Progress in intraoperative radiation therapy_
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From experlence with comblinctlons of exiernal-
beam and infraoperative radiation therapy in more
than 4100 patients at the Massachussetis General Hos-
pital and the Mayo Clinic, It Is clear that high single
boost doses of radiation (1,000 {o 2,000 rads) can be
delivered safely fo the abdominal and pelvic soft
tissues during a surgical procedure. It appears that
there Is no major acute morbldity from this Irradia-
tion, although great care must be taken fo avoid
‘'unnecessary irradiation of hollow viscera or abdom-
inal organs. Preliminary data are very encouraging
for the use of Infraoperative radiation therapy in
addition to exiernal-beam Irradiation and surgical
resection in locally advanced adenocarcinoma of
the rectum. Use of this fechnique In pancreatic carci-
noma and relroperiioneal soff-lissue sarcoma Is sﬂll
being evaluated.
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Instructions to CME enrollees
The multiple-choice examination that appears at the end of this
article Is designed to test your understanding of the text according

to the educational objectives listed below, I you have not registered

for this AMA-approved 18-unit category 1 course and wish to enroll,
sae the test instructions preceding the test.

Educational objectives

Given a closed-book, multiple-choice examination, the enrollee
should be able to apply the Information learned in the journal article
in answering all the test items that require him/her to:

1. Identify advantages of Intraoperative radiation therapy as a means
of achieving tumor control.

2. Recognize factors influencing the selection of patients to recelve
intraoperative radiation therapy. .

3. Identify technical procedures for the danvery of irradiation
intraoperatively.

4. Distinguish the results of studies of intraoperative radiation therapy.
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major improvements have been related to the dose

distribution between tumor and normal-tissue. For
most tumor types, the likelihood of local tumor conttol
inereases as the amount of radiation delivered to the tumor
mass increases. However, in many clinical situations, the
dose that can be delivered safely to the tumor volume is
limited by nearby or adjacent normal tissue. The develop-
ment of techniques such as interstitial radiation therapy for
head and neck tumors and intracavitary irradiation for cervi-
cal tumors has produced high rates of local control for small
tumors when combined with external-beam irradiation. Like-
wise, external-beam radiation techniques have been im-
proved to increase thé dose delivered to the tumor mass
without increasing the rate of compllcatlons referablc to
irradiation of normal tissue.

The technique of intraoperative radiation therapy is a
direct extension of the same concept, ie, delivery of a higher
dose to the tumor with acceptable irradiation of normal
tissue. Radiation is delivered during surgery from a conven-
tional external-beam machine, The radiation therapist can
either move or shield from the path of radiation the normal
tissues that otherwise would limit the total dose. The idea of
intraoperative radiation therapy is not new. The technique

s ince the inception of radiation therapy for cancer, the

-was used in the 1930s by Eloesser' and in the 1950s by J.

Chesney, MD (personal communication, Miami). The pres-
ent interest in the technique developed from the pioneer-
ing work of Abe and Takahashi’ in Japan in the 1960s. In the
United States, intraoperative radiation therapy programs
are active at Howard University,” the Massachusetts Gen-
eral Hospital (MGH),™* the National Cancer Institute.’ the
Mayo Clinic,’ and the New England Deaconess Hospital,
This report concerns the overall progress in intraoperative
radiation therapy at MGH and the Mayo Clinic. ;

Patient selection _
At MGH and the Mayo Clinic, we are trying to define a

‘subset of patients whose local tumors would be inadequately.

treated by conventional surgical and radiotherapeutic tech-
niquies and who thus might benefit from an increased dose of
localized irradiation. Thus, most of our patients receiving
intraoperative radiation therapy have locally advanced tu-
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The largest subset of patients
receiving intraoperative
radiation therapy are those
with locally advanced rectal
and rectosigmoid tumors

mors where the presence of sensitive normal structures limits
the total dose of radiation that we can deliver to the tumor
volume. These are generally patients with locally advanced
intra-abdominal or pelvic tumors who do not have metastases
beyond the regional lymphatics. Our largest group of pa-
tients have locally advanced rectal and rectosigmoid tumors,
These are patients who present to surgeons with tumors
thought to be locally unresectable for cure because of adher-
ence of the tumor to structures such as sacrum, lateral pelvic
side wall, or prostate, as demonstrated on physical examina-
tion and by pelvic computed tomography. Conventional
treatment would consist of high-dose preoperative éxternal-
beam irradiation given in the hope of making the tumor
resectable. However, even with combined high-dose external-
beam irradiation and surgical resection, the local recurrence
rate still is very high. In series from MGH,* the University of
Oregon,” and Tufts University,'® tumors were resectable
following preoperative irradiation with 4,500 to 5,000 rads
in 50% to 70% of patients but the incidence of local pelvic
recurrence was still about 35%to 45% after resection. Thus,
intraoperative radiation therapy is being used in this clinical
situation as a boost dose to those areas of initial fixation
which are at highest risk for local failure.
Adenocarcinoma of the pancreas also is being treated
with intraoperative irradiation. The results of conventional
surgical treatment are quite poor, the long-term survival
rate generally being 5% to 10%in the small subset of patients
(about 20% of those who come to laparotomy) in whom
surgical resection is feasible.'' Even in this group, the local
failure rate after surgical resection remains quite high, about
50%. However, about half of those patients coming to lapa-
rotomy have disease limited to the pancreas and regional
lymphatics. It thus appears reasonable in these cases of
_localized disease to use intraoperative radiation therapy in
combination with conventional irradiation techniques to see
if local control and cure can be obtained. :
A third group of patients in whom intraoperative radia-
tion therapy is being evaluated are those with retroperito-
neal soft-tissue sarcoma. This tumor usually is quite large at
presentation and difficult to control locally, The long-term
survival rate with surgical resection alone is low, about
20%."? Both the local control rate and the overall cure rate
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can be improved by the addition of external-beam radiation
therapy. However, serious complications of high-dose irra-
diation of normal tissue can occur, specifically in the small
bewel, and the incidence of local failure can still be appreci-
able. Thus, intraoperative irradiation of the retroperitoneal
tumor bed may be able to decrease both the local failure rate
and the incidence of treatment-related complications.
Other locally advanced intra-abdominal tumors can be
irradiated during operation if conventional techniques are
unlikely to result in a high probability of local control
without also causing serious morbidity because of excessive
irradiation of normal tissue. Of greatest concern in this
regard is the small bowel, but morbidity referable to other
tissues, such as the large intestine, stomach, spinal cord,
liver, and kidneys, also can result. and may be minimized
withintraoperative irradiation. A dose of 4,500 to 5,000 rads
is near the maximal tolerated dose to stomach, small intes-
tine, and spinal cord and is generally inadequate to produce
a high likelihood of tumor control in most clinical situations.

Technical approaches

There have been technical differences in intraoperative
radiation therapy as used at the various US institutions.
Different machines have been used, various constraints have
been imposed by the location of the radiation therapy ma-
chine relative to the operating rooms, and there have been
philosophical differences regarding the combinations of in-
traoperative irradiation, conventional radiation therapy, and
surgical resection to be used for specific tumor types, The
philosophies at MGH and the Mayo Clinic have been fairly
similar, favoring a combination of high-dose external-beam
irradiation, surgical resection when it can be performed safely,
and intraoperative radiation therapy using electron beams.

At MGH, surgery is performed in a regular operating
room, with surgical resection of the tumor being carried out
as it appears appropriate. If there are no metastases beyond
the regional lymph nodes and if a site at high risk for local
failure is definable by the surgeon and the radiation thera-
pist, the patient is considered a candidate for intraoperative
radiation therapy. Clear plastic (Lucite) cylinders of various
sizes are available in the operating room which can be used
as retractors to move normal tissue -outside the path of the
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Preliminary results in 38
patients with rectal or colonic
-carcinoma are quite
encouraging

radiation beam and to confine the beam. The appropriate
size is one that encompasses the tumor volume with ade-
quate margins yet allows maximal sparing of normal tissue.
Occasionally, additional surgery to obtain optimal exposure
of the tumor volume and to minimize irradiation of normal
tissue is necessary. For patients who require abdominoperi-
neal resection, decisions are also made in the operating
room regarding the use of an abdominal versus a perineal
approach and use of a prone versus a supine position for the
intraoperative irradiation. After the appropriate cylinder
size has been determined, the patient is prepared for trans-
port to the radiation therapy department. The abdomen is
temporarily closed with a few stay sutures, and the operative

Tabie 1. Patlents recelving Intracperative radlation therapy st
Mussachuseils General Hospltal, May 1878 to August 1982
2 =

T L PR
Site or type of tumor Number
Rectum and rectosigmoid 39
Pancreas . 21
Sarcoma (chest, abdomen, palvis) 7
Sarcoma (extremity) 5
Cervix 5
Other colonic, small-bowel tumors 4
Others 4

I 85

L

area is covered with a number of layers of sterile drapes.
During transport to the radiation therapy department, with
the aid of a patient lift (Surgilift, Trans-Aid Corp, Carson,
Calif), portable anesthesia equipment is used. The radiation
therapy room will have been prepared so it can function as
an operating room, with adequate surgical supplies avail-
able. In the radiation therapy department, the patient is
moved to a conventional radiation therapy couch and is
redraped, the treatment field is re-exposed, and a clear
plastic cylinder is inserted to cover the tumor volume. Occa-
sionally, additional packing may be required to hold some
normal tissues out of the radiation field, or lead strips used
to avoid irradiation of normal structures that cannot be
moved out of the beam’s path. While the patient is being
monitored from outside the room, a large single dose of
radiation, generally about 1,500 rads (but varying from 1,000
to 2,000 rads) is delivered to the 90% isodose line. Electrons
are used for the irradiation, as the total depth of beam
penetration can be adjusted by alteration of the electron
energy. Thus, we can minimize the irradiation of deep struc-
tures (such as posterior skin surface or spinal cord) and
deliver a uniform dose of radiation throughout the tumor
volume. After completion of the irradiation, the operation is
completed in the radiation therapy department if only sim-
ple skin closure is required or in the operating room.

At the Mayo Clinic. exploration or resection or both are
performed in a regular operating room and decisions are
made regarding indications for intraoperative radiation ther-
apy. Then, reexploration is carried out in one to ten days in
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- Occasionally, additional
_surgery is needed fo obtain
opiimal exposure of the tumor
volume ¢nd fo minimize
irradiation of normal tissue

an operating room in the radiation therapy department,
following which the patient is transferred to the nearby
treatment room.,

Results ; ' :

The combined series of patients receiving intraoperative

radiation therapy in the United States now totals more than
230: 100+ at Howard University, 85+ at MGH, about 30 at
~ the National Cancer Institute, about 30 at the Mayo Clinic,
and 29 at the New England Deaconess Hospital. The first of
these patients were treated at Howard University, generally
with intraoperative radiation therapy alone’; most did not
have external-beam irradiation or surgical resection. The

Howard University group demonstrated the feasibility of
delivering a high single dose of radiation during a surgical
procedure without producing serious patient morbidity.
At MGH, patients with locally advanced rectal or colonic
carcinoma have been the single largest subset (table 1). The
preliminary results at MGH are quite encouraging.’ By the
end of June 1982, 38 patients with carcinoma at these sites
had been treated. In 18 whose primary or recurrent rectal
lesions were initially unresectable for cure because of tumor
fixation, preoperative external-beam irradiation was fol-
lowed by complete surgical resection (no microscopic resid-
ual disease) and intraoperative radiation therapy. In this
group, there have not been any failures inside the intraoper-
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The tolerance of most of the
retroperitoneal and pelvic soft
tissues to intraoperative
radiation therapy is quite good

Table 2. Results of Intraoperative radiation therapy for primary or
racurrent carcinoma of rectum or rectosigmold, Massachuselis
General Hospital, as of September 1982

Type of reseciion Number of Number of failures
patients Local Any
Primary
Complete resection 14 0 1
Prior incomplete resection 3 0 3
Microscopic residual disease 3 0 2
Gross residual disease 2 0 1
22 0 7
Recurrent
Complete resection 4 0 1
Prior incomplete resection 1 0 0
Microscoplc residual disease 1 1™ 1
Gross residual disease 6 2 4
No resection 4 4 4
16 7 10

T T
' *Fallure in external-beam field.

]

ative radiation therapy field, the area at greatest risk for local
recurrence, or the external-beam field. In the same group of
18 patients, the three-year actuarial survival rate is about
949%. This figure is based on a small number of patients with
a relatively short follow-up but is nevertheless encouraging.
Another subset of patients with primary or recurrent
cancer had either incomplete resection before receiving any
irradiation (and had no further resection) or had microscopic
residual disease after resection. In this group as well, there
have not been any failures in the intraoperative field. Unfor-
tunately, in two of six patients who had gross residual
" disease and in all of four patients with unresected disease
‘after surgery for recurrent cancer, there has been failure
within the intraoperative therapy field. This suggests that
maximal surgical resection may be an important component
of local control. -5 :
Twenty-two patients with primary tumors have been
treated, and there have not been any local failures in this
group, The three-year actuarial survival rate in this subset is
68%. Not surprisingly, we have found that patients who
- have locally recurrent disease after low anterior resection or
abdominoperineal resection do not do as well. Their overall
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Great care must be taken
to avoid unnecessary
irradiation of hollow viscera
or abdominal organs

survival rate is 38% at three years, and the incidence of local
failure is higher (table 2).

The MGH series includes 20 patients with adenocarcinoma
of the pancreas, 16 of whom have been treated with radia-
tion therapy alone for unresectable tumor and the others
with Whipple resection combined with irradiation. As might
be expected, we have not done as well with local control in
this group, as surgical resection of the bulk disease generally
has not been done. Ten of the 20 patients have shown
evidence of local failure. The overall median survival time is
[3%5 months, which compares favorably to the reported
survival time following surgical resection.'’ Interestingly,
the median survival time for patients receiving radiation
therapy alone is 174 months, longer than that for patients
who also had surgical resection. Median survival time also is
better than the nine months generally described with con-
ventional radiation therapy combined with chemotherapy."”

Complications .
Overall, the complications of intraoperative radiation
therapy appear to be quite acceptable, We have not found
any complications from the transport procedure. There have
not been any difficulties with the anesthesia or any apparent
increase in infectious complications secondary to transport.
There have been problems with delayed perineal healing
in patients who have had infection in the pelvis or perineal
wound after preoperative irradiation and abdominoperineal
resection. The healing problems presumably are related to
the advanced stage of tumor growth, the difficulty of the
surgical resection, and the aggressive radiation therapy, In-
deed, soft-tissue complications have been described in other
series in which preoperative irradiation and resection were
used for locally advanced tumors.*"" A few of our patients
have required plastic surgical repair of the perineal wound
because of a persistent draining sinus. :

Early in our experience, gastric outlet obstructmn deva]-'
oped in a patient with pancreatic carcinoma as'a result of '

irradiation of most of the circumference of the duodenum.
This complication has been avoided in subsequent patients
by routine gastrojejunostomy in all instances of pancreatic
carcinoma and by limitation of the amount of duodenum in
the intraoperative irradiation field to the medial wall: Three

30

patients have had evidence of gastrointestinal bleeding, one
from a gastric ulcer secondary to inclusion of the distal
portion of the stomach in the intraoperative irradiation
ficld, one from the duodenum in an area within the intraop-
erative field. and the third from diffuse gastritis probably

related to chemotherapy and external- beam irradiation. At

present, bleeding problems.are mlmmmd by surgical move-
ment of the stomach completely out of the bog;i field and by
more cautious use of combination chcmotherdpy o
On the basis of laboratory experiments on a canine model,
it appears that hollow viscera tolerate i intraoperative 1rrad1-
ation poorly." A serious risk of stricture in structures such
as the urcter and bile duct with a single high dose of radia-
tion was apparent, in contrast to the low incidence of ure-
teral stricture after conventional external-beam irradiation.
Structures such as the stomach and the small and large
intestine were observed to be at substantial risk for dlcera-
tion or strictures with doses greater than 2,000 rads. Func-

tioning organ systems such as the liver and kidneys appeared

quite susceptible to damage, with loss of function in the
irradiated portions.

Overali, it appears that thé tolerance of most of the retro-
peritoneal and pelvic soft tissues to intrauperativefradialion
therapy is quite good. Clinically. as we are usually dealing
with residual disease in tumor beds (the primary tumor
generally is removed), the organ systems mentioned usually
can be effectively moved out of the path of the radiation
beam without compromise of lhc desired extent of the radia-
tion therapy field. ,
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o e) Suwlval waa nol lncreasad amongthe
et patlants atudlad !

b). Ability to deliver a lower dose of radi-
ation to the tumor.

c) Increased abitity to shield or ramove
SRty ‘.b} Gastric outlet obatruction. |
d) Ability to give & higher radiation doge W

normal tissues fram the béam.

to both tumor and normal tluua
-8) None of thaﬂhove

. Which of the tollowing tumom weuld bs

included .in the study of' intracperatlva-

radiation therapy described?
a) Unresectable rectal tumor,
b) Unresectable rectoslgmold tumor.

c) Locally advanced intra-nbdominal""'

tumor.

d) He(ropefitonea! soft-tissus sarcoma Sl

e) Allof the above

. Which of the ionowing radiatlon dosaa f

(rads) i delivered. intraopermively?
d) 500 to 1,000, v

b) 1,000 to 1 /500,

c) 1,000+t0 2,000,

d) 1,500 to 2,500,

e) 2,000t0 3 ooo.'

‘4. In which of 1ha following groups of pa—... SR
tients with locally .advanced rectal and 7. Which
colonic carcinomas recelving intracpera- -
tive Irradiation was the wcal Tallure. ra!e

the highest?.

.. a) Patients with gross raslduai diseasa

after resectlon.

b) Patients ' with miérosco_plc rasidual - bett

disesse after resection,

"¢) Patients with previous incomplste

resection,

section.

d) Patients with . pravtous complete re- } 8

i c) Technique

oomplicatlon of Intraopmallve radiation
therapy?
a) Delayed, parinaai heaimg. .

'g). Difficulties with anesthesia.
dy. Gastrolntestinal bleeding.

it e} Porshten\dra}nlng sinus.

8 Which of the loirt:wlng alatamems con-

‘carning conventional mdlaﬂon theralpy
Is'correct?

‘have not pr
“tumor conitoi.

-dence of mmpli'

A.:_;d*} in. many ‘situstions the dose that can

'_n)2500

5. Whlch of tha 'fdliowirig haﬁ not baah a S.IIBaued on laboratory axperlments using a
. canlne model, which of the following

radiation dose Imla (rads) should nat

be axceeded bacause of the risk of ulcer- -

ation or strlcture of hollow v!acara?
;1500 PR L
o Jo- 07 0 W PR EBR

e} 3500.

.':Whlch o! the fallowing statumenta con-

g
. @) The likelihood of iocal. t{s:ma cuntml . cerning adenocarcinmeorths pancreaa
 Is not related to the amount of radla— o s corraat? :
- tion delivered to the. tumor mass. - a) c.qnvontiona!ourgtcauroatmantyiaids :
b} New technlquas such as Intersllliai S e B%to 10% Iangm survival rate,
radiation, for head and heck lumots | 'h) Elghty parcenm --paﬂen | caming to
roved ‘to be aﬂecﬂva for iaparotémy have locdlized disease.
W ) lntraopﬂmtlva rraﬂlatwn Ia ﬂol Indl-
‘-pban imprwod to (- cated, :
. Increase dose defivered; buf the ingi- d) Iniraomrativa adiation’ combined"
tiongrelated to irra- withoonventlona}rad tionlaindlcated
_ diation of normal fissus has increased. 260 86 besie
be adminimred‘is mited by adjacent =
' ; ! 10, Whlch c:f tha follpwl enis con-

o!lowlﬂp esta:amams con- :

cerning the mm':eaé of in:moparaﬁva fre

25 the tocal M"
c) Rates of Iocéf' ontrol were the o
forpansntam 4 wimau!pr lou

b) Itis performed

cerning. intracpa _'M;Irrad!atlon ls !n¥

correct?
a} Clear ptssth:: yiin
I retract normal 1

.radiation beam,
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