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Abstract: Intraoperative radiotherapy (IORT) is a technique that allows delivery of a single high dose of

radiation to a target volume during surgery. Where conventional external beam radiation therapy (EBRT)

is limited by the normal tissue tolerance of abdominal and pelvic organs, IORT has an advantage that

surrounding organs can be shielded or moved. This approach permits delivery of a biologically potent dose

of radiation with minimal toxicity. Many gastrointestinal malignancies are characterized by high rates of

local failure, thus IORT has been investigated as a means to improve local control either alone or as part

of a combined modality approach. In pancreatic, gastric and rectal cancers, available data suggest that the

addition of IORT consistently improves local control. The effect on survival has been variable in these

cancers with a significant competing risk of distant failure. As EBRT techniques improve, the utility of IORT

will need to be further validated in prospective trials.
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The treatment of gastrointestinal malignancies with external
beam radiation therapy (EBRT) is limited by the normal
tissue tolerance of various abdominal and pelvic organs
including stomach, bowel, liver and kidneys. Intraoperative
radiotherapy (IORT) has emerged as a technique to
deliver a single high dose of radiation to a target volume
at the time of an operation. IORT is typically performed
in combination with EBRT, chemotherapy and surgical
resection. The advantage of this technique is the delivery of
a biologically potent dose of radiation with rapid dose fall
off and the ability to move and shield nearby organs at risk
for normal tissue complication.

Delivery of IORT in the abdomen and pelvis is
achieved primarily by two techniques: intraoperative
electron radiation therapy (IOERT) and high-dose rate
brachytherapy (HDR-IORT). IOERT previously required
transporting a patient from the operating room (OR) to the
radiation oncology department or having an OR equipped
with a linear accelerator. More recently, mobile units have
been developed to increase the versatility of this therapy.
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The delivery of electrons to a discrete area necessitates the
use of a rigid applicator or cone, a requirement that can be
technically challenging depending on the target area and
patient position. Multiple electron energies are available
which allows the desired depth of treatment to be modified.

HDR-IORT uses an iridium-192 source housed in a
remote afterloading device. The iridium source has a 74-day
half-life and must be replaced throughout the year. High
energy photons (370 keV) are emitted, thus facilities using
this technique require appropriate shielding. HDR-IORT
is accomplished by the placement of a flexible applicator
with multiple channels in the operative bed (Figure I). The
radioactive source passes from the remote afterloading
device through catheters into the channels of the applicator
at pre-determined positions and dwell times. The short
range of these photons limits this technique primarily to
superficial/microscopic disease only (0.5 cm thickness).
In both IOERT and HDR-IORT, close consultation and
collaboration with the surgeon and pathologist are critical
in defining the target volume.
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Figure 1 Photograph of HDR-IORT setup demonstrating
retraction of bowel and placement of a flexible applicator in the
abdominal cavity. The radioactive source will pass from the remote
afterloader (not pictured) through the white catheters in to the
applicator to deliver the treatment. HDR-IORT, high-dose rate

brachytherapy.

The feasibility, volume and IORT dose given depend on
normal tissue tolerance, initially derived from canine models
at the National Cancer Institute (NCI) and Colorado
State University. These studies have demonstrated that
gastrointestinal mucosa is particularly radiosensitive,
and IORT doses of 15-20 Gy can result in strictures,
obstructions, ulceration or perforations (1). While many
organs can be mobilized away from the treatment area and/
or shielded, this is not feasible for deep nerves in the lumbar
and sacral region where IORT may result in peripheral
neuropathy. A trial by the NCI randomized patients
with resectable retroperitoneal sarcomas to 50-55 Gy
postoperative EBRT alone or 20 Gy IOERT followed by
35-40 Gy EBRT. Radiation-related peripheral neuropathy
was seen in 9 of 15 patients in the IOERT arm (2).
Peripheral nerves are therefore a dose limiting structure,
with a maximum tolerated dose of approximately 15 Gy
based on the previously mentioned studies (3,4).

IORT has been used in the treatment of numerous
gastrointestinal malignancies, primarily in disease sites with
high rates of local failure. The majority of published experience
has been in stomach, pancreatic and rectal cancers.

Gastric cancer

In a landmark study, Gunderson et #/. published the
patterns of failure in patients with gastric cancer following
resection based on second look surgeries. Locoregional
failure occurred in 67% of patients, 54% of which were
in the gastric bed and 26% in the anastomosis or stump

© Pioneer Bioscience Publishing Company. All rights reserved.

Torok et al. IORT for Gl Malignancies

(5,6). Japanese investigators sought to evaluate whether the
addition of IORT to surgery improved outcomes. Patients
were randomized to surgery alone or surgery with 28-35 Gy
IORT. A long-term survival benefit with IORT was seen
in a subgroup of patients with advanced disease (7). At the
NCI, a small randomized study compared gastrectomy
and 20 Gy IORT to the gastric bed to gastrectomy (either
alone or followed by conventional postoperative EBRT)
for advanced-stage lesions. Locoregional control was
significantly improved in the patients who were treated with
IORT (8). No randomized comparisons of IORT exist with
adjuvant chemoradiation therapy as the control arm which
is considered standard of care in advanced gastric cancer (9).
A retrospective series from China compared outcomes
of patients receiving 12-15 Gy IOERT followed by
chemoradiotherapy to adjuvant chemoradiotherapy alone.
IORT was well tolerated and associated with improvements
in locoregional control and disease-free survival (10).

Pancreatic cancer

Pancreatic cancers are characterized by high rates of both
local and distant failure. In patients amenable to a potentially
curative pancreaticoduodenectomy, rates of positive
retroperitoneal margins are as high as 40% (11). IORT
has been investigated as an adjuvant therapy, with most
reports limited to single institution series. The available
data suggest there is a consistent local control benefit with
IORT, while the effect on survival has been variable (12-14).
With recent improvements in chemotherapy and increasing
utilization of neoadjuvant chemoradiotherapy, the role of
IORT in potentially resectable pancreatic cancers is not
clear at present. In patients with locally advanced pancreatic
cancer, local failure occurs in the majority of patients
despite EBRT and chemotherapy (15). In part, this may
relate to the inadequate doses administered to control gross
disease. Dose escalation with IORT has been investigated
as a means of improving local control and overall
outcomes. A report from the Mayo Clinic investigating
the addition of IORT to EBRT demonstrated an increase
in local control but no improvement in survival (16).
The Radiation Therapy Oncology Group (RTOG)
prospectively evaluated combination 20 Gy IORT followed
by chemoradiotherapy to 50.4 Gy. The results were
disappointing with a median survival similar to conventional
treatment (17). Multiple single institution series have been
published demonstrating high rates of local control but
no consistent improvement in overall survival. In patients
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experiencing pain related to their primary disease, IORT
has been shown to effectively palliate this symptom (18).

Rectal cancer

An area of active investigation with IORT is in the
treatment of recurrent or primary locally advanced rectal
cancers. Locally advanced rectal cancers typically involve
fixation or adherence to adjacent structures such as the
sacrum or pelvic side wall. With no upfront therapy,
these tumors are considered unresectable or have a high
probability of gross/microscopic residual disease following
resection. Even after preoperative EBRT and subsequent
complete resection, these tumors have a high probability
of recurrence. IORT has been utilized in this circumstance
to improve local control. Investigators at Massachusetts
General Hospital (MGH) reported their experience with
IOERT following preoperative EBRT for locally advanced
rectal cancer. Patients at higher risk for recurrence (gross
residual tumor, positive or close margins) were selected
for IORT at doses ranging from 10-20 Gy depending on
the extent of residual disease. The local control rate in
the IORT group compared favorably to the lower risk
group not receiving additional radiation therapy (19). The
complication rate for those treated with IOERT was 15%.
With a similar treatment approach, investigators at the
Mayo Clinic also reported high rates of local control in this
unfavorable patient population (20).

IORT may also be utilized in the management of
recurrent rectal cancers, most often using a multimodality
approach. Experience from the Mayo Clinic suggests
IOERT and EBRT following palliative surgical resection
improves local control and survival outcomes compared
to resection alone in locally recurrent rectal cancers (21).
The likelihood of achieving margin negative resection
is considerably less in this population, thus neoadjuvant
chemoradiation prior to surgery should be pursued to
increase the rate of RO resection (22). Despite this, RO
rates, local control and long-term survival are much lower
compared to treatment in the primary setting.

Conclusions

IORT appears to be a useful technique in the combined
modality management of locally advanced or recurrent
gastrointestinal malignancies. Enhancement of the
therapeutic ratio is achieved by the ability to exclude
sensitive normal tissue from the operative bed. When

© Pioneer Bioscience Publishing Company. All rights reserved.

539

conducted carefully, there are consistently improved rates
of local control with low toxicity rates across several disease
sites. Overall survival improvements are variable which
relates to the significant competing risk of distant failure
in many of these malignancies. Improvements in systemic
therapy may enhance the relative benefit of local control.
The increasing mobility of modern IORT units is likely to
increase utilization of this technique. Prospective evaluation
in the modern era will be necessary to determine efficacy,
particularly as competing technology for dose escalation
such as intensity modulated radiation therapy (IMRT) and
stereotactic body radiation therapy (SBRT) become more
prevalent.
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