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Clinical Application of the Dual Energy Photon Beam
Using 6 MV and 10 MV X-ray

Myung Za Lee, M.D. and Hye Gyeong Han, M.D.

Department of Radiation Therapy, College of Medicine,
Hanyang University, Seoul, Korea

Some modern accerelators provide a dual energy for photon beam treatment. The main
advantages of dual energy in the treatment of rectosigmoid or rectal cancer are as follows.

1. Dose in the critical organ such as small intestine, bladder and genital organ are reduced.

2. Presacral and perineal area is fully covered.

Dose distribution analysis such as calculation of dose in a target volume, isocenter, Dy,.x and
dose spectrum in any region of interest are possible.
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Examples of plan are given and results are discussed.
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INTRODUCTION

Irradiation is being used alone or in combination
with surgery with increasing frequency in the treat-
ment of colorectal malignancies. A significant por-
tion of patients with the more advanced colorectal
carcinoma suffer from the complication of recur-
rence, metastases and death if treated by surgery
alone'™®,

Any therapeutic gains achieved with XRT might
be offset by an unnecessary increase in complica-
tions unless close cooperation exists between
physicians concerned in selecting patient groups
which have definitive indication for the addition of
XRT and in optimizing radiation dose delivery.

For the group of patients with technically
resectable lesions who are at high risk for local
recurrence pre or postop dose level required to
markedly decrease the local failure incidence is
4500~5000 rad/5~6 wks>¥. At this dose level, the
incidence of small bowel damage is minimal®.
Adhesion can occur and techniques should be
used to minimize the volume of small intestine and
-other normal tissure within irrdiated portals to
achive high dose levels safely is dependent on
close interaction between the surgeon and radia-
tion oncologist in defining noraml and tumor tissue
and displacing the normal tissue from the tumor
volume whenever possible.

In an effort to minimize both acute toxicity and
chronic complications of abdomonal and pelvic RT
positional shifts of small intestine are more likely to
occur with patients prone rather than supine. Sev-

eral methods have been reported to reduce small
bowe! dose such as bladder distension, operative
reconstruction of small bowel or multiple field tech-
nique, or shringking field technique®™.

The intent of this paper is to demonstrate advan-
tages of dual energy photon beam X-ray in sparing
small intestine and decreasing potential bladder
and genital organ complication in patient with
rectosigmoid or rectal malignancies.

Technical aspects of treatment planning will be
presented. Advantage of dual photon will be illus-
trated by comparng isodose contours of 3 field
technique to those of 6 MV or 10 MV single photon
in representative patients.

MATERIAL AND METHOD

Total 15 patient with rectosigmoid or rectal
cancer were treated with combined 6 MV and 10 MV
X-rays using dual photon linear accelerator. 3
patient were treated for postoperative recurrent
disease, 2 were treated for inoperable disease and
10 received radiation for postoperative adjuvant
therapy. 9 patients were female and 6 were male.
Total 7 patient underwent APR operation, 5 patient
had anterior resection, 1 had total colectomy and
protectomy and 2 had colostomy only.

Age distirbution were 28 to 73 with median age of
54.

Astler-Coller stage B2 were 2, C1 was 1, C2 were
9 and unspecified patient were 3.

All patient were simulated on prone position. 3
field technique with 2 lateral wedge pair and one
anterior field were applied. 6 MV photon beam for
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vertex field and 10 MV for 2 lateral beam were used.
For those undergoing a low anterior resection, the
inferior field was at the bottom of the obturator
foramina or 3~5cm below the anastomosis. For
those undergoing an APR, entire perineum was
included in all field. Shaped lateral fields were used
to spare soft tissues and muscle posteriorly. Anter-
ioly, the field was not routinely designed to include
external ilac lymph nodes. Bowel iocated anteriorly
and a portion of the bladder were spared in the
lateral field.

For comparison of this technique with single
energy beam, 3 field technique with 6 MV or 10 MV
photon beams were used. Maximum, minimaum
and mean dose in the region of interst were calcu-
lated using Mevaplan treatment planning com-
puter.

RESULT

A set of three beams (AP and a pair of 45 or 60
degree wedge pair lateral beams) on pelvis target
was applied. Fig. 1 shows the field configuration,
target volume, trasverse contour through the cen-
tral axis, and the point used to define the selected

normal tissue and tumor structure lying within the
treatment volume.

P1 is isocenter which is the normalization point.

ROI A is field inside of bladder contour below
the edge of lateral treatment field.

ROI B is contour of right femoral head (part of
region is lateral and inferior of beam).

Wedge is designed to provide a large dose
gradient across the treatment field. Weighting fac-
tors are defined as contributions of beams to a
reference point. Determination of weighting factors
for the beams to achieve a desirable distribution is
a complex procedure which may involve judgement
by physist and clinician. Time weighting method
was applied. Weighting of 1 from vertex field, and 0.
5 from each lateral field or equal weighting of three
field was done.

Dose at tumor volume are determined by the
contribution of all three field and should be at least
95% for 100% normalization to the isocenter

P2 is at the depth dose maximum which
depends on beam energy and wedge angle.

The dose of ROl A is determined mainly by the
contribution of the vertex field.

Fig. 2 shows advantage of dual enrgy photon
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Fig. 1. Transverse contour,field configuration, Region of interest A (anterio half of bladder), Region of interest B
(rt femoral head), and P1 (isotenter) and P2 {dmax point).
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Fig. 2. Comparison of isodose curves obtained with 3 field technigue using combined 6 MV and 10 MV dual energy
photon vs 6 MV single photon (A} or 10 MV single photon (B).

beam over single energy when isodose are dose to the bladder contour with different treat-
compared. ment energy. Comparision is made dual energy
Table 1 shows maximal, minimal and average photon beam with single energy X-ray. There is 8.2
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Table 1. Comparison of % Dose in the Region of Interest and % Difference between Dual Energy and Single Energy
X Ray Beam
Dual X ray dose 6 MV dose 10 MV dose
Case RO!
Max Min Ave Max Min Ave Max Min Ave
(%) (%) (%) (%) (%) (%)

1 A 52.1 31.7 39.1 55.8 340 42.0 54.9 35.3 42.4
(7.1 (72) (74) (54 (11.2) (84)
B 104.7 28.6 81.3 106.5 29.8 83.6 1056.7 28.0 826
(18 (44) (28 (09 (-19) (16}
2 A 55.7 343 42.1 59.6 36.9 455 58.4 37.9 453
(700 (78 (82 (438 (104) (786
B 95.0 12.3 48.0 944 13.2 48.5 96.4 11.9 49.6
{(—0.6) ( 7.8) ( 1.0) ( 1.5) (+=2.7) (3.2
3 A 525 31.7 39.7 56.0 336 423 55.7 36.3 43.7
) { 6.7} ( 5.9) { 6.4) ( 6.0) (14.2) (10.0)
B 924 5.7 42,6 93.3 6.2 442 94.1 54 42.8
{.1.0) (10.1) ( 3.9 ( 1.9) (-5.0) ( 0.5)
4 A 49.0 30.0 38.1 51.3 31.0 39.6 52.0 33.7 41.4
(47) (34 (38 (600 (123} ( 86)
B 98.9 118 55.2 99.7 12.8 56.6 100.1 1.3 56.8
(09 (88 (25 (13 (=370 (27
5 A 49.0 34.2 41.0 521 36.6 440 - 514 37.7 441
(63 (70 (73) (49 (10.2) (7.5
B 99,2 75 40.9 101.5 8.0 436 100.9 7.2 429
(24) (65 (65 (18 (-48) (49

6 A 475 33.8 40.7 51.9 36.2 44.1 51.0 37.7 4.4
{ 9.3) ( 7.0) { 8.5) { 7.3) (11.5) { 9.2)
B8 94.1 13.8 60.8 943 15.4 61.1 95.6 13.5 614
( 0.2) (10.9) ( 0.5) { 1.6} (2.7} ( 1.0)
7 A 524 308 39.1 56.4 33.2 424 55.1 34.7 428
’ (777 (80 (83) (53 (13.00 [(88)
B 102.5 11.5 734 1026 133 734 102.8 11.0 73.9
(01) (152) (04) (03) (-43) (&2
8 A 48.0 31.7 39.0 533 344 427 510 35.3 423
(10.9) { 8.5) ( 9.4) { 6.1) {11.5) ( 8.5)
B 824 10.6 493 81.5 12.0 478 833 9.9 48.0
(-1.1) (131} (=32) (11) (-67) (-2.2)
9 A 476 31.2 38.3 51.3 334 41.1 509 354 42.0
(7.9 ( 7.1) (7.4) ( 7.0 (13.4) ( 9.8)
B 98.7 148 65.0 97.9 15.7 65.2 99.3 153 66.4
: (—08) (-57) (03} (07) (28} (22
10 A 40.9 23.7 31.9 44.7 26.2 35.1 43.8 27.2 35.2
{ 9.2) {10.5) (10.0) (7.1 (14.8) (10.4)
B 90.3 8.8 436 94.0 8.7 473 918 8.7 434
(41 (16 (870 (186 (-1.1) (-04)
11 A 52.8 32.7 406 57.5 35.1 43.8 55.6 36.4 43.9
{ 8.9} { 7.4) { 8.0) { 5.3) {11.5) { 8.3)
B 92,9 5.1 38.7 93.1 54 39.1 941 4.7 38.7
( 0.3) (45) ( 1.0) ( 1.3) {(—8.9) (-0.1)
12 A 39.0 233 31.7 443 256 35.7 41.2 25.9 34.1
(13.8) (10.2) (12.8) ( 5.7) (11.2) ( 7.6)
B 10156 9.9 78.0 103.4 124 79.1 102.0 9.5 778
(1.9 (259) (15 (06} (-39 (-0.2)
13 A 52.7 39.3 434 58.1 426 47.3 55.4 429 46.7
(10.2) { 8.4) ( 9.1) ( 5.2) ( 9.2 ( 7.6)
B 105.8 38.9 77.0 106.7 406 771 105.5 36.7 76.6
(o8 (45 (00 (-03) (-55) (~08)




Table 1. Continued
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Dual X ray dose 6 MV dose 10 MV dose

Case ROI Max Min Ave Max Min Ave Max Min Ave

(%) (%) (%) (%) (%) (%)

14 A 59.7 39.6 44 8 64.0 426 48.4 62.1 43.1 47.8
{ 7.2 { 7.4) { 8.1) { 4.0) { 8.8) { 6.8)

B 99.1 19.6 66.7 994 209 67.5 99.9 19.0 66.8
{ 0.3} { 6.5) { 1.2) { 0.7) (—29) (0.2

15 A 41.7 208 285 443 22.0 303 43.8 236 31.1
( 6.2) { 5.9) ( 6.2) { 5.0 {13.6) { 8.9)

B 86.2 4.7 38.1 876 49 39.7 86.4 44 374
{ 1.6) { 5.8) { 4.3) { 0.2) (—-6.2) (-1.7)
Average A (82 (74 ( 8.1) ( 57} (11.8) ( 8.5)
B (1.1 (87 (25 (10 (28 (12

%(4.7%~13.8%) and 5.7%(4.0%~7.7%) increase
in maximal dose to the bladder with 6 MV and 10 MV
X-ray, respectively. There is 8.1%(3.8~12.8%) and
8.5%(6.8% ~8.5%) increase in average dose to the
bladder with 6 MV and 10 MV X-ray, respectively.
There is 7.4%(3.4% ~10.5%) and 11.8%(8.8% ~14.8
%) increase in minimal dose of bladder adjacient to
intestine with 6 MV and 10 MV X-ray, respectively.

RO B represents femoral head dose. increase in
maximal dose to the femoral head is about 1% in 6
MV and 10 MV X-ray. Minimal dose to femoral head
shows 85% increase with 6 MV X-ray 3.8%
decrease with 10 MV X-ray. Average dose to the
femoral head is increased in 2.1% with 6 MV X-ray
and decreased in 0.8% with 10 MV X-ray.

Dmax is increased in 1.3% with 6 MV and de-
creased 0.8% with 10 MV X-ray.

DISCUSSION

With clinically resectable cancer, sufficient data
have been accumulated to demonstrate that the
association of moderate to high dose pre or pos-
top irradiation can significatnly reduce the inci-
dence and morbidity of local recurrence in high risk
patients when compared with operation alone!~*.

Perineal irradiation if performed adequately
using anterior and posterior parallel opposed fields
frequently results in considerable early morbidity®.
This occurs because adequate coverage involves
inclusion of skin.

When supervoltage equipment is used if the
edge of anterior and posterior pararell opposed
radiation field extend beyond the perineum, radia-
tion dose to perineal surface will be enhanced,

while the skin sparing is achived at the enterance
and exit surface of the portals. Toxicity is enhanced
because the beams, which are passing through the
air have no intervening tissue to attenuate them.
Perineal reaction may be diminished by not only not
irradiating the perineum but also by angling the
beam or by three or four field®®.

Distinctive advantage of dual energy photon
beam therapy over single photon is that average
dose to the bladder is decreased in around 8% as
compared with 6 MV and 10 MV X-ray without much
difference in dmax dose. Dose of small intestine
which is located adjactent to the anterior wall of
bladder representing minimal dose to the bladder
is decreased in 7.4% and 11.8% in comprarision
with 6 MV and 10 MV X-ray, respectively. When one
use high energy the exit dose will be increased
which contribute increase in small intestinal or
genital organ dose and also perineal dose will not
be adequate with vertex field due to skin sparing
effect.

Moderate energy beam lowers exit dose to the
small intestine and genital organ but lateral field
dose will be increased. Combination of medium
and high energy beam can overcome above dis-
advantage. One can adequately cover the per-
ineum with 6 MV with reasonable skin sparing and
lower exit dose to small intestine and scrotum or
labia, and minimize soft tissue dose in lateral field
using 10 MV X-ray.

Above data suggests that if rectal cancer is not
well controlled with 4500~5000 rads one can
increase dose using 3 field technique higher than
dose previously applied with pararelt opposing
field with delivering acceptable dose to the critical
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organ. Hoskin et al” and Gunderson® recommand
higher dose to the tumor bed in patient with perir-
ectal soft tissue invasion or lymph node positive
patient. Tepper et al'? reported 53% of local failure
with stage C3 disease with dose of 5040 rad or
greater. This paper shows that one can increase
total dose of 7~12% to the tumor volume with
same dose to critical organ when dual photon
energy X-ray is used.

SUMMARY

Dual energy photon beam with 6 MV and 10 MV
X-ray combination therapy for 15 patient with diag-
nosis of rectosigmoid or rectal cancer was evaluat-
ed to see any advantage over single energy photon
beams.

The results are as follows.

1. Compare to 6 MV single photon beams, dual
energy photon beams give 8.1% less dose to the
bladder, 7.4% less dose to the anterior bladder wall
adjacient to small intestine, and 1.3% less dose to
Dmax and 2% less dose 1o the lateral femoral head.

2. Compare to 10 MV single energy X-ray, dual
energy X-ray beams give 85% less dose to the
bladder, 11.8% less dose to the anterior wall of
bladder, minimal change of the ‘dose in dmax and
iateral femoral head, and less skin sparing effect to
the perineum.
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