlan
model trained on a technique and
orientation to another: a feasibility
and dosimetric evaluation. Radiat
Oncol 2016;11:108.

Hussein M, South CP, Barry MA,

U 2562

15.

16.

17.

015NSAIALSIASN A UEIS JoNEMKIUSINATN

Adams EJ, Jordan TJ, Stewart AJ,
et al. Clinical validation and bench-
marking of knowledge-based
IMRT and VMAT treatment planning
in pelvic anatomy. Radiat Oncol
2016;120:473-9.

Kubo K, Monzen H, Ishii K, Tamura
M, Kawamorita R, Sumida |, et al.
Dosimetric comparison of
RapidPlan and manually optimized
plans in volumetric modulated arc
therapy for prostate cancer. Phys
Med 2017;1120-1790:30216-8

Tol JP, Dahele M, Delaney AR,
Slotman BJ, Verbakel WF. Can
knowledge-based DVH predictions
be used for automated, individua-
lized quality assurance of radio-
therapy treatment plans. Radiat
Oncol 2015;10:234.

Tol JP, Delaney AR, Dahele M,
Slotman BJ, Verbakel WFAR. Evalua-
tion of a Knowledge Based Planning
Solution for Head and Neck Cancer.
Int J Radiat Oncol Biol Phys 2015;
91:612-20.



AANURRSdRdinuazdnsiuAwnuIvasgUnIalindediueninla
1S UNTITNIUFDULHNUSIFUSUANMUTUT USRS
Dosimetry Characteristics and Gamma Passing Rate of ArcCHECK

for Volumetric Modulated Arc Therapy Treatment Planning Verification

unydi ganae’, 1onans sT133naNa’, audni 2ssuiladnl’

Nuntawuth Sudloy', Ekkasit Tharavichitkul’, Somsak Wanwilairat®

'néingasiandnisunnd nMadusedinen anzunneaans snanendedesdn
yiqefedinwnazuiSeinen madunsediner ansunneaans uvnInendede sl

'Medical Physics Program, Department of Radiology, Chiang Mai University

“Division of Radiation Oncology, Department of Radiology, Faculty of Medicine Chiang Mai University

ABSTRACT
Background: Volumetric Modulated Arc Therapy (VMAT) is a complicated radiation
technique in both the treatment planning and the machine delivery. A verification
dosimeter with appropriate dosimetry characteristic is essential for treatment

planning verification and quality assurance.

Objectives: To study the dosimetry characteristics of ArcCHECK diode array detector
and evaluate gamma passing rate of Volumetric Modulated Arc Therapy treatment

planning in Nasopharyngeal cancer and Prostate cancer.

Materials and Methods: Dosimetry characteristics of ArcCHECK include short-term
reproducibility, dose linearity, field size dependence, dose rate dependence,
directional dependence and out of field dependence were studied. Volumetric
Modulated Arc Therapy technique using Synergy 6 MV photon beam were planned
for each 10 cases of Nasopharyngeal and Prostate cancer. Then treatment planning
verification were performed using the gamma passing rate of 3%/3mm and the 10%
threshold level.
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Results: The result showed ArcCHECK has consistency response for short-term
reproducibility with 0.05% standard deviation, good linearity response to radiation
dose (R*=1.0) and increase response with increasing field size and dose rate. For
directional dependence study, ArcCHECK was showed good consistency response
with 1% dose difference for gantry angle between -55° to 55°. The scattered
radiation measured out of radiation field has variation by field size and maximum
dose was 6.9% with 15x15 cm’. This scattered dose decrease with distance from
the edge of the radiation field. For Volumetric Modulated Arc Therapy treatment
planning verification, it was found that the average gamma passing rate was
96.74%+2.04% and the action level was 92.74%.

Conclusion: ArcCHECK diode array detector has good dosimetry characteristics and
suitable for Volumetric Modulated Arc Therapy treatment planning verification.

The action level of gamma passing for the department is 92.74%.

Keyword: ArcCHECK, Diode detector, Gamma passing rate, Treatment planning
verification, VMAT
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Abstract

Background: An electronic portal imaging device (EPID) is an effective tool for patient

specific quality assurance (QA) because of its performance and user-friendly. However,

signal saturation can occur when using imager in high dose rate range, especially in

flattening filter free (FFF) beams.

Objective: To investigate a new Varian EPID (aS1200) with Portal Dosimetry

implementation for patient specific QA in FF and FFF beams with a new gamma
index criteria, which proposed by AAPM TG-218, and compared the result with PTW

Octavius 1500 with PTW Octavius 4D system.

Materials and methods: Randomly selected thirty patient’s VMAT plans were

recalculated into sixty plans by the other beam mode using Eclipse TPS (V.13.6).

Therefore, sixty plans were composed of thirty FF plans and thirty FFF plans in vari-

ous tumor sites and applied for patient specific QA implementation by aS1200 EPID
and PTW Octavius 1500. Gamma index criteria from AAPM TG-119 (global normaliza-
tion with 3% DD/3 mm DTA and 10% low dose threshold) and AAPM TG-218 (global

normalization with 3% DD/2 mm DTA and 10% low dose threshold) were applied

for result interpretation.
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Results: In FF and FFF plans, the results showed most of the percent gamma
passing rate of aS1200 EPID were slightly lower with higher SD than PTW Octavi-
us 1500, except in stringent criteria for FFF plans. According to the AAPM TG-119,
the mean gamma passing rate of aS1200 EPID and PTW Octavius 1500 was 99.02%
+ 1.60% and 99.80% =+ 0.52%, respectively. For AAPM TG-218, the results of aS1200
EPID and PTW Octavius 1500 was 98.36% + 2.50% and 98.66% =+ 1.86%, respectively.

Conclusion: The results of the study revealed that both systems showed comparable
results for a new gamma criteria. Both systems can be used as alternative detectors

for patient specific QA.

Keywords: aS1200 EPID, Patient specific QA, PTW Octavius 1500
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Introduction

Electronic Portal Imaging Devices
(EPIDs) have been used for patients’
positioning verification. By reason of the
excellent dose linea rity response, large
detection area, high spatial resolution,
digital data acquisition, and convenience
to use of the EPID, so EPIDs are an attrac-
tive tool for patient specific quality
assurance (QA)". Nonetheless, EPIDs have
a limited condition for dose measurement
such as energy dependence'”, ghosting
artifact™, backscattering from supporting
arm' and especially the detector
saturation while using flattening filter free

(FFF) beams"”.
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At Siriraj Hospital, we have used
an aS1000 EPID for a patient specific QA
in flattening filter (FF) plans and PTW
Octavius 1500 with PTW Octavius 4D
phantom for FFF plans. At present,
an aS1200 EPID with a new version of
Portal Dosimetry has been developed
for overcoming the pitfalls, which occur
in aS1000 EPID, such as improvement of
spatial resolution, additional backscatter
shielding plate and better charge readout
performance. Therefore, aS1200 EPID is
an attractive tool for a patient specific QA,
especially in FFF beam:s.

Furthermore, we have used
gamma analysis with global normalization

of 3% DD/3mm criterion which proposed
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by AAPM TG-119" for analyzing the
QA results. Nowadays, AAPM TG-218"
suggests a new gamma index criterion
which is global normalization of 3%
DD/2mm DTA with 10% dose threshold
for using in conventional technique QA.
However, this can cause a questionable for
using criteria for gamma analysis.

The goal of present study is to
investicate the feasibility of aS1200 EPID
implementation for a patient specific QA
and also a new gamma criterion proposed
by AAPM TG-218. The results of the test

were compared against PTW Octavius 1500.

Materials and Methods
Patient’s VMAT plan preparation
Randomly selected 30 clinical
patient’s VMAT plans of different sites
were duplicated and recalculated to the
other beam mode. For example, the
original plan using 6 MV FF beams, was
duplicated and recalculated using 6 MV
FFF beams. Therefore, the treatment
plans were composed of 60 plans of 18
brain tumor, 4 head & neck cancer, 4 lung
cancer, 16 Gl cancer, 4 GU cancer, and 14
prostate cancer plans. All the treatment
plans were from Division of Radiation
Oncology, Department of Radiology,
Faculty of Medicine Siriraj Hospital.

The VMAT plans (with a total of
165 arcs) were generated with Eclipse
treatment planning system version 13.6
(Varian Medical System, Palo Alto, CA).
The analytical anisotropic algorithm (AAA)
and Acuros XB were used for calculation
of dose according to the plans, which
generated by 6 and 10 MV for flattening
filtter (FF) and flattening filter free (FFF)
beams. The maximum dose rate of 6
and 10 MV plans was 600 MU/min. For 6
FFF and 10 FFF, the maximum dose rate
used in the plans were 1400 and 2400 MU/
min, respectively. The grid size was set at

2.5 mm.

Pre-treatment patient specific quality
assurance

A TrueBeam linear accelerator
with Millennium™ 120 multileaf collimator
(MLC) (Varian Medical System, Palo
Alto, CA) was used for performing all
measurements using 6 and 10 MV with
FF and FFF beams. The latest version of
Varian electronic portal imaging device
(aS1200 EPID) with Portal Dosimetry
software version 13.6 (Varian Medical
System, Palo Alto, CA) and PTW Octavius
1500 with 4D phantom (PTW, Freiberg,

Germany) were used in our study.
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The aS1200 EPID, which is mounted
on TrueBeam LINAC, has a maximum
resolution of 1280x1280 over maximum
imager area of 43x43 cm2, so the spatial
pixel resolution of a51200 EPID is 0.336 mm.
The maximum frame rate is 25 frames
per second, which is about five times
higher than the previous version (aS1000
EPID). An additional absorber plate, which
locates between the detection layers
and supporting arm, is added for blocking
the backscatter from the supporting arm.
The standard calibration and configura-
tion of the imager, described by Van Esch
et al. ¥, were performed before the
imager utilization. The EPID was set to
100 cm SDD, as shown in figure 1A. The
Integral image was used for acquiring the
measured portal dose image (PDI). The
measured PDI was sent to Portal Dosimetry

software for the result evaluation.

A PTW Octavius 1500 with PTW
4D phantom, which is used as a routine
detector for the QA of FFF beams at
Siriraj Hospital, were utilized for comparing
the results from aS1200 EPID. A spatial
resolution of the detector has 5 mm
center-to-center distance in each row
and 7.5 mm for diagonal direction. The
maximum detection area of the detector
is 27x27 cm2. PTW Octavius 1500 consists
of 1405 vented ionization chamber and
the area for each chamber is 4.4x4.4 mm
2. Therefore, the volume in each chamber
is 0.058 cm3. In the study, the detector
was placed in the 4D phantom and set
to 100 cm SAD, as shown in figure 1B. A
wireless inclinometer was used for the
gantry rotation tracking, which makes the
detector always located perpendicular

to the gantry. In the study, PTW Octavius

1500 was used as a reference detector due

-

WAR a4

Figure 1. Machine set up. (A) aS1200 EPID and (B) PTW Octavius 1500 with 4D phantom.
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to the performance of the detector, as
proposed by Stellijes et al.”’. Before using
the detector, calibration of the signal for
each energy must be performed.

The VMAT plans were recalculated
for plan verification, which used for
both detectors. The portal dose image
prediction (PDIP) algorithm, which is a dose
calculation algorithm in Portal Dosimetry,

was used for calculation of predicted PDI.

Evaluation of patient’s VMAT plans QA
To evaluate the results, the gamma
evaluation method proposed by Low

et al."?

, was used in the study. The
gamma evaluation method is composed
of dose difference (DD) and distance-to-
agreement (DTA) in a single measurement.
This evaluation method utilizes the
mathematics equation for analyzing the
discrepancy between predicted dose
image in TPS and measured dose image.
Sixty patient’s VMAT plans were
divided into two categories, which are
thirty FF plans (with a total of eighty three
arcs) and thirty FFF (with a total of eighty
two arcs) plans. A gamma index was set
at 3% DD/3mm DTA with global
normalization, which has used for a
patient specific QA at Siriraj Hospital, and

3% DD/2 mm with global normalization,

which proposed by AAPM TG-218, with
10% dose threshold for evaluation in every
arc. The percent gamma passing rate (Y)
and mean Y with standard deviation (SD)
were used for evaluation of the QA results.
Furthermore, a traditional gamma index
criteria (3% DD/3mm DTA a global
normalization with 10% dose threshold)
and AAPM TG-218 criteria (3% DD/2mm
DTA a global normalization with 10%
dose threshold) were analyzed for all sixty
patient’s VMAT plans. The plan was
analyzed arc-by-arc based on the
traditional gamma criteria and compared
the results with the new gamma criteria.
Wilcoxon Signed-Rank with & = 0.05 was

used for statistical analysis in this study.

Results
Patient specific QA in flattening filter
and flattening filter free beams

Table 1 shows the percent gamma
passing rate of a pre-treatment patient
specific QA of aS1200 EPID measurements
and compared against PTW Octavius
1500. The verification plans were planned
using FF and FFF beam techniques. The
traditional criteria gamma analysis was
used and compared with the new gamma
analysis criteria. The results showed that
mean Y of aS1200 EPID are likely to the
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Table 1. The percent gamma passing rate results of a51200 EPID and PTW Octavius 1500

for FF and FFF beams.

FF FFF
Device Criteria
Y S.D. p-value Y S.D. p-value

aS1200 98.37% 2.01% 0.000 99.67% 0.49% 0.001
3%/3mm

OD1500 99.73% 0.66% 99.86% 0.30%

aS1200 97.39% 3.14% 0.034 99.35% 0.82% 0.233
3%/2mm

OD1500 98.50% 1.95% 98.82% 1.75%

results from PTW Octavius 1500 for
3%/3mm and 3%/2mm criteria. However,
the difference was not statistically
significant (p-value > 0.05) only 3%
DD/2mm DTA of FFF beams, as shown in
table 1.

The patient specific QA in FF and

FFF were comprehensively analyzed using

+ a31200 EPID
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the arc-by-arc method. Figure 2 shows the
patient specific QA results in FF beams.
Thirty verification plans with eighty three
arcs were compared between the mea-
surements from aS1200 EPID with PTW
Octavius 1500 using gamma analysis of
3%/2mm, global normalization with 10%

dose threshold. The results showed that

PTW Octavius 1500
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Figure 2. The percent gamma passing rate of aS1200 EPID and PTW Octavius 1500 for 3%/2mm gamma

index with 10% dose threshold of FF plans.
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most of Y of a51200 EPID measurements
for arc-by-arc were lower with greater SD
value from PTW Octavius 1500 results.
The minimum gamma passing rate of
aS1200 EPID was 85.8% while the results
from PTW Octavius 1500 was 87.5%.

The patient specific QA for FFF
beams technique was also comprehen-
sively evaluated. Thirty verification plans
with eighty two arcs were compared with
the results from the measurements using
PTW Octavius 1500. The new gamma index
criteria (3%/2mm) was used for analyzing
the results. Figure 3 shows the percent
gamma passing rate results from aS$1200
EPID and PTW Octavius 1500 measure-

ment. The results showed that the percent

+ Varian aS1200 EPID

100

gamma passing rate from aS1200 EPID were
slightly higher than the results from PTW
Octavius 1500 with a lower spread out
data. The minimum gamma passing rate of
aS1200 EPID was 95.5% while the results
from PTW Octavius 1500 was 90%.

A traditional gamma index criteria vs
new gamma index criteria

AUl sixty patient’s VMAT verifica-
tion plans with a total of 165 arcs were
measured. The mean and SD of the Y were
used for evaluation of the results. The
results of the test are shown in figure 4.

For 3% DD/3mm DTA, the mean
percent gamma passing rate + SD of aS1200
and PTW Octavius 1500 were 99.02% =+

PTW Octavius 1500
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Figure 3. The percent gamma passing rate of aS1200 EPID and PTW Octavius 1500 for 3%/2mm gamma

index with 10% dose threshold of FFF plans.
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Figure 4. The mean gamma passing rate of aS1200 EPID and PTW Octavius 1500 for a global

normalization with 3%/3mm and 3%/2mm gamma analysis criteria for a 10% dose threshold.

1.60% and 99.80% + 0.52% (p-value =
0.000), respectively. For 3% DD/2mm DTA,
the mean percent gamma passing rate
+ SD of aS1200 and PTW Octavius 1500
were 98.36% =+ 2.50% and 98.66% + 1.86%
(p-value = 0.416), respectively.

Discussion

About the patient specific QA
implementation of aS1200 EPID for FF
and FFF beams, we studied aS1200 EPID
and compared the results with PTW
Octavius 1500. The Y results of the
study showed that most of the Y results
from PTW Octavius 1500 were slightly
higher than aS1200 EPID because PTW

Octavius 1500 used 3D gamma analysis,
while aS1200 EPID used 2D gamma analy-
sis, so the effect from 2D and 3D gamma
analysis have proposed from elsewhere "*.

Another reason which affected
to the Y results were the method to
configure the Portal Dosimetry. In our
configured verification process based on
the standard method, as described by Van
Esch et al"?, the percent gamma passing
rate results of the AIDA plan which planned
by FF beams (6 and 10 MV) was dropped
and showed red dot in large area, yet
did not present in FFF plans, as shown in
figure 5 (A) and (B). However, this results

occurred in another institute where uti-
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Figure 5. The gamma evaluation result of AIDA pattern. (A) 10 MV FF beams and (B) 10 MV FFF beams.

lizes Varian EDGE LINAC with aS1200 EPID
(Varian Medical System, Palo Alto, CA) too
(private communication). Therefore, the
mean Y and SD of the FF plans which
measured by aS1200 EPID are worse than
the other detector for both criteria, as
shown in table 1 and figure 2. In the other
hand, the mean Y and SD of aS1200 EPID
for FFF plans which did not have the issue
from the configuration process showed
that the Y and SD from both detectors
were likely to each other and especially
greater results for FFF plans at the new
gamma index criteria, as shown in table
1 and figure 3. This is able to conclude
that aS1200 EPID is able to do a patient
specific QA in FF and FFF beams without any
special condition. The detector resolution
may be dominated factor in stringent

gamma criteria, which increased percent

gamma passing rate of aS1200 EPID, as
shown in table 1.

The effects of the stringent criteria
are shown in figure 4. The results showed
0.66% + 0.90% decreasing of the gam-
ma passing rate from aS1200 EPID when
using the new gamma criteria, while the
percent gamma passing rate of PTW
Octavius 1500 decreased by 1.14% =+
1.34%, which indicated that PTW Octavius
1500 was more sensitive to the stringent
gamma analysis criteria than aS1200
EPID. These results might be caused by
the spatial resolution for each detector.
Beyer et al." studied aS$1200 EPID for
the pre-treatment patient specific QA in
prostate and head & neck plans, which
planned by FF and FFF beam techniques,
comparing with PTW Octavius 1500 by

using gamma analysis with 2%/2mm and
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10% dose threshold criteria. The results
showed that aS1200 EPID had slightly
better gamma passing rate than PTW
Octavius 1500 because aS1200 EPID
has higher spatial resolution than PTW
Octavius 1500, as the same way to our
results. Therefore, the difference between
aS1200 EPID and PTW Octavius 1500 was
not statistically significant (p-value > 0.05)
in 3%/2mm criteria (p-value = 0.416). It is
able to indicate that aS1200 EPID plays a
critical role to do a patient specific QA in

the new gamma index criteria.

Conclusion

The new version of Varian EPID,
aS1200 EPID, is an effective tool for a
patient specific QA due to its performance
such as high spatial resolution, ease of use
and reduction of QA time that is able to
decrease medical physicists’ workload.

As a result from the study, it is able to

conclude that aS1200 EPID is not only
suitable for QA using a new gamma
index tolerance, which was proposed by
AAPM TG-218, but also performs a patient
specific QA for a verification plan of
flattening filter free technique with the
comparable results to PTW Octavius
1500 planar ionization chamber detector.
Therefore, aS1200 EPID is a powerful
detector for a patient specific QA in both
FF and FFF beams, especially in the busy

department of radiation oncology.
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Abstract
Background: The benefit of cone-beam computed tomography (CBCT) is not
only for pretreatment setup verification, but also their potential in providing the
three-dimensional anatomical information to present the organ deformation and

daily actual dose distribution.

Objective: This study aimed to investigate the dose tracking on the treatment
day for 5 volumetric modulated arc therapy (VMAT) prostate cancer patients using
CBCT-based dose calculation.

Materials and methods: The CBCT HU to electron density calibration curve was
firstly generated. Then, the accuracy of CBCT-based dose calculation (chcr) was
verified by comparing with dose measurements on CIRS pelvic phantom using IC
(0.13cc) and Gafchromic EBT3 film. Velocity 3.2.0 deformable image registration
(DIR) software was applied to map organ contours from planning CT (PCT) to the
fractionated CBCT and modified by the radiation oncolosgist. Isodose distribution
on CBCT images was calculated and variation of the organ volume as well as the
dosimetric parameters following the QUANTEC-guideline for the planning target

volume (PTV) and organ at risks were collected and analyzed.
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Results: Point dose and dose distribution difference in phantom, between the
measurements and DCBCT, 2.28% and 87.7% (3%/3mm) gamma passing rate was
presented. In clinical investigation, the volume ratio of CBCT/PCT for PTV, bladder
and rectum were found to be 1.04, 1.11 and 0.91. DCBCT was found to be deviated
from D__ about -8.26% for D of PTV, 1.12% and 9.12% for D and V. of

PCT 95% mean 70Gy
bladder, 6.60%, and 7.10%, for Dmean and V7OGy of rectum, respectively.

Conclusion: Dose tracking on treatment day using CBCT-based dose calculation and
DIR to guide organ contouring is found to be feasible and adequate to predict the

actual dose delivery to the VMAT prostate cancer.

Keywords: CBCT, Dose tracking, Prostate cancer, VMAT
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nan1sAnen: n1sinUSunadiduuugauaznsyanedauiiouiu D lujudiaes wupdnu
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Introduction

Currently, radiotherapy prostate
cancer patients are mostly treated with
the intensity modulated radiotherapy
(IMRT), and volumetric modulated arc
therapy (VMAT), from their main dosimetric
advantage to create highly conformal dose
distributions to the planning target volume
(PTV) while minimizing the dose given to
the organs at risk (OARs)™.

To enhance the treatment accuracy,
the three-dimensional anatomical images
obtained from treatment room cone beam
computed tomography (CBCT) for image-
guided radiation therapy (IGRT), has been
introduced to reduce the daily patient

positioning uncertainties-maintaining

interfraction set-up reproducibility™.
However, for prostate cancer, the problem
of organ motion, changeable volume and
shape of the prostate gland and nearby
organs such as bladder and rectum are
resulted in dosimetric change. Thus, the
accuracy of daily dose to the PTV and
OARs were questioned, and the attempts
to determine the actual dose which the
patient received in each treatment frac-
tion was mentioned and reported™”.
The CBCT image-guided system which is
commonly used for patient positioning
verification, also presented their advantage
in providing the three-dimensional anato-
mical information on treatment position.

The Hounsfield unit (HU) on CBCT was
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found to be a meaningful method for
recalculation dose distribution for the
patient receiving radiation therapy on that
treatment day'®. Organ delineation on
CBCT can also be performed with reduced
time consuming, via the contour deforma-
tion which is one of the applications in
deformable image registration (DIR)
software.

In this study, dose tracking on the
treatment day for prostate cancer patients
using CBCT-based dose calculation was

investigated and reported.

Materials and Methods
VMAT treatment planning technique
and acquisition of CBCT data set

Five prostate cancer patients
treated with VMAT technique with total
prescribed dose 78 Gy in 39 fractions
(2 Gy per fraction) were retrospective-
ly investigated. The planning CT (PCT)
images for all patients were acquired using
Philips Bigbore-16 slice CT simulator
(Philips Healthcare, Cleveland, OH) with
3 mm slice thickness and full bladder
protocol. The VMAT treatment planning
was generated with the Eclipse treat-
ment planning system version 13.6 (Var-
ian Medical Systems, Palo Alto, CA) using

2.5 mm grid size and analytical anisotropic

algorithm. AWl VMAT treatment plans
were evaluated following the QUANTEC-
guideline. For CBCT data set, the images
were acquired with Truebeam STx acce-
lerator equipped with on-board imag-
ing (OBI) system (Varian Medical System,
Palo Alto, CA). In this study, all patients
underwent the treatment with CBCT
acquisition on the first three days and
then once a week using clinical pelvic
exposure parameters: 125 kV, 1080 mAs and
slice thickness 2.5 mm. For every patient,
10-12 CBCT images were used to recalcu-
late the isodose distribution. The existing
plans were transferred to the CBCT without
any change of MUs. For organ volume (PTV,
bladder volume and rectum volume) on
CBCT, the Velocity AI™ version 3.2.0 DIR
(Varian Medical Systems, Palo Alto, CA)
was used to deform the contour of PTV-
prostate bed including the seminal
vesicles, and organ at risks-rectum and
bladder from the PCT image to every
fractionated CBCT image. The deformed
contours were then reviewed and modified

by radiation oncolosgist.

Accuracy verification of CBCT-based
dose calculation
Using CBCT-based dose calculation

to represent treatment dose, quality of
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the CBCT image following the AAPM Task
Group 179 guideline™ was assessed with
the Catphan® 600 phantom (CatPhan®,
Phantom Laboratory, Salem, NY). A
calibration of CBCT HU to electron density
for inhomogeneity correction was also
created using CIRS-062A CBCT electron
density phantom (CIRS Tissue Simulation
and Phantom Technology, Norfolk, VA,
USA)

To verify the accuracy of dose
calculation on CBCT, prostate VMAT treat-
ment plan was created on CIRS pelvic
phantom using PCT-based and CBCT-based
dose calculation (Figure 1) for comparing
with the measurement dose. The point
dose at the treatment isocenter was
measured using a CC13 ionization chamber

(IBA Dosimetry, Schwarzenbruck, Germany)

and a Gafchromic EBT3 film (Ashland
ISP Advanced Materials, NJ, USA) was
placed at 0.3 cm above the isocenter
(Figure 2) to measure dose distribution.
Point dose difference and dose distribu-
tion gamma analysis (10% threshold)
between CBCT-based dose calculation
and measurement as well as the calcula-
tion on CBCT and PCT were determined

and analyzed.

Variation of the organ volumes and do-
simetric parameters evaluation

Dosimetric parameters presented on the
treatment day from a total number of
55 CBCT images from 5 prostate cancer
patients (10-12 images per patient) were
collected. For each patient, dose differ-

ences between the PCT and CBCT were
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Figure 1. The isodose distribution of prostate VMAT plan on CIRS pelvic phantom, comparison between

the measurements doses with (a) PCT-based dose calculation and (b) CBCT-dose calculation using the

EclipseTM treatment planning system.
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(a)

Figure 2. The position of (a) ionization chamber and (b) Gafchromic EBT3 film on the CIRS

pelvic phantom for point dose and dose distribution measurement.

evaluated using dosimetric results from
dose volume histogram (DVH); D, Dy

and D%% for PTV; DZ%, Dmean, quey, V65@y and
V7OGy for both bladder and rectum for the
analysis. Moreover, the volume changes
in PTV, bladder and rectum on each
CBCT image during the treatment course
were also compared to the PCT and the
significance of the comparison results was
evaluated using the independent t-test on
Statistical Package for the Social Sciences

(SPSS) version 18. (IBM SPSS Statistics)

Results
CBCT image quality
From quality assessment, the CBCT

image from TrueBeam STx OBI system
presented the excellent and acceptable
results as described in AAPM Task Group
179. The image uniformity and HU accuracy
was within 1%, 5-line pair/cm, and 0.7 cm
of low contrast resolution were detected

for spatial accuracy at 1% contrast object.

Accuracy of CBCT-based dose calculation

To calculate the daily dose distri-
bution accurately, a calibration of CBCT
HU to electron density for inhomogene-
ity was generated as shown in Figure 3.
Moreover, when the calculated point dose
was compared with the measurements,

percentage of dose difference at the
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CBCT and PCT HU to electron density calibration curve
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Figure 3. The generated CBCT HU and PCT HU to electron density calibration curve in this investigation.

treatment isocenter, 2.03% and 2.28%
were seen for the PCT-based and CBCT-
based dose calculation, respectively.
The accuracy of dose distribution was
evaluated, the percent gamma passing
rate of CBCT and PCT were obtained at
87.69 and 91.23, respectively, for 3%/3mm
gamma criteria and that both of them
increased when the gamma criteria strength
was lower as shown in Table 1. For the
comparison between the CBCT and PCT
isodose distribution, 99.9-100% passing
rate in all gamma criteria was exhibited as

also presented in Table 1.

Variation of the organ volumes
The variation of PTV and OARs

volumes in each patient, found on the
daily CBCT images was shown in Table 2.
For PTV, ratio of the volume averaged
from 55 CBCT of all patients to the PCT
was 1.04, 1.11 for bladder and 0.91 for
rectum. Small variation of volume change
for PTV was observed. This was in contrast
with the bladder, as seen from Figure 4,
CBCT/PCT volume ratio for bladder,
especially in patient no.3 exhibited the
higher variation of data, even the same
full bladder protocol was controlled for
the entire treatment. For rectum, the
volume presented on CBCT were found to
be smaller than PCT, and showed more

consistent from fraction to fraction.

Jornal of Thai Association of Radiation Oncology
Vol. 25 No.1 January - June 2019

A



Table 1. Percentage of gamma passing rate at different gamma criteria for dose

distribution calculated between CBCT (| ) and PCT (D__) comparison with the

measurement dose.

The percentage of gamma pass rate

Gamma criteria

CBCT Vs Measurement DPCT Vs DMeasurement CBCT Vs DPCT
3%/3 mm 87.69 91.23 99.9
3%/4 mm 93.63 94.17 100
3%/5 mm 96.22 95.99 100
4%/3 mm 91.09 93.30 100
4%/4 mm 95.59 95.29 100
4%/5 mm 97.60 96.68 100
5%/3 mm 93.82 94.50 100
5%/4 mm 97.20 96.17 100
5%/5 mm 98.81 97.24 100

Table 2. The ratio and percentage difference of average PTV and OARs volume on CBCT/PCT.

Organ volume(cc) PCT CBCT

Ratio (CBCT/PCT) %Difference p-value*

PTV 130.62 136.37+58.84
Bladder 22791 253.31+82.14
Rectum 52.23  47.55+15.87

1.04
1.11
0.91

4.40 0.750
11.14 0.664
-8.96 0.691

p-value <0.05 is significant difference
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Figure 4. The volume ratio of CBCT/PCT for (a) PTV, (b) bladder and (c) rectum.

Dosimetric parameters evaluation

The results of percentage differ-
ence of dosimetric parameters between
dose tracking on the treatment day using
CBCT-based dose calculation and PCT in
each patient was shown in Table 3. For
PTV, all patients presented about 1%
higher of DZ%, 15% lower of D95% and
24% lower of D, For bladder and
rectum, the varied results of both the
lower and higher of the D WV
and V7OGy

presented. However, the average+SD of

)

40Gy
among the patients were

65Gy

the dosimetric parameter change between

CBCT and PCT as summarized in Table 4,

showed the significant lower of D, Dy

D forPTVfrom D _, while no significant
98% CBCT

of dosimetric results was observed in

bladder and rectum.

Discussion

There are several studies suggested
that the application of CBCT is not only
for patient positioning but also for
the actual dose assessment for patient
receiving dose in each treatment fraction.

L[ﬁ

Yoo et al.”” and Tuntipumiamorn et al.”

demonstrated the potential of using the

o
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Table 4. Average+SD of dosimetric parameter from 5 VMAT patients between planning
dose (D ) and CBCT-base dose calculation (D__ ).
PCT CBCT

Dosimetric DPCT DCBCT %Difference p-value*
parameter
PTV
e 82.58+0.59 Gy  82.51+0.44 Gy -0.08% 0.023
- 77.59+1.01 Gy  71.18+5.03 Gy -8.26% 0.045
a5t 76.45+1.52 Gy  66.37+6.97 Gy -13.19% 0.030
Bladder
e 79.58+0.84 Gy  80.08+1.70 Gy 0.63% 0.571
. 37.08+13.60 Gy 37.54+14.36 Gy 1.24% 0.959
me 82.44+18.99 cc  88.33+32.23 cC 7.14% 0.734
V65Gy 42.97+12.49 cc  46.74+14.31 cc 8.77% 0.668
V70Gy 33.76+13.56 cc  36.84+12.21 cc 9.12% 0.716
Rectum
D, 78.40+0.45 Gy  79.03+1.16 Gy 0.80% 0.291
- 37.45+£8.17 Gy  39.92+5.58 Gy 6.60% 0.593
me 2358+7.84 cc  24.89+8.17 cc 5.56% 0.801
V65Gy 9.10+3.23 cc 9.47+3.69 cc 4.07% 0.869
V 6.76+2.39 cc 7.24+3.19 cc 7.10% 0.792

70Gy

* p-value <0.05 is significant difference
% Dose difference = (D__-D__)/ DPCT*'®
CBCT PCT
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CBCT and its accuracy for dose calculation
in clinical used. In this study, our results
also showed the appropriate quality of
CBCT image as suggested by AAPM Task
Group 179 and with acceptable accuracy
level for dose calculation.

There are two main approaches
to calculate dose on the treatment day.
Firstly, treatment dose was obtained by
recalculating dose on CBCT images us-
ing the image registration application
that warping PCT HU into the daily CBCT.

[10]

Zhang et al."~ reported the accuracy
of the dose calculation based on the
deformed HU from PCT to CBCT performed
on static phantom. With 2%, 2 mm criteria,
average the gamma passing rate between
CBCT-based dose and planning dose
were 98.36%. In clinical, the accuracy of
deformed CT HU into CBCT image might
be influenced by patient’s organs move-
ment and resulted in the image registration
accuracy. Another method is using the
generated CBCT HU to electron density
calibration curve for D_ _calculation. The
study from Yeng et al."” showed that
the uncertainty less than 1% of dose
difference between TPS calculation and
point dose measurement was obtained
when using directly generated CBCT HU

to electron density for dose calculation.

Nevertheless, the accuracy of Do May

be affected by the scatter dose froB(r:; high
density, the image artifact and distortion
as well as the limited field size which is
shown to be inferior when compared to
the PCT.

Accuracy of CBCT-based dose
calculation in this study agreed with
the other reports™*™ that 2-3% of dose
difference between CBCT-based and
PCT-based calculation were presented.
Furthermore, in this study the dose
distribution was further investigated by
comparing with dose measurements from
fitlm. More than 90% (4%/3mm) gamma
passing rate was found which indicated
the accuracy level obtained from dose
calculation on CBCT.

Changes in the location and volume
of the prostate and organ at risks during
the course of radiation therapy result in the
dosimetric consequence which may im-
pact the tumor control and normal tissue
complication. From our results, due to
a small number of data, no statistically
significant difference of volumetric and
dosimetric parameters between the PCT
and CBCT was detected. However, the
tendency of the CBCT dose coverage at
D of PTV about 8% lower than the

95%
prescribed dose and lower near maximum
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dose (DZ%) from our investigation was
similar to the study from Huttenrauch
at el."™ About the OARs, due to a change
of volume and shape in bladder, especially
for patient number 3, bladder dose was
shown to be largely increased when
compared with the PCT. Pearson et al.'¥,
also found that about 25% of rectum
volume moved to high dose region during
the treatment fraction and the average
percentage difference of VmGy of bladder
and rectum were increased more than
5%.*) In our study, 2/5 of the patients
also presented higher results of VéSGy and
me for rectum, especially in patient
no.5 which the rectum position on
the treatment day was moved to the
high dose region as shown in Figure 5,
and resulted in 93% higher of V656y and
127% higher of V70Gy for this patient. This

information insisted the importance of

the online adaptive radiation therapy to
compensate the lacking of dose in PTV and
avoid high dose to the moveable organ

along the treatment course.

Conclusion

Dose tracking on the treatment
day using CBCT-based dose calculation
and DIR to guide organ contouring is
found to be feasible in clinical used.
The dosimetric information from CBCT
showed a potential for supporting the
adaptive work procedure for prostate
cancer patients. The present method
also showed the excellent capability in
evaluating the daily applied dose to
bladder and rectum. It will be beneficial
data for radiation oncologist to assess
the treatment quality and maintain the
optimal management for individual

patient.

dose calculation in patient no.5.

(b)
Figure 5. The dose distribution of VMAT prostate plan (a) PCT-based dose calculation and (b) CBCT-based

Jornal of Thai Association of Radiation Oncology
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Implementation of the CatalystTM Optical Surface Imaging System
for Left-Sided Breast Cancer Patients with Deep Inspiration Breath
Hold Technique
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Bangkok, 10700, Thailand

Abstract
Backgrounds: Optical surface imaging (OSI) system is currently introduced for patient’s
position verification, monitoring during treatment as well as for gating radiotherapy.
The use of this technology is found to be an attractive IGRT for deep inspiration

breathe hold (DIBH) technique in radiotherapy of breast cancer patient.

Objective: The aim of this study is to evaluate the performance and reliability of the

OSI system for image guidance in DIBH for left-sided breast cancer patient.

Materials and methods: A comprehensive acceptance and commissioning was
performed according to the AAPM TG-147 guideline to check communication
system, accuracy and reproducibility of the detection system. For OSI implemen-
tation, the overall process accuracy was examined using the end-to-end test with
thorax phantom. For the patient positioning, the set up deviations from the OSI in
16 left-breast cancer patients were retrospectively compared with the routine CBCT
and kV planar IGRT.

Results: The investigation showed the patient data from OSI can be transferred

correctly to the peripheral equipment. Accuracy verification in the static movement,
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mean+SD of the deviations in lateral, longitudinal, and vertical were 0.13+0.10 mm,
0.19+0.09 mm, and 0.23+0.17 mm, respectively. For pitch, roll, and rotation, the
deviations were presented to be 0.01+0.07°, 0.07+0.03°, and 0.03+0.05°, respectively.
For the dynamic localization, the mean deviated amplitude was 0.05+0.41mm.
Whole treatment process with OSI showed excellent integration and agreement
within 2 mm. Using OSI for patient positioning, the average deviation in lateral,
longitudinal, and vertical axis were 2.3+1.7 mm, 2.8+3.1 mm, 2.2+1.9 mm when
compared with 72 CBCT images, and were 2.4+2.2 mm, 3.5+2.6 mm, and 2.3+2.2 mm

when compared with 130 kV-image pairs.

Conclusion: The Catalyst™ OSI system is found to be an efficient image guidance for

patient setup and accurate for implementing in DIBH technique.

Keywords: deep inspiration breath hold, left-sided breast cancer, optical surface

imaging, patient setup
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Introduction

There is the evidence that radia-
tion therapy in breast cancer significantly
reduced the risk of loco-regional recur-
rences after surgery and reduced breast

cancer death rate?

! Unfortunately, for
the left-sided breast cancer patients,
whose their heart and left-anterior
descending arteries are involved in the
radiation treatment fields, the increasing
of cardiac mortality and mobility
associated breast radiotherapy were

presented”. To reduce the cardiac dose,

88 u:|§\155r;uu’ 018ANSAVIAUSIESNBI A= S IINgIKIUszINAINg
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deep inspiration breath-hold (DIBH)
technique by increasing the heart-to-chest
wall distance was proposed. The technique
was designed to have the patient inspiring
to a specified threshold and then holding
their breath at the level during dose

delivery!™

. Several breathing control
technologies include the use of active
breathing control (ABC), real-time position
management (RPM) and three-dimensional
optical surface imaging system (OSI) were
proposed for DIBH*". However, the method

of the OSI has been shown to be attrac-



tive for verifying the patient’s pretreat-
ment position, monitoring and for gating
treatment. The system works through a
visible light project on patient’s skin, and
the re-projection was captured by high-
speed camera to generate the real-time
3D surface image. The OSI technique was
found to be a simple, fast, reproduce
and accurate verification for daily patient
setup. Several studies had reported the
application of OSI in many treated sites™®"?.
Moreover, with their real-time imaging,
the feasibility and accuracy of the OSI for
patient positioning and respiratory motion
monitoring in radiotherapy of breast
cancer, was as well presented™ ",

The Catalyst™ OSI system (C-RAD
AB, Uppsala, Sweden) was currently
installed at Division of Radiation Onco-
logy, Department of Radiology, Faculty of
Medicine Siriraj Hospital, and applied for
DIBH technique in left-sided breast cancer
patients. Before starting the clinical activity,
a test to ensure the performance of the
OSI system which consists of the Sentinel™
camera at computed tomography (CT)
simulation room, and three Catalyst™
cameras at treatment room, in terms of
precision and reproducibility of the
measures was conducted according to

recommendation from American Associa-

tion of Physicists in Medicine (AAPM) task

17]

group report number 147"". The capability
evaluation of the OSI system in patient
setup compared with the image-guided
radiation therapy (IGRT) method was also

performed and reported.

Materials and Methods
1. Acceptance and Commissioning Test
of the Catalyst™ OSI System

To commission the Catalyst™
OSI system, the origin of the Sentinel™
and three Catalyst™ cameras were firstly
calibrated to the isocenter of CT simulator
(Brilliant Big Bore, Philips Healthcare,
Andover, MA, USA) and the linac treatment
machine (TrueBeam, Varian, Palo Alto, CA,
USA) using the daily check phantom (C-RAD
AB, Uppsala, Sweden). Dimension of the
localization field of view and, the com-
munication of the OSI with the oncology
information system were then examined
to assess their performance in creating
surface image and transferring of the
patient data. The reproducibility test
were also carried out by the thorax
humanoid phantom was scanned in every
1 minute for 10 times in all translational
and rotational directions, and recorded
the system reading of couch deviations.

For static localization accuracy test, the
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thorax phantom was aligned by the room
laser and displaced at 1, 2, 3, 5 and 10 cm
from the treatment isocenter in all trans-
lational, as well as 1, 2 and 3 degree in all
rotational directions. All measurements
were repeated 3 times in each position,
and the couch deviations were detected
by the c4D Client software (C-RAD AB,
Uppsala, Sweden) and compared with the
experiment results. About the dynamic
accuracy test, the reference surface
image and gating point of the CIRS dynamic
phantom (CIRS, Norfolk, VA, USA) was
created with the Sentinel™ system. At
the treatment room, the phantom was
positioned at the treatment isocenter,
and move vertically to the well-defined
amplitude at 5, 10, 15, 20 and 25 mm, by
the CIRS motion control software. The
amplitude data which detected by the
OSI were recorded and compared with
the known setting. Same procedure was
repeated by shifting the phantom at 5
to 25 cm laterally from the treatment
isocenter.

To ensure the overall accuracy
of patient setup with the OSI, the fully
end-to-end test with thorax humanoid

phantom was also undertaken. The

phantom was positioned on the breast
board positioning device (CIVCO support
system, Orange City, lowa, USA) and aligned
with the CT room laser. The reference
surface image of phantom was captured

lTM

by using the Sentinel ™ system, and then
the phantom was underwent CT scan
with breast exposure protocol with 3mm
slice thickness. The CT dataset of the
phantom was sent to the Eclipse treat-
ment planning system (TPS) version 13.6.23
(Varian, Palo Alto, CA, USA) for contouring
and planning. After that, the reference
surface image and treatment isocenter
from the planning system were sent to
the Catalyst™ workstation for setup. At
the treatment room, the phantom was
initially setup relative to treatment isocenter
as shown in Figure 1A. Then, the actual
surface image was created and compared
to the reference surface image to determine
the setup error (Figure 1B). The couch
correction vector from Catalyst™ system
was delivered to the linac control system
and using the couch shift to correct the
position. Subsequently, CBCT image was
acquired to verify the phantom position,

and the residual setup error from the

Catalyst™ system were recorded.
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Figure 1. (A) Thorax phantom alignment to treatment isocenter and, (B) actual surface image generated

by Catalyst™ OSI system and compared with reference surface image, and calculated couch correction

vectors to determine the setup error.

2. Efficacy of the Catalyst™ OSI System
for Patient Setup in Left-sided Breast
Cancer with DIBH Technique

Couch residual error from the OSI
compared with the CBCT were analyzed
from a total number of 202 setups in
16 left-sided breast cancer patients. All
patients were in supine position on breast
board, and then was underwent CT
scanning with breast exposure protocol
with 3 mm slice thickness in free breath
condition. After that, the Sentinel™
camera created the reference surface in
free breath condition and the radiation
therapist defined the primary gating points

on xiphoid process and secondary gating

points on abdomen (Figure 2A) to observe
the respiratory signal. Moreover, the
patients wore a video goggle and they
were coached to breathe. For DIBH curve
training, 3 mm gating window at the level
of stable deep-inspiration as shown in
Figure 2B was established and used for
respiratory motion control during patients
receiving DIBH CT scanning. Finally, the
respiratory pattern and reference surface
images from the Sentinel™ camera were
sent to the Catalyst™ workstation at
treatment room.

At the treatment room, all patients
were aligned to the treatment isocenter

using skin marks and localization laser
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Figure 2 (A) Primary gating point is placed on xiphoid process and secondary gating point is placed on

abdomen. (B) Respiratory pattern generated by Sentinel™ software.

system. With free breath, the three
Catalyst™ cameras created the actual
surface position and compared with
reference surface image to correct the
setup deviation. Then, the patients were
coached to respire and hold at the
specified level of deep inspiration and
monitored their respiratory signal by
wore a video goggles. Once patients were
in DIBH, the routine IGRT as kV-planar,
and CBCT images were acquired to en-
sure the accuracy of patient position by
the Catalyst™ system. In this study, the
72 CBCT images were registered with
DIBH CT images, while 130 kV-planar images
were compared to digitally reconstructed
radiography (DRR) image using bony
matching. The couch displacement from
Catalyst™ system with routine kV-planar
and CBCT in lateral, longitudinal, and

vertical directions were collected and
recorded. Mean + standard variation (SD)
of the deviations in all directions were
calculated and used for an analysis in
patient positioning efficacy of the OSI.
Figure 3 shows schematic workflow for
patient positioning in left-sided breast
cancer with DIBH technique at Division
of Radiation Oncology, Department of
Radiology, Faculty of Medicine Siriraj
Hospital.

Results
1. Performance of the Catalystl™ OSI
system

Both Sentinel™ and Catalyst™
cameras were properly installed and
accurately calibrated to the isocenter of
the CT simulator and linear accelerator.

The communication and integration of the
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Figure 3 Schematic workflow for patient positioning in left-sided breast cancer with DIBH technique at

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

system with all peripheral equipment was
fully functioned. The scan volume was
found to be acceptable for clinical use,
by the dimension in lateral, longitudinal
and vertical axis was 75 x 100 x 55 cm’for
the Sentinel™, and 70 x 75 x 70 cm’ for
the Catalyst™ system. The reproducibility

test also showed the results with mean
variation + SD in lateral, longitudinal,
and vertical directions were 0.18+0.06
mm, 0.11+0.06 mm, and 0.14+0.05 mm,
respectively. The rotational deviation in
pitch, roll, and rotations were 0.22+0.06°,
0.03+0.05°, and 0.04+0.05°, respectively.
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For static localization accuracy test, the
data showed mean variation + SD in
lateral, longitudinal, and vertical of
0.13+0.10 mm, 0.19+0.09 mm, and
0.23+0.17 mm, respectively. The rotational
deviation in pitch, roll, and rotation were
presented to be 0.01+£0.07°, 0.07+0.03°,
and 0.03+0.05°, respectively. About
dynamic localization accuracy test, the
data presented the mean variation + SD
was 0.05+0.41 mm.

2. Efficacy of the Catalyst™ OSI System
for Patient Setup in Left-sided Breast
Cancer with DIBH Technique

Table 1 and Figure 4 present
the mean + SD of the couch deviations
associated with 202 individual setups
with the OSI and retrospective compared
with kV and CBCT images. The clinical

study showed good agreement between

the Catalyst™ OSI and 130-kV images
within 3.5 mm in all directions, while the
couch displacement less than 3 mm was
demonstrated when compared with
72-CBCT.

Discussion

For modern external beam radio-
therapy, the accuracy and precision of
patient positioning play an important role
in an increase of the tumor control and
reduction of normal tissue complications
probabilities. To maintain the patient’s
setup, the IGRT as a standard practice for
patient’s position verification, had demon-
strated their benefit to improve treatment
quality. Using the daily CBCT in locally
advanced lung cancer, an improvement
of 16% in 2-year locoregional failure-free
survival was reported"®. For head and neck

cancer, the application of CBCT also help

Table 1 Mean + SD of the couch displacements compared between OSI&kV-planar and

OSI&CBCT images in 202 treatment setups

Directions Couch Displacements (mm)
kV Images (N=130) CBCT (N=72)
Lateral 24+2.2 23+1.7
Longitudinal 3.5+2.6 2.8+3.1
Vertical 23+2.2 2.2+1.9
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Figure 4 Setup deviations comparison between (A) OSI & kV-planar and (B) OSI&CBCT in 202 treatment

setups

in reducing 2-3 mm of the PTV margin"?.

However, the limitation of IGRT came from
the imaging dose, which can result in the
potential risk of secondary malignancies **?.,

The OSI system, which provided a
real-time imaging, as well as the positioning
verification, was found to be an alterna-
tive approach to improve patient setup.
The analysis of 224 fractions in patients
with head and neck, thoracic, and pelvic
targets using the OSI after patient position
correction by CBCT, the disagreement
was 0.7+£2.8 mm in lateral, -1.34.0 mm
in longitudinal, and 1.5£3.6 mm in
vertical direction that agree with the study
of Stieler F et al. who found the largest
shifts in longitudinal and vertical direc-
tions™. They concluded a good agree-
ment of the OSI detection with CBCT. For

OSI in breast cancer setup, the study of

Gaisberger C et al.”? and Ma Z et al.”?
showed the agreement between the OSI
and standard CBCT within 5 mm in all
translational directions. Moreover, the
total time for setup, image registration
and couch correction for OSI (66.8+17.7
sec) was significantly shorter than CBCT
(308.0+10.3 sec)"”. The OSI was reported
to increase precision of patient positioning
during breast cancer radiotherapy.

About the application of OSI for
DIBH in left-sided breast cancer radio-
therapy, the capability in providing the
respiratory signal as well as the real-time
feedback information was shown to be
the effective tool to maintain patient’s
chest wall during dose delivery. The study

¥ showed the mean

of Schonecker S et al!
heart dose could be decreased by 52%

(p=0.011) in patients treated with DIBH
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and OSI system. In our study, with the ret-
rospectively analysis from 202 setups of 16
left-sided breast cancer patients with the
gating window 3 mm, the residual setup
error from Catalyst™ OSI was within 3
mm in all translational directions when
compared with CBCT and kV images. The
uncertainty of arm positions of the patients
using the breast board?” as well as the
accuracy in image registration, which
strongly depends on skills and experience
of the radiation therapist, are factors for
correction the positioning. Appropriate
camera setting is also another important
parameter, that OSI image quality is found
to be influenced by the surface shape,
color and resolution®.

To ensure the dosimetric benefit
from DIBH technique, well co-operation
and ability to hold their breath from
the patient are essential to maintain the
patient position during treatment. We
found that the audio-visual coaching came

with system help the patients in controlling

their respiratory pattern to be within the
specified gating window. In our protocol,
the 3 mm gating window was observed
to be effective and practicable in clinical

routine.

Conclusion

The Catalyst™ OSI system is found
to be a suitable image-guidance for DIBH
radiotherapy in left-sided breast cancer.
It is an effective tool for daily positioning
which no additional radiation dose, as
well as their real-time feedback, which is
helpful for monitoring the respiratory
signal during gcating treatment delivery.
Further study with more sample size is

also suggested to affirm the study results.
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2 Data of patients from January-December 2017
3 number of patients
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WAITING TIME/ days
All cases WTT

% of cases within 28 days
Curative treatment WT1
Curative treatment WT2
Palliative treatment WT1
Palliative treatment WT2
Emergency treatment WT1
Emergency treatment WT2
Level of data source
WAITING TIME/ DAYS
All cases WTT

% of cases within 28 days
Curative treatment WT1
Curative treatment WT2
Palliative treatment WT1
Palliative treatment WT2
Emergency treatment WT1
Emergency treatment WT2
Level of data source
WAITING TIME/ DAYS
All cases WTT

% of cases within 28 days
Curative treatment WT1
Curative treatment WT2
Palliative treatment WT1
Palliative treatment WT2
Emergency treatment WT1
Emergency treatment WT2
Level of data source
WAITING TIME/ DAYS
All cases WTT

% of cases within 28 days
Curative treatment WT1
Curative treatment WT2
Palliative treatment WT1
Palliative treatment WT2
Emergency treatment WT1
Emergency treatment WT2
Level of data source
WAITING TIME/ DAYS
All cases WTT

% of cases within 28 days
Curative treatment WT1
Curative treatment WT2
Palliative treatment WT1
Palliative treatment WT2
Emergency treatment WT1

Emergency treatment WT2

20.0
100.0
10.0
7.0
0.0

1.0
0.0
0.0
L1, L2

18.1
84.6
0.0
14.8
0.0
0.9
0.0
0.0
L2

14.0
100.0
14.0
14.0
7.0
7.0
0.0
0.0
L4

3.0
100.0

3.0

1.0

0.0
L5

TsaweninalulsaGeuunnd n=13

60.5
332
1.4
51.6
0.8
38.7
0.0
7.8
L2

16.0
86.1
8.0
6.0
2.0
3.0
0.0
1.0
L1

52
12.5
22
2.8
1.0
0.0
L2

Tsanenunagud n=7

4.2
100.0
2.4
4.2
2.4
4.2
1.0
1.0
L2

23.0
83.3
6.0
14.0
3.0
5.0
2.0
4.0
L1

36.0
100.0
1.0
28.0
1.0
7.0
1.0
2.0
L1

<3
T59nenu1aNI53 n=9

25.0
100.0
10.0
18.0
6.0
10.0
5.0
2.0
L3

304
48.5

1.0
2.0
L1

42.0
87.0

L2

Tsanenunawensu n=1

v
FINNINUA n=30

414
42.0
52
40.8
0.6
10.5
0.2
0.3
L2

18.0
66.7
0.0
22.0
0.0
13.0
0.0
7.0
L1

65.2
0.0
27.3
0.0
33
0.0
1.0
L1

27.0 27.0
66.0  60.0
119 17.0
12.0 5.0
6.7 30.0
52 2.0
0.0 1.0
0.0 0.0
L2 L2
32.0

740 35.0
7.0 420
140 350
20 18.0
50 135
1.0 0.0
1.0 1.6
NA L2
13.0 289
100.0  79.9
0.0 163
16.0  23.7
00 124
6.0 5.3
0.0 0.5
1.0 0.3
L1 L2,L3

24.0
73.2
3.0
16.0
3.0
9.0
0.0
0.0
L1

26.3
71.6
25.7
10.4
9.8
1.0
1.0
1.0
L4

20.1
100.0
34
23.0
22
8.3
1.3
2.0
L1

20.7
100.0

L2

30.7
100.0
5.5
233
5.0
15.0
0.3
1.1
L5

27.0
100.0
3.0
27.0
3.0
10.0
1.0
1.0
L1

314
52.7

7.0

28.0

3.0

7.0

0.0

0.0

L4

m"éﬂ
29.6
73.9
6.7
21.0
4.9
9.4
0.4

mﬁ'ﬂ
21.9
71.7
8.3
18.9
3.8
6.9
0.7
2.4

m?;ﬂ
25.0
83.6
11.0
18.2

5.9
5.4
1.1
1.1

nay
3.0

100.0

3.0
1.0
0.0

m?;a
25.4
78.9

8.2
19.1
4.8
7.5
0.7
1.4
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MANPOWER $112uyAaINg

seaudaya a Juil 30 fguieu w.e. 2561

wenad1uau full time wag part time

Number of radiation oncologists

fu s A o da o A awa Y o A o
wnngsedsne seTidine i luiufiRnuiudsnu ety
laiffuunmdanudu wu wnnddadidadeniouansauiedsnm
laitfuunmeuszdndnu wndldu uwmd fellowship

Number of medical physicists

o as e ‘ a A aua )
infidndnisunmdnnanunin MfTRmuluaandy

o

laifuindnwusgailn dndnwtinau

Number of radiotherapy technologists

) o o

Sedwaiandngns 2-4 U MufiRenluaadu lidudndnwiinay

DQ

Number of dosimetrists

awa )

WnAuaUSinasEnujoRnulusandy maufoRnuduinsdinedaie
Iiveglutinfedinadawitu lifuindnwiinau

Number of registered nurses

WY1 registered nurse NUFTR I glukungheuenveIIg,
Lsitumenunanerthelu fvesuwasvediisusnisdsnw

Number of practical nurses

Hene A practical nurse TUiRNuanzluusungieuanvamie
Lifuneuanedtaelu iesiuuagvediieuenivddnu
Lifuminemgraemieny. wie nursing aids

EQUIPMENTS §1uauadasile

snenudaya a Juil 30 guieu w.a. 2561 wwiziesasdigeldauldvinuu

Low-energy X ray

kilovoltage, orthovoltage radiation machine S2u19LA389 deep Way
. . 4 .
superficial x-ray li5301A389 C-arm machine

Cobalt-60

1A504lAUBAR-60

Linear accelerator

linear accelerator YNNG

Gamma Knife

Robotic radiosurgery

Helical radiotherapy (tomotherapy)

Treatment planning system (system)

wARIINUILYBITEUUUURNTS WU Plato, Pinnacle, Eclipse, Theraplan

Treatment planning system (workstation)

WARIIIUIY Monitor workstation NTlALNNE
dnfdndanunsoldaussuulanieniu Turiaaiesild planning 3o

contouring

Conventional simulator

CT simulator

MRI simulator

Cone beam CT

1AS99R1859@NaN50YI Cone beam CT ¢ tludhiuiaSesanals

Brachytherapy manual after loading unit

Brachytherapy remote after loading unit LDR

< 2 Gy/hour

Brachytherapy remote after loading unit MDR

2-12 Gy/hour

Brachytherapy remote after loading unit HDR

>12 Gy/hour

Intravascular brachytherapy system
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PATIENTS duugiUae

sieeudaya Jui 1 unsia- 31 SuAN WA, 2560

Number of patients consulted per year

aund.AsuUinwnuaunduvedlsimeIuia sy, vdiasnissnm
Wiedwounan It uBuRnAUNaN1T NYIYINTY

Number of treated with radiotherapy per year - new

cases

Frurund nifiunsun1ssnunis teletherapy 3o brachytherapy
Twlidus sawbeu mvesaadudufiunsunssnyin

Number of treated with radiotherapy per year - old

cases

§rurund. iirvesan tunue siindurnuns S v teletherapy %50
brachytherapy Tyl ludifuq aiin Tududms$numuusunssnviiuasy
mnausnuluswmiduluiudaly Adudunuiinde

waziuilu 1 au fwdezinsnuilminanendddutiu

RADIOTHERAPY SERVICES
FuuNsIiuSng

sieeudaya Jui 1 unsia- 31 SunAN WA, 2560

TELETHERAPY

enudeya Tui 1 unias- 31 Funau wa. 2560
HunstaelnivazgUeminduaniumssnulniluloug
Wudwauay ldlddnauns

Tumours by primary sites

uy. metastases Tldanu primary site
minlsinsu Tnldludes unknown primary tumours

Brain metastasis

Bone metastasis

wU. metastases ug1U Tumour by primary sites e
WU 7594 brain met wag multiple bone met U 1 AU 719984 brain WAz bone

BRACHYTHERAPY swnudeya uil 1 unsies- 31 $ueu w.a. 2560
Huiginglmivazdtaeiiinduaniunsinulmiludiiug
Wudwauess lildswauau

SPECIAL TECHNIQUES swnudeya uil 1 unsies- 31 Suneu w.a. 2560

HunstelnivazgUeminduaniumssnulniluloug
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Wuduuau lldduauase

Intraoperative radiation therapy

Total body irradiation

Total lymphoid irradiation

Stereotactic irradiation

dulanzn1sa1e$e8nlY stereotactic protocol M9 intracranial wag body %se
4304 radiosurgery

- Intracranial

- Extracranial

IMRT

U VMAT, Rapid Arc, TrueBeam

IGRT

wU. %l onboard image check Tu treatment room AsuiEuae558
Litole target 934m3aiU plan 13 Tagld KV imaging %38 MV imaging Alé adla
813l#10u 2D (planar image, EPID) %38 3D (conebeam CT) filéi "3 correction
&) . . o . e v a il
0190y on-line (auto or semi-auto) %3 off-line Al§ warfinisnIvEeUBEN
‘ Y
aianenasnn1sinyITURY. §117UTeq stereotactic 3o IMRT 16
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WAITING TIME 53821a150n15U3Ms53@5nw
Tnglaifos exclude

o a a .
wU.syeranseinnanaLunpu (elective delay)
oanlU

& ' a A& o ° o

- yenuluawade vielisegiu Sl
- neududadiusosazvosmy. i W
aglunasinasguiianauivun e 28 Ju
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SupouneZadine wu simulation, treatment planning WaznN1359f2
inclusion criteria

- ftelusiuazfihaiifiunndardudainuluignse Aldsunisinwm

mﬁﬁﬁﬁ complete iag incomplete treatment Iu‘lhdnmﬁlﬁu‘iwiw%’auva

Toelalsing exclude

Nﬂ.ﬁiwmmsaLﬁmmmmsﬁu (elective delay) ponly

WTT = T2-TO

T0 : 3uiiffihednsie deUSnuilnsuwndandu

viegnasanfiomieFedsnuadiusn

T2 : fuSuSedsnuiadausn (01 or first fraction)

WTO = WT1+WT2:

WAITING TIME 53821a150115U3M1559385nw
Taglslsau

* U elective delay(1) Favaneia
lﬁﬂwﬁiwmmiaLﬁﬂmﬂmmqéu i
Lﬂummﬁaaﬂﬂsmaa@ﬂaaLaaﬁﬁﬂlﬂW%@u
anmsnniegtae linfou sonatuiile
FouaIMIHIRR somstmaiiviianiouiu

* fheiluiigaliildsunssnumedidian

* rﬁﬂwm'ﬂ'ﬁwalEﬁ%ﬂﬁ%ﬂmammmamﬁnm
wagfiasanlisnwivdies

- swnududiads viedfsegu Swautu ves
WT1 wag WT2 udanguidu curative, palliative wae

emergency treatment

P
o Jo o o
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ogluinasianmsgIum I JCCO 1993 (2)
Curative treatment 28 31
Palliative treatment 14 3

Emergency treatment 2 3u

WT1 : sgeznanse neuwndanauladnen = T1-T0
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T2 : fuBudddnwiadausn (D1 or first fraction)

Fregnai 1 : orgsunmddainu3adsnm iy cord compression
anudu Tl 27 . 2557 (T0) uwndSe@snwmugiiag (T1)
wazSume$edly (72) luSudentu

WT1=0, WT2=0, WTO =0

fegadl 2 unndlssmeruague refer gaean Tu refer

astuil 27 fe. 2557 Lwir:jﬂumﬁwwmﬁﬁuﬁ 9 nA. (T0)
nuwnndsedsnuadousn 20 ne. widsasaaifidudle staging
IanansusasdnaulalraneSdiie uil 30 ne. (T1)

11 CT simulation wag treatment planning
wavBumnesdndasnluiudl 14 an. 2557 (T2)

WT1=21, WT2=15, WTO = 36

Level of data source
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L1 : adfannisiivdeyadiennse deillossuiadaqiiu
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2.. The Royal College of Physicians, The Royal College of Radiologisrts. Reducing Delays in Cancer Treatment: Some Targets. 1993.
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