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Low dose preoperative and selective high dose
postoperative radiation therapy for rectal cancer

Thiti Swangsilpa, M.D.*, Pramook Phromratanapongse,M.D.*,
Pornsri Kidchob,M.D.*, Suneerat Sangvirojkul,M.D.*,
Chanawat Tesavibul, M.D.*, Nathsith Yamyim,M.D.*,

Chatrachai Tasaniyananda,M.D.** Parinya Thavichaigarn,M.D.**

Abstract

Twenty  six patients with
adenocarcinoma of the rectum were
entered in a program of adjuvant
“sandwich irradiation” at Pramongkutklao
hospital. All patients were given a single
dose of preoperative radiation 500 cGy
one day before surgery. After surgical
staging, the patients who had diseases
beyond stage B1 (modified Astler-Coller
staging) would receive postoperative

o

radiation 4500-5400 cGy. Twenty one
patients received full course of this
treatment regimen, but only 16 patients
could be followed up after completion of
treatment. The mean follow up time was
35 months. The 2-year and 4-year
Kaplan-Meier actuarial survival were
74% and 44% respectively. No severe
treatment-related complication has been
observed.

Department of Radiation Oncology, Pramongkutklao Hospital
Department of Surgery, Pramongkutklao Hospital
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Introduction

For rectal carcinoma, surgical resection
is accepted as the initial treatment of choice for
most patients(1). The objective is removal of the
tumor and primary nodal drainage with as wide a
margin around both as feasible. Adjuvant radia-
tion therapy is becoming widely accepted as an
effective therapeutic modality. The objective of
adjuvant radiation therapy is to prevent the
growth of cancer cells not removed at the time
of surgery. Preoperative radiation treatment can
inhibit the proliferation of such cells whether
they remain local or spread outside the pelvis after
therapy. Postoperative radiation treatment can
effect only those cancer cells that remain within
the volume exposed to radiation. By combining
pre and postoperative irradiation (so-called
“sandwich” technique), one could achieve the
theoretical advantages of both. (1) The ‘use of
combined low dose preoperative (500 cGy) and
selective high dose postoperative radiation treat-
ment (4500-5400 cGy) has been utilized in the
management of rectal cancer at Pramongkutklao
hospital since 1987. This report presents the
results of the “sandwich” irradiation technique in
rectal cancer patients at our institution.

WHUNTIFIN® nassadnssy Lssweninansznangindn



Materials and Methods

The eligibility criteria were as
follows: histologically proven adenocarci-
noma of the rectum in operable stage,
medically fit for surgery either by A-P
resection (APR) or low anterior resection
only (LAR) , ECOG performance status of
0,1 or 2, no evidence of liver metastasis on
liver ultrasound, normal LFT and chest
X-rays.

All patients who have met the above
criteria would be treated by the schedule in
Fig. 1.

From September 1987 to November
1993, a total of 26 patients with adenocar-
cinoma of the rectum were entered in a
program of adjuvant “sandwich irradiation”.
All patients received a single dose of preop-
erative irradiation 500 cGy one day before
surgery. After surgical staging, two patients
who had stage A and B1 disease received no
postoperative irradiation. Five patients who
had stage more than B1 but did not receive
postoperative irradiation or received only
partial course of postoperative irradiation
were excluded from the program. As a
result, only 21 patients received full course
of treatment and were included for final
analysis. The characteristics of those 21
patients were shown in Table 2.

Irradiation technique

The preoperative irradiation was
administered using parallel AP/PA treatment
fields including whole pelvis (about 15x15
cm), 500 cGy single fraction, 24 hours
before surgery. .

All  postoperative irradiation
treatments were started within 3-4 weeks

v=15030mu 9

following surgery, using parallel AP/PA tech-
nique. (with colostomy block). The dose was
180-200 cGy / fraction, 5 days per week, for
a total dose of 4500-5400 cGy depending
on the decision of radiation oncologist.
Megavoltage equipment with photon energy
of 10 MV was used.

Results

Among the 21 patients, 6 cases were
lost to follow up after completion of post-
operative irradiation and was excluded from
final analysis. The remaining 16 patients
who came back for a follow up visit after
completion of radiation treatment also
received chemotherapy (5-FU) at the
surgical department. The follow up period
ranged from a minimum of 4 months to a
maximum of 7 years after completion of
postoperative irradiation. (mean follow up
of 35 months) No severe radiation or
surgical complication was detected.

According to the follow up record,
5 patients died. Two patients with stage C2
died from unknown cause. Residual tumor
was noted in one case of stage D and the
patient died at 1.5 year after surgery was
done. Two patients with stage C2 had
metastatic disease, one with bony
metastasis died at 4 years, the other one
with lung metastasis and recurrence at
the primary site died at 1.5 year. The
remaining 11 patients were alive without
evidence of disease. The mean follow up
time in this group was 2.5 years. The
survival was calculated from the day of
surgery. The 2-year and 4-year Kaplan-
Meier actuarial survival were 74% and
44% respectively.
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Fig.1 Scheme of Adjuvant “Sandwich irradiation” for rectal cancer

Histological diagnosis of rectal cancer

{

Surgery (usually one day after completion of irradiation)

!

Pathological staging

V4 A

Stage A, B | | Stage B2,B3,C1,C2,C3
No further treatment 4500-5400 cGy/4-5 weeks

postoperative irradiation

Table 1 Modified Astler - Coller staging

A Nodes negative; limited to mucosa
Bl Nodes negative; penetration into submucosa but not through muscularis propria
B2 Nodes negative; penetration through muscularis propria.
B3 Nodes negative; penetration through muscularis propria with adherence to
or invasion of surrounding organs or structures.
Cl Stage B1 with nodes positive
C2 Stage B2 with nodes positve,
C3 Stage B3 with nodes positive.
D Distant metastasis

Table 2 Patient Characteristics

Sex Male : Female 12:9
Age (yr) 41-85 (mean = 55.12)
Tumor level (cm) 0-6 6 cases
6 12 cases
not specified 3 cases
Type of surgery APR 17 cases .
LAR 2 cases
Loop colostomy 2 cases
Stage A | case
Bl I case
B2 5 cases
Cl | case
C2 9 cases
C3 | case
D 2 cases

Unknown | case




Discussion

The major reasons(2) given for
preoperative radiation therapy have been the
intent to reduce both the rate of extrapelvic
metastases and pelvic recurrence from
cancer cell released during resection;
reduction the size of the primary tumor and
regional node metastasis before resection;
the lower likelihood of late radiation
enteritis because the small bowel is less
likely to be adherent in the pelvis; and the
greater radiation responsiveness of
normally oxygenated cancer cells relative to
possible hypoxic cells in tissue in which
vascularity has been altered by recent
surgery.

For patients who have undergone
incomplete tumor resection or apparently
complete resection and have been found to
have tumor extending into entire bowel wall,
perirectal tissue or regional lymph node
metastasis are those usually selected for
postoperative adjuvant radiation treatment
to prevent local recurrence of tumor.(2)

A program of “sandwich” adjuvant
irradiation has been favored by those who
wish to realize the theoretical benefits of
low-dose preoperative radiation and to
select those at higher risk by
histopathologic stage for postoperative
radiation treatment. (2)

In 1967, Nias suggested that low
dose preoperative irradiation was the most
advantageous precedure.(3) Although only
a moderate degree of cell sterilization was
obtained before operation, there was
negligible disturbance of the surgical field
and wound healing was not delayed.
Immediate operation was possible and high
dose radiation treatment could still be given

v18093md 11

postoperatively if indicated. The lowest
dose that would sterilize a useful proportion
of cells was 500 cGy in a single fraction.
(resulted in a 90-99% depopulation of
oxygenated cells, 50% depopulation of
anoxic cells, assuming that the cells dis-
seminated at the time of operation were
oxygenated). With such low dosage, there
was no advantage to be gained by fraction-
ation, and immediate surgery was desirable
before there would be time for repopulation.
Cells disseminated immediately after
irradiation would possess the minimum
reproductive capacity and there was another
reason why it was so important to have a
minimum delay between irradiation and
operation.

In a randomized series of rectal
cancer patients, Rider et al (4) found a
statistical improvement in survival in
patients with involved nodes who received
500 cGy in a single dose prior to surgery
versus those treated with operation alone.

In 1975, the MRC trial protocol was
designed to assess the effectiveness of low
dose radiotherapy given before definite
excision of operable carcinoma of the
rectum. (5) There were 824 patients
randomized to receive surgery alone, surgery
plus a single fraction of 500 cGy and
surgery plus 2000 cGy in 10 fraction over
2 weeks. They reported no evidence of an
increased morbidity or mortality following
irradiation. The 5 year survival, the local
recurrence free survival and metastasis free
rates did not show any significant
difference among these 3 groups. (6)
However, the authors still suggested that the
patients with fixed or partially fixed cancer
might benefit from preoperative
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radiotherapy and survival of patients beyond
five years in these patients would continue
to be followed up. Anyhow, this study did
not mention about postoperative irradiation
which the patients would have gained a
benefit in terms of reduction in the local
recurrence and increase in survival.

In 1983, Gunderson et al, (7)
reported the results of low dose preopera-
tive irradiation 500 cGy in a single fraction
and 1000cGy in 5 fractions and elective
postoperative radiation treatment 4500-5000
cGy in 5 to 6 weeks in selected cases for
resectable carcinoma of the rectum in 36
patients. Fifteen patients who had
indications for postoperative irradiation
had 4-year survival rate of 79%,with 4
patients subsequently relapsed. This
regimen of treatment was well tolerated.

In 1990, Sause et al, reported the
results of RTOG 81-15, ECOG 83-23
testing the efficacy of sandwich irradiation
in rectal carcinoma. (8) The study
compared between preoperative irradiation
500 cGy , 24 hours prior to surgery and no
irradiation. Those patients with stage B2,B3
or C carcinoma underwent postoperative
radiation treatment. The 304 analyzable
cases were obtained and there appeared to
be a trend towards improvement in
locoreginal control for patients in the stage
B2-C3 group undergoing preoperative
irradiation, but no difference in distant me-
tastasis and survival was observed.

Lingareddly et al from Thomas
Jefferson University Hospital reported long
term result of “selective sandwich” adjunc-
tive radiotherapy for cancer of the rectum in
1990. (9) One hundred and twenty patients
with adenocarcinoma of the rectum were
given a single dose of preoperative radia-

tion treatment 500 cGy and postoperative
radiation treatment 4,500 cGy in 5 weeks
for patients with stage B2 or C cancer. The
treatment was well tolerated. The results for
patients with stage B2 and C in terms of
5-year survival and local recurrence rates in
the combined pre and postoperative irradia-
tion group were better than those treated with
either low dose preoperative radiation alone
or postoperative radiation only.

Recentreport about long term results
of “selective sandwich” adjuvant radio-
therapy for cancer of the rectum was shown
by Mohiuddin et al in 1994. (10) They
used a single dose of preoperative irradia-
tion 500 cGy on the day of surgery or one
day before surgery and postoperative
irradiation 4500 cGy in 5 weeks for
patients with stage B2 or C cancer in 54
patients. Local recurrence and 5 year
survival were 9% and 72% respectively.
Four percents of patients had major small
bowel complications.

Summarizing from those reports, the
benefit of low dose preoperative irradiation
500 cGy combined with selective
postoperative irradiation was still
controversial. Due to limited number of
patients in our study, we could not interpret
the true beneficial effect of the sandwich
irradiation. Anyhow, we demonstrated that
there was no severe complication from this
combined modality treatment. Therefore,
this regimen could be used safely to the pa-
tients who had the indication for combined
treatment in rectal carcinoma. Strict patient
selection criteria should be defined,
preferably in a prospective randomized trial,
to optimize the actual benefit of preopera-
tive and postoperative radiation therapy.



4)

6)

- e -
U=1Sudomid 13

References

Perez CA, Brady LW. Principles and
practice of radiation oncology; 2nd edition,
1992. Philadelphia, Lippincott: 1000-14.
Cummings B.J. Adjuvant radiation
therapy for colorectal cancer. Cancer 1992:
70(Suppl.):1372-83.

Nias AH. Radiobiological aspects of
preoperative irradiation Br J Radiol.
1967; 40: 166-9.

Rider WD. Is the miles operation really
necessary for the treatment of rectal cancer.
J Can Assoc. Radiol. 1975; 26:167-75.
MRC working party. A trial of preoperative
radiotherapy in the management of operable
rectal cancer. Br J Surg.1982;69:513-9.
MRC working party. The evaluation of low
dose preoperative X-ray therapy in the
management of operable rectal cancer:
results of a randomly controlled trial.
BrJ Surg. 1984; 71:21-5.

7)

8)

9)

Gunderson LL., Dosoretz DE., Hedbeg ES.,
et al. Low dose preoperative irradiation,
surgery, and elective postoperative
radiation therapy for resectable rectum
and rectosigmoid carcinoma.Cancer
1983;52:446-51.

Sause WT, Martz KL, Noyes D, et al. RTOG
81-15 ECOG 83-23 evaluation of
preoperative radiation therapy in operable
rectal carcinoma. Int. J Radiat. Oncol. Biol.
Phys.1990; 19 (suppl.): 179.

Lingareddly V., Mohiuddin M., Marks G.
Long term results of “selective sandwich”
adjunctive radiotherapy of cancer of the
rectum. Int. J Radiat. Oncol. Biol. Phys.
1990; 19 (suppl.): 179.

10) Mohiuddin M., Lingareddly V., Marks G.,

Long term results of “selective sandwich”
adjunctive radiotherapy for cancer of the
rectum. Am. J. Clin. Oncol. 1994 ; 17 (3):

264-8.



VSO 15

Experiences in the treatment of Osteosarcoma in
Ramathibodi Hospital

Lucsana Pochanugool, M.D., Mantana Dhanachai, M.D.,

Somjai Dangprasert, M.D., Daungjai Sangthawan, M.D.,

Thanya Subhadharaphandou,M.D., Phongjan Hathirat., M.D.,

Tassanee Layangkul, B.Sc., Suporn Onsanit, B.S., and Sirinthon Sasinil,B.Sc.

Abstract:

One hundred thirty cases of
osteosarcoma were enrolled to the
multidisciplinary treatment. The 9 years
survival probability was 55% and the
survival was stable after 4.4 years. Local
irradiation of the primary tumor was proved
to increase chance of limb salvage surgery
(p = 0.007) and provided more tumor
response as compare to the control patients
(p = 0.14). The 9 years survival in the
patients with local radiation was 70% and
dropped to 45% in the non radiation.
(log-rank =0.01). Prophylactic whole lung
irradiation also beneficially decreased the
incidence of lung metastases (p = 0.0009)
and the 9 years survival was 70% versus
46% in PLI and non PLI patients (log-rank
= 0.05).

Introduction

Osteosarcoma 1s a rare tumor. The
incidence in Thai people is 1.3 cases per
million per year according to the incidence
of the National Cancer Institute(1). In
Ramathibodi Hospital, there was 20 cases
of osteosarcoma out of 1985 malignant
tumor (0.01%) in the year 1993.(2)

Although it was a rare tumor but the
cure rate was so poor. Before 1972, 20%
of osteosarcoma survived for five years
after diagnosis and after the introduction of
intensive chemotherapy especially with high
dose methotrexate, doxorubicin, cisplatin or
ifosfamide, the long term survival was
improved to -55-75% range. (3) Chemo-
therapy was claimed to able to control
micrometastases included skip lesion and
feeling that neoadjuvant chemotherapy
might reduce soft tissue infiltration, lead-
ing to limb salvage surgery. (3) Because
of effective prophylactic or treatment of
metastases with chemotherapy, radiation has
since been replaced and radiation therapy
was omitted, and only used as palliative
purpose or radiated the rarer location in

~ spine, base of skull or pelvis. (7,8)
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Yamamuro described the technique
of intraoperative radiotherapy with a single
electron dose of 50-60 Gy and subsequent
adjuvant therapy and provision of a pros-
thesis after 3 months. Only 1 out of 32
patients developed local recurrence with
78% 5 years survival. Bleher mentioned
about the report from Takada (7) treated
38 osteosarcoma patients with fast neutron
radiotherapy, systemic chemotherapy and
limb salvage surgery. Thirty-five of 38 cases
underwent en bloc resection. Only one had
evidence of local tumor recurrence. Other
31 cases were alive without distant
metastases after 9-120 months. Hug (8) in
1995 gained overall survival of 44% at S
years in axial skeletal disease treated by
combined proton and photon radiation
therapy. In the situation of Thai people when
percutaneous photon therapy is the only
practical way in treating osteosarcoma,
local irradiation combined with chemo-
therapy still the most optimal treatment. So
radiation treatment may be still have some
role in the treatment of osteosarcoma
However, despite aggressive primary treat-
ment, 30-40% of the patients still relapse,
mostly from pulmonary metastases.
Surgical resection of the pulmonary
nodule had been attempted with curative
intent by several centers in the world litera-
ture with 30-40% long term survival. (3)
But surgical resection in pulmonary
metastases was a limited procedure in
Thai patients due to very advance both
primary and pulmonary disease and
nonavailable adequate chemotherapy so
pulmonary resection in this country was not
worth-while. So pulmonary irradiation may
be another way to prevent and control

pulmonary metastases.

The purpose of this study was to
demonstrate the efficacy of various roles of
radiation in the treatment of osteosarcoma
included local irradiation and prophylactic
whole lung irradiation.

Materials and Methods

From 1986 to 1995, 130 cases of
primary osteosarcoma were enrolled to the
prospective multidisciplinary treatment in
Faculty of Medicine, Ramathibodi Hospital,
Mahidol University. Seventy three percent
of the patients were refered from other
hospitals included both in Bangkok and
provincial hospitals. The treatment
consisted of 2-6 courses of intraarterial
chemotherapy of 100 mg/m2 in day 2 or
epirubicin 20 mg/m2 day 2,3,4, or 60
mg/m2 3,4 of etoposide based on the simple
randomization.

Fifty one cases were locally
irradiated at the primary site while other
79 were not. The radiation port only
included the gross disease that was seen in
the angiography without any safety margin,
due to the assumption that microscopic
lesion even skip lesion can be destroyed by
intraarterial and intravenous chemotherapy
and to minimize the radiation effect on the
soft tissue in the cases of limb salvage
surgery. Surrounding soft tissue as much as
possible was spared for avoiding radiation
injury and cause problem on the wound
healing when the limb was salvaged. The
total dose was 30 Gy in the period of 2
weeks. In the group of patients with local
irradiation (local RT), the surgical treatment
were delayed for another 2 weeks. After
surgery, all the patients after June 1989, had



prophylactic whole lung irradiation (PLI).
The treatment was from Co-60 machine or
6 MV linear accelerator, without any lung
correction for the lesser absorption in the air
containing lung. The dose was 2250-2700
cGy, mean 2486.67+151.22, median 2510
cGy with the daily dose of 150 ¢Gy on
every other days. The total treatment time
ranging from 6-16 weeks with the median
of 8 weeks. The criteria for selection of
PLI modified from Breur et al (10) included.
1) ageunder 50 years
2) primary tumor must be high to
moderate grade histology of
osteosarcoma
3) tumor located in one limb only
4) absence of clinically detectable
metastases.

In the total of 130 cases, 63 (49.5%)
were completed the treatment while other
67 the treatment was terminated before
completed the scheme, 17 due to initial lung
metastases, 4 refused to have any treatment,
other 46 lost before treatment ended, 31 out
of 46 lost after good response to neoadjuvant
treatment and refused to be amputated. The
follow up time ranging from O to 116.3
months with mean +SD and median
=26.1 426.3 months and 15.45 months
respectively.

Results

There were no statistical different in
the patients’ profile between local RT and
non local RT or patients with PLI and non
PLI as shown in Table I, II.

Fifty one cases who received local
RT, had further surgery other 6 lost. Twenty
out of 45 or 44.4% can salvage the limb,
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5 had various type of surgery included 4
disarticulation and one pelvic bone
resection, other 20 cases (44.4%) had
amputation. Six cases who had local RT
and lost to follow up, two had local RT
of 600 cGy and 150 cGy then lost, one
returned to the hospital again and died with
lung metastasis 24 months after diagnosis
while the other suspected dead due to her
poor condition. She had very high serum
AP of 1350 U/L and the level never decrease
after 4 courses of intraarterial and
intravenous chemotherapy. The other 4 had
3000 cGy local RT and all refused
amputation after good response to
neoadjuvant treatment. One developed lung
metastasis and dead 14 months after initial
diagnosis. The other 3 was lost.

In 79 cases of non local RT patients
37 cases had further surgery, 6 out of 37
(16.2%) can preserve the limb and other 23
(62.2%) had amputation.

Twenty one out of 40 evaluated pa-
tients with local irradiation-had 100% tu-
mor necrosis while the non local RT group,
8 out of 24 (33.3%) had the 100% tumor
response after neoadjuvant treatment (p =
0.14). The survival in the local RT was 70%
and dropped to 45% in the patients without
local irradiation (log-rank p = 0.01).(Table
111, Fig I)

Evaluation of complication from
local RT there were 4 out of 7 cases of tibia
lesion with local RT had chronic discharge
from the sinus tract after limb salvage
surgery, while there was only one cases of
tibia lesion without local RT had limb
salvage surgery and unfortunately, this case
developed local recurrence at 12 months
after surgery. Other complications such as



18 w=1Saddmu

one delay calcification and another foot drop
were found in local RT patients. Other 11
limb salvage patients had no surgical
complication. In the group of non local RT,
6-limb salvage surgery were achieved
without any complication accept one local
recurrence as mentioned before. (Table IV)
There were 5 local recurrence, 3 belonged
to the local RT group and 2 in the non local
RT. (Table V).

In the point of view of the prophy-
lactic whole lung irradiation, there were 6
in 36 cases (16.7%) developed lung
metastases while 39 out of 79 (49.4%) in
non PLI group had lung disease (p =0.0009).
The patient with local RT combined with PLI
had lower incidence of lung metastasis as
compared to the local RT without PLL. (Table
VI) The 9-years survival of the PLI patients
were 70% as compared to the non PLI was
46% (log-rank p = 0.05) (Fig II).

Table I Initial profile of the patients with local RT and non local RT

Profile control local RT p value
(non local RT) N % X2
N %
Age (mean) 18.2 yrs. 17.4 yrs. NS (0.56)
Sex
male 44 (55.7) 28 (54.9) NS (0.93)
female 35 (44.3) 23 (45.1)
Bone position
femur 43 (54.4) 24 (47.1) NS (0.33)
tibia 19 (24.1) 16 (31.4)
Sign duration
> 2 mos 22 (28.2) 10 (19.6) NS (0.26)
> 3 mos 17 (21.8) 14 (27.5)
-Chief complaint
mass 16 (28.3) 14 (27.5) NS (0.34)
mass + pain 60 (75.9) 35 (68.6)
Trauma -ve 37 (46.8) 23 (45.1) NS (0.82)
+ve 40 (50.6) 27 (52.9)
Fracture-ve 59 (74.7) 47 (92.3) 0.017*
+ve 19 (20.1) 4 (7.8)
Pathology
osteoblastic 30 (38.0) 19 (37.3) NS (0.46)
chondroblastic 10 (12.7) 12 (23.5)
telangiectasia 9(11.4) 7(13.7)
Chemotherapeutic agent
doxorubicin 18 (22.8) 21 (41.2) NS (0.10)
epirubicin 50 (63.3) 26 (51.0)
etoposide 9 (11.4) 4 (7.8)
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Table II Initial profile of the patients with Non PLI and PLI

Profile (non ?(r)lct:;cl)lRT) tosdl KT p wdlie
N % N % X
Age (mean) 18.3 yrs 17.2 yrs NS (0.61)
(t-test)
Sex
male 42 (53.2) 19 (52.8) NS (0.97)
female 37 (46.8) 17 (47.2)
Bone position
femur 42 (51.9) 18 (50.0) NS (0.56)
tibia 24 (29.6) 6 (16.7)
Sign duration
~ 2mos 19 (29.2) 10 (20.4) NS (0.56)
3 mos 12 (18.5) 15 (30.6)
Chief complaint
mass+ pain 43 (65.2) 32 (64.0) # NS (0.78)
mass 8 (12.1) 7(14.0)
+ve ' 38 (46.9) 20 (55.6)
Fracture -ve 59 (74.7) 30 (83.3) NS =0.87
+ve 14 (17.7) 6 (16.7)
Pathology
osteoblastic 26 (32.1) 17 (47.2) NS (0.26)
chondroblastic 15 (18.5) 5(13.9)
Chemotherapeutic agent '
epirubicin 50(63.3) 28 (77.8) NS (0.63)
etoposide 6 (7.4) 6 (16.7)

Table IIl  Local RT related to type of surgery and result

local RT
+ - p value
Type of Surgery )
limb salvage 20/45 6/37 X =0.01
amputation 20/45 23/37
Residua tumor )
tumnor = 0 21/29 8/29 X =0.05
tumor > 0.99 <9.99% 0/2 2/2
tumor >10<49.99% 16/24 8/24
tumor > 50% 3/9 6/9
9 - year survival 70% 45% log-rank

p=0.01
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Fig I Survival probability of local RT and non local RT patients
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Fig II Survival probability of PLI and non PLI patients
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Discussion

Radiation response of osteosarcoma
is a rather limited role due to the relatively
radioresistant tumor with high capacity to
repair the sublethal damaged cell (11-12) and
very rapidly growth with 34 days to
doubling the tumor cells.(3) So by conven-
tional way of treatment, radiation therapy
was ignorant since various chemotherapy
was introduced in 1970. High dose
methotrexate and doxorubicin found to be
very effective in controlling metastases and
leading to limb salvage surgery after
neoadjuvant therapy. Multidrug neoadjuvant
therapy showed a significant favorable
impact on disease free survival and drug
might reduce soft tissue infiltration by
tumor cell, also the intramedullary spread
and skip lesion. (3-7,11-14)

Limb sparing resection was
originated in 1970 (3) and in Ramathibodi
Hospital in 1986.(15- 21) We combined
intraarterial cisplatin, intravenous doxoru-
bicin, epirubicin or etoposide to local
irradiation by simple randomization. The
group with local RT achieved more limb
salvage surgery and more tumor necrosis
(log-rank p =0.009) and had higher survival
probability. (log-rank p = 0.01) Although in
the local RT had more local recurrence, the
reason might due to more limb salvage
surgery was achieved while the patients
without local RT had amputation. The
histological subtype might be an other
reason, chondroblastic cell trend to have
worse response to neoadjuvant therapy as
compare to other subtype, there were 40,
80% tumor left after local RT combined
with chemotherapy. Telangietatic subtype
had 100% tumor necrosis after local RT and
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chemotherapy. Osteoblastic had 10, 100%
tumor left when only chemotherapy was
implemented. (Table IV). The cause of
local recurrence included limb salvage
procedure in the fractured limb, we had a
case of 6 years old girl with 100% tumor
necrosis of fractured humerus and the
surgical procedure had no any postoperative
complication, her disease recurred at 13
months and lung disease was so delay and
still had long survival, these might be due to
she had PLI after surgery. In the patients
with PLI we had proved that only 16.7% of
PLI group had better survival probability
with log-rank p value = 0.05. The failure of
PLImight be suboptimal treatment time. We
irradiated the lung at the same time of post-
operative chemotherapy, so every patients
had WBC dropped and poor condition, high
dose medroxy-progesterone acetate had been
proved to be benefit in these patients and
will be reported elsewhere. Some patients
finished the PLI after 8 weeks period.
Conventional dose for whole lung irradia-
tion of 2500 cGy is just 3 weeks but only
70% of the cases could finish the radiation
less than 8 weeks other 30% had prolong
irradiation up to 16 weeks. So this might be
the main reason of PLI failure.

We had a patient with 2.5 cm soft
tissue nodule a distance far from the biopsy
scar and local RT was skip this lesion due to
we believed that intraarterial and intravenous
chemotherapy could sterile the soft tissue
infiltration and we wanted not the cover the
whole circumference in the radiation port.
This patients had 100% tumor necrosis on
limb salvaged bone but the soft tissue still
had viable tumor so she was amputated
immediately and still in good health for more
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than 90 months now. So we assumed that
gross soft tissue lesion had to combined with
local RT, not only adjuvanted with chemo-
therapy.

Conclusion

In a part of multidisciplinary
approach in the treatment of osteosarcoma,
local irradiation had a definite role to
produce more possibility of limb salvage
surgery and more survival with acceptable
complication. Prophylactic whole lung
irradiation was another way for preventing
or controlling lung metastases. Further

research question was whether prophylactic
whole lung radiation had a role in other
microscopic metastatic lung disease, not
only in osteosarcoma.
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The influence of an immobilization mask
on the absorbed dose

in the build-up region of photon beams

Wilailak Panphae, B.Sc.* Aris Tilikidis, Ph.D.**
Bengt-Inge Rud’en, Ph.D.**  Anders Brahme, Prof.***

Abstract

The purpose of this work is to study
how a mask, used for immobilization, alters
the depth dose in the build up region of
photon beams as compared to the situation
in the absence of the mask. Depth dose
curves in the build up region of photon
beams (%° Co, 6 MV) and with field sizes
5x5cm? and 15 x 15 cm?, were measured
by 3-4 batches of LiF TLDs (more than 50
LiF TLDs, 0.13 mm thin) alternatively by a
plane parallel ionisation chamber (NACP
02). The experiments were carried out in the
presence and absence of the mask. To
ensure the linearity of the dosemeters, the
dose was limited to 1 Gy. The data show
that the mask can significantly increase the
dose at the surface from 11% to 76% for 5 x
5 cm?® and from 25% to 83% for 15 x 15
cm? in the ®Co. In the 6 MV beam it alters
the surface dose from 7% to 48% for 5 x 5
cm? and from 18% to 56% in 15 x 15 cm?
field. The mask will actually change the dose
in the whole build up region but the dose
increase will be less with increasing depth
up to nearly the maximum dose where no
more influence of the mask is shown. The

data show that the relative influence of the
mask in term of increased absorbed dose in
the build up region is higher in small fields
compared to large fields but in term of the
absolute absorbed dose, in large fields is of
course higher than in small fields. The
effect of the mask on the surface dose is
higher in ®Co as compared to 6 MV. The
results show that the mask will substancially
increase the absorbed dose in the build up
region. This is particularly important at high
doses where skin reactions can be a
problem. This dose increase should be
verified experimentally for each radiation
beam and type of mask in order to obtain for
considering to decrease early and late
radiation induced effects in normal tissues.

Introduction

The principle of curative radio-
therapy is to provide maximum dose to the
target volume without inducing severe early
and late complications in normal tissues and
thus maximizing the quality of life for the
patients'”. Various approcaches are
combined to fulfill this aim. For instance,
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megavoltage machines are chosen to deliver
the maximum dose at deeply located tissues
without injuring the skin®, multiple beam
portals and non coplanar techniques are
combined to maximize the tumour dose
while minimizing the dose to normal tissues
and methods of treatment planning
optimization including intensity modulation
using scanned beams, multileaf collimators,
etc are applied®'?. In addition, the patient
is immobilized appropriately in order to
achieve reproducibility in the every day
treatments'V. The mask, a particular kind of
immobilization device, is used to immobi-
lize the head and neck region"?. It is
commonly a thermoplastic 2 mm thick
sheet,which becomes flexible in hot water
while it reobtains rigidity after about 5 min
exposure in air. It can be shaped covering
the head and the patients face from the
middle of the forehead to the neck thus
resulting in accurate patient repositioning.
However, the mask is also irradiated during
the treatment thus altering substantially the
beam properties. This is due to the inter-
actions of the primary and even secondary
photons with the mask itself and the
consequence production of secondary
electrons which increase the dose to the skin
and alter the whole build up region of the
depth dose curve® 19 [t has been shown
that these interaction processes may result
in an increasing skin dose by up to 113% in
a 6 MV bremsstrahlung beam respectively
165% in a ®Co gamma ray beam!'”. The
direct effect of the increasing dose in the
presence of the mask is that the skin sparing
effect will be lost. For a normal therapeutic
treatment with tumour dose of 60 Gy, the
skin is expected to receive doses of about

10-15 Gy. However, in the presence of the
mask the skin dose may be increased up to
20-30 Gy which may result in erythemous
skin while cumulative doses of about 50-60
Gy may result in moistly epithelolysis. It is
however worthwhile to note that the rela-
tion between dose and induced skin effects
depends strongly on the sensitivity of the
individual patients to the irradiation. Mea-
surements of the dose in the build up region
are difficult since the presence of conven-
tional dosemeters will perturb the radiation
beam during lack of electronic equilibrium.
This effect depends directly on the size and
the material of the dosemeter ?%2%, Thus, the
dosemeters should be preferred very thin
and ideally based on material with proper-
ties as close as possible to tissue or water.
The thin TLD or the plane parallel ionisation
chamber with a thin entrance window is suit-
able for dose determination in regions like
the build up of the radiation beam where lack
of electronic equilibrium®®,

Materials and Methods

Build up curve

The build up curve is defined as the
part of increasing dose with depth in an
irradiated medium until a balance is achieved
between the most penetrating electrons and
those attenuated. At this particular point the
maximum absorbed dose to the irradiated
medium is obtained.

Irradiation units

Photon beams were obtained by a
“Co gamma ray unit (Alcyon I, GE) and a
6 MV Linear accelerator (Philips SL75-5).
For the ®Co unit the maximum dose is
provided at the depth of about 5 mm in water



for a field size of 10 x 10 cm? while for the
6 MV bremsstrahlung beam and the same
field size it is located at the depth of 15 mm.
This implies that during normal treatments
the skin sparing effect during high dose
delivery is substantial.

TLDs Dosemeters

LiF-Teflon, thermoluminescence
dosemeters (TLDs) with density 2.64 g.
cm™ were used for the measurements @2,
The LiF TLDs have thickness 0.13 mm,
corresponding to water equivalent thickness
of 0.34 mm, and are 12 mm in diameter.
During irradiation traps are induced in the
TLD material itself. The traps are then

released when the TLD is heated giving off.

the energy in terms of light. The light can be
measured accurately by a photo multiplier
and this signal can be correlated to radiation
dose(27)

TLDs sensitivity calibration?*?7®)

The TLDs were zeroed at 300°C for
0.5 h and then rest in room temperature for
IS min. They were then stored in 80°C for
24 h, again rest in room temperature for 15
min and finally irradiated in a °Co gamma
beam. After irradiation they were rest in
room temperature for 1 h, thenin 80'C for
15 minutes and finally rest in room
temperature for 15 min. The signal was
measured by a TLD 7300 Teledyne reader.
The individual sensitivity of the dosemeters
in each batch was measured 3 times. The
average sensitivity was then obtained for
each dosemeter. Then mean readout of the
whole batch was then defined as:

— N

X=3X;/N (D)
i=1
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where X is the mean value of the readout
of the dosemeters, N is the number of
dosemeters and XXj is the total value of
readout of all dosemeters in the same batch.
The sensitivity of each dosemeter, Cj, was
defined as:

Ci= X/X e

where X; is the readout value of
i-dosemeter. Dosemeters with individual
sensitivity variation of more than +5% where
then disregarded.

Tonisation chamber

A plane parallel ionisation chamber
(NACP 02) with front wall of 0.2 mm mylar
foil and 0.5 mm thick contacting high
voltage electrode of graphite and with the
effective point of measurement at about
0.8 mm water equivalent taken to be at
the inner of the inside surface of the
chamber window was also used for this kind
of measurements®?. The chamber is placed
in a solid (PMMA) phantom with dimen-
sion 29.5 x 29.5 x 9.5 cm®. The ionisation
chamber is connected through a constant
voltage supply to -400 V and the signal is
read through a digital electrometer in terms
of charge integrated over a constant time of
60 seconds.

Measurements

The measurements were performed
in the two following conditions: with field
sizes of 5 x 5 cm? and 15 x 15 cm? with the
mask on the top of phantom alternatively
with the same field sizes but without the
mask. The mask itself is a layer with 2 mm
constant thickness with perforated holes 3
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mm in diameter (POSIFIX-4, Posicast
PR-3 precut). The gantry was always set to
0 degree and the collimator at 90 degree. In
order to measure the depth dose in the
presence and absence of the immobilization
mask the different depths were simulated
using slabs of polystyrene which are rather
water equivalent with density of 1.06 g. cm.
A polystyrene phantom, 5 cm in thickness,
was used to obtain back scattering. To
ensure linearity of the TLDs the dose was
limited to about 1 Gy at the dose maximum.
For the measurements with the TLDs the
relative depth dose, PDD, normalized to the
dose at the dose maximum is obtained by
as:
PDD (%) = (Da/ Dy )x 100 ....(3)

where D, is the mean readout
corrected signal for individual sensitivity
of the dosimeters irradiated at any depth and
Dpn the corresponding mean readout
corrected signal at the depth of the
maximum dose. In order to improve the
accuracy of the  results the experiments
were repeated at least three times and the
results are expressed as mean values with
one standard deviation as an indication of
the uncertainties involved. In the case of the
plane parallel ionisation chamber the results
are the mean of several repeated charge
integrations all over the same constant 100
monitor unit for 6 MV and irradiation time
of 60 seconds for “°Co.

Results

The actual thickness of the
polystyrene slabs, used in %Co
~measurement, measured with the accuracy
gof 0.1 mm are 1.0, 2.0, 3.1, 4.1, 5.1 mm
'and those used in the 6 MV beam are 3.0,

6.0, 9.0, 12.0, 15.0 mm. These thicknesses
were converted to water equivalent depth by
density correction and taking into account
the effective point of measurement®”. For
the TLDs, the effective point of measure-
ment is located at the middle of each
dosemeter corresponding to a water
equivalent depth of 0.17 mm. In the plane
parallel ionisation chamber (NACP 02) the
effective point of measurement is located at
0.8 mm equivalent water located under the
inner surface of the entrance window of the
chamber. Since the measurements were
performed in a constant source to doseme-
ter distance the results were further corrected
for the difference in SSD by applying the
inverse square law, as well as for the
differences in the depth dose due to the
change in SSD®. Particularly for the plane
parallel ionisation chamber no specific
correction was applied for the temperature
and pressure since both were constant
during the experiments. The influence of the
2 mm thick mask to the doses at the surface
and in the whole build up region, is shown
in Fig. 1-2 for the TLD measurements and
Fig. 3-4 for the plane parallel ionisation
chamber measurements. Based on the TLDs
measurements it is shown that the presence
of the mask increases the surface dose in
the ®Co beam from 11% to 76% for the 5 x
5 cm? field while for the 15 x 15 cm? field
the dose increases from 25% to 83%
respectively. Beneath the surface, in the
build-up region, the mask will also result in
an increasing dose but the rate of increase is
less step towards the maximum dose. The
corresponding increases in the 6 MV
bremsstrahlung beam are from 7% to 48%
for the 5 x 5 cm? field and from 18% to 56%



in the 15 x 15 cm? field. The increase of the
surface dose is due to the interaction of the
primary and secondary beam components
with the mask itself resulting in production
of secondary electrons which then increase
the surface dose>!?). At the same time the
mask itself may slightly absorb contaminat-
ing electron from the treatment head and
air ® but this effect is minor compare to the
influence of the mask. Obviously, the
presence of the mask almost eliminates the
skin sparing effect of megavoltage
therapeutic beams. From the Fig. 3, 4 and
5, it is that in spite of the appropriate
density corrections for the depth in the
phantom and the effective point of
measurement, the surface dose measured
with the plane parallel ionisation chamber
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is consistently higher than that measured by
TLDs. For the 5 x 5 cm? field size in the
%Co beam the surface dose as measured by
plane paralle] ionisation chamber is in the
absence of mask about 32% and increase to
about 82% in the presence of the mask.
Similarly, in the 6 MV bremsstrahlung beam
and for the same field size the surface dose
is correspondingly 25% and 56%. This
effect is mainly due to the thick front wall
and the perturbation effects of the plane
parallel ionisation chamber as described by
Nilsson and Montelius®®®. It is thus shown
that the plane parallel ionisation chamber can
be used for relative measurements and sur-
face doses if appropriate correction for the
perturbations are applied®@!29),
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Fig.1. Relative depth dose curves of °Co measured by LiF TLDs for two different field sizes
without respectively with the immobilization mask. Full circle: 5 x 5 cm?, without

the mask. Open circle: 5 x 5 cm?, with the mask. Open rectangle: 15 x 15 cm?, without
the mask. Full rectangle: 15 x 15 cn?, with the mask.
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Fig.2.

Fig.3.
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Relative depth dose curves of 6 MV measured by LiF TLDs for two different field sizes,
without respectively with mask. Open circle: 5 x 5 mm?, with the mask. Full circle:
5 x 5 mm?, without the mask. Open rectangle: 15 x 15 mm? without the mask.
Full rectangle: 15 x 15 mm? with the mask.
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Relative depth dose comparison of Co measured by the plane parallel ionisation
chamber for two different field sizes without respectively with the mask. Open circle:
5 x 5 cm?, with the mask. Full circle: 5 x 5 cm?, without the mask. Full rectangle: 15 x 15
cm? with the mask. Open rectangle: 15 x 15 em? without the mask.
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Fig4. Relative depth dose comparison of 6 MV measured with the plane parallel ionisation
chamber for two different field sizes without respectively with the mask. Open circle:
5 x5 mmi, with the mask. Full circle: 5 x 5 mn?, without the mask. Open rectangle:
15 x 15 mm? without the mask. Full rectangle: 15 x 15 mm? with the mask.
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Fig.5. Comparison of depth dose curves between measured by LiF TLDs and the plane
parallel ionisation chamber. Field size 5 x 5 cm?, “Co beam. Full circle: without
the mask,LiF TLDs. Open circle: without the mask, the plane parallel ionisation
chamber. Open rectangle: with the mask, LiF TLDs. Full rectangular: with the mask,
the plane parallel ionisation chamber .
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Table 1. The percentage absorbed dose increase due to the inflluence of the mask for

small fields and large fields of *Co beam measured by LiF TLDs and the plane

parallel ionisation chamber %wm: % relative depth dose, with the mask. %nm,

% relative depth dose, without the mask.

Fig.6.

depth 5x5 cm? 15x15 cm? 5x5 cm? 15x15 cm?
(mm) P%owm-%nm Yowm-%nm Jowm-%nm Yowm-%nm
(LiF) (LiF) (plane parallel) (plane parallel)
0 65 58 50 40
0.8 39 28 27 17
2 10 5 7 4
3 2 2 3 0
4 0 0 0 0
5 0 0 0 0
e AN |/ tants
y-rays il __— e il
11 © | i %w<®
5+5cm?2 15+15cm?

Schematic illusfration of the gerneration of secondary electrons in the mask. The electrons
that reach the dosemeter in the phantom are numerous fora broad beam than in a narrow
beam and thus the dose is higher The same mechanism s applicable in the presence of the
immobilization mask. The mask will produce more electrons for low photon energies since

the build up region is much shallower and the complete slowing down spectrum of secondary
electron is achieved much faster




Discussion

In radiotherapy, immobilization
allows reproducible treatments thus
increasing the possibility of delivering a
precise and higher total dose to the tumour
and decreasing the dose to the surrounding
normal tissues''?. However, the mask
itself decreases the skin sparing effect since
it increases the doses in the build up region
thus delivering the highest dose to the
surface and the subsequent tissues. This dose
increase is mainly due to compton electrons
set in motion by the primary photons but
even due to the presence of beam
contaminating electrons and photons. Since
the electrons have a certain angular spread
around the forward direction, the dose in a
small field is generally lower than that in a
large field as illuatated in Fig. 6. This
process also explains the field size
dependence in the absence of the mask since
the air volume in front of the patient act as a
source of electrons'®*. Ideally, when the
patients need to be immobilized with a mask,
it should be cut in the locations of the beam
portals. On the other hand, if an increased
skin dose is desired, particularly for super-
ficial tumours, the mask can, at least par-
tially, be used like a bolus to increase the
dose. For 6 MV, the dose increase in the build
up region due to the mask is less than in ®°Co,
which is explained by the more forward
directed electrons which in addition have
longer pathlength due to their higher energy.
In this experiment only one constant layer
of .the mask, 2 mm in thickness and with
perforated holes of standard size of 3 mm in
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diameter was used. Normally, when the
mask is warmed up and individually fitted
on a patient, the thickness may vary sub-
stantially over the whole surface. But the
more thin mask, the less its immobilization
capacity. Generally, the doses in the build
up region will be altered depending on type
of material and thickness of the mask, beam
type, beam energy, and the angle of
incidence of the beam(!3-1343% The present
data show that the mask will increase the
dose equally to 1.65 mm of water in 5 x 5
cm? field and 1.5 mm of water in 15 x 15
cm?field in a ®*Co beam. On the other hand,
in the 6 MV beam it will effect to the dose
equally to 2 mm of water both in the 5 x 5
cm? and 15 x 15 cm? fields. In the present
work it is proved that the precise determi-
nation of the percentage depth doses in the
build up region is more accurate using
extremely thin LiF TLDs®». A plane
parallel ionisation chamber (NACP 02)
was also used since the thickness of the wall
for this dosemeter was considered thin
enough and the perturbation effects on the
radiation beam relatively low. However the
difference in the measured surface dose
between the two types of dosimeters is 21%
in the ®Co beam. Thus it is shown that this
plane parallel ionisation chamber substan-
tially overestimates the surface dose. The
data are very important. They should be
obtained to consider in dose planning for
optimization in order to keep the radiation
induced reactions to normal tissues at a low
level and to improve the quality of life of
the patients.
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Conclusion

The mask will alter the build up
curve, the slope of the curve will be changed,
the doses in the build up region tend to
increase to maximum dose. The affect on the
dose distribution in low energy beams are
higher than in high energy beams. The
percentage of the increase dose at the
surface is the highest and under skin will be
also increased but the percentage of absorbed
dose increase reducing as a function of depth
up to maximum dose the influence of the
mask is not shown.(Table 1) When using the
mask in low energy beams, the mask should
be cut off to maintain skin sparing, but it
can be left in the field when the tumour
extends to the surface. In higher energy
beams the effect of the mask in build up
region is lower, the curve shown less steep
than of °Co. In larger fields, the doses in
the build up region will be higher than in
smaller fields, the rate of increase absorbed
dose by the mask in small fields is higher
than in large field.
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