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Abstract

Background: Intraoperative radiation therapy (IORT) is the delivery of radiation at the time of surgery. Whereas the dose delivered
by external beam radiation therapy (EBRT) is limited by the tolerance of the surrounding normal tissues, IORT allows exclusion of a
part or all of the dose-limiting sensitive structures by operative mobilization and/or direct shielding of these structures. The aim of the
present study was to report the non-breast cancer patients' outcomes after receiving IORT in Shiraz, Iran.

Methods: In this retrospective study, all cases who had received IORT and had non-breast malignancies were selected. Diagnosis
was confirmed by biopsy. Additional imaging was done by sonography, magnetic resonance imaging (MRI) and computed
tomography (CT). IORT was applied by self-shielded, LIAC 6-12 MeV Sordina mobile linear accelerator. Typically, a single dose of
10-21 Gy was given for maximally resected tumors. The statistical analyses were carried out using SPSS (version 21).

Results: Twenty-six patients were treated with IORT alone or combined with EBRT. Different tumors were treated, including
colorectal adenocarcinoma (10 cases, 38.4 %), Soft Tissue Sarcomas (STS, 11 cases, 42.3 %), head and neck cancers (3 cases, 11.5 %),
one cervix malignancy case and one paravertebral fibromatosis case. Mean + SD overall survival was 15+14.89 (0-38) and 34.3+£15.72
(14-53) months for colorectal cancer and STS, respectively.

Conclusion: IORT is mostly useful for pelvic and abdominal malignancies where normal bowel limits the dose that can be delivered
with EBRT. However, the dose delivered in a single fraction with IORT is rarely sufficient for tumor control; therefore, IORT is
usually preceded or followed by additional EBRT which should be further evaluated preferably in prospective randomized trials.
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Introduction

Intraoperative radiation therapy (IORT) is defined as ir-
radiation of the tumor bed or tumor residue during sur-
gery, and can be done by radiotherapy machine or radio-
active sources (1). IORT is used as a component of mul-
timodality treatment associated with other local or system-
ic treatments such as surgery, EBRT and chemotherapy
).

The best advantage of IORT is sparing the sensitive or-
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gans from irradiation and its side effects. Some structures
that were or will be irradiated up to the maximum toler-
ance dose can be spared from toxic doses (1). During
IORT, a single large dose of radiation was delivered to the
target during surgery in order to decrease the side effects
of radiation (3). IORT is used in a wide range of tumors
such as breast cancer, sarcoma and gastrointestinal, geni-
tourinary or gynecologic tumors (2).

1What is “already known” in this topic:
There is no study about IORT effects on non-breast cancer
[ranian patients in the medical literature.

—What this article adds:
Our results showed the effect of IORT, which is used for

primary and local recurrence control of non-breast cancer
patients for the first time in Iran.
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Since the mid-20" century, oncologists and surgeons
had tried to use radiotherapy (RT) while performing sur-
gery. The act of RT during surgery can be done by elec-
tron, low energy photon or radioactive sources. Of course,
protection, transfer of radioactive source, and the chance
of infection are considerable. Newer smaller RT devices
are made and are easily used in the operation room. Rigid
applicators and advanced machines are nowadays availa-
ble, being able to complete RT procedures in minutes. (4)
The aim of the present retrospective study was to report
the non-breast cancer patients’ IORT outcomes in Iran.

Methods

As the first report of IORT in non-breast cases in Iran,
this is a retrospective study of medical records of patients
who had undergone IORT for non-breast malignancies in
a 40 months' period in Faghihi hospital, a teaching hospi-
tal of Shiraz University of Medical Sciences. IORT was
done for both breast and non-breast malignancies in this
center from April 2014. By now, more than 400 cases of
IORT have been done. Most of the cases are breast cancer,
and IORT was done as radical or boost dose. 26 cases who
had received IORT had non-breast malignancies.

All cases were selected after they referred to the Shiraz
oncology multidisciplinary team (MDT). During the pro-
cedure, the radiation oncologist and physicist were present
in the operating room to help the surgical oncologist.

All patients had chest, abdomen and pelvic CT scans (or
MRI) to rule out lung, liver and other distant metastasis.
None of them had metastasis; the only exception was a
case of metastatic Ewing sarcoma who had lung metasta-
sis and had a complete response to chemotherapy. All
tumors were surgically resected with maximum safe mar-
gins (RO or R1) except for a case with paravertebral ag-
gressive fibromatosis, which has gross residue after opera-
tion due to close proximity to the spine and nerve root.

During the surgery for retroperitoneal sarcoma, ab-
dominal cavity was carefully examined to exclude the
presence of peritoneal or liver metastases. Patients with
intra-abdominal dissemination or distant metastases did
not receive IORT.

The IORT treatment volume was determined jointly by
the radiation oncologist, physicist and surgical oncologist
to cover the regions at the highest risk, including possible
tumor residue or tumor bed. IORT was applied by self-
shielded, LIAC 6-12 MeV Sordina mobile linear accelera-
tor. Applicators (circular, ellipsoid, or rectangular) in var-
ious sizes were used to direct the IORT beam. Typically, a
single dose of 10 Gy was given for completely resected

Table 1. Colorectal cancer cases who received IORT

tumors; 12.5-15 Gy was delivered for microscopic dis-
ease, and 15-20 Gy for macroscopic residual disease.
Those patients who were going to receive IORT as the
sole treatment received 21 Gy.

The statistical analyses were carried out using Statistical
Package for the Social Sciences (version 21; IBM SPSS
Inc. Chicago, IL, USA). All data were collected retrospec-
tively; descriptive statistics were generated for all
measures, including means, median, ranges, and standard
deviations for continuous measures and frequencies and
proportions for categorical data.

Results

Twenty-six patients were treated with IORT. Different
tumors were treated, including 10 colorectal adenocarci-
noma patients (38.4%), 11 sarcomas cases (42.3%), 3
head and neck cancer cases (11.5%), 1 patient with cervix
malignancy (3.8%%), and 1 case of paravertebral fibroma-
tosis (3.8%).

Colonic and rectal Cancer

We treated 10 patients, including 6 men and 4 women
with rectal cancer. Six patients had a primary disease and
four had recurrent rectal cancer. Mean overall survival
was 15(0-38) months. No major morbidity happened. Two
patients passed away early after the operation due to sud-
den cardiopulmonary arrest with unknown cause. Five
patients received EBRT after operation. At the time of this
report, five patients have died and five patients were alive;
of them, three patients were disease-free and two were
alive with distant metastasis (Table 1).

Soft Tissue Sarcoma

There were 11 patients with sarcoma that received
IORT. They were 6 males and 5 females with a mean age
of 46 years. Pathologic types were Liposarcoma (6 cases),
malignant fibrous histiocytoma (MFH) (2 cases), Ewing’s
Sarcoma, Fibrosarcoma, and Undifferentiated sarcoma.
There was not any major perioperative complication.
Mean overall survival was 34.3(14-53) months. Two pa-
tients passed away (Table 2).

Aggressive fibromatosis

The patient was a 16-year-old boy with unresectable
paravertebral aggressive fibromatosis. During the last at-
tempt for resection in our center, IORT (21 Gy) was per-
formed with the purpose of tumor progression and pallia-
tion of the pain. He is well for 67 months.

CaSE  Age Treatment Treatment Survival Patient’s Status Tumor Status
1 57  EBRT (44Gy) and IORT (15Gy) EBRT and IORT 36 well Primary
2 62  EBRT (44Gy) and IORT (15Gy) EBRT and IORT 25 On chemotherapy Recurrence
3 53  EBRT (44Gy) and IORT (15Gy) IORT and EBRT 19 Passed away due to metastasis Primary
4 61 EBRT (44Gy) and IORT (15Gy) EBRT and IORT 38 Well Primary
5 44 EBRT (44Gy) and IORT (15Gy) EBRT and IORT 23 With metastasis Primary
6 45  EBRT (44Gy) and IORT (15Gy) EBRT and IORT 6 Passed away due to local recurrence Recurrence
7 78 EBRT (44Gy) and IORT (15Gy) EBRT and IORT 43 well Primary
8 38  EBRT (44Gy) and IORT (15Gy) EBRT and IORT 3 Passed away due to metastasis Recurrence
9 86 IORT (15 Gy) IORT 0 Passed away

10 74 IORT (15 Gy) IORT 0 Passed away
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Case Age Pathology Location Treatment Treatment  Survival Tumor Patient’s Patient’s
Status Status Status
1 32 MFH Retroperuneaum EBRT (44Gy) EBRT and 53 Primary Well Primary Well
and IORT IORT
(15Gy)
2 56 Liposarcoma Retroperuneaum EBRT (44Gy) EBRT and 38 Primary Well Primary Well
and IORT IORT
(15Gy)
3 58 Liposarcoma Retroperuneaum EBRT (44Gy) EBRT and 39 Recurrence  Alive on  Recurrence Alive on
and IORT IORT Chemo- chemother-
(15Gy) therapy apy
4 21 Fibrosarcoma Thigh IORT (21Gy) IORT 19 Primary Meta- Primary Metastatic
static
5 61 MFH Thigh IORT (21Gy) IORT 21 Primary Meta- Primary Metastatic
static
6 32 Ewing sarcoma Pelvis EBRT (44Gy) EBRT and N/A Recurrence Passed Recurrence Passed
and IORT IORT away away
(15Gy)
7 40 Liposarcoma Thigh IORT (21 Gy) IORT 51 Primary Well Primary Well
8 35 Liposarcoma Thigh EBRT (44Gy) EBRT and 14 Primary Well Primary Well
and IORT IORT
(15Gy)
9 73 Undifferentiated  Supraclavicular EBRT (44Gy) EBRT and 22 Recurrence Passed Recurrence Passed
sarcoma and IORT IORT away away
(15Gy)
10 41 Liposarcoma Retroperuneaum IORT (21Gy) IORT Recurrence N/A Recurrence
11 58 Liposarcoma Retroperuneaum IORT (21Gy) IORT Recurrence N/A Recurrence

Cervical cancer

The other patient was a 46-year-old woman who had re-
current cervical SCC and received IORT (15 Gy) to tumor
bed after R2 resection of the lesion. She developed liver
and peritoneal metastasis and died 20 months later.

Head and neck cancer

There were two women with scalp DFSP who received
IORT (21 Gy). A 33-year-old woman with recurrent scalp
DFSP and a 31-year-old one with newly diagnosed scalp
DFSP both received IORT after wide excision of the le-
sion. Now both of them are well without recurrence after
52 and 61 months. A male patient had parotid SCC and
after resection and EBRT (66 Gy) he developed recur-
rence. He underwent operation and IORT (15 Gy), but he
had recurrence again and died 7 months after IORT.

Discussion

Colorectal cancers are major cancer-related causes of
death. EBRT has an established role in the management of
rectal cancer. EBRT is used before the operation or is oc-
casionally used after the operation; it improves disease
free survival (DFS) and overall survival (OS) (1). Because
of anatomic concern, IORT is used in rectal cancer more
than colon cancer (1).

Despite multimodality treatment with surgery, EBRT
and chemotherapy, local recurrence is a major problem,
especially in locally advanced rectal cancer among which
the chance of recurrence is 40% (1). EBRT is usually used
in the treatment of rectal cancer and when recurrence oc-
curs, re-irradiation is no more possible. The main obstacle
with re-irradiation is damage to such organs as the bowel
loops, nerves and vessels. These organs are radiosensitive
and when they are irradiated more than a certain level,
side effects, including organ failure may be devastating. In

these cases, IORT with precise targeted irradiation is a
proper choice for radiotherapy (1).

Holman et al. reported 417 patients with T4 rectal can-
cer who received standard treatment and IORT. While
16% of patients developed local recurrence, 5 years DFS
and OS were 55% and 56%. Compared to non-IORT re-
ports from their center, IORT improved the local control
in locally advanced patients (5)

Some randomized trials were not promising. In a study
by Dubois on 142 patients with locally advanced rectal
cancers, no survival improvement was seen with IORT.
After 5 years, local control was 91.8% with IORT versus
92.8% in the standard treatment group. Other oncologic
and surgical outcomes including metastasis and complica-
tions were not statistically significant in both groups. Oth-
er studies showed no benefit of IORT in rectal cancer (1,
6, 7). While up to 8% perioperative mortality has been
reported in a review on IORT in colorectal cancer, we had
2 deaths that were related to cardiac problems.

We treated 10 patients with colorectal cancer who re-
ceived IORT. Only 3 patients were disease-free. We had 4
patients with recurrence among them; 3 of them died, and
1 patient is alive and is receiving chemotherapy. It seems
that IORT must be chosen more carefully in these pa-
tients. We suggest that IORT should be done in isolated
local recurrence in rectal cancer.

Cervical cancer is radiosensitive and also has a dose-
dependent response rate. Most recurrences of cervical
cancer occur in the pelvic cavity and about 60% of pa-
tients have local recurrence at the time of death (8). Bar-
ney et al. in a report on 86 patients with recurrent (n=73,
85%) or primary advanced cervix cancer (n=13, 15%)
administered IORT. Local recurrence after 3 years was
23%. In statistical analysis, IORT had no relation to the
recurrence (8). We had one case of cervical cancer and she
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passed away 20 months after the treatment with IORT.

Recurrence occurs in 20-30% of patients with extremity
STS. Although the outcome after recurrence is less favor-
able than primary sarcomas, the treatment protocols are
the same as the primary tumors. In those patients with
recurrent sarcoma of extremities, surgery and re-
irradiation, if possible, is the treatment of choice, but re-
irradiation has severe toxicities (9).

In a study by Carbo et al. on 39 patients with primary
(33 patients) or recurrence (6 patients) extremity STS re-
ceived IORT. 33 patients received IORT and EBRT, and 6
received IORT alone. Local recurrence occurred in 18%
of patients. Those with recurrent sarcoma had a 50%
chance of the second recurrence, while in primary sar-
coma, the recurrence rate was 12%. Margin status was a
significant factor in recurrence. While 50% of patients
with involved margins had local recurrence, only 7% of
those with negative margins had recurrence. They con-
cluded that local control was excellent, and side effects
were acceptable (10). IORT provides an excellent chance
to irradiate the tumor bed or residue and spare the sensi-
tive tissues. Tinkle reported 26 patients with recurrence of
extremity STS who received IORT during surgery for
recurrence. Margins were close or microscopically in-
volved in 19 patients. 10 patients developed local recur-
rence with a median time of 10 months. Estimated 5 years'
local control was 58%. The main acute and late significant
side effects were musculoskeletal related (9). We had 4
cases of lower extremity sarcoma who received IORT due
to recurrence. Two cases developed metastasis and passed
away and 2 other cases are well and alive now.

Although retroperitoneal sarcoma is less common than
extremity sarcoma, recurrence is more prevalent. Radia-
tion can improve the disease control and may be adminis-
tered before or after the operation. Retroperitoneal sar-
coma does not have a good prognosis. In studies, 5 year
local control is 50% and 10 year survival is about 5% (11,
12).

Due to low incidence rate, information on IORT in ret-
roperitoneal sarcoma is not sufficient. In a retrospective
study on 908 patients with retroperitoneal sarcoma, 33
patients received IORT alone and 32 patients received
IORT and EBRT. Mean OS in patients with EBRT with-
out IORT was 52.6 months. Those who received IORT as
a part of treatment had 59.4 months OS and this difference
was not statistically significant. Survival in those who
received combination of IORT and EBRT was significant-
ly better than IORT alone or EBRT alone (87, 34 and 55
months, respectively) (11). We had 5 patients with retro-
peritoneal sarcoma. Two cases had lost their F/U. 2 cases
are well and alive after 53 and 58 months who received
EBRT and IORT. One of them received IORT for the
recurrence and after 39 months is alive with metastasis.
Regarding the anatomical condition of the retroperitoneal
area, further studies are required to establish a standard
method for IORT.

Fibromatosis is a nonmalignant disease with no ability
for metastasis. RT may be needed in some situations. In a
study by Roeder, IORT was used in fibromatosis in 30
patients. Recurrence occurred in 5 cases, among whom 3
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cases had recurrence in the IORT field. 5-year disease
control was 82%. The authors suggested IORT as an ef-
fective modality in aggressive fibromatosis (13). We had a
16-year-old patient with unresectable aggressive fibroma-
tosis whose lesion was close to the spine. In order to avoid
RT to the spine and normal tissue, IORT was done for
him, and he has been well for 52 months.

About one-third of patients with head and neck cancers
may develop local recurrence. Local recurrence in these
patients is a catastrophe. In a study carried out by Wild,
61 patients were evaluated. 72% of them had SCC and
other patients had none-SCC. Mean overall survival was
19 months, and median progression-free survival was less
than 10 months (14). Nag et al. in another retrospective
study, reported their experience with IORT in head and
neck cancers. 38 patients who had received EBRT re-
ceived IORT at recurrence. 66% of the patients developed
recurrence at the site of IORT in a median time of 6
months. In this study, complications were severe and in-
cluded orocutaneous fistulae, wound dehiscence, carotid
occlusion, and fatal tracheovascular fistula which occurred
in 16% of patients. Survival was not satisfactory and 1-, 2-
, and 3-year survival rates were 21%, 21%, and 8%, re-
spectively (15, 16). Our case had recurrent right parotid
SCC. He underwent radical resection and IORT and de-
veloped locoregional recurrence again and unfortunately
died 7 months later.

DFSP is a benign-looking disease and at presentation
may be mistaken by lipoma or other similar diseases.
DFSP is usually seen in the trunk and scalp is not a com-
mon site for DFSP, but treatment may be challenging,
especially in the scalp. DFSP may be an aggressive lesion
and especially in the scalp, reconstruction is a problem.
The main treatment is surgery and RT is reserved for es-
pecial conditions. A wide margin of resection is needed
and in cases with a margin larger than 4 cm, there is still a
6% chance for recurrence (17). Radiation is suggested in
patients with positive margins or recurrence (18). We had
two cases of DFSP of the scalp. They are well after 52 and
61 months without recurrence.

The limitation of our case series study is the lack of
enough sample size, so authors could not examine disease
etiology and outcome. The present study outcome should
be compared with non-IORT cases in the prospective
study to assess reliable results.

Conclusion

IORT is most useful for pelvic and abdominal malig-
nancies where normal bowel limits the dose that can be
delivered with EBRT. However, the dose delivered in a
single fraction with IORT is rarely sufficient for tumor
control; therefore, IORT is usually preceded or followed
by additional EBRT, which should be further evaluated
preferably in prospective randomized trials.
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