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What is Intraoperative Electron Beam
Radiation Therapy (IOERT)?

Intraoperative Electron Beam Radiation
Therapy is the application of radiation
directly to the residual tumor or tumor bed
during cancer surgery



IORT Advantages and Benefits
• The treatment is performed at the time of surgery, when the target area (the tumor bed) 

is exposed and the applicator can be placed directly over the target

• Organs at risk may be retracted and shielded as necessary 

• Residual tumor and tumor bed can be irradiated without irradiating sensitive skin.

Patients with advanced disease can safely receive a higher dose of radiation, Substantially 
increases the effective dose of radiation to the tumor bed



History
IORT is NOT a new approach to cancer management. As the result of pioneering work by Dr. Abe in Kyoto,

Japan, IORT using linear accelerators has been used in the U.S.A., Europe and Japan for the treatment of

malignancies in the abdomen (sarcomas, rectum, gynecologic and

retroperitoneal tumors)

• 1909: Beck treated a patient with colon cancer using low-energy X-rays

• Early 1970, Dr. Abe in University of Kyoto, Japan

• 1978, IORT pioneered in the U.S.A.:

- Howard University/N.C.I., Washington, D.C.

- Massachusetts General Hospital

- Europe (Caen, 1983: Pamplona 1984, Innsbruck 1984, Lyon 1985, Milan 1985….)
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Ø Patients with poor prognosis without other curative options in persistent 
or recurrent gynecological malignancies 

Ø Treatment Options: AGGRESSIVE SALVAGE SURGERY

Recurrent/persistent gynecological diseases

- Pelvic Exenteration (PE) : central disease, survival rate 47%
- Laterally extended endopelvic resection (LEER): disease involves 

the lateral pelvic sidewall or sacrum
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for clinical T3-4 Nx rectal cancer significantly reduces local
recurrence and improves prognosis [32]. Combination of pre-
operative radiotherapy and oral tegafur and uracil improves
the feasibility of sphincter-preservation.

2.3.2. Locally recurrent cancers
With the addition of IOERT to the standard treatment, 5-

year OS of about 20% has been achieved in separate series
from MGH [23,33–34], Mayo Clinic [35] and Pamplona
[36]. In the MGH analysis of 41 patients, the 5-year LC
and DFS rates of those with clear or only microscopically
positive resection margins were significantly better than in
case of gross residual disease (47 and 21% versus 21 and
7%, respectively). This data has consistently maintained and
updated results confirmed the evidence of long-term surviv-
ing patients with microscopic complete resections (40% of
5-year OS), while it is rare to achieve disease control after
subtotal resection (13% of 5-year OS, p = 0.0001) [37].

Data supporting the use of IOERT for locally recurrent dis-
ease and no evidence of extra pelvic spread was is also found
in Mayo Clinic analysis of 106 patients treated with pallia-
tive resection. IORT (mostly from 15 to 20 Gy) was given
as a component of the treatment in 42 patients and EBRT
in 41 (no more than 45 Gy). Significant factors influencing
survival included amount of residual disease (microscopic
versus gross: 44% versus 26% at 3 years, 33% versus 9% at 5
years, p = 0.032), and IOERT versus none (43% versus 18% at
3 years; 19% versus 7% at 5 years, p = 0.0006). Other factors
were types of symptoms and fixation, and ECO Group status.
In a further update of the Mayo Clinic experience, also the
role of EBRT has been analyzed. Patients treated with prior
EBRT had better 2- and 5-year OS (62 and 20%) than those
treated without prior EBRT (48 and 12%) [38].

In the last years, multi-institutional publications have up-
dated results founding their analysis in treatment modifica-
tions of interest: preoperative radiotherapy [39], chemora-
diation [40], extended surgery [41] and HDR-IORT [42].
Mannaerts et al. has compared the results of IOERT in the
context of multimodal treatment [43]. The 3-year OS and
LC rates were 43 and 73%, respectively, significantly supe-
rior to the historical institutional control groups (p = 0.001).
In another series of 100 patients, factors predicting survival
were complete resection (median DFS of 31.2 months versus
7.9 months) and presence of vascular invasion in the resected
specimen [44].

Martinez-Monge and colleagues have suggested that in
recurrent rectal cancer the availability of IOERT, HDR
brachytherapy and Iodine-125 permanent implants seed is
ideal in terms of dosimetry optimization [45]. HDR-IORT
does not seem to have methodological or dosimetric limita-
tions to treat recurrent rectal cancer after resection even in
case of close or positive margins [46].

Recurrent disease in previously irradiated patients is a
challenging situation in which treatment components should
be balanced in an individualized fashion. Mayo Clinic experts
have reported long-term LC in 60% of patients (maintained at

2 years) if moderate doses of re-irradiation are complemented
by IORT. The incidence of neuropathy was 32%. A trend to
improved LC was observed in patients receiving more than
30 Gy of extensive re-irradiation (81% versus 54%). Another
factor that has been related to IORT results, in this particular
category of patients, is the clinical presentation of the recur-
rent disease. Fixed or bulky pelvic tumours have modest LC
and OS rates even in the context of exenterative surgery, while
42% of LC at 36 months can be achieved in less extensive
clinical presentations [47]. In view of high systemic failure
rates, maintenance chemotherapy should become standard,
and more aggressive systemic therapy regimens should be
evaluated after or during EBRT [48].

2.4. Gynaecologic cancers

In patients with locally recurrent gynaecologic cancer in
the pelvic sidewalls and/or para-aortic or pelvic lymph nodes,
the use of aggressive salvage surgery and IOERT, with or
without EBRT, and the combination of methotrexate, vinblas-
tine, doxorubicin, and cisplatin (MVAC) may be beneficial
when compared with standard EBRT. The 5-year OS were
27 and 32% respectively in the separate series from Mayo
Clinic [49] and the University of Washington [50]. Patients
with only microscopic residual disease after maximal resec-
tion at the time of IOERT had significantly higher 5-year OS
rate than those with gross residual disease (37% versus 10%,
p = 0.02). The risk of distant metastases at 3 years was 42%
(77% with gross residual and 31% with microscopic resid-
ual, p = 0.001). There was a trend towards fewer metastases
(27% at 5 years) in patients who received MVAC chemother-
apy (p = 0.09). Based on the higher response rate observed
in patients receiving chemotherapy and the observed trend
toward improved distant control and DFS, Mayo Clinic is
using MVAC before surgery and IOERT as standard treat-
ment.

The University of Navarre in Pamplona has evaluated the
incorporation of preoperative chemo radiation, surgery, and
IOERT in the treatment of locally advanced primary cer-
vical cancers [51]. From 1988 to 1997, 40 patients (stages
IB2-IVA) were treated with preoperative chemo-radiation
(45 Gy plus Cisplatin 20 mg/m2 at weeks 1 and 5, with 5-FU
1500 mg days 1–4 and 22–25), followed by surgical resec-
tion in 4–6 weeks including an IORT boost (10–15 Gy) to
the parametrial resection margins and iliac nodal regions.
Pathological CR rate at the time of surgery was 67%. There
were only three local failures. Nine-year OS was 75%. Three
patients developed postoperative uretro-vaginal fistula and
5 long-term hydronephrosis. Ten years in-field LC rates of
92 and 46%, respectively for primary and recurrent disease,
have been reported. The LC rate was correlated with posi-
tive parametrial margins (p = 0.001) and pelvic lymphonode
involvement (p = 0.032).

Experts at MGH reported their experience on 15 patients.
One patient presented with primary disease and 14 with local
or regional recurrence. Follow-up time ranged from 3 to 36

…the volume of tissue treated with IORT was critical, in
particular the length of tubular structures irradiated (such as
large vessels and ureters)

…The damage to the intrinsic vasculature and connective 
tissue of organs observed in the examined specimens 
seems to be responsible for the damage to the organ with an 
increasing degree of severity depending IORT dose 
escalation

… Neuropathy is the dominant IOERT-related late normal tissue
complication observed in patients surviving more than 5 years
and is particularly described in extremities (25%), thoracic (20%),
and pelvic (8%) IORT. This event appeared most frequently in
those locations in which a peripheral nerve is commonly found in
the surgical bed, as most patients (65%) received doses of 15
Gy, the length of the irradiated nerve may be of critical
importance in this event. Limit the dose to major nerves to </= 12
Gy

Toxicity
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Ø To describe the experience at European Institute of
Oncology with IORT at the time of PE or LEER in patients
with locally recurrent gynecologic malignancies

Ø To determine the impact of IORT on recurrence of
disease and survival

Ø Seconday endopoint: identify factors associated with
recurrence

determine itsthe impacteffect on recurrence of disease and survival
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Ø Retrospective monocentric study

Ø Inclusion criteria:

- Patients with Persistent / recurrent gynecologic malignancies who

underwent PE/LEER with curative intent

- IORT administered at the time of surgery (for not radical surgical margin,

close margin (<1 mm) or positive lymph nodes)

- All gynecologic cancers were considered

- informed written consent acquired



Ø BACKGROUND
Ø AIM

Ø MATHERIALS AND METHODS
Ø RESULT

Ø DiSCUSSION
Ø CONCLUSION



Ø From January 2001 to March 2019, we retrospectively 
identified 55 women

Ø Reason for surgery:
- persistent disease 24 patients (43.6%)
- recurrent disease 31 patients (56.4%)

Ø Previous oncologic treatments: 53 patients (96.4%)





3-year DFS was 34.7% (median 11.8 months, 95% CI 6.1-17.6) 

3-year OS was 41.8% (median 24 months, 95% CI 14.5-33.5)



RELAPSE





DFS OS

months months

REASON FOR IORT OS
Rate (+/- SE)

Median (95% CI) 
in months

P Value

Positive margin 34.6% (+/-14.4%) 18.1 (1 –42.7) P=0.007

Positive lymph node 30.3% (+/-14.6%) 11.4 (8.3– 14.4)

Negative margin 56.1% (+/-9.7%) 78.9 (1– 176.1)

REASON FOR IORT DFS
Rate (+/- SE)

Median (95% CI) 
in months

P Value

Positive margin 21.5 (+/-13%) 10.6 (2.1 –19.1) P=0.5

Positive lymph node 30.1% (+/-
22.7%) 

19.2( 2.2– 36.2)

Negative margin 40.5% (+/-9.6%) 11.8 (4.1– 19.7)
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DFS- relapse in field of IORT

months

REASON FOR IORT DFS
Rate (+/- SE)

P 
Value

Positive margin 45.7 (+/-18.2%) P=0.6

Positive lymph 
node

36.5% (+/-27.1%) 

Negative margin 64.4% (+/-10.4%) 
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…However,
when available and in the absence of effectiveness
of other treatments, a specialist could prescribe
IORT where potential benefits could be expected,
as in case of dose escalation studies,
notwithstanding a lack of consensus in the
literature
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Ø IORT may improve disease control and survival outcomes if optimal surgical

resection is achieved

Ø IORT is beneficial for its ability to deliver high-dose radiation therapy to the site of

recurrence, decreasing risk of radiation to surrounding critical structures

Ø Our reults in line with the litterature

Ø Limitations of the Study: retrospective nature, small sample size of patients, no

cohort of patients not treated with IORT

Ø BUT: negative selected patients, treatments in pre-advanced RT-era




