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Abstract

Multidisciplinary treatments with surgery, radiation therapy, and chemotherapy are the
cornerstones in the management of locally advanced head and neck malignancies. In
most cases, radiation is delivered via external beam radiation therapy (EBRT). Intraopera-
tive radiation therapy (IORT), on the other hand, is the delivery of precise doses of radia-
tion to selected target volumes within the exposed surgical field while at the operating
room. Most studies on its use on head and neck cancers are limited to single-institutional
retrospective case series. We performed a systematic review to consolidate the exist-
ing literature on IORT for head and neck malignancies. Fifty-two studies representing
a mixed population of 2,389 patients were included in this review. IORT via electrons
(intraoperative electron radiation therapy), brachytherapy (intraoperative high dose-rate
brachytherapy) or photons was administered in numerous settings, but most commonly
as part of a reirradiation regimen following salvage surgery for recurrent tumours. Often,
additional EBRT was also planned postoperatively. This review illustrates that IORT is a
promising treatment modality in head and neck cancer. Multiple single-institutional stud-
ies spanning several decades have demonstrated benefit in terms of local control with
reasonable toxicity. However, randomised trials comparing it with current standards of
care are still needed.
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Highlights

e Most publications on head and neck intraoperative radiation therapy (IORT) are
single institutional and retrospective

e |ORT is most often used with salvage surgery in previously irradiated cases

e |ORT provides additional local control, especially after margin-negative resection
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e |ORT demonstrated reasonable acute and late toxicity rates
e Randomised trials comparing it with current standards of care are still needed

Background

Multidisciplinary and multimodality treatments are the cornerstone in the management of locally advanced head and neck malignancies. The
primary modalities of treatment are surgery, external beam radiation therapy (EBRT) and chemotherapy [1, 2]. Survival however remains low
both in the primary [3] and recurrent setting [4], leading to opportunities to explore additional modes of treatment in order to achieve better
outcomes.

Intraoperative radiation therapy (IORT) is the delivery of precise doses of radiation to selected target volumes within an exposed surgical field
in the operating room [5]. The advantages of this technique include: 1) removing the delay between surgery and adjuvant radiation therapy
(RT), 2) increasing the certainty in target delineation due to immediate and directly observed localisation of treatment targets and 3) possibly
decreasing toxicity through the ability to mobilise organs at risk away from the intended treatment region.

Currently, this treatment modality has been more extensively investigated in other cancer sites, while its use in head and neck malignancies
has not been as well elucidated. Most studies on head and neck IORT are limited to single-institutional retrospective case series. Although
prior systematic reviews have been done [6, 7], we aim to validate as well as update their findings with the latest available published reports
in this evolving treatment modality. This systematic review aims to help consolidate the existing state of literature on IORT for head and neck
malignancies which may guide intended users in the evidence-based use of this treatment modality.

The objective of this study is to describe the reported dose-volume prescriptions and the outcomes of IORT on local control (LC), locore-
gional control (LRC), disease free survival (DFS) and overall survival (OS), and acute and late toxicity in patients with head and neck cancer
using a systematic review of published case series, comparative studies and clinical trials.

Methods

Literature search as outlined in Figure 1 was done on 19 July 2021. Studies were limited to English language publications and included
randomised and nonrandomised clinical trials, comparative studies, case series, previous systematic reviews and meta-analysis, on humans
subjects who underwent IORT for head and neck malignancies with documented follow-up of at least 3 months after treatment to allow for
the minimum duration of evaluation of acute as well as late toxicity. In addition to articles identified through database search, hand-search
and snowballing of references from previously published reviews and initially selected individual studies were done to identify possible
missed relevant articles for inclusion.

Search terms included: ALL FIELDS and Medical Subject Headings (MeSH) Terms for: ‘head and neck’ or ‘oral cavity’ or ‘pharynx’ or ‘nasophar-
ynx' or ‘oropharynx’ or ‘hypopharynx’ or ‘larynx’ or ‘paranasal sinus’ or ‘maxilla’ or ‘nasal cavity’ or ‘salivary gland’ or ‘thyroid’ or ‘skin’ or ‘orbit’
or ‘eye’ or ‘ear’ or ‘external auditory canal’ or ‘temporal’ or ‘skull base’ or ‘base of skull’ AND ‘Intraoperative Radiation Therapy’ or ‘intraopera-
tive radiotherapy’ or ‘IORT’ or ‘intraoperative photon’ or ‘intraoperative electron’ ‘electron IORT’ or ‘photon IORT' or ‘kV IORT’ or ‘IOERT’ or
‘intraoperative brachytherapy’ AND ‘cancer’ or ‘carcinoma’ or ‘malignancy’ or ‘neoplasm’ or ‘tumor’.

The articles retrieved from the database search were evaluated separately by authors AY and HW to determine if they met the pre-deter-
mined inclusion and exclusion criteria. Disagreements on inclusion or exclusion were resolved by consensus discussion together with authors
CV, JC, and EF. Eligible primary literature studies remaining were included in this review paper.

Internal validity and risk of bias assessment

Internal validity and risk of bias assessment was done using the National Institutes of Health National, Heart, Lung, and Blood Institute
(NIH NHLBI) Quality Assessment Tools (https:/www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools) which allows for rating as
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good, fair or poor. Initial rating was done for each included study by CV, AY and HW. Final rating was obtained through consensus discus-
sion meeting with all authors. Summary data extracted from the selected studies included: study design, duration of study, total number and
demographics of the population, duration of follow-up, type of IORT technique and radiation dose regimen and volume prescription. In addi-
tion, effect measures included were: effect of IORT on local recurrence, locoregional recurrence, DFS, OS, acute toxicity and late toxicity in
patients with head and neck cancer. Above review of studies were synthesised through tabulation of the selected studies.

This study was submitted to and approved by the institutional ethics review board.

Results

Literature search

We identified a total of 4,196 studies from the electronic database search. A total of 3,600 articles remained upon excluding duplicates. We
excluded an additional 3,479 studies after assessing titles and abstracts. The full-texts of 121 articles were thereafter subjected to eligibility
criteria. Finally, 52 studies were included in the qualitative analysis (Figure 1).

PubMed EMBASE Scopus EBSCO Cochrane Phil. E-
(n=1,352) (n = 649) (n=1,139) (n=891) (n=132) Journals
(n=33)

Identification ‘ ‘ ‘ ‘ ‘ ‘

Records after duplications removed
(n=3,600)

Records screened
(n =3,600)

Screening

Records excluded after screening of
titles and abstracts
(n =3,479)

Full-text articles assessed for eligibility
Eligibility (n=121)

Excluded with reasons (n = 69)
* Low/pulse-dose-rate brachytherapy (n = 36)
* Absence of primary data (n = 21)
* Multiple-fraction high-dose-rate brachytherapy (n = 8)
* Delivery not immediately during the OR (n = 3)
* Abstract of full article that was already included (n = 1)

Included

Studies included in qualitative analysis
(n=52)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram.
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Study characteristics, descriptions

The 52 studies were composed of observational cohorts and case series representing 2,389 patients. There was a male predilection, and the
patients’ age ranged from 5 to 99 years old.

Head and neck subsites included: neck (20.4%), oropharynx (17.7%), oral cavity (14.4%), nasal cavity and paranasal sinuses (9.8%), hypo-
pharynx (8.1%), parotid (8.1%), larynx (4.2%), other salivary glands (3.0%), skull base (2.9%), scalp or skin (2.5%), nasopharynx (1.4%), tem-
poral bone (1.1%), orbit (0.9%), thyroid (0.3%) and others (4.96%). Majority of the cases were squamous cell carcinomas (SCCs) and locally
advanced disease.

Treatment setting

The authors were able to subdivide the 52 studies into two general headings - homogenous and heterogenous studies - with three subclas-
sifications each (see Table 1 at https:/doi.org/10.6084/m?9.figshare.21676964.v1). The homogenous studies - where treatment settings
were well defined - were subclassified as follows: 1) treatment in the primary setting using both IORT and EBRT (10 studies), 2) treatment in
the recurrent setting treated with IORT alone (1 study) and 3) treatment in the recurrent setting using IORT alone in patients with a history
of irradiation (4 studies).

Studies that included a mix of primary and recurrent cases, primary and reirradiation treatments, or IORT with and without EBRT were classi-
fied as heterogenous. The heterogenous studies were subclassified to: 1) treatment in the recurrent setting with or without prior irradiation
using IORT and EBRT (6 studies), 2) treatment in the primary or recurrent setting with no prior irradiation using IORT and EBRT (4 studies)
and 3) treatment in the primary or recurrent setting with or without prior irradiation using IORT with or without EBRT (27 studies).

Homogenous studies

a. Treatment in the primary setting using IORT + EBRT

Ten publications were observational cohorts of patients with SCC and no distant metastasis treated with IORT and EBRT in the primary set-
ting.

Eight were from the Ohio State University series [8-14], which described the development of three intensification regimens (IRs) (IR-1, IR-2
and IR-3) for previously untreated, resectable, advanced SCC of the oral cavity, oropharynx or hypopharynx. The IRs all entailed neoadjuvant
RT for 4 days followed by surgery with IORT on Day 4. Adjuvant EBRT ensued after, with different doses depending on the specific regimen.

In the final report by Schuller et al [12] on the institution’s 12-year experience, average compliance for all three regimens was 61% (75/123),
LRC was 91% (112/123), systemic control was 86% (106/123) and overall disease specific survival was 73%. It was concluded that their
approach was tolerable and provided good survival and control rates [14].

For the remaining two studies, Rutkowski et al [15] prescribed IORT of 5-7.5 Gy to 0.5 cm from the applicator surface with photons and
Schmitt et al [16] used 20-25 Gy to D90% of the tumour bed with electrons. Majority of patients received additional EBRT of 50-65 Gy.
LC rates were 100% and 60.5% at a median follow-up of 30 months and 24+ months in Rutkowski’'s and Schmitt’s studies, respectively.
Acute mucosal toxicity was noted in 14%-18.8% [15]. Late complications of laryngeal necrosis and laryngeal stenosis were seen in only two
patients [9].
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b. Treatment in the recurrent setting with no previous RT using IORT alone

Only one study used IORT alone for previously unirradiated patients with recurrence. A retrospective case series from Memorial Sloan Ket-
tering Cancer Center reported on the use of intraoperative high dose-rate brachytherapy (IOHDR) using Phosphorus 32 polymer radioactive
films in Diffuse Recalcitrant Conjunctival Neoplasms. They delivered a median dose of 15 Gy to six patients with recurrent or residual disease
after primary treatments for SCC, sebaceous carcinoma or lymphoma. At 24 months follow-up, they reported a recurrence free survival rate
of 75%, improvement in visual acuity in 5 of the 6 patients, and only 1 severe adverse event of corneal ulcer and perforation [17].

c. Treatment in the recurrent setting with previous RT using IORT alone

Among the four studies that used IORT alone for patients previously irradiated, three utilised electrons with doses of 10-25 Gy [18-20] and
one utilised brachytherapy with doses of 10-15 Gy [21]. Outcomes varied with LC of 23.9%-61.5% and OS of 8%-54.9% [19]. It was also
observed that LC was not improved in patients who had positive resection margins [18, 20]. Complications included wound healing problems,
infection, fistula and necrosis [18-21]. Nag et al [19] reported severe complications in 16% of 38 patients. From these studies, we found that
IORT alone to doses of 10-25 Gy in the salvage surgery setting is not enough to provide durable control, and that resection margin status is
a significant factor in the outcomes of this patient population.

Heterogenous studies

a. Treatment in the recurrent setting with or without previous RT using IORT + EBRT

The studies which used IORT and EBRT in the recurrent setting with or without previous EBRT treatment had IORT dose ranging from 10-20
Gy for IOHDR [22-25] and 10-18 Gy for intraoperative electron radiation therapy (IOERT) [26, 27]. Previous EBRT doses received ranged
from 24 to 80 Gy [23, 24] and additional EBRT doses given after IORT ranged from 30 to 84 Gy [25, 26]. It is important to note that among
the six studies, more than 70% of patients had received prior EBRT and patients who received additional EBRT ranged from 13.5% to 55%
[22, 27]. Outcomes were similar whether IOHDR or IOERT technique was utilised. LC, LRC, DFS and OS ranged from 57% to 82%, 51% to
77%, 37% to 61% and 34% to 53%, respectively [22-27]. The highest rates of toxicities were reported by Teckie et al [24], which include
fibrosis (n = 17, 29%), trismus (n = 14, 24%), cranial nerve injury (n = 15, 26%), dysphagia (n = 23, 39%) and fistula/abscess (n = 9, 15%).

b. Treatment in the primary or recurrent setting without previous RT using IORT + EBRT

There were four publications on patients treated in the primary or recurrent setting with no previous EBRT. These patients received 10-15
Gy IORT followed by adjuvant EBRT ranging from 50 to 60 Gy [28-31]. Good LC and LRC were seen ranging from 68% to 94.1% and 61%
to 76.5%, respectively [28-31]. Notable toxicities reported were facial nerve paralysis (n = 4, 23.5%), necrosis/flap failure (n = 3, 23%) and
fistula (n = 2, 8%) [29, 30].

c. Treatment in the primary or recurrent setting with or without previous RT using IORT with or without EBRT
The remaining 27 studies included a heterogenous mix of patients with primary or recurrent disease, previously irradiated or unirradiated,

who received IORT with or without additional EBRT. Majority of these studies utilised IORT doses up to 20 Gy and utilised electrons [32-56].
Among patients who received a previous course of EBRT, doses ranged from 26 Gy [32] to as high as 82 Gy [57] while additional EBRT doses
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after IORT ranged 10-70 Gy [32]. This set of studies has LC rates ranging from 25% to 100%, LRC rates from 11.2% to 80%, DFS rates from
9% to 70.3% and OS from 17% to 88% [32-58]. Due to the heterogeneity of the population included in these studies, large variations were
observed in the outcomes, primarily coming from the studies using IOERT. Reported acute and late toxicity rates included wound infection
(n = 20, 9.9%) [38], vascular [transient ischemic attack (TIA), carotid blowout, cardiac ischaemic events] (n = 23, 11.3%) [38], pain needing
opiates (n = 16, 13.3%) [34], osteoradionecrosis (n = 4, 17.4%) [32] and mild nausea/vomiting (55.6%) [53].

IORT type

Table 2 summarises the 52 studies discussed above grouped according to type of IORT used. Among the studies, the types of IORT used
were electrons in 27, brachytherapy in 10, a mix of electrons or brachytherapy in 10 and photons in 5. The studies comprised 1,476, 445,
400 and 68 patients, respectively.

Majority of the patients who received IORT had recurrent disease (n = 1,376) compared to those who received IORT as part of their primary
treatment (n = 793). Further, among the patients included in the selected studies, 1,095 (45.84%) patients had already received prior irradia-
tion, while 935 (39.14%) patients had no previous irradiation, and 359 (15.03%) patients had unreported prior RT status. The average doses
received by patients who had prior irradiation were 54.5 Gy, 61.6 Gy, and 34.1 Gy for studies using IOERT, IOHDR, or a mix of IOERT or
IOHDR, respectively. IORT doses differed among the different modalities with an average dose of 15.6 Gy (range, 4-100 Gy) for studies on
IOERT, 13.4 Gy (range, 5-20 Gy) for studies on IOHDR, 8.3 Gy (range, 7.5-20.0 Gy) for studies with a mix of IOERT or IOHDR, and 5.8 Gy
(range, 3-14 Gy) for studies using photon-based IORT. For protocols which included pre-op EBRT, mean doses were 32.9 Gy (range, 9.2-45
Gy) for studies on IOERT, 9.1 Gy (range 9.1-9.1 Gy) for studies on IOHDR, and 9.2Gy (range, 9.1-9.2 Gy) for studies with a mix of IOERT or
IOHDR. The adjuvant EBRT average doses received by patients who underwent IORT ranged from 47.1 to 51.9 Gy.

Follow-up and outcomes

Follow-up of the selected studies were varied with follow-up periods as short as O to as long as 262 months. Average LC, LRC, DFS and OS
from the selected studies were 69.28%, 65.63%, 51.88% and 53.01%, respectively.

Acute toxicities reported were wound infection/dehiscence in 1.6%-54% of patients [8, 10, 14, 16, 18, 19, 22,27, 34,36-39, 41,48, 51-53,
55, 591, necrosis or flap failure in 0.7%-23% [14, 16, 18, 23, 26, 28-30, 38, 39, 52, 55, 59], osteonecrosis in 1.1%-8% [20, 22, 36, 38, 39,
41,44, 45, 50], fistula in 1.5%-20% [8, 10, 14, 16, 18-20, 24-26, 30, 31, 33, 34, 37-39, 41, 44, 46,52, 53, 59], trismus in 4.5%-24.6% [24,
25, 371, skin/mucosal complications in 2.3%-100% [8, 10, 14-16, 24, 25, 36, 37, 59] and neuropathy in 0.7%-26% [8, 14, 22-27, 36-39,
52,55, 59]. Other less commonly reported toxicities were carotid/artery rupture (fatal and non-fatal) in 1.1%-5.3% [20, 23, 37, 41, 44, 46,
50, 52, 57] and haematoma in 0.8%-6.3% [10, 14, 30, 31, 39, 59].

Notable late toxicities reported included stenosis or stricture in 1.6%-4.7% [8, 14, 16], infection in 0.8%-16.7% [14, 17, 47, 59], xerostomia
in 0.8%-9.3% [8, 14, 471, dysphagia in 26% [13], osteoradionecrosis in 1.6%-17.4% [14, 21, 32] and carotid artery rupture in 2.3%-3.6%
[32, 36, 57].

Discussion

IORT as a treatment modality has already been utilised in reports spanning decades; however, the body of published evidence is primarily
taken from single-institution retrospective studies with varied patient populations, prior history of radiation treatment, radiation dose pre-
scribed and modalities of treatment delivery (IOERT, IOHDR, Photon IORT), leading to wide ranges in reported control and toxicity outcomes.
Despite the heterogeneity, we can note several insights from the available body of published evidence.
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First, in terms of patient selection, IORT has shown LC benefit in patients with high risk of locoregional recurrence such as patients with
locally advanced tumours in the primary setting, or those with recurrences following prior failed treatment undergoing salvage interven-
tions. This makes sense radiobiologically as previously discussed by Hilal et al [6], since IORT can deliver a reported biological effective dose
1.5-2.5 times higher than standard fractionation. In addition, IORT with or without additional EBRT favourably reduces the over-all treat-
ment time by delivering a significant amount of radiation dose at the time of excision surgery.

Second, in terms of histopathology, IORT has shown its utility not just in SCC - the predominant type of head and neck cancer, but also in
other tumour types such as salivary gland malignancies. Regardless of pathologic type, however, we also note that effectiveness is affected
by margin status where highest benefit of IORT best seen when done in resections which are margin-negative (RO) or up to microscopic posi-
tive (R1), with lesser effect seen for those with macroscopic positive (R2) margins [18, 26, 35, 37, 46, 49, 50, 57].

Table 2. Summary of studies.

Electron Brachytherapy BIE:;;E:;LY Photon All studies

Number of studies 27 10 10 5 52
Number of patients 1,476 445 400 68 2,389

Primary 358 117 287 31 793

Recurrent 1,000 328 20 28 1,376

Not reported 118 0 93 9 220
Reported use of prior RT

No prior RT 408 147 364 16 935

Reirradiation 841 221 33 0 1,095

Not reported 227 77 3 52 359
Average IORT doses? 15.6 (4.0-100.0) Gy = 13.4(5.0-20.0)Gy  8.3(7.5-20.0) Gy 5.8 (3.0-14.0) Gy
Average EBRT doses?

Previous irradiation 54.5 (0-66) Gy 61.6 (54-70)Gy  34.1(17.5-50.7) Gy NA

Pre IORT EBRT 32.9 (9.2-45) Gy 9.1(9.1-9.1) Gy 9.2(9.1-9.2) Gy NA

Post IORT EBRT 47.1 (40-54) Gy 51.9 (45-63) Gy 50 (50-50) Gy 50 (50-50) Gy
Average outcomes?

34.4(0.1-262.2) 32.3(1-133) 38.7 (0-120.4) 33.5(0-262.2)

Follow-up months months months 21.2 (0-66) months months
LC 62.3 (16.7-100)% 63.7 (34-83.3)% 90.6 (70-100)% 89.8 (85-100)% 69.3 (16.7-100)%
LRC 56.4(21.2-91)% 57.9 (29-100)% 91.8 (88-95)% 81.3(81.3-81.3)% 65.6 (21.2-100)%
DFS 45.1(11-70.3)% 46.4 (24-100)% 79.3(72-92.5)% 68.8 (68.8-68.8)% 51.9 (11-100)%
(O 48 (8-88)% 52.9 (29-100)% 66.1(48.6-79)% 81.3(81.3-81.3)% 53 (8-100)%

2In computing summary values for this table, only studies that reported such parameters were considered. To summarise the doses used
among the studies, averages of median doses were obtained. Mean doses were used for the few studies that did not provide a median dose.
Because follow-up period varied, outcomes reported at the specified median follow-up were used to compute for the average. For studies
that did not provide this, outcomes with the longest period were used.
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Third, in terms of technique, although IOERT has been the most widely studied, IOHDR and photon IORT have also been shown to be
effective techniques of treatment delivery. We were able to note that the median doses prescribed for each technique in the included stud-
ies were 15.6 Gy (4.0-100.0 Gy) for studies using IOERT, 13.4 Gy (5.0-20.0 Gy) for IOHDR, 5.8 Gy (3.0-14.0 Gy) for photon IORT. These
findings are consistent with those of Kyrgias et al [7] who also discussed a trend over time of lowering IORT dose from a maximum of 20 Gy
in order to decrease treatment related toxicity. Aside from innate differences in delivery method and radiation physics properties of each
technique, these dose differences must be interpreted with caution since these studies were also done in heterogenous populations - with
variances in margin status, history of prior irradiation, as well as use of additional EBRT combined with IORT. Indirect comparisons are prob-
lematic; moreover, we did not encounter any trials comparing each of the delivery techniques directly.

Fourth, in terms of outcomes, again with the caveat of significant heterogeneity, we were still able to see LC across publications averaging
around 69% and OS averaging 53% at roughly 2-3 years post-IORT treatment follow-up. Toxicity rates were varied and difficult to isolate for
IORT exclusively, because these patients often received multi-course as well as multi-modality treatment.

Looking at the available evidence in total, we surmise that IORT for head and neck tumours may find most utility in well selected patients
as an immediate boost as part of a reirradiation regimen together with additional EBRT following salvage surgery with good margins in the
recurrent setting. This would allow it to leverage its strengths of precise local treatment delivery, theoretical decreased toxicity through the
ability to physically move away nearby normal structures, decreased over-all treatment time and immediate high dose delivery to what may
be radiobiologically unfavourable tumours due to hypoxia and radiation resistance from prior therapy. Additional EBRT appears to still be
necessary to reach appropriate total doses beyond the accepted safe limits of IORT delivery.

Foreseen possible disadvantages to use of IORT include the limited treatment area the intraoperative applicators can cover. This can be
overcome by planning for consecutive treatment of multiple adjacent treatment fields, but this would entail a dramatic increase in over-all
procedure time. Another barrier to usage is the substantial cost of additional equipment, radiation safety and training which requires both
institutional and multi-disciplinary investment and commitment. This can be compensated by leveraging the use of IORT for other tumour
subsites particularly for breast, gynaecologic, gastrointestinal and soft tissue cancer. Finally, the greatest barrier to greater acceptance and
usage of IORT particularly for the head and neck cancer is the lack of higher level evidence supporting its use. Multi-institutional collaborative
trails are needed in order to accrue patients and compare outcomes of IORT with current available standard modalities of care.

Conclusions
IORT as a treatment modality in head and neck cancer has shown promise with multiple single-institutional studies that have shown benefits
in terms of LC with reported reasonable toxicity. However, in order to progress further, similar to that seen in the use of IORT in other ana-

tomical sites, randomized control trials need to be developed comparing IORT with current standards of care in the modern era of intensity
modulated radiation therapy and volumetric modulated arc therapy.

List of abbreviations

DFS, Disease free survival; EBRT, External beam radiation therapy; IOERT, Intraoperative electron radiation therapy; IOHDR, Intraoperative
high dose-rate brachytherapy; IORT, Intraoperative radiation therapy; LC, local control; LRC, Locoregional control; OS, Overall survival; SCC,
Squamous cell carcinoma.
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