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Introduction

The role of radiation therapy in the treatment of pancreatic cancer has been revolutionizing in the last

decade.

Traditionally pancreatic cancer was regarded as a radioresistant tumor and the indication of radiation
therapy was restricted to only palliative intentions. However, some advances in radiation technique that have
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enabled us to distribute highly concentrated doses to the target volume have brought more active roles for
radiation therapy. Nowadays it is postulated that in some instances pancreatic cancer may be radiocurable),

In most of the cases, the authors had been coping with advanced pancreatic cancer by means of in-
traoperative ratiotherapy (IOR)2. And in recent years, IOR has been fractionated and external irradiation has
been supplemented as well. For external irradiation, we have exploited some technique to show the target
volume distinctly on X-ray computerized tomography (CT) for treatment planning. Details and further im-
plications of these modifications and the techniques are reported.

Materials and Methods

Between January 1979 and June 1985, 24 cases with locally advanced pancreatic cancer were candidates
for IOR, in the University Hospital of Tsukuba. Of these, after February 1982, twice fractionated IOR and
supplementary external irradiation as mentioned below was intended for 11 patients (Table 1).

Of these 11 cases, 9 males and 2 females, the age distribution was from 44 to 84 with an average age of
63.6 years old. '

The essential technique of IOR in the University of Tsukuba was referred elsewhere®. The radiation unit
for IOR is Shimadzu BTR 25 Betatron next door to the operation room, which permits electron beam
irradiation in energy of 4—25 MeV with 12 steps.

1) Fractionated IOR:

In 13 cases between January 1979 and 1982, IOR had been used to be undergone in a single fraction with
standard dose of 30 Gy. However, IOR has been fractionated twice with standard total dose of 20 Gy since
1983. Because of the idea that even for advanced cancer, enforcement of tumor volume reduction by means
of pancreatectomy is feasible for improvement of local control followed by radiation therapy except for an
unresectable case, IOR. could be more valid when carried out in two fractions. That is, the first fraction bears
arole of preoperative irradiation, intending to reduce the viability of the tumor cells that could be spilled onto
the operation field during the tumor resection. The second fraction is reserved for a role of postoperative
irradiation to the tumor bed, or Lo the remaining lumor mass.

In each fraction, standard dose is 10 Gy. Furthermore, treatment cone and/or energy of electrons could
be decreased in the second fraction.

2) Measure to define the target volume for external irradiation®:

Table 1 Patients in this study

Patient no. Age Sex Tumor location Tumor size (cm)
1 72 Male Entire 12X3x2.5
2 62 Male Head §X 65
3 69 Male Entire 4%3.5X3
4 65 Male Head 4X5%5
5 44 Male Head 5.5%5%4.5
[} 72 Male Entire 12X5%X4
7 84 Male Head 5X5.5%4.5
8 64  Female Head 4X%3.5%3.5
9 76 Male Head 8x8x5

10 54 Male Head 4X4X4.5
11 68  Female Head 6x4.5x%4.0

All patients but no. 7 had vascular invasion

All patients had regional node involvement but revealed no distant
metastasis.

no. 4: Ascites was found at the time of operation.
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806 Better dose distribution in pancreatic cancer

Fig. 1 Teflon mesh is left on the area of palpable Fig. 2 Anteroposterior simulator film to set preli-
pancreatic tumor for unresectable case. Teflon minary treatment fields. Metal clips (arrow) indi-
mesh is tailored to the size of treatment cone in cate the cephalocaudal edges of the tumor bed (re-
IOR. sected case). Subtotal gastrectomy was performed

to give rise to duodenal ulcer by IOR. Teflon mesh
is not recognized.

Following ICR, a piece of Teflon mesh (USCI" A Division of C.R. Bard, Inc., U.S.A.) tailored to the
extent of the tumor or treatment field of IOR is sewed onto the target volume for the treatment planning of
successive external irradiation. Metal clips are also left at the cephalocaudal edges of the target volume (Fig.
1). Teflon mesh left in the body has already been proven to be innocuous for a long times.

3) Treatment planning for external irradiation:

Treatment planning is carried out routinely aided by CT. Prior to CT examination, preliminary treat-
ment fields are determined with an X-ray simulator that relies on the location of the metal clips.
Fluoroscopically, the metal clips show not only the location in cephalocaudal direction but also the
respiratory movement of the target volume (Fig. 2).

After putting radioopaque catheters for angiography on the skin to show the treatment fields, CT
examination is undergone.

Then the practical treatment fields are settled relying on the relationship between the shadows of the
Teflon mesh and the catheters on the skin. Further CT examination may be repeated to confirm the adequacy
of the practical treatment fields.

In external irradiation, box field technique with cobalt unit is usually employed. Planned total dose is
30—40 Gy at 1.6—1.8 Gy per fraction and 5 fractions a week.

The indication of chemotherapy has been left in the surgeon’s hands.

Results

1) Fractionated IOR (Table 2)
Fractionated IOR was carried out in 5 cases and in 2 of them, the tumor was resected by total pan-
createctomy. 4 cases underwent IOR in a single fraction because of evident unresectability. Of another 2
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Table 2 Treatment methods and results

IOR ’

Patient . . . - ), Duration between 1l i : "
Tort Operaion SR ND, IOk amdextemal G A ion/bay Gmonths

1 T.P. == 60, 10, 20 9 41.6/24/36 18

2 unresected 80, 20, 10 66, 20, 10 3 39.6/22/30 8

3 T.P. = 64, 16, 20 5 41.6/24/37 13

4 unresectable 66, 14, 20 . 3 23.8/14/18 3

5 T.P. 80, 14, 10 8¢, 10, 10 5 5.4/ 3/ 3 12

6 unresected 6x10% 12, 15 60, 12, 15 4 28.8/16/23 6.5

7 unresected 64, 12, 20 — - - 14.5

8 T.P. 84, 10, 10 80, 8, 15 5 41.4/23/24 6

9 unresectable 8@, 16, 20 = 5 41.4/23/24 4

10 unresected 84, 14, 10 8¢, 14, 10 4 30.6/17/29 7.5 alive

1 unresectable a4, 16, 20 — 5 30.6/17/24 6.5 alive

T.P.: total pancreatectomy

unresected : Resection was attempted but could not resected.
*oval shaped treatment cone

no. 7: Resection was not indicated because of his age.
Gastrectormny was performed in all patients but no. 6.

cases when first using these methods, the tumor could be resected but IOR was not fractionated.

As for execution of fractionation, there was no trouble or difficulty, because the rooms for operation and
radiation adjoined each other.

In 4 out of 5 cases fractionated IOR was performed, size of treatment cone or energy of electron beam
could be decreased in the second fraction.

2) Application of Teflon mesh

Inregard to the perpetual application of Teflon mesh onto the tumor or tumor bed, no complications were
observed during survival periods of all 11 cases. Teflon mesh showed shape and extent of the tumor and
tumor bed self-evidently as a curvilinear shadow with little burdensome artifact in each CT slice (Fig. 3),
except in that of cephalocaudal edges of target volume where metal clips had been left.

Application of this technique was useful for the treatment planning (Fig. 4), as the ventral and lateral
boundaries of target volume was self-evident, especially for the tumorresected case, while it would be in-
definite without this technique. So, more actual dose distribution of IOR was disclosed (Fig. 5).

3) External Irradiation

Supplemental external irradiation was planned for all cases with one exception of an 84 year-old
unresected case. The term between IOR and external irradiation was from 3 to 9 weeks, the average being 4
to 5 weeks. In 2 cases out of the 10, irradiation was discontinued because of intestinal bleeding. Bleeding was
caused by tumor invasion into the duodenal mucosa, as for case number 4 and by an ulcer in the anastomesed
jejunum out of IOR field in the case of number 5. For the other 8 cases, 28.8 to 41.6 Gy of target dose was
irradiated and they tolerated these serial treatments well.

4) Survival

Survival time after IOR of 9 expired cases, were from 3 to 18 months, with a mean of 9.4 months with 4
cases surviving more than a year. Of these 9 cases, all were judged to have had cancer at death. 4 were
disclosed at autopsy and 5 were concluded by their clinical course, although the case number 9 expired of
acute cardiac failure 4 months after IOR. As of present (December, 1985) there are 2 survivors for 7.5 and 6.5
months. No case other than case number 6, which expired of excessive bleeding from duodenal ulcer
presumably caused by irradiation, suffered from serious radiation injury.

BEFN614E 6 H25H (51)
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Fig. 3 A slice of CT of the upper abdomen with
conirast enhancement. Diluted Gastrografin® was
introduced into the upper GI. Teflon mesh left on
the tumor bed shows a curvilinear shadow
(arrows) with appropriate density. Shadows of

Better dose distribution in pancreatic cancer

Fig. 4 Isodose distributions of box field technique

using cobait unit. The ventral and lateral bound-
aries are indicated by the shadow of teflon mesh.
Figures 0, 1 and 2 show 100, 90 and 80% isodose
values respectively.

catheters for angiography put on the skin indicate
the preliminary treatment fields.

>
e’iﬁg

Fig. 5 Isodose distributions of IOR. The size of
treatment cone is 8 cm in diameter and the energy
of electron beams is 10 MeV. Dose distributions
are adopted to the curved surface of the tumor bed
shown by teflon mesh. Figure 1 to 5 correspond to
90, 80, 60, 40 and 20% isodose values respec-
tively.

Discussion

The role of radiation therapy for pancreatic cancer had been disposed to palliative intent exclusively,
because of a reputation of “‘radioresistance”” in the orthovoltage era. One of the main reasons of this repute is
presumed to be the dose restriction to the target volume by radiation tolerance of the tissues or organs ad-
jacent to the pancreas, such as bowel, liver, kidneys and so on. However, the advent of megavoltage
equipment and advances in radiation technique have altered the role of radiation therapy from palliative to a
more radical one. They are, precision high dose (PHD) techniques with high energy electrons and photonss),
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the application of comformation radiotherapy?, 12 seed implantation®?, heavy ion irradiation!?, IOR'", the
combination of these!21919 and so on, with and without chemotherapy. A common advantage of these
techniques is superiority in dose distribution.

On the other hand, a clinical trial exploiting the theoretical advantage of higher LET, RBE and lower
OER in neutron irradiation failed to show the improvement of survival because of severe complications!s),
These results are considered to be largely attributable to inferior dose distribution of neutren beams as stated
by Catterall!®). Thus the best dose distribution is considered to be essential in radiation therapy'” for pan-
creatic cancer.

The authors have been challenging locally advanced pancreatic cancer by means of JOR»® with
execution of pancreatectomy as possible, becuase the smaller the tumor volume the lesser radiation dose
expected to sterilize or control the tumor. However, viable tumor cells could be spilled onto the operation
field during the operation procedure, we modified the method of IOR by fractionating twice. That is, the first
fraction of IOR is ‘“‘preoperative irradiation” to prevent dissemination of tumor cells. This modified method
also enables us to improve dose distribution still more by employing decreased cone and/or electron energy at
the second fraction of IOR as “postoperative irradiation”.

In practice, of 5 cases fractionated IOR was carried out, electron energy could be decreased in 2 cases
and cone downed in another 2 cases. Also, when intervals of irradiation was put off more than several hours,
cell recovery of sublethal damage would be expected'® that could improve radiation tolerance of normal
tissue especially of the duodenum.

Despite the dose of IOR being as high as 20—30 Gy given in a single fraction or two, as the dose was
derived from normal tissue tolerance, the eradication of all tumor cells was considered not to be achievable.
So we employed supplemental external irradiation.

Metal clips left around the tumor or tumor bed during the operation had offered importent information
for treatment planning of the thoracic, pelvic and abdominal regions. Meanwhile, the exploitation of CT is
indispensable for the treatment planning and for the evaluation of the alteration of tumor size after treatment:
now!9z0zy, Regrettably, metal clips inevitably yield annoying artifacts on CT'. Therefore, some materials
that yield little artifact have been chosen. For this purpose, we applied tailored Teflon mesh by sewing it onto
the tumor or tumor bed. Teflon is one of the materials proven to be innocuous when left in the human body
for a long time®, and moreover exhibits proper density shadow on CT. In practice, no serious complications
caused by application of this technique were encountered.

On the other side, as Teflon mesh is not sufficiently radioopaque to be recognized on X-ray simulation,
metal clips were also left at the cephalocaudal edges of tumor, not to be included in the majority of slices of
serial CT.

Some advantages of applying this technique to exhibit the tumor extent on CT are considered to be as
follows. (1); Little artifact, if any, is manifested as is often the case of metal clips. (2); Teflon mesh is so
pliable that it conforms to the entire ventral surface of the tumor or tumor bed, that the shape of the target
areas are self-evident in each CT slice. (3); The shadow of Teflon mesh also allows disclosure of the dose
distribution more accurately, especially of IOR. (4); These excellent features permit the follow up study after
radiation therapy on CT as before.

It is still premature to assess the efficacy of fractionated IOR and of supplemental use of external
irradiation at present.

This technique will also be applicable to the other sites of tumors, such as mediastinal and pelvic tumors.
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