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Intraoperative Radiation Therapy for Carcinoma of the Pancreas
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From May 1978 to December 1989, 54 patients with pancreatic carcinoma underwent electron
beam intraoperative radiotherapy (IORT). Three died of perioperative complications within a month.
In 19 patients, liver metastasis and/or peritoneal dissemination became obvious at laparotomy. They
therefore underwent IORT with palliative intent. Relief of pain was obtained in 12 of the 14 patients
with pain (85.7%), although three of them were treated in combination with splanchnic nerve block.

Thirty-two patients with localized carcinoma underwent IORT with curative intent (total tumor
resection in 6, partial resection in 6, and no tumor resection in 20). With additional IORT treatment,
their survival was significantly (p<<0.05 during the 18th month) longer than that of 40 patients
without IORT (total tumor resection in 13, partial resection in 9, and no tumor resection in 18). Among
the patients without tumor resection, the 20 patients who underwent IORT survived significantly
(p<0.05 during the 7th month) longer than the 18 patients who did not. Twelve patients who
underwent total pancreatectomy died earlier than the 23 patients treated with IORT in combination
with partial tumor resection or no tumor resection (not significant). In 26 patients with partial tumor
resection or no tumor resection, either additional external irradiation or IORT using a small field
within a large field significantly (p<<0.05 during the 7th and 8th month) improved survival compared
with IORT using a single field. Of the 20 patients without tumor resection, relief from pain was
obtained in 18 of 19 patients with pain (94.7%), although two of them were treated in combination with
splanchnic nerve block.
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In terms of adverse effects possibly caused by IORT in 26 patients who survived longer than 6
months, gastrointestinal problems were serious in several (gastric ulcer in 2, duodenal stenosis in 1,
gastric ulcer and duodenal stenosis in 1, and duodenal perforation and duodenal ulcer in 1).

In conclusion, our experience suggests that IORT can relieve patients of serious pain and improve
survival in patients with localized pancreatic carcinoma.
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Table 1 Characteristics of patients with carcinoma of
the pancreas treated with or without IORT

Distant metastasis  Localized carcinoma

IORT No IORT
Total 19 32 40
Sex(male/female) 12/7 16/16 25/15
Age(yrs) 38—73 43—81 3B—T79
Average(yrs) 63.7 62.4 62.2
Location
Head 5 16 22
Body 2 4 6
Tail 0 0 1
Head-body 5 8 7
Body-tail 7 4 1
Head-body-tail 0 0 3
Stage
I 0 2 [
11 0 5 8
1 0 25 26
v 19 0 0

Table 2 Distributions of surgical procedure for
patients with carcinoma of the pancreas treated
with or without IORT

Distant metastasis  Localized carcinoma

IORT No IORT

Total 19 32 40
Extent of tumor resection

Total resection 0 6(1*) 13

Partial resection 0 6(5*) 9

No resection 16(3*) 20(12*) 18(2*%)

Palliative resection 3 0 0
Surgical procedures

Total pancreatectomy 0 (3*=) 9(3**)

Pancreaticoduodenectomy 0 6 12

Distal pancreatectomy 3 3 1

Gastrectomy 1002%) 26(15*) 22

IORT ; intraoperative radiation therapy,
* | patients treated in combination with external radia-
tion therapy,
** | partial tumor resection.
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Table 3 Summary of data on radiation therapy for patients with carcinoma of the
pancreas treated with or without IORT

Distant metastasis

Localized carcinoma

IORT No JIORT
Total 19 32 40
ERT 1 o 17 i b 2
Resection 0 0 6 0 0
Dose(Gy) - - 24—50 —- =
Average(Gy) 35.3
No resection 1 2F 11 i 2
Dose(Gy) 18 18*, 30+ 20—45 30" 60, 60
Average (Gy) 37.9
IORT 14 g 27 5+ 0
Resection 1 2+ 12 0 0
Dose(Gy) 27 28.1%,39.4*  16.2—31.5 — —
Average(Gy) 22.4
No resection 13 3* 15 5* 0
Dose(Gy) 16.2—39.4 33.8*—39.4* 16.2—33.8 33.8*—39.4* —_
Average(Gy) 26.8 37.5t 22.4 38.3%

ERT ; external radiation therapy,
SL ; a small field within a large field,

* ; patients treated with IORT using SL method.
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Fig. 1 Survival curves of patients with distant

metastasis and those of patients with localized
lesions treated with or without IORT.
[M : patients with distant metastasis treated with
IORT (n=:19), @ : patients with localized lesions
treated with IORT (n=32), A ! patients with
localized lesions treated without IORT (n=40),
yIS: years.

so- H
T )

V] 1 2 3 4

Syrs

Fig. 2 Survival curves of patients with localized
lesions treated with no tumor resection ; those of
patients with or without JORT.

D : patients treated with IORT (n=20), A :
patients treated without IORT (n=18).
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Fig. 3 Survival curves of patients with localized

lesions treated with tumor resection; those of
patients with or without IORT.
@ : patients treated with I[ORT (n=12; 6 with
total tumor resection, 6 with partial tumor resec-
tion), A : patients treated without IORT (n=
22 ; 13 with total tumor resection, 9 with partial
tumor resection).
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Fig. 4 Survival curves of patients with localized

lesions treated using IORT without total pan-
createctomy in comparison with those of patients
with total pancreatectomy.
@ : patients treated using IORT without total
pancreatectomy (n=23 .3 with partial tumor
resection, 20 with no tumor resection), A :
patients treated with total pancreatectomy (n=
12 | 6 with total tumor resection, 3 with partial
tumor resection, and 3 with partial tumor resec-
tion in combination with IORT).
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Fig. 5 Survival curves of patients with localized

lesions treated with IORT using various tech-
niques.
@ | patients treated with IORT in combination
with ERT (n=16 . 5 with partial tumor resection,
11 with no tumor resection), M : patients treated
with IORT using SL method (n=5:5 with no
tumor resection), &  patients treated with IORT
using a single field (n=>5 . 1 with partial tumor
resection, 4 with no tumor resection).
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Fig. 6 and Fig. 7 Changes of CEA (Fig. 6) and
CA19-9 (Fig. 7) in the 1st and 6th month after
IORT in patients with localized lesions treated
with IORT and no turnor resection.

A : values in patients who died within 6 months
after IORT, @ : those in patients who survived
longer than 6 month, but died within a year, O :
those in patients who survived longer than a year.
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(o Gastric Ulcer and Duodenal Stenosis
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Fig. 8 Gastrointestinal troubles and the time of occurrence in 51 patients treated

with IORT.,

@ : those in patients who died within 6 months, O : those in patients who
survived longer than 6 months, + and — : with and without, ERT : external
radiotherapy, mos : months, % and number in parenthesis : patients treated with
IORT using SL method, # and # 3 : troubles in the same patient.
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Fig. 9 A 57-year-old male with unresectable car-
cinoma of the pancreatic head (Ph, T, S;, CH,,
Vs, Hy, Py, Ny, DUs). Specimen of endoscopic
biopsy from the duodenal invasion revealed well

differentiated adenocarcinoma. The patient
underwent IORT of 16.2Gy followed by the
external radiation therapy of 39.6Gy (1.8Gy a
day). One year and 5 months after IORT, the
patient underwent laparotomy due to the perfora-
tion of the flexura duodenojejunalis. The patient
was doing well in spite of operation again, but
died of gastrointestinal bleeding after 5 years of
IORT. The autopsy revealed ulcerations around
the Ampulla of Vater. Microscopically, no tumor
cells were found.
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