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Definitive Radiotherapy

in Young Patients Newly Diagnosed with

Pimkhuan Kamnerdsupaphon, MD.,
Imjai Chitapanarux, MD.,
Vimol Sukthomya, MD.

Nasopharyngeal Carcinoma

Vicharn Lorvidhaya, MD.,
Ekkasit Tharavichitkul, MD.,

Division of Therapeutic Radiology and Oncology, Faculty of Medicine,

Chiangmai University, THAILAND

STUDY OBJECTIVES:

This is a retrospective, single institutional, review of the management and results of locally

advanced nasopharyngeal cancer in childhood and adolescents in Chiangmai Thailand.

INTRODUCTION:

A mong squamous cell carcinomas of the
uhead and neck, nasopharyngeal carcinoma
is probably the most radiosensitive and
chemosensitive tumor. Although local-regional
control of early-stage disease with radiotherapy
alone is excellent, local control of stage T4
disease and survival of patients who have
advanced disease treated by radiotherapy
alone remains unsatisfactory.(1,2) Chemotherapy
has been combined with radiotherapy in an
attempt to increase local-regional control,
decrease distant metastasis, and improve
survival of patients with advanced nasopha-
ryngeal carcinoma. There have been many
studies of combined radiotherapy and

chemotherapy. (3-11)
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Based on the demonstrated established
efficacy of induction chemotherapy, concurrent
radiochemotherapy and adjuvant chemotherapy
in patients with locally advanced nasopharyngeal
carcinoma, we have developed a retrospective
study of definitive radiotherapy in combination
with chemotherapy focusing on young patients
newly diagnosed with locally advanced

nasopharyngeal cancer.

PATIENTS AND METHODS:

From January 2000 to December 2005,
there were 16 nasopharyngeal cancer patients
receiving the treatment at the Division of
Therapeutic Radiology and Oncology, Faculty
of Medicine, Chiangmai University. Five

patients were excluded from this analysis due



to presenting with distant metastasis or
diagnosed with non-Hogdkin's lymphoma. A
total of 11 locally advanced nasopharyngeal
cancer patients entering onto this study.

The median age was 18 years, ranged
from 10 to 19 years. The majority (90.9%) were
male with the ratio of male to female = 10:1.
There were stage 3 in 2 patients, stage 4A in
5 patients and stage 4B in 4 patients, according
to 1997 AJCC staging system. Treatment
approaches include 7 concurrent radiochemo
therapy + adjuvant chemotherapy and 4
neoadjuvant chemotherapy + concurrent

radiochemotherapy. The Median radiation

dose at primary site was 7,000 cGy (6600-
7000 cGy) and the median radiation dose at
regional lymph node was 7,000 cGy (5,000-
7,000 cGy). The chemotherapy regimens were
cisplatin + 5-fluorouracil in 8 patients and
carboplatin + 5-fluorouracil in 3 patients. Ten
patients achieved complete response and one
patient got partial response. The median
follow-up time was 51 months (6-86 months).
Six of 11 patients (54.5%) have been followed
more than 50 months. There was only one
patient (9.09%) developed distant bony
metastasis of pelvis at 8 months after treatment

completion.

Table 1 : AJCC 1997 classification of nasopharyngeal cancer patients under 20 years of age.

T3 T4 Total
NO 0 1 1(9.05%)
N1 0 1 1(9.05%)
N2 2 3 5(45.5%)
N3 2 2 4(36.4%)
Total 4 (36.4%) 7(63.6%) 11

AJCC, American Joint Committee on Cancer

The TNM classification (AJCC, American
Joint Committee on Cancer 1997) was
employed to define the extent of the disease
and the staging distribution of the patients
was shown in Table 1.

Seven of the 11 patients (63.6%) were
treated with concurrent chemoradiation
followed by adjuvant chemotherapy. The other

4 patients were treated with neoadjuvant

chemotherapy followed by locoregional
radiochemotherapy.
The guidelines for definitive radiotherapy

were as the followings:

Radiotherapy Schedule
1. External beam irradiation
Primary site + locoregional lymph nodes will

be treated with external beam radiation using

Journal of Thai Society of Therapeutic Radiology and Oncology 15
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- Linear accelerator 6MV, 10MV

- Cobalt

To keep total dose of locoregional area = 50 Gy

By giving daily dose 200 cGy/fraction, 5

fractions/week, once a day
2. Boost technique

2.1 3-dimensional conformal irradiation

2.2 High dose rate brachytherapy

2.3 Intensity modulated radiotherapyTo

keep total dose of radiation 70-72 Gy

at the tumor bed Total treatment time

of irradiation = 7-9 weeks
Chemotherapy

Seven of the 11 patients were treated with
concurrent chemoradiotherapy with cisplatin
100 mg/m? every 3 weeks according to radiation
therapy duration then followed by 3 cycles of
adjuvant chemotherapy consisting of cisplatin
80 mg/m’ on day 1 plus continuous infusion
of fluorouracil 1,000 mg/m” on day 1 through
4 every 4 weeks.

The other 4 patients were treated with 3
cycles of neoadjuvant chemotherapy consisting
of cisplatin 80 mg/m” on day 1 plus continuous
infusion of fluorouracil 1,000 mg/m® on day 1
through 4 every 4 weeks then followed by
concurrent chemoradiotherapy with cisplatin
100 mg/m? every 3 weeks according to radiation
therapy duration.

Cisplatin for patients who have creatinine
clearance less than 50% will be replaced by
carboplatin AUCS5. There were 3 patients who

received carboplatin chemotherapy.
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Response of the treatment was assessed
after 8 weeks of treatment completion by head
and neck examination. The CT scan and
biopsy were performed when the persistent
or relapse of tumors were suspected.
Follow-up was every 3 months for the first 2
years, every 6 months for the next 2 years,
and then every year. The median follow-up
was 51 months (6-86 months). Six of 11
patients (54.5%) have been followed more

than 50 months.

RESULTS:
Response of the treatment

After treatment completion, 10 patients
(90.9%) achieved complete locoregional
remission, and another one patient (9.1%) had

partial response.

Treatment toxicity

The acute toxicity of concurrent chemoradio
therapy was dominated by mucositis, grade
1-2in 90.9% of cases (10/11), and dermatitis,
grade 1-3 in 63.6% of cases (7/11). Grade 3
mucositis was observed in 1 patient (9.1%)
without treatment interruption. Chemotherapy
toxicity was marked by neutropenia, grade
3-4 (36.4%), and fatigue, grade 3 ( 18.2%).
Late complications of the treatment were also
recorded. There were grade 3 xerostomia in
36.4% of cases (4/11), grade 2 skin fibrosis
in 45.5% of cases (5/11).



Long-term outcome

Within a median follow-up of 51 months
(range 6-86 months), none of the 11 patients
had a locoregional recurrence. Among the 10
patients in CR group, 1 (10%) eventually had
distant metastases, with a median delay of 11
months from initial diagnosis of the primary

and of 9 months from the end of the treatment.
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Figure 1 : Overall survival curve

There was one patient died after distant metastasis
at 11 months after bony metastasis was detected
which referred to 24 months after treatment

initiation (Figure 1).
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Figure 2: Progression free survival curve

There was only one patient (9.09%) developed
distant bony metastasis of pelvis at 8 months
after treatment completion (Figure 2).

There were no locoregional failures in this study.
Our excellent local control can be explained by
the high dose of radiotherapy administered. The
4-year locoregional relapse-free survival was
90.91% in the present series of young patients

CONCLUSION:

The therapeutic results for the locally
advanced nasopharyngeal cancer in young
patients in this study demonstrated the better
outcomes to those observed in adults, especially
the local control. However, the distant metastasis
despite the complete response leads to the

need to develop new therapeutic strategies.
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A randomized Trial

Comparing Between Two Fractionation Schedules

in the Treatment of Metastatic Bone pain

Vimol Sukthomya,M.D., Kanyarat Katanyoo,M.D.
Imjai Chitapanarux,M.D., Pimkhuan Kamnerdsupaphon,M.D.,
Vicharn Lorvidhaya,M.D.

Division of Therapeutic Radiology and Oncology,
Faculty of Medicine, Chiangmai University, Chiangmai, Thailand

Abstract
A randomized trial comparing between two
fractionation schedules in the treatment of

metastatic bone pain

Purpose : To compare the efficacy and side
effects of two different dose fractionation
schedules, which are equal in biologically
effective dose ( BED ) in the management of

painful bone metastases.

Materials and Methods : In a prospective trial,
95 patients with a total 124 sites were
randomized to receive either 30 Gy given in
ten fractions, daily ( BED 32 Gy10) or 17 Gy
given in two fractions, every other day (BED
30 Gy10). The primary tumor was in 28%,
23%,16%, 11% and 22 % of patients with
breast, lung ,prostate, colorectal, and other
cancer, respectively. Outcome measures

were pain relief, as measured by the visual

analogue scale (VAS), patients' assessment
of treatment and analgesic consumption,

especially in the first month.

Results : A total of 114 treatment sites were
evaluable for response. The two groups did
not differ with respect to age, sex, primary
tumor, metastasis location, performance status,
degree of pain and analgesic consumption.
The treatment was completed as planned in
96 % of patients. The degree of pain relief did
not differ between the two treatment groups.
In the first month, the overall response rates
were 94% in two treatment group. Nevertheless,
in arm 2 achieved significantly faster relieve
on the pain symptom than arm 1 (p=0.007).
There was neither any significant difference
in the duration of pain relief nor the need of
reirradiation. There was no toxicity in the two

groups.
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Conclusions : This preliminary randomized
study showed that 30 Gy given in ten fractions,
daily ,was as effective as 17 Gy given in two
fractions, every other day, in the relieving pain

from bone metastases.

Introduction

Bone metastases often present as the first
evidence of disseminated disease in cancer
patients, and even though the long-term
prognosis is poor, a proportion of the patients
may survive for several months or even year
and will require active treatment for their
symptoms "*** Local radiotherapy is a very
effective palliative treatment a painful bone
metastases and bone metastases represent
one of the most common condition requiring
radiotherapy today. Treatment of bone
metastases is mainly palliative, and the aims
of treatment are to relieve pain, prevent
development of pathological fractures,
improve mobility and function; and, if, possible,
to prolong survival ©)

Although the value of palliative irradiation
for bone pain has been recognized for over
half a century(a’, the optimal dose and
fractionation schedules remain controversial.
Several non-randomized and randomized
studies indicated that one fraction or a few
fractions could be as effective both in the
incidence of pain relief and in the duration of

response as the normally used multiple
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fractionated schedules %"

. In 1999,
Collaborating members of the bone pain trial
working party reported results of a randomized
clinical trial which tested the benefits of 8 Gy
single fraction against a course of multifraction
radiotherapy in 765 patients with metastatic
bone pain. The results revealed no statistically
significant differences in the time to first
improvement in pain, time to complete pain
relief or in time to first increase in pain at any
time up to 12 months from randomization, nor
in the class of analgesic used. However,
retreatment was twice as common after 8 Gy
than after multifraction radiotherapy''”. And
Elisabeth Steenland et al. Tested the effect of
a single fraction compared to multiple fractions
on painful bone metastases, they indicated the
equality of a single fraction as compared to a
6 fraction treatment in patient with painful bone
metastases provided that 4 times more
retreatments are accepted in the single dose
Between 1974-1980, the RTOG

conducted a large national study to determine

group(12),

the effectiveness of five different dose
fractionation schedules that all treatment dose
schedules were equality effective [40.5 Gy in
15 fraction, 30 Gy in 10 fraction,25 Gy in 4
fraction, 20 Gy in 4 fraction and 15 Gy in 3
fraction]"?. Blitzer'"® performed a reanalysis
of the RTOG study. They reported that there
was no correlation of the time-dose factor

(TDF)"” with outcome. It was concluded that



the more protracted schedules resulted in
improved pain relief.

The concept of TDF has long been
replaced by the linear quadratic model using
this model, and assuming an o/} of 10 for tumor,
Gunderson et al."? calculated the biologically
effective dose (BED) for the various schedules
tested by the RTOG. The results suggest that
schedule with higher BED resulted in better
pain relief and reduced the need for re-treatment.

Based on completed data from the literature.
In the present study, palliative treatment with
10 daily 3 Gy fractions compared with more
protracted schedules, 17 Gy given in two
fractions in every other day, to be administered
in patients with painful bone metastases.
Because of this two difference dose fractionation
schedules have nearly equality of biologically
effective dose (BED), 32 Gy, in 10 daily 3 Gy
fraction and 30 Gyw0 in short course schedule.
We assessed pain and mobility status by
visual analogue scale (VAS),11 point scales
from 0 (no pain at all) to 10 (worst imaginable

pain) especially in the first month.

Objectives

: To compare the efficacy and side-effects of
two different dose fractionation schedules
which is equal in biological effect dose (BED)
but the overall treatment time difference is
more than >50 %.

: To compare the rate of retreatment of these

treatments.

Methods and Materials
Trial Design
This is a randomized, open-label, two-arm
study of palliative radiationtherapy for the
treatment of metastatic bone pain which had
a histologically as cytologically proven malignant
disease. Patients will be randomized to receive
one of the two different dose fractionation
schedules.
Arm 1: 30 Gy given in ten fractions, daily,
BED 32 Gy10, overall treatment time
12-14 days
Arm 2: 17 Gy given in two fractions,
every other day, BED 30 Gy10, ,

overall treatment time 3-4 days

Selection of Patients

Inclusion Criteria

- Histologically or cytologically diagnosis of
malignant disease

- Radiologically confirmed bone metastases

- Hadtheinitial painfrom bone metastases
at least 2 scores of visual analogs scales
(See Appendix 1).

- ECOG performance status 0-3
(See Appendix A)

- Life expectancy > 4 weeks.

- Require to recorded pain severity and
analgesic requirements on self-assessment

questionnaires before and after radiotherapy.
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Exclusion Criteria

- Impending of pathologic fracture or if there
had been prior surgical fixation.

- Cord compression, vertebral collapse above
the level of L2.

- Previous radiotherapy or surgery to the

index site.

Withdrawal Criteria

A patient will be withdrawn from the study

if any of the following events occur:

- Interruption of therapy resulting
decreased the BED more than 5%.

- Intolerable adverse effects that are
judged by the investigator to be
either physically or psychologically
detrimental to the patients.

- Patient decision to discontinue

treatment.

Criteria for response progression and relapse

- Complete response
: Lowered their pain score to 0 or 1

- Combined complete response
: Complete response (7.1) plus
analgesic requirement score to 0
(See Appendix 2).
Partial response

- . Decrease in the initial pain score
> 2 points but no lower than of pain
score to 0-1, and decrease or no

change of analgesic consumption
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No response

:No change of pain score from the
initial pain score to any time of follow-up
Progression or relapse

. Increase pain score or analgesic

consumption.

Conduct of Study

Pretreatment evaluations

Complete history, physical examination
and imaging.

Primary tumor site

ECOG performance status

The sites of pain, if patients with two
sites of pain requiring separate treatment
were entered.

Pain evaluation over the previous 24
hours period scored on 11 point of
visual analogue scale and a record of
analgesics requirement score
Systemic therapies requirement before
or after the period of study (e.g. :
chemotherapy or hormonal therapy)

were recorded

Radiotherapy

Machines with beam energy equal to
cobalt 60 inarm 1 and 6 MV in arm 2
will be used. Bone metastases in the
thoracic or lumber spine, sacrum or
ribs were treated with a single field,
while other sites, including the cervical

spine, were treated with parallel



opposing fields. The prescribed dose
was the maximum absorbed dose in
single fields and the central dose for
opposed fields. The treated field
encompassed, if possible, a 2 cm.
margin on each side of the metastasis
and for spine metastases one unaffected
vertebral body on each side. At treatment
planing critical organs were generally
not considered to be a problem. If the
patient's radiation treatment is interrupted
and this effect decreased the BED
more than 5%, the patient is to be

removed from protocol treatment.

Criteria for discontinuing treatment

The following events may be considered
sufficient reason for discontinuing
treatment with the study medication:
- Serious adverse events due to
study.
- Personal preference by the

patient

Follow-up after completion of therapy

Planned assessments were at 2
weeks after completion of therapy in
first month and monthly thereafter. On
each occasion the pain score for each
treated site, and the analgesic score
was noted. Patients were also given

a simple daily chart to record prospectively

at to weekly intervals, their subjective
perception of pain [using the VAS] and
their analgesic usage. Charts were
collected at each follow-up visit and
a new chart was given for as long as
benefit persisted and the patient
wished to continue. ECOG performance
status were also recorded at each
follow-up as on the initial assessment.

On the first two follow-up visits,
patients were questioned about acute
vomiting or radiation-induced enteritis
and assessment of treatment by them-

selves.

Response definitions

Patients were considered assessable
for response if they had filled at the
first month evaluation form after
treatment. Survival was recorded from
the date of randomization. The period
of response was recorded from the
first day of treatment to the date of the
first observation of symptom progression
[increase pain score] or an increase

an analgesic requirement score.

Safety Reporting Section

Adverse events are illness, sign or symptoms
that appear or worsen during the course of
study. Adverse events occurring in association

with this study, whether believed by the
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investigator to be related or unrelated to the
radiotherapy should be recorded on the case
report form. When the investigator is confident
of the diagnosis, he should group together as

a single iliness all related sign or symptoms.

Serious adverse events
A serious adverse event is one that meets
any of the following criteria a fatal or life-threat-

ening

Statistical analysis

Randomization:

Eligible patients will be randomized to two
arms with approximately equal number of
patients.

Analysis:

Statistical analysis will be calculated
using X2 non-parametric test. Survival curves
will be calculated using the life table method

and compared using the log range test.

Results
Patients characteristics

At January 2005, 95 patients with a total
124 solitary or multiple bone metastases were
received palliative radiation therapy. Subse-
quently, four patients in the arm 1 were
incompleted treatment and had been lost to
follow-up before the first month after the treatment

in two and four sites of patients in the arm 1
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Time and events schedule
Pre-study

post-treatment
follow-up

Check Eligible
History

Physical examination
ECOG performance status * *
Pain score [VAS score]
Analgesic score * *

Imaging
Plain radiography
or bone scan

# Follow-up at 2 weeks for first month then
every month until patients are dead.

Ethical Consideration
Patient Consent

Written or oral informed consent must be
obtained before entry in to the trail and

recorded on the each report form.

and 2 ,respectively. Thus, 114 sites were
analyzed in this study. The median follow-up
was 130 days inarm 1 and 167 days in arm 2.
Patients characteristics are given in Table 1.
There were no difference between the two
treatment arms in any of these characteristics.
The initial pain score and the use of analgesic

drugs were also similar in the two arms ( Table 2).



The starts or change in systemic therapy, were recorded in 19 sites of treatment in arm
either involving endocrine therapy, chemotherapy 1 and 24 sites of treatmentin arm 2 (Table 1).

or bisphosphanate within the study period

Table 1. Patient characteristics
Characteristics 30 Gy 17 Gy
Number of treated sites (n) 57 57
Male/Female 25/32 27/30
Mean age (years) 50 48
Initial performance status (%)
1 24 19
2 42 43
3 34 38
Site of primary tumor (%)
Breast 28 29
Lung 23 23
Prostate 14 18
Colorectal 11 11
Other 24 19
Site treated (%)
Upper limb/ribs or sternum 28 20
Cervical/thoracic/lumbar spine 42 40
Pelvis/hips/lower limb 30 40
Systemic treatment (%)
None 68 62
Chemotherapy 12 12
Endocrine 10 14
Bisphosphonate 10 12
Table 2 Symptom characteristics prior to treatment.
Characteristics 30 Gy 17 Gy
Median initial VAS (range) 7 (4-10)
Initial analgesic drug (%) 6 (3-10)
1 5
2 50
3 45 7
57
36
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Survival

The overall survival in the two arms is
shown in Figure 1. The median duration of
survival was 210 days in arm 1 and 302 days
inarm 2. There was no statistically significant

difference between the two arms (p = 0.07).

Pain relief after treatment

The frequency of pain relief was defined
by reduction in pain on VAS >,= 2 points.
Overall, 94 % of evaluable patients experienced

pain relief at the first month of follow-up : 54/

Table 3 Assessment quality of life by patients

57 (94 %) in arm 1 and arm 2 (Figure 2). About
thirty-six percent experienced a complete
response : 20/57 (35%) inarm 1, 21/57 (36%)
inarm 2, p=0.76 (Figure 3). In combined complete
response (complete response plus no analgesic
consumption), there was 19% in arm 1 and
arm 2 had this experience. There was no
difference between the two arms in the effect
of treatment when measured by assessing

the patients (Table 3).

Answer Arm 1 Arm 2
Do you feel better from this treatment? YES 80% 82%
Do you think this treatment is good? YES 85% 87%
Do you have any problem for this follow NO 70% 75%
up program?
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Onset and duration of pain relief

At the post-treatment intervals studied and
as measured by the VAS, the data indicate
that earliest onset of at least partial pain relief
of treatment sites in arm 2 significantly faster
than those in arm 1(p=0.007), as shown in

table 4. No difference was found between the



two treatment arms regarding the duration of

response in responders (Table 4), the mean

values were 141 days in arm 1 and 197 days

in arm 2 (p=0.07), as shown in figure 4.

Table 4 Time to first occurrence of pain relief and duration of response

N Mean(days) p
Time to the first occurrence of
any pain relief
Group
I 57 8.96 0.007
[l 57 5.70
Duration of response in responders
Group
|
[l 57 141.87 0.07
57 197.38
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Figure 4 Time from randomization to first increase

in pain score

Fifteen percent of arm 1 and 18 % in of
arm 2 had progression of pain but only 12%
and 10% had their bone metastases reirradiation
inarm 1 and arm 2, respectively. The median
time of pain progression was 61 days in arm1
and 65 days in arm 2. No difference was observed
in two treatment arms (p=0.42).

Compliance

Post-treatment assessments of pain and
analgesic consumption in this study were
collected at 2 weeks for first month then

every month until patients dead. Sites of
painful bone metastases were considered
assessable for response in 57/63 sites in arm
1 and 57/61 sites in arm 2. The reason for not
completing the assessment was incompleted
treatment in four patients in arm 1 but none of
patient in arm 2 was incompleted treatment.
Loss to follow-up before the first month
evaluation form after treatment was 2/63 and
4/61 in-arm 1 and arm 2, respectively.

Overall, in 63 patients died at the time of
this analysis and further pain evaluation not
possible due to poor health and other reasons
in 9 patients.

Toxicity

Based on chart information there was no
acute adverse effect in two arms. During the
follow-up period extended to death there was
no late adverse effects noted including

pathological fracture.
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Discussion

The major goal of palliative radiotherapy
of bone metastases is to achieve maximum
relief of pain with the minimum morbidity in a
time as short as possible. A worthwhile pain
relief is usually obtained in 70-80% of patients
with localized bone metastases by using a
variety of dose fractionation schemes and a
wide range of total radiation dose'"**”. In the
present study, 94% of treatment sites obtained
at least partial response which was pain relief
of at least > = 2 scores of VAS, as compared
with their pretreatment levels. There was
higher response rates than in other studies.
The possible influence could be the criteria
of response, which were difficult for a well-
defined standard criteria. The higher response
rate should not be directly compared between
frequencies as measured by different evaluation
criteria or methods (14). Nevertheless, when
we compared between the evaluation of pain
response by VAS, which was followed in this
study criteria (physician based) and the
general feeling of well-being on the patients
global quality of life (patient based), the first
month of follow-up correlated well between
the two methods. Another reason for interpreting
the presented results with caution is the
possible influence from simultaneous systemic
treatment. However, only a minor proportion
of the patients experienced the starts or

changes in systemic treatment during the
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follow-up period and there was no difference
between the two arms.

Many of the published studies used high-
dose single fraction radiotherapy compared
with a higher total dose of protracted radio-

8,9,11,12,16,21,22.23)’ and there was no

therapy(
suggestion of any significant difference in
outcome between the trial groups except in
two randomized trials. The studies from Ashton
and Aarhus, had a 2-fold higher rate of
retreatment in the high-dose single fraction
radiotherapy compared to the multifraction

& This result correlated with the analysis

arm'
of Gunderson et al."®, who suggested that
schedules with a higher biologically effective
dose (BED) resulted in better pain relief and
reduced the need for retreatment. If the three
regimens from two studies of Ashton and
Aarhus is calculated to the BED, R.G.Dale®

suggested the following;

BED = Nd[1+d/(o/B)]-KT
N = number of fraction
d = dose per fraction (Gy)

o /B = 10 (acute tissue response)
KT = tumor regeneration during
treatment
K = 0.6 Gy.day"

= (N-1)t

total time interval during

fraction



The BED values of;
8 Gy * 1 Fx of Ashton and Aarhus is
14 Gyw0
4 Gy * 5 Fx of Ashton and Aarhus is
25 Gyw0
3 Gy *10Fx of Ashton is calculated
=32 Gy10

calculated =

calculated =

The results showed that the single fraction
had lower BED value than the multifraction
schedules. Because of this reason, the single
fraction had a higher chance of retreatment
than the multifraction schedules which had
higher BED values.

In this study, the two different schedules
were calculated to small differences in BED
between 32 Gy10 in 30 Gy given in fractions of
ten, daily inarm 1, and 30 Gy10 in 17 Gy given
in fractions of two, every other day in arm 2. It
is not surprising that no difference in the
outcomes included no response, partial
response, complete response, progression
and retreatment rates. However, when considering
the earliest onset of at least partial pain relief,
treatment sites were treated with a total dose
of 17 Gy, which achieved a significantly faster
onset than those with a total dose of 30 Gy
( p=0.007).

A varying degree of compliance had been
observed in previous studies when various
times and types of assessments of patients

response had been used. With our study, we

assessed the difference of pain response
between the two arms, especially in the first
month, when had the maximum response
occurred after the completion of the irradiation
course®. In that time, the sites of treatment,
which were completed in the follow-up in arm
1 were 90.4% and 93.4% in arm 2. When we
continued the follow-up of patients for observation
compliance and other outcomes, investigation
of these were difficult to analyze because
some patients did not survive or could not
often visit the tertiary center regularly for
follow-up assessment. In this study, we used
phone or mail as a follow-up to collect data
on pain relief and adverse effects in patients
who could not visit our center. In the subset
of analysis regarding the compliance during
treatment in arm 1 which took 12-14 days to
complete, four patients could not complete
the treatment due to the problem of uneconomical
and painful journeys to the hospital. This event
did not occur in arm 2, which took 2-4 days
for completion.

In the literature, the reporting of adverse
effects has generally been poor ®?, but there
are no obvious differences between the fraction
schedules studied, at least in the incidence
of nausea, vomiting, diarrhea and pathological
fracture. In this study there was no acute
adverse effect. In approximately 20 % of
patients surviving for more than 1 year, no

evidence of late morbidity after a short course
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of high dose per fraction has been reported,
which is similar to previous studies of single

fraction irradiation®*

' The caution of analysis
in this result is due to some patients who die
before the late adverse effects developed.
In conclusion, this preliminary study
showed all outcomes of response in term of
pain relief, progression of pain and toxicity of
irradiation, there were no statistically significant
difference between the two treatment schedules
which is nearly equal in BED. Nevertheless,in

arm2 (17 Gy given in two fractions, every other
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Biologically Equivalent Dose
in Construction of Tumor Control Probability Curve

for Hepatocellular Carcinoma Treated by Radiotherapy
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Abstract

Background: The incorporation of biologically
effective dose (BED) or equivalent total dose
in 2 Gy fraction (EQDz) in tumor control probability
(TCP) equation allows the fitting of clinical data
to yield a mathematical function useful for
predicting outcome of dose-fractionation.

Purpose: To establish a logistic function describing
the dependence of TCP on BED or EQD2 for
hepatocellular carcinoma (HCC) treated by
radiation and to evaluate the validity BED- and
EQDQ—derived functions in predicting effects
of dose-fractionations particularly those relevant
to stereotactic body radiotherapy (SBRT).

Methods and Materials: Eight clinical papers
published during 2000 and 2008 were selected
for fitting. Dose and dose per fraction were
converted to BED and EQD2 with an o/ of 10
Gy for HCC. These biologically equivalent
doses and their associated survival rate at 2
years were fitted to a logit-transformed equation.
The difference between slopes of logit-regression
lines was analyzed by t-test. The parameters
of fit were used for defining the logistic functions
which were used to calculate TCPs for dose-
fractionation schemes typically used in SBRT.

Results: Two significant logit-transformed
regression lines were established (P=0.0119)
and enabled the construction of two TCP
curves described by following logistic functions:

B exp [4.9392-0.0596 BED]
BED 1 + exp-[4.9392-0.0596 BED]

exp-[4.9403 - 0.0716 EQDZ]

TCP
1+ exp-[4.9403 - 0.0716 EQDZ]

EQD2_

The r* for the curve fitting was 0.83. The
established functions were used to calculate
TCP for series of fractionation schemes
relevant to SBRT and this allowed paper-
based study of dose escalation and pre-clinical
evaluation of the chosen scheme for treatment
of HCC with SBRT. Neither slopes of two
curves nor TCPs calculated by BED and EQD2
were statistically different (P > 0.5). Validity
of TCP prediction was supported by published
data on treatment of HCC with SBRT.

Conclusion: BED- or EQDZ—derived logistic
function is equally reliable in predicting effects
of dose-fractionations for HCC particularly
those typically used in SBRT.
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Introduction

epatocellular carcinoma (HCC) is a prominent
H problem of the Eastern world.1 Liver resection
and transplantation are optimal therapies for
HCC. However, more than 80% of patients
with HCC are unsuitable for surgery due to
tumor multifocality, impaired liver function and
Jor involvement of vascular or biliary structures®.
Historically, radiation therapy (RT) played a
minor role in management of unrespectable
HCC because of the low tolerance of whole
liver irradiation. Technologic advancements
including three - dimensional (3-D) planning
techniques to deliver high doses that tightly
conform to the tumor target; image-guided RT
to localize tumor at the time of treatment;
tumor immobilization and /or tracking to
account for respiratory related organ motion,
make possible the delivery of far higher doses
to HCC than what was achievable previously
with a low risk of hepatic texicity’. Focally
high-dose RT alone or in combination with
transarterial chemoembolization (TACE) has
been used ever since to treat HCC.

Regarding to RT alone, many investigators
had shown that three dimensional conformal
radiotherapy (3D-CRT) which employed
conventional dose fraction of 1.8-2 Gy permitted
tumor dose escalation to induce significantly
higher response rate 3-6 than what could be
expected from traditional whole-liver external

beam radiotherapy (EBRT)’. Recently, stereotactic
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body radiotherapy (SBRT), a novel RT modality
with the implementation of high-end technology
to achieve the extremely high accuracy in
tumor dose delivery without damaging
surrounding normal tissues, is characterized
by the use of a few ablative-dose fractions,
i.e. 3-5 fractions of at least 10 Gy per fraction,
over shorter period of total treatment time®.
The local control of lung cancer treated with
SBRT has been higher than previous RT
modalities’. Limited data are documented for
treatment of primary liver cancer with SBRT'".
Most initial efforts focused on the management
of liver metastases’ with histology other than
HCC.

As HCC is one of the most common
malignancies in Asian countries, the interest
in employing SBRT in management of primary
liver cancer is high. Delivery the ablative-dose
fractionation by SBRT means a more biologically
potent schedule, i.e. higher BED, is prescribed
and hence higher tumor control rate can be
expected. At the same physical dose of 48
Gy delivered in 6 Gy per fraction by SBRT and
2 Gy per fraction by 3D-CRT, SBRT induced
a 2-year survival rate of 39%'° in contrast to
the 19.9% by 3D-CRT’. Despite this improvement
in tumor control, optimal SBRT dose-fractionation
for HCC remains to be established. Most previous

studies'™""

used 6 Gy per fraction which is
lower than the fraction size of 10Gy or more

suggested on the basis of lung cancer treatment”.



Tumor control probability (TCP) based on
the linear-quadratic (LQ) model and Poisson
statistics can be presented as a function of
biologically equivalent dose, i.e. BED (biologically
effective dose)" or EQD, (equivalent total
dose in 2 Gy fraction)™. This allows the fitting
of clinical data to obtain a dose-response
relationship which is well simulated by a
logistic function depicted by an S-shaped
curve. The dose-response function will serve

as an effective tool for calculation of dose-

Methods and Materials

Clinical data

A systemic literature search was conducted
using the MEDLINE data base and secondary
references from review articles on radiotherapy
of HCC. This study included English-language
articles that reported a 2-year survival rate for
primary HCC either treated by conventional
EBRT or 3D-CRT or SBRT. The exclusion criteria
were hepatic metastases, primary HCC
treated by combined radiation and TACE. A
total of 8 articles were eligible for this study
(Table 1).

Radiobiologically equivalent doses and tumor
control probability

Linear-quadratic (LQ) model and biologically
effective dose (BED) BED, a concept commonly
used to compare different fractionation regimes
and to design new treatment schedule, can

be described by the following equations™:

fractionation at a chosen TCP or vice versa
and has been used for pre-clinical assessment
of the effectiveness of SBRT schedules in
treatment of lung cancer'. The aims of this
study were 1. to compare the logistic functions
predicting the TCP of HCC established by
fitting BED and EQD2 data, 2. to evaluate the
validity of BED- and EQDZ—derived functions
in prediction of TCP for fractionation schedule
employing large dose fractions typically used
in SBRT.

BED = -InS=D(1+d/o/p) (1)
InS = -0BED (2)
S = e-0BED (3)

Equivalent total dose in 2 Gy fraction (EQD 2)
The concept of EQD2 or NTD (normalized total
dose as termed by Fowler') allows a straight-
forward comparison of different fractionation
schedules, from which the total doses and doses
per fraction are converted to EQD2 (equation 5).
By this approach, the schedule associated
with greater EQD2 will be more effective than

the one with smaller EQDZ.

EQD (1 +2/0/B) =D(1+d/o/B)= BED (4)

EQD, = D(d+o/P) (5)
(1 +20/P)

EQD, = BED (6)
2+ a/f)
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Different dose fractionation schedules as
shown in Table 1 were converted to BED and
EQD?2 using equations 1 and 5 or 6. The oc/B
for HCC for is 10 Gy'.
Tumor control probability (TCP) Analytically,
TCP incorporates the LQ function for cell
survival (S) to describe tumor cure when all
clonogenic cells (M) have been eradicated.
TCP = exp[ MS] (7)
Substitute equations 3 to equation 7 obtained
TCPBED = exp[M.exp(-0BED)] (8)
Substitute equation 6 to equation 8 yielded
TCP__ =

EQD2_

exp{-M.exp[-0( 1 + 20/P)
EQD2]} (9)

TCP described by the logistic function It has
been widely accepted that TCP can be simulated

by the logistic function.

TCPBED = exp[a+bBED] (10)
1+ expla + b BED]
or
TCP.__ = expla +b EQD2] (11)

EQD2

1 + expla’ + b/EQDz]

By logit transformation, equations 10 and 11

could be linearized as follows :

=
ICPaen
| ———| =a+bBED (12)
1 - TCPagn
.
and -
TCPpges
| ——— | = a"+b"EQD; (13)
1 - TCPeqm,
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TCP curve fitting Since the size of dose per
fraction is the factor governing the fractionation
effect, a schedule is considered different on
the basis of fraction size. For a certain dose
per fraction, different total doses (because of
different fraction numbers) were averaged
arithmetically while the associated TCPs were

weighted and summed up as follow'.

N
InTCP,  (14)

TCP weighted (%) = i =1
| =

Z =

where n was the number of patients treated
in series i and N was the total number of patients
treated with the same dose per fraction. The
biologically equivalent dose, BED or EQDZ,
and its associated TCP were fitted to equations
12 and 13, respectively. The parameters of fit

were used for the construction of TCP curve.

Statistical analysis

The logit fit of TCP versus BED or EQD2 were
performed by the least squares method. The
strength of the straight-line fit was assessed
by the coefficient of determination or r’.
Two-tailed t-test was used for analyzing the
significance of the logit-regression line and
also used for testing the difference between
two slopes. Statistically significant difference

was decided when P < 0.05.



Table 1Results of radiotherapy in treatment of hepatocellular carcinoma.

Investigator Treatment  Mean tumor  Number Dose per Mean total  Survival rate
modality  diameter (cm) treated @ fraction (Gy) dose (Gy) at 2 years(%)

Cheng, etal ' EBRT 10.3 17 1.8-2 46.9 13
Park, et al ° 3D-CRT 8.9 158 1.8 48.2 19.9
Liu, etal* 3D-CRT 7.68 44 1.8 50.4 40.3
Kim, et al ° 3D-CRT 11.5 27 2-3 47.68 20.7
Liang, et al ° 3D-CRT 9.57 80 4.88 53.6 42
Taguchi, et al SBRT 3.6 15 6 48 39
Tse, etal " SBRT 6.91 31 6 36 12.25
Romero, et al SBRT 3.5 3 5 25

1 10 30 40

4 12.5 375

Results

Clinical data used for fitting TCP curves were
obtained from 8 papers®®"'*"?
treatment of primary HCC with EBRT’, 3D-CRT>®

and SBRT10-12 (Table 1). All of these reports

describing the

provide 2-year survival rates. Some reported
outcomes of RT and RT + TACE’, only result
of RT was extracted for the analysis. Data from
RT + TACE were excluded on the ground that
TACE might affect radiation response. Our
preliminary analysis of combined RT and
TACE data failed to demonstrate the significant
dependence of TCP on BED or EQDz. Another
report presented outcomes of treatment for
primary HCC and liver metastases'®, data
pertaining to metastases were excluded. The

average tumor size in patients treated by

conventional fractionation scheme (1.8 - 2 Gy
per fraction) was 9.59 cm and the size for
those treated by hypofractionation was 4.67 cm.
In curve fitting, dose homogeneity was assumed
over the tumor target as 95.53% (363 out of
380) of total cases were treated by 3D-CRT
and SBRT. Dose and dose per fraction in
Table 1 were converted to BED and EQD2 with
an /P of 10 Gy for HCC'". Although an o/f3
of 15 Gy was determined for HCC by Tai et
al”, this estimate was derived from patients
treated by RT as well as combined RT and
TACE. This might not truly reflect the radiation
response of HCC. Our preliminary analysis of
RT + TACE data revealed no significant

dose-response relationship.
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Table 2 Logit parameters for Figure 1 fitted with data in Table 1.

Parameter of fit TCPBED P - value TCPEQDZ P - value
Slope (95% Cl) 0.0596 0.0119 0.0716 0.0119
(0.0218 - 0.0974) (0.0262 - 0.117)
Intercept (95% Cl) -4.9392 0.0052 -4.9403 0.0052
(-7.4112, - 2.4672) (-7.4143, - 2.4662)
R - squared 0.8275 0.8273 -
No statistically significant difference between slopes of TCPBED and TCPEQD2
regression lines (P > 0.5).
BED or EQD2 with its associate 2-year survival - _:ﬂ o
rate (or termed as TCP in this analysis) were - /'i-_- o
fitted to equations 12 and 13. The parameters i ff
of fitare shown in Table 2. Significant regression E - ,r
lines were observed for both curve fittings o f’rl,-"
(P = 0.0119). A relatively high r* of 0.83 was o /
observed either for BED- or EQD_-derived o ; rm W om W i@
2 B kg zilly' eea be il s {Gy |

TCP. Slope of EQD2 fit was higher than that of
BED, i.e. 0.0716 and 0.0596, respectively.
However, no statistically significant difference
could be confirmed (P > 0.5). Two logistic curves
describing the dependence of 2-year survival
rate on BED or EQD2 were constructed using
parameters of fit as shown in Table 2. Two
S-shaped TCP curves are shown in Figure 1.
The S-shaped curves symbolized the logistic
function and that indicated the correctness of
using this mathematical function in fitting HCC
data.

Based on these mathematical functions,
the 2-year survival rate of HCC was calculated
to help understanding the effect of dose

escalation on TCP. Dose-escalation had been
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Figure 1
biologically equivalent dose. The curves are constructed using the

Survival rate at 2 years as a function of

parameters of fit as shown in Table 2.

performed by increasing fraction number until
reaching a saturation response of > 90% (Figure 1).
From the calculated data, a dose of 8 Gy per
fraction was impractical for SBRT since it
required 9 fractions to achieve a 2-year survival
rate of 94.23% (data are not shown) while 10
Gy per fraction would required only 6 fractions.
Increasing size of dose per fraction would
make the radiation dose more biologically
potent as fewer fractions were required to
reach saturation response, for instance 4
fractions for 15 Gy per fraction and 2 fractions

for 20 Gy per fraction. It was clear from this



prediction that a single dose was ineffective would violate the validity of LQ model (Table 3).
in tumor control since a single dose of 23 Gy Nevertheless at a single dose of 26 Gy prescribed
could only induce a 2-year survival rate of by some investigators'®, an overestimated
39.85%. No calculation for dose fraction survival rate of 65.85% was obtained. This was

greater than 23 Gy was attempted since this far below the saturation level.

Table 3EQD2, BED and two-year survival rate (%) calculated for typical fractionation

schemes used in SBRT.

Dose per Number of fraction
fraction (Gy) 1 2 3 4 5 6 7
8 EQD, (Gy) 12 24 36 48 60 72 84
TCP_ ., (%) 1.66 3.84 8.61 18.19 34.43 55.35 74.54
BED (Gy) 14.4 28.8 43.2 57.6 72 86.4 100.8
TCP (%) 1.66 3.83 8.59 18.15 34.34 55.24 74.43
10 EQD, (Gy) 16.67 3532 50 66.67 83.33 100 116.67
TCPEQD2 (%) 2.31 7.22 20.42 45.84 73.62 90.20 96.81
BED (Gy) 20 40 60 80 100 120 140
TCPBED (%) 2.30 7.21 20.37 45.73 73.51 90.14 96.79
12 EQD, (Gy) 22 44 66 88 110 - -
TCP_, (%) 3.34 14.31 44.65 79.58 94.96 - -
BED (Gy) 26.4 52.8 79.2 105.6 132 - -
TCP (%) 3.34 14.28 44.55 79.49 94.92 - -
15 EQD, (Gy) 31.25 62.5 93.75 125 - - -
TCPEQDZ (%) 6.28 38.57 85.47 98.22 - - -
BED (Gy) 7.5 75 112.5 150 - - -
TCP (%) 6.27 38.48 85.39 98.20 - - -
18 EQD, (Gy) 42 84 126 - - . -
TCP_ ., (%) 12.64 74.54 98.34 - - - -
BED (Gy) 50.4 100.8 151.2 - - - -
TCP (%) 12.62 74.43 98.32 - - - -
20 EQD, (Gy) 50 100 150 - - - -
TCP_ (%) 20.42 90.2 99.7 - - - -
BED (Gy) 60 120 180 - - - -
TCP_ (%) 20.37 90.14 99.69 - - - -
23 EQD, (Gy) 63.25 126.5 - - - - -
TCP_ ., (%) 39.85 98.4 - - - - -
BED (Gy) 75.9 151.8 - - - - -
TCP (%) 39.76 98.33 - - - - -

Journal of Thai Society of Therapeutic Radiclogy and Oncology 39

Vol. 15 No. 2 July - December 2009 _



The validity of TCP prediction was evaluated by comparing our calculations with the treatment
outcomes of a few relevant studies'"® (Table 4). Good agreement between model prediction and

clinical observation suggested the validity of the logistic functions established by this study.

Table 4 Comparison the two-year survival rate from published reports with the rate
calculated by the EQD2-derived TCP.

Investigator No.of lesions Treatment Survival rate at 2 years (%)
treated Previous study This study prediction
Herfath, et al 2001," 60 14 Gy x 1to Not available but 5.04 % to 65.58 %
2004 26 Gy x 1 many tumors recurred
2-3 years later.

Wada, et al 2004' 42 15 Gy x 3 88.6 % 85.47 %
Wulf, et al 2006" 56 7Gyx4(n=1)

10Gyx3(n=27) 32% 35.73%

12-12.5x3 (n=19)

26x1(n=9)

Discussion

With the highly precise and efficient nature of
SBRT in delivery a few fractions of biologically
potent doses to tumor target without exceeding
the tolerance of normal liver makes possible
to treat HCC for cure, an aim which was previously
considered difficult to achieve. The first
report for SBRT in treatment of HCC was
published in 1995™. No standard protocol for
ablative-dose fractionation has been proposed
to date. The dose per fraction in previous studies
varied from 5 to 26 Gy in 1 to 6 fractions19.
Most SBRT data included in this study, i.e.
85.19% of a total of 54 cases, were from 6
Gyx6 and 6 Gyx8 schedules. Compilation of
clinical data is a slow process because of long

follow-up time. Fowler et al'® constructed a
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TCP curve defined by the logistic function for
non-small-cell lung cancer using data from
dose escalation study conducted at the
University of Michigan®. This allowed the
pre-clinical evaluation of typical SBRT
schedules™.

In this study, we were able to establish a
significant logistic function to describe the
dependence of TCP (2-year survival rate) on
BED or EQD2 using data from 8 publications.
No correction for tumor repopulation during
treatment was performed since HCC has a
long potential doubling time of 128 days'.
Eighty-three percent of the data could be
explained by the fitted logit regression line

(i.e. r* = 0.83). This might be criticized on the



inclusion of 14.21% of 380 subjects with
smaller tumors (d < 7.5 cm) in the analysis,
while majority of cases (85.79%, 326/380) had
tumors of greater than 7.5 cm in diameter. In
fact, it was the inclusion of data from smaller
tumors that made possible the establishment
of the dose-response relationship. Nevertheless,
an r* of 0.83 justified a reasonable fit. Concerning
the shape of the TCP curve, the curve defined
by EQD2 displayed a better S-shape, hence
better discriminating capability between
dose-proportional response and treatment
saturation region. The curve reached a plateau
at survival rate of 90%. With the flatter TCP
curve for BED, its discrimination power was
lower. The curve failed to reach asymptote and
that this made the identification of saturation
response almost impossible. TCP defined by
BED as exp[-M.exp(-0BED)], in fact is equal
to exp{ M.exp[-aL (1+ 2/10) EQD2]}. This implies
that slope of TCPBED curve is 1.2 folds less than
slope of TCPEQDZ curve. By calculation, a 1.2
fold difference in slopes was obtained to
support this notion. Besides the visual difference
in shapes of two curves, no significant difference
could be demonstrated for the two logistic
functions either by comparing slopes of the
two logit-regression lines or TCPs calculated
by these two equations. EQD2 was preferred
over BED since it was easier to interpret.
The established logistic functions were

validated against published data which were

available only for a few numbers. A publication
by Wada et al'’ on the treatment of pulmonary
and hepatic tumors with 3D-CRT using 15 Gy x 3
fractions, they observed an overall survival-rate
at 2-year of 83.6%. By our prediction, the TCP
was 85.47%. Wulf et al”® treated 5 patients with
primary HCC and 34 patients with 51 hepatic
metastases with several fractionation
schemes, i.e. 7 Gy x4 (n=1),10 Gy x 3 (n = 27),
12-25Gyx3(n=19)and 26 Gy x 1 (n = 9).
An overall 2-year survival-rate was 32% for all
patients. The corresponding survival rates by
our calculation were 10.91%, 20.42%, 44.65%
and 65.57%, respectively. These figures when
weighted by the number of lesions treated,
we obtained an average of 35.73% which was
in good agreement with the clinical observation
despite the TCP associated with the 26 Gy
fraction might be overestimated. Theoretically,
LQ model can over-predict the effect at high
dose because of curve bending, a graphical
behavior which is not supported by any
experimental data®. To what extent the LQ
model can correctly predict the survival function
is a subject of recent interest particularly by
those who use ablative-dose fractionation like
SBRT. Brenner’' has defended the validity of
the LQ model up to 10 Gy per fraction and
suggests that the model is still reasonable for
the use up to 18 Gy per fraction. This limit is
even raised up to 23 Gy by Fowler based on

his study of epithelial tissue of the skin14. On
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this basis, we performed a paper-based study
of the effect of dose-escalation by calculating
the TCP upon increasing fraction number
starting from a dose of 8 Gy per fraction up to
23 Gy per fraction.

In conclusion, two significant logistic
functions describing the dependence of TCP
or 2-year survival rate on EQD2 or BED have

been established for HCC. The two functions
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Ocecult Il UPSC, CC G3 + age>60, IIA
Exclusion - IBG1, ICG3 UPSC, CC - ICGS, IIAG3 + C
UPSC, CC
Surgery TAH c BSO TAH ¢ BSO TAH c BSO TAH ¢ BSO TAH ¢ BSO
Pelvic+PA + Pelvic (29.4%)
Arm 1 LDR 60 Gy EBRT 46 Gy EBRT 50.4 Gy = EBRT 40-46 Gy~ HDR 7Gy x llI
+ EBRT 40 Gy + Brachy (52%) | 38 LDR 30 Gy
Arm 2 LDR 60 Gy No RT No RT No RT EBRT 46 Gy
+ Brachy (54%)
Median F/U 3-10 yr 97 mo 69 mo 58 mo 34 mo
Report time 9-yr 10-yr 4-yr 5-yr 3-yr
oS 87%, 90%(NS) 66%, 73%(NS) 92%, 86%(NS) 83.5%, 90.4%, 90.8%(NS)
EC-death - 11%, 9%(NS) 7.9%, 8.4%(NS) 83.9%(NS) -
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Norway'® PORTEC'""® GOG 99" ASTEC/EN.5"®  PORTEC II"*
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LRR 4.5%, If >2/3 >1/3 (age>70)
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72.5% LRR 13%, 27%
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2. Postoperatlve vaginal brachytherapy
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1. Postoperative sequential radiation
and Adjuvant chemotherapy
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Italy® JCOG 2033* GOG 34 Finland® EORTC 55991%
Year 1990-1997 1994-2000 1977-1986 1992-1996 1996-2006
Patients 340 385 181 156 372
Risk High Int (55%), High High Int (40%), High High
Stage ICG3, IIG3 + C, IC-11l with deep IC-llI IA-IBGS, -1l + > 2/3 of
111 muscular invasion IC-111A C,G8,non-diploidy
Surgery TAH ¢ BSO TAH ¢ BSO TAH ¢ BSO TAH ¢ BSO TAH ¢ BSO
Pelvis Pelvis + PA(29%) Pelvis + PA Pelvis + PA(3%) Pelvic
Arm 1 Cis 50, Cis 50, R <+ RT + Cis 50, R <+
(mg/m°) Doxo 45,Cyclo 600 | Doxo 40,Cyclo 333 Doxo 60 Epi 60, Cyclo 500| Various chemo
Arm 2 RT RT RT RT RT
Chemo cycles 5 >3 Dox < 500 mg/ 3 4
Compliance - 97.3%,98.9%(NS) m2 Chemo 76% Chemo 75%
Report time 7yr 5yr - 5yr 5yr
(OS] 62%, 62% (NS)  86.7%,85.3%(NS) 5yr 82.1%,84.7%(NS) | PFS 82%, 75%
LRR 1%, 7% 7.3%, 6.7% (NS) ~ 60% (NS) 2.4%, 4.2% (NS) 0.5%, 3.1%
DMR 16%, 21% 16.1%, 13.5% (NS) 20.2%, 13.8% 10.2%, 15.8%
Chemo : better Chemo : worse - Chemo : worse | Chemo : better
Subgroup - ICG3, IC age > 70 - -
[1-11A -
0S 89.3%, 73.6%
Late side effect
Hemato (gr 3-4) Chemo : 41% Chemo : 4.7% - 9.5%, 2.7% -
Gl (gr 3-4) RT : Gl 16% RT : Gl 1.6% Total 6.9% (NS) - -
EBRT technique Pelvis 45-50Gy Pelvis 45-50Gy Pelvis 50Gy Pelvis 56Gy Pelvis 44Gy
PA5.7%,VBT3.1% + PA 45Gy 28Gy-3wk-28Gy +VBT
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Cisplatin + Doxorubicin Cis + Doxo + Paclitaxel Carbo + Pac
EORTC55872% GOG 107% GOG 177% GOG 184" Sorbe*
Year 1988-1994 - 1998-2000 2000-2004 2000-2004
Patients 177 281 263 552 66
Stage I1-1V -1V -1V I1-1V I1-1V
Recurrent Recurrent Recurrent Recurrent
Arm 1 Cis 50, Doxo 60 Cis 50, Doxo 60 | Cis 50, Doxo 45, Cis 50, Doxo 45,  Carbo AUC5,
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Pelvis+PA(48.9%)
+ VBT(50.4%)
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Compliance Dox 81%, 91% 77%, 70% 52%, 47% 78.4%, 82.6% 81.8%
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Response rate 43%, 17% 42%, 25% 57%, 34% - 67%
CR 19%, 8% CR 22%, 7% CR 29%
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Robotic Radiosurgery

From frame-based to

frame-less image guidance
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Tarey lown

1. Dedicate machine using a cobalt-60
source and rigid skeletal fixation (Gamma
Knife™, Elekta Inc., Sweden)

2. Modified gantry-based devices using
either rigid fixation or image-guided
techniques including Novalis (BrainLab,
Inc., Germany, Sweden), Trilogy ( Varian,
Inc., USA), Axesse (Elekta, Inc.) or particle
beam devices

3. Modified linear accelerator (LINAC) using
robotics and image guidance

(CyberKnife system)

Technical characteristics

Cyberknife (Figure 1) sznaumag 6-my
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thin slice planning CT scan Las image guidance
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Figure 1. CyberKnife image-guided robotic

radiosurgery system
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(ﬁl']u&l’]ﬂél‘;ﬂ?:mﬂm 1-5 m;q) Tpavinng
$nwnlasiasnanag

3. ﬁmmmmm‘lumﬁzqﬁﬁLmﬁwm lesion
U3 19iNN3RN859Aa3e i lunnsane
Sedululiegnagnagausiue

{ﬂgﬂﬂ‘uaa CyberKnife

1. faanidunesds fiducial vie marker 197l
UF1904 lesion Lﬁ@ﬁwlumﬁzqﬁfmwﬁq
109908 19A

2. nslamanenaiedaauseunulnaialyl
192010 30-180 W1

Clinical experience
Intracranial radiosurgery
Metastatic brain tumors

Chang uazane® VLgiﬁﬂﬂﬁuﬁ;ﬂfJEl brain
metastasis AlAFUANTENEAE CyberKnife i
{99weNLna Stanford ‘W‘Llfslﬂs;ﬂ'm 72 370l 84
lesions laFuUntsenefed single fraction 10-36
Gy i tumor control rate 94% uazd incidence
of radiation injury Useunnd 4%

Shimamoto hazAnz!” $18911870 Osaka
CyberKnife experience IAasne brain
metastasis 911431 66 lesions luéﬂlfm 41 318!
1% single fraction 9-30 Gy Wi.lfiﬁﬁiﬂ’)ﬂﬁ local
control rate ﬁmmﬂéﬂwﬁigﬂ?mm%ﬁ >24Gy
finnsmeuaneaedlsniinngn eansildadfoy

aa ' ' = ¥ a dl a ni{
V]’]QZQE]VILL@ﬁiNW‘UQ']N NRUINLAENNTRLINNATY
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Acoustic neuroma
Chang uazAnz® s1ea1ugdae 61 s1afia
unilateral acoustic neuroma laUN1seNe53
Pt CyberKnife 7 Stanford Tagly dose 18-21
Gy/3 fractions ‘Vl 70- 80% |sodose line (Figure 2)
m@mmmumﬁﬂmm 31l ‘W‘Llfm tumor control

rate 98% LAzl hearing perservation rate 74%

Taglunuanilaaudadnfzesautl szamiay
AuANNNsRNesa
Ishihara LazARE® s Un"TLT Cyber
Knife §/ﬂHWB§1JIQﬁ acoustic neuroma 38 718
‘W‘LI'JIW local control rate 94% uazil hearing

preservation 93%

Figure 2. A radiosurgical plan
for a left acoustic neuroma,
involving the left internal
auditory canal and
cerebellopontine angle cistern;

the prescription dose for this

three session procedure
is 18 Gy with a Dmax of 21.7 Gy.
The dose distribution has been

specifically contoured to

minimize irradiation of the

cochlea and brain stem.

Perioptic tumor

Mehta uaz amz"® laseaiugandd
lesions involve anterior visual pathway Imlsl%
multisession CyberKnife 31 718 Tm‘ﬂ% dose
25 Gy/5 fractions 21Gy/3 fractions WAL 20
Gy/2 fractions LN@ follow up ‘Vl 18 Lﬁ@uwum
Nﬂfm 4 518 § improvement 184 visual acuity
wae visual field Lmeﬂﬂ’]ii’]m’miuwqu
AsaLA L aev3adl tumor progression
Fat
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Tud A.A.2004 Pham uazamz"” a9y
;;ﬂ'm‘ﬁlﬁj perioptic tumor Vl,mml meningioma
i3 pituitary adenoma ﬁ‘ﬂg‘ﬂ’miuizm 2 HA.
91N optic apparatus Tml&h; dose 15-30 Gy/
2-5 fractions #&a4A1N follow up A 29 \iaw
W‘U’Jlﬁﬁ tumor control rate 94% ﬁl’;ﬂfm 10 718
dnsueadiuidugion 3 mednisueciu
LLEII@\‘I uazdl 2 7nef tumor progression %x‘lLﬂu
Atyplcal meningioma Immfmmﬂiwmuu

W‘U’MNUQEJ 91% # visual preservation



Adler uazanee! @w\mumﬂw perioptic
tumors 49 918 Vlvl,m‘]_lﬂ’]’af'mf;ll.l,@\‘im& Cybeerfe
Taeilon dose 25 Gy/5 fractions Wi ileRAAY
AN35NET 49 A8, visual field Tufinnsulasu
wiag 38 T18(16%) fnnaueaiufiasy 3 ¢
(6%) LL@tLLE]l@\i 3 918 (6%) TpeIfl tumor local

control rate 94%

Trigeminal Neuralgia

Adler Lazansz" mmmmﬂw trlgemmal
neuralgia AU 46 91 'V]”Lmumﬁnmmﬂ
CyberKnife Tmm@m%mm@ﬂqm@ zﬁmwgﬂw
VLQJLMN’IVZQNG{@W]‘J‘NI’H;]/@ u??mﬂwjﬂwﬁvl,ﬂ;m
@Wﬂﬂ’]??ﬂ‘tﬂ‘ﬂuj H¥NN9RN85RT trigeminal
nerve Tnel13u10u597 60- 65 Gy # 70- 80 %
isodose line (F|gure 3) ‘W‘]_I'J’] 85 % %wﬂ')ﬂ
ummiﬂqmmwmva 1981 5.2 mwmmm ila
AARTNNANITENEAR 14.7 1Aau WUl ua
ANTNEATEAUALNN 72% 72FUR 24% uazlalle
ua 4% Taegianiidnsmaes facial numbness

Na97859R N0 15%

Figure 3 Treatment planning of trigeminal neuralgia

treated with CyberKnife

Spinal radiosurgery

CyberKnife system A8 NI AN 7L
spine tracking ﬁL?ElﬂCJIW Xsight? Vfﬂﬂ;vlﬁiﬂo%ﬂu
pasla fiducials 13190 spine

%@ﬁd%ﬁ‘wummmmm spinal radiosurgery
R spinal metastasis. Gerszten LAz Az
mﬂmumﬂqwu spinal metastases Wim?‘l_lﬂﬂ?
’;‘ﬂ‘]:r’wm'l?;l CyberKnife 500 lesions Tu 393 38l
wmmﬂfmummiﬂqmmu 86% uazdl tumor
control rate 90% Iuaﬂaﬂﬂm radiosurgery 1w
primary treatment

Spinal radiosurgery ?Tﬂ%vl;slu benign spinal
tumors(Figure 4).7nel Dodd wazmniz™” 9181911
r:;iﬂ'fm 51 918 ‘ﬁlfl benign extramedullary spinal
tumor 55 lesions ﬁ*m:r'w;fm CyberKnife W‘Llfalﬂ
#i 2 tumor control rate 100% 81N151AAARY
ﬁﬁzﬁmiuéﬂw meningioma A% schwannomas
Yenannii Sinclair LAz Az a1 Stanford 1o
m&mumﬂm CyberKnlfe MN‘]J'DH mtramedullary

spinal cord AVMs WUAN mﬂfm 21 3¢ Ierlm

Figure 4. A radiosurgical plan for a right L4-5 neural
foramina nerve sheath tumor prior to targeting with the
fiducialess Xsightf) system. The marginal prescription
dose was 16 Gy in one session.
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dose 15-21 Gy TLM -5 fractions MAINIAARIN
wam?aﬂmmmmu AVM & partial obliteration
4 378 WAz complete obliteration 3 918 1NWU
niigLhei AVM rupture wisannlasinnsane e

Head and neck tumors
Nasopharyngeal cancer
?ﬁﬁ\iﬂuﬁ;ﬂﬂﬂ 45 718l ﬁL‘]ju
NzFanaalngsayn azaei 2-4 ielasy External

Le wazauz!™

beam radiation 66 Gy, conventional fraction
memgfm CyberKnife boost 7-15 Gy single
fraction 17'1' nasopharynx W‘U’Jlﬁﬁ 3 year local
control 100% progression-free survival rates
71% Taad rate of freedom from distant
metastasis 69% Wa< progression-free survival
71%. WAzIRANATNIAENANSAlaLN transient
cranial nerve weakness 4 71¢l, radiation-related
retinopathy 1 918 LLAL asymptomahc temporal
Iobe necrosis 3 71¢ Tmﬂmﬂfmwmmmﬂmm

quLﬂﬂﬂs\l intracranial tumor extension.

Glomus Jugulare Tumors
nnssnunlaesialidaas Glomus jugulare
tumors AN microsurgical resection, vascular
embolization, conventional fractionated EBRT,
YRR 1‘;§quﬁuwawa3'§ma‘1€;§q§ﬁ@ﬂm‘iuLﬂu
@ﬂvm\m@ﬂuuw‘ﬂ\ima‘mmLum@mjumu
LLG]I@EINVL‘J?HG]’]N esannuistesiasen
mumuuﬂ%@gm yilstnnsla stereotactic frame
¥inla@n1nn Fatis CyberKnife 1T frameless
radiosurgery ¥ lMa1un70 5 E L asanain
TannnTu Lim uazAme®” 31e91unan1sinen
EJ:J‘]JIQEI 13 398 & 16 glomus tumors lngle
CyberKnife 14-27 Gy single fraction W‘Llfalﬂfl
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100% rate of tumor control wazlunuaing
Y9LAENALN AT UANNNFEN

Lung tumors

Le uazmme® %:ﬁmmmﬁm:m;ﬂw
non small cell lung cancer (NSCLC) wag solitary
lung metastasis Taeila CyberKnife I
593 15-30 Gy single fraction (Figure 5) 5114[5‘1}3?1
NSCLC ‘W‘LI'JI’]ﬁ 1 year freedom from local-
progression 91% lejﬂqaﬁvl,;i“u dose 14NN
20 Gy WaY 54% Tumﬂwﬂmu dose < 20 Gy
Imﬂum‘ﬂfm NSCLC N’ﬂﬁlﬁﬂ’]iﬁ"ﬂmﬂquv}@\i
mwﬂqmﬂu lung metastasis Thedl 1 year
overall survival 85% WAy 56% AINA1AL Lag
mﬂmamuwmlﬁﬁc;ﬂ'qmﬁm pneumothorax
annnnsld fiducial 6 9181 & radiation related
complication Tuﬁjﬂfaﬂﬁig dose > 25 Gy VLL;LLﬂI
grade 2-3 pneumonms 4 3181 WAL pleural effusion
1918l LL@"‘W‘LI']’]NN‘]J‘)EI 3 ?’WEIL’&EI‘H’)[FI

Figure 5. This radiosurgical plan was designed to

ablate in a single session a squamous cell carcinoma of
lung with Synchronyq respiratory tracking. The marginal
dose is 25 Gy as prescribed to the 69% ; the corresponding
Dmax is 39 Gy.



Hepatocellular carcinoma (HCC)
and liver metastasis

Choi lazpnuz® mmméﬂfm hepatocellular
carcinoma 31 91¢ "?ﬂ‘]:r’]gqa CyberKnife Im‘ilsh;
UTu1uied 30-39 Gy/3 fractions i 70-85%
isodose line ‘W‘Ll'al’]ﬁ overall response rate
71.9% uazd median survival for small HCC
and advanced HCC W1y 12 1Aau uaz 8
Beumuasy InelunuanSnagnaA s Ay

FULINTATY

Pancreatic tumors

Koong lazanz® ?

718814 phase | Wae
phase |l dose escalation trial Tu locally
advanced pancreatic oancer‘l:mf;lsl% CyberKnife
15-25 Gy single fraction W‘qulﬁt:;ﬂfmﬁio;i"ﬁ
25 Gy 1 100% 2984 local control Iaal median
overall survival 11 1ABUINNLANTHAT 19T
FPauazann phase Il study Tnels CyberKnife
boost wé<la IMRT 45 Gy W17 éﬂqa 61116
318f Gl toxicity grade 2 ¥aaNANNIN uAZE]

local control 100%

Prostate cancers

King hazmnie® ﬁﬂﬂ'ﬁﬁﬂméﬂfm low-risk
early stage CA prostate 41 918l Tmfﬂ% CyberKnife
36.25 Gy/5 fractions ‘171' 70-80% isodose line
(Figure 6) M3seenuid sanumuan iy g
i PSA failure Tagl 78% & PSA nadir </=0.4
ng/ml uazlinuaniinaanadsdusuusaingu
INN19TNB

Figure 6. This radiosurgical plan was delivered to a
patient with early-stage prostate adenocarcinoma. The
prescription dose is 36.25 Gy at the 87% isodose line in
5 fractions.

GEsl

CyberKnife 1Tuudanssud naunany
?:M'ﬂl’]\i image-guidance technology Wae
computer-controlled robotic system 51‘1?ﬂ1?
FnE UL Frameless Whole body Radiosurgery
‘1/';?\1 single fraction Wwag multiple fractions Tu
112911l clinical experience dsaulunisn
CyerKnife anla3nm c;ﬂfm;fa iesenuazzide
fanasuarladuvds, wudenluanesiialng
(AVM), Trigeminal neuralgia, NELFINAI NG
yn, Nzian, ui3esL, wﬁwi@mnmmn [
muu CyberKnlfe @QLﬁuLﬁ?@QN@‘V]’N?\‘]’&
ﬁ@ﬂﬂ??ﬂi’l'ﬂ?q\?ﬂqﬂﬂﬁ’]ﬂm ‘Vl@ Lﬂumﬂm@ﬂ
WNLW@quiﬂmmms?ﬂwﬂuﬂuaﬂaﬂ
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The preliminary result

of hepatocellular carcinoma treated with

- A case report
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Abstract

CyberKnife is a frameless image-guided
robotic system for stereotactic body radio-
therapy. It can delivery the accurate and
concentrated radiation beam to intracranial
and extracranial targets for benign, malignancy
and some non-neoplastic conditions. Since
Ramathibodi hospital is the first CyberKnife
center in Thailand. We report the initial result
of hepatocellular carcinoma treated with

CyberKnife in our hospital.
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Introduction

At the mid-1990, neurosurgeon John Adler
of Stanford University (CA, USA) developed
the Cyberknife robotic radiosurgery system
(Accuray Inc., Sunnyvale, CA) based on
concepts of Lars Leksell's radiosurgery. The
prototype device was installed at Stanford in
1994. Until 2001 American Food and Drug
Administration (FDA) clearly approved of the
CyberKbnife for the treatment of lesions "anywhere
in the body where radiation treatment is
indicated." To date, more than 100 CyberKnifes
have been installed worldwide. In Thailand, the
first CyberKnife was installed at Ramathibodi
hospital in January 2009. We report the initial
result of the first HCC treated with CyberKnife
in Thailand

Case report : Hepatocellular carcinoma

A 73- year-old man, underlying ischemic
heart disease, renal insufficiency, HT and DM.
presented with abdominal discomfort in
November 2008, Physical examination was
significant only hepatomegaly and elevation
of alpha fetoprotein, 833 ng/ml. Abdominal
MRI revealed a 8.6x5.6x6.2 cm mass at right

lobe liver. In accordance with these finding,

the patient was diagnosed as hepatocellular
carcinoma.

Because of many underlying disease and a
large tumor, it was too risky for him to do surgery.
Therefore, transarterial chemoembolization
(TOCE) was attempted. However, it was failed
due to severe stenosis of celiac trunk. Since
no any treatment option was possible.
CyberKnife was discussed and done to the
patient. Total dose of 4,500 cGy in 3 fractions
for 3 consecutive days was given to the
hepatic mass. The patient could tolerate
radiation very well, no any complication was
reported during 3 days of treatment. However
2 week later, the patient developed jaundice,
malaise and loss of appetite. Liver function
tests showed elevation of alkaline phosphatase,
561 U/I, aspartate aminotransferase, 213 U/I,
alanine aminotransferase, 271 U/l, gamma
glutamyl transpeptidase, 642 U/, total bilirubin,
6.9 ng/dl, direct bilirubin 5.8 mg/dl. According to
these finding, Radiation induced liver damage
(RILD) was suspected. The patient was admitted
for observing and supportive treatment. Finally
he was discharged with the much improvement
of symptoms. Abdominal MRI taken 1 and 3

month after CyberKnife revealed a significant

Pre K 1 i st K

3w post UK

Figure 1. Abdominal MR! taken 1
and 3 months after the CyberKnife
(CK) revealed a reduction in size of
HCC from 8.6x6.0x6.0 cm to
7.0x4.8x4.7 cm. and 3.7x3.8x3.6 cm
respectively.
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reduction in size of HCC. (figure 1). At 3 month
follow up, alpha fetoprotein was decreased
from 833 ng/ml. to 12 ng/ml. and liver enzymes
were decreased in the normal level. A Regular
liver function test and imaging follow up is
planned to monitor the complication and

response after radiation.

Discussion

CyberKnife is a frameless image-guided
robotic whole body stereotactic radiosurgery
system. The system consists of a 6-MV lightweight
linear accelerator, a computer controlled
robotic arm, a pair X-ray imager target locating
system, and a computer workstation. The
compact 6-MV LINAC mounted on the robotic
manipulator that can position and point the
LINAC with 6 degrees of freedom, permits a
much wider range of beam orientation than
other conventional radiation devices'"™?.
CyberKnife can be corrected to patient's
position change during the real-time treatment
with a accuracy of 1.1 + 0.3 mm,with a 1.25
mm CT slice thickness “®. It has been used
to treat intracranial and extracranial lesions
such as AVM, trigeminal neuralgia, tumors of
the brain, spine, lung, liver, prostate and head/
neck area etc®'”

Hepatocellular carcinoma (HCC) is the
fifth most common tumor. Worldwide, it is
responsible for nearly a million deaths annually.
To date, many centers have started using
CyberKnife to treat primary or metastatic liver

cancers with early encouraging results. Choi

etal """ reported 31 HCC patients treated with
CyberKnife. The overall response rate was
71.9% and the median survival for small HCC
and advanced HCC was 12 months and 8
months, respectively. No patient experience
grade 4 toxicity. Reports about the complication
after the CyberKnife treatment in HCC are
difficult to find due to its short clinical experience.

Radiation induced liver damage (RILD)
also called radiation hepatitis, which is rare
but serious complication in hepatic irradiation
patient. It was defined as either anicteric
elevation of alkaline phosphatase level at least
twofold and non-malignant ascites (classic
RILD)“Z), or elevated transaminases of at least
fivefold the upper limit of normal or of pre-
treatment level (Grade 3 or 4 hepatic toxicity
of Common Toxicity Criteria Version 2.0 by
National Cancer Institute) (non-classic RILD)"?,
in the absence of documented progressive
disease. Our patient had jaundice and elevated
alkaline phosphatase and transaminases
within 2 weeks after complete radiation. It is
most likely these abnormal presentations were
from the direct radiation injury of liver and poor
compensation of hepatic function. The factors
correlated with RILD in this patient might be
due to the large volume of the tumor and
pre-existing liver cirrhosis. Therefore, it is
essential to closely follow patients after hepatic
irradiation and identify any evidence of RILD.
Early detection and proper supportive care is
very important for decreasing the morbidity

and mortality from this serious complication.
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Robotic Radiosurgery : From frame-based to
frame-less image guidance
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Abstract

Stereotactic radiosurgery is a non-invasive procedure that utilizes precisely targeted
radiation as an ablative surgical tool. Conventional radiosurgery devices, such as the Gamma
Knife and X-Knife, rely upon skeletally attached stereotactic frames to immobilize the patient
and precisely determine the 3D spatial position of a tumor. A relatively new instrument, the
Robotic Radiosurgery also called CyberKnife (Accuray, Inc., Sunnyvale, CA), makes it possible
to administer radiosurgery without a frame. The CyberKnife localizes clinical targets using a
very accurate image-to-image correlation algorithm, and precisely cross-fires high-energy
radiation from a lightweight linear accelerator by means of a highly manipulable robotic arm.
CyberKnife radiosurgery is an effective alternative to conventional surgery or radiation therapy
for a range of tumors and some non-neoplastic disorders.

The preliminary result of hepatocellular carcinoma treated with

CyberKnife : A case report

snunun  suzlas, wa WINSTU  ENANARDME, . N
Manthana Dhanachai, M.D'  Pornpan Yongvithisatid, M.Sc'

NANTTU WanAwad, wa.'
Putipun Puataweepong, M.D',
e IR TN EILATNZISANEN ANATTNTIAANEN

AUTLANEANERT IP9NEILIAIINITUR NUNINLNRLNAAS

Abstract

CyberKnife is a frameless image-guided
robotic system for stereotactic body radio-
therapy. It can delivery the accurate and
concentrated radiation beam to intracranial
and extracranial targets for benign, malignancy
and some non-neoplastic conditions. Since
Ramathibodi hospital is the first CyberKnife
center in Thailand. We report the initial result
of hepatocellular carcinoma treated with
CyberKnife in our hospital.

Keyword: Stereotactic body radiation therapy,
Radiosurgery, CyberKnife, Hepatocellular
carcinoma
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Patient set up using 4D moving laser
and conventional simulator
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On Board Imaging (OBI):
How Much Have We Missed The Target?

Nantakan leumwananonthachai, Satjah Chaikreng,
Khammook Krongyuth,

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

Knowing where exact position of the target
volume during treatment is the challenge in
the field of radiation therapy. This issue has
become more important with modern radiation
therapy delivery techniques like intensity
modulated radiation therapy (IMRT), healthy
tissue is spared by using tight margins around
the tumor. These tight margins leave very
small room for patient setup errors. The use
of an imaging modality in the treatment room
as a way to localize the tumor for patient set
up is generally known as "Image Guided
Radiation Therapy" or IGRT. The IGRT
comprises all techniques enabling checking
and correction of patients position directly
before or during an irradiation session.

This presentation deals with a form of
IGRT using a traditional linear accelerator
equipped with kV imaging devices called as
On Board Imaging (OBI) currently in use at
Siriraj Hospital to decrease the geographical
misses. Using this kilovoltage (kV) imaging
unit allows matching of kV images to planning
digitally reconstructed radiographs (DRRs).
And OBJ also allows reconstruction of volumetric
kilovoltage cone-beam computed tomography
(kV-CBCT) for tumor volume data and detailed
anatomical information. CBCT is one of the

more promising ways of bringing image guidance

for 3D patient positioning. This article presents
the steps followed in order to clinically
implement this system, as well as some of the
quality assurance tests suggested by the
manufacturer and some tests developed in
house. We describe the clinical introduction
of such a system in our hospital and a number
of image guided protocols we have been
developing since April 2009. Patients were
positioned by the radiation therapy technologists
; orthogonal images were then obtained with
the OBI unit. We quantified and evaluated the
significance of calculated deviation from the
intended isocenter. Couch shifts were made,
aligning bony anatomy or implanted gold
markers to the initial DRRs or simulation
images. Then the 3D CBCT images were
acquired, it allows for the use of volumetric
online imaging to account for setup variation
and organ motion by providing multiple
anatomical views of the patient during the full
course of RT treatment.

Currently, we are routinely applying bony
anatomy based protocols for all patients
treated on one of our treatment machines
equipped with OBI, and soft-tissue based
corrective strategies for selected cases, such

as prostate, head and neck, and lung patients.
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"EXPERIENCE IN IMPLEMENTATION AND CLINICAL
APPLICATIONS OF VOLUMETRIC INTENSITY
MODULATED ARC THERAPY (VIMAT)"

RICKY MING-CHUN CHAU, PH.D., MICHAEL KOON-MING KAM, F.R.C.R,,
SING-FAI LEUNG, M.D., KWOK-HUNG YU, F.R.C.R., AND

KIN-YIN CHEUNG, PH.D.

Department of Clinical Oncology, Prince of Wales Hospital, Hong Kong, SAR, China

Introduction

RapidArc (Varian Medical Systems, Palo Alto, CA) is a novel aperture-based algorithm for
treatment planning, where intensity-modulated dose distributions can be delivered during a
single arc of 360 degree rotation of the gantry. The planning algorithm [1] uses progressive
sampling optimization by simultaneously changing the shape of the multileaf collimator (MLC)
aperture, output dose rate, and rotation speed of the gantry. RapidArc (RA) achieves several
objectives: (1) irradiation of the entire target volume in a single rotation with a highly conformal
dose distribution, (2) time efficiency to increase the clinical throughput and patient's comfort
during treatment, (3) reduction of treatment machine unit (MU) and less integral dose to body.
Since conventional fixed fields Intensity-Modulated Radiation Therapy (IMRT) has been widely
used in clinical application for various carcinomas, there are excellent reviews and publications
for treatment outcome and major toxicity pattern. Therefore, IMRT was used as a benchmark in
evaluation the performance of this novel treatment technique. Among various cancers, head
and neck is an ideal cancer for assessment of its conformal-adequate dose coverage in  multiple
targets and its achievement in sparing of organs-at-risk (OARs).

Implementation of RapidArc treatment planning

RapidArc (RA) was first installed in our Eclipse treatment planning system in version 8.5
platform in November 09. Since dose calculation can only be performed with Anisotropic
Analytical Algorithm (AAA) algorithm after optimization, commissioning of AAA dose calculation
algorithm has to be performed before the implementation of the RA. The optimization algorithm
of RA in this version did not allow for simultaneous optimization of two arcs. Therefore, all the
investigation studies [2-4] were planned with single arc RA ( RA1).

Our center aims to use RA to treat head and neck cases and therefore, nasopharynx,
hypopharynx and thyroid carcinomas patients that previous treated with IMRT were selected for
the investigation. Same dose constraints parameters used in IMRT plan were applied to RA1
plan during optimization. Quantitative evaluation of plans between RA1 and IMRT was

performed by means of Dose-Volume-Histogram (DVH) and dose distribution in axial, coronal
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and sagittal plans. The result showed although both plans met the clinical acceptance criteria
in terms of target coverage ( >95% target volume received prescribed dose and<20% volume
received 110% of prescribed dose), greater dose inhomogeneity within the Planning Target
Volumes (PTVs) was found in RA1 plan (4 Gy higher than the prescribed dose) when compared
with the IMRT plans ( 2 Gy higher than the prescribed dose). It is difficult to reduce the dose
inhomogeneity within the targets by adjusting the dose constraints in RA1 optimization. It also
found that dose to critical organs such as spinal cord and brainstem was higher in RA1 plan
although the dose limits were not exceeded. As a result, IMRT plan was far better than RA1 plan
and oncologists were reluctant to switch to RA technique.

Furthermore, there is no option for planners to continue their optimization from the previous
result. If RA1 plan cannot meet the acceptance criteria, planner has to start over again from
step one. The modified dose constraints from previous optimization may disturb the optimizer
and the result may be worse than the previous optimization. Consequently, many trials have to
be made and the planning time is much longer. With this version of RA, it is difficult to obtain a
plan with the result that comparable to that of IMRT plan for any head and neck cases.

An improved version of RA was commercial available and installed in our center in May 09.
This revised version of RA was performed in Eclipse treatment planning version 8.6 platform
and dose calculation has to be performed in AAA algorithm version 8.6.15. Option for selection
of optimization from the previous result is included also in the new version and other extra
features such as exclude structures that are not use in optimization were also added. With this
version, highly conformal dose distribution can now be delivered in either a single arc RA1 or
multiple arcs (RAn) of maximum total arc length <1000 degrees when field size is 15x15cm”.

Various studies [5-6] have been performed using this new version and the result was promising.

Methods and materials

Several cancers sites of head and neck patients were selected for the evaluation of the new
version of RA and they are (1) edpendymoma, (2) tonsil, (3) larynx, (4) ethmoid, (5) hypopharynx,(6)
nasopharynx and (7) thyroid. Each patient was first planned with fixed (6 to 7 fixed fields) IMRT
plan and obtained the best optimal plan with maximal target coverage and minimal organs-at-risk
(OARs) dose. These results in terms of DVHs and dose distribution became the reference benchmark
for RA2 plan. Same set of dose constraints for IMRT plan was used as the kick-off dose
constraints in RA2 optimization. Adjustment of the dose constraints for the target and critical
organs is often required during RA2 optimization in order to obtain a result that comparable to
IMRT plan. Moreover, optimization time, dose calculation time, number of MU given and treatment

delivery time were recorded and compared between two plans.
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Results

Figures 1-7 show the differences in DVHs and dose distribution between RA2 plans and

IMRT plans of the following cancer sites (1) edpendymoma, (2) tonsil, (3) larynx, (4) ethmoid,(5)

hypopharynx, (6) nasopharynx and (7) thyroid, respectively. In order to be able to distinguish

each individual DVH corresponding to which structure between RA2 plan and IMRT plan when

all DVHs were plotted together on one figure, targets and OARs of most concern were selected

and plotted. Only one set of axial, coronal and sagittal plans with visual difference in dose

distribution between two plans were chosen and shown in figures. The difference in optimized

time, treatment time and number of MU given between RA2 plans and IMRT plans were summarized

in Table 1.

TABLE 1: Comparison of the optimized time, treatment time and number of
MU given between RA2 plans and IMRT plans.

Tumor sites Technique Optim.time(min) MU Txt. time(min) No. of fields
Brain IMRT 7 963 5.5 Co-planar 6F
RA2 40 338 3 ARC1: 170-190 ccw
IMRT/RA2 0.2 2.8 1.8 ARC2: 190-170 cw
Ethmoid IMRT 5 958 5.5 Co-planar 6F
RA2 18 342 1.5 ARC1: 35-270 ccw
ARC2: 270-35 cw
IMRT/RA2 0.3 2.8 3.7
Hypopharynx IMRT 10 2120 15 Co-planar 7F
RA2 52.5 547 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 3.9 4.0
Tonsil IMRT 10 1867 12 Co-planar 7F
RA2 51.3 661 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 2.8 3.7
Larynx IMRT 10 1738 15 Co-planar 7F
RA2 44 620 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 2.8 3.7
Thyroid IMRT 10 1202 15 Co-planar 7F
RA2 40 417 21 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.3 2.9 5.0
NPC IMRT 11 2027 14 Co-planar 7F
RA2 48 681 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 3.0 3.9
Range 0.2-0.3 2.2-39 1.8-5.0
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Discussions
A. Planning procedure

Setting up a standard IMRT plan is much easier than a RA2 plan. Once a template consists
of seven fixed fields loaded from the plan library, isocenter is determined based on a simple
protocol and then optimization can be started right away. The collimators sizes will be adjusted
automatically during optimization in order to allow maximum dose coverage of the target
volume. But for a RA2 plan, the setting of the isocenter co-ordinates is more complicate than
IMRT plan. There is no simple protocol but trial-an-error method. The isocenter of a single arc is
usually located at the center of the tumor. But for double arcs, the setting of isocenter depends
on the extension of the tumor in lateral direction and the limitation of the physical length of the
MLC. It is recommended not to set the opening of MLC exceeding a length of 20cm for this will
reduce the power and efficiency in modulation of the dose intensity during optimization due to
the physical limitation in length of the MLC. In order to keep the tumor inside the opening of the
field most of the time during gantry rotation, sometime it required isocenter to be off-set from the
center of the tumor in RA2 plan. Therefore, skill and experience are required in determining the
isocenter and collimators sizes in setting up a RA2 plan.

RA2 consisting of two coplanar arcs were optimized simultaneously but rotated in opposite
rotation (clock- and counter clock-wise). The application of two coplanar arcs aims to increase
the modulation factor during optimization. Since each individual arc is limited to a sequence of
maximum 177 control points, the application of two independent arcs, simultaneously optimized,
could allow the optimizer to achieve higher target homogeneity and lower doses to OARs, but at
a cost of doubling the optimization time as well as the treatment time. But the number of MU
given is independent from the number of arc. In RA optimization, progressive sampling optimizer
was used and the optimization has to go through 5 levels in order to complete the optimization
process. The time to go through 5 levels varies in a range of 18-52.5 minutes, which depends
on the arc angle and the complexity of the plan. For IMRT plan, the optimization time is in the
range of 5-11 minutes, which is 20% to 30% of that of the RA2 plan. Therefore, the optimization
time required for RA plan is significantly longer than the IMRT plan. But this would not affect the

throughput of the treatment machine.

B. Dosimetric comparison

For RA1 plans, both dose inhomogeneity of the targets and sparing of the critical organs
were inferior to RA2 plans and IMRT plans in most of the head and neck cases. Therefore, it is
not recommended to use a single arc technique to treat these cases although the treatment
time is the least among three techniques. The dose homogeneity of targets in IMRT plans is
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slightly better than RA2 plans in most cases. Great effort has to be made during optimization to
reduce the dose inhomogeneity in targets for RA plans in order to obtain a comparable result
with the IMRT plans. When performing on-line adjustment of the dose constraints, the responsiveness
in changing the shape of DVHs is worse in RA2 optimization. The cold spots of the PTV in RA2
plans were found in the regions of 1) peripheral of PTV near the surface of the body, 2) first two
slices of PTV in the superior region, and 3) last two slices of PTV in the inferior region. To
improve dose coverage in these cold regions, additional structures were needed to be added
to represent these cold regions and attention have also to be made in contouring PTV such that
there is enough build up tissues below the body outline.

In all the studied cases, the dose limits of all the critical organs were not exceeded in both
the RA2 plans and IMRT plans. However, the means dose to spinal cord is significantly higherin
the RA2 plans. Our experience told us that not matter how hard you tried, it is difficult to reduce
spinal cord dose to the same dose level as that of the IMRT plans for hypopharynx and
nasopharynx cancers. It is also found that the DVHs of the brainstem in RA2 and IMRT plans
were cross over one another. The low dose region of the brainstem in RA2 plan was lower than
IMRT plan but vice versa in the high dose region of the DVH.

C. Quality assurance

RA quality assurance (QA) program is an extension of IMRT QA program and will test and
ensure the reliability of the delivery capabilities that are incremental to those of the IMRT. Ling
[7] recommended three important elements that must included in the RA QA program which are
checking the accuracy of the dynamic MLC position, precise dose-rate control during gantry
rotation, and accurate control of gantry speed. The pre-treatment QA procedure for RA plan in
our center is similar to that of the IMRT plan. Absolute point dose measurement and relative
dose map measurement were performed for each patient before treatment. The acceptance
criteria for absolute point dose measurement is <3% discrepancy between the measured dose
and planned dose. For the relative dose map measurement, the acceptance criteria allows 3%
discrepancy of the isodose line in the uniform region and 3mm discrepancy in high dose gradient

region.

Conclusions

There is a significant improvement in dose homogeneities inside targets and sparing of
critical organs in the revised version of RapidArc. In combining with the short delivery time and
smaller number of MU, RA becomes more attractive and promising in treatment for head and

neck cancers.
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FIGURE 1: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for edpendymoma cancer.

EELIT

5 . |

e -

FIGURE 2: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for tonsil cancer.
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FIGURE 3: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for larynx cancer.

FIGURE 4: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for ethmoid cancer.
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FIGURE 5: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans

between RA2 plans and IMRT plans for hypopharynx cancer.
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FIGURE 6: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for nasopharynx cancer.
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FIGURE 7: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans

between RA2 plans and IMRT plans for thyroid cancer.
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