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Background: Despite multimodality treatment, the prognosis of glioblastoma (GBM) has remained poor.
Intraoperative radiation therapy (IORT) offers additional local control by directly applying a radiation
source to the resection margin, where most recurrences occur.
Methods: We performed a systematic review on the oncologic outcomes and toxicities of IORT for GBM in
the era of modern external beam radiation therapy (EBRT) and chemotherapy with temozolamide.
Results: Four studies representing 123 patients were included. Majority (81%) were newly diagnosed, and
gross total resection was reported in 13–80% of cases. IORT modalities included electrons from a linear
accelerator (LINAC) and photons from a 50-kV x-ray device. Median doses were from 12.5 to 20 Gy for
electron-based studies and 10–25 Gy for photon-based studies. Adjuvant treatment consisted of 46–
60 Gy post-operative EBRT in electron-based studies and the Stupp protocol in photon-based studies.
Complications included radiation necrosis (2.8–33%), infection, hematoma, perilesional edema, and
wound dehiscence. Median time to local recurrence was 9.9–16 months and the reported overall
progression-free survival was 11.2–12.2 months. Median overall survival was 13–14.2 months for the
electron-based studies and 13.8–18 months for the photon-based studies.
Conclusion: IORT resulted in improved local control and comparable overall survival rates with the Stupp
protocol. Although photon-based IORT had better results than electron IORT, this may be due to improve-
ments in other forms of adjuvant treatment rather than the IORT modality itself. The overall effect of IORT
on GBM treatment is still inconclusive due to the small number of patients and heterogeneous reporting
of data.

� 2021 Elsevier Ltd. All rights reserved.
1. Introduction

Glioblastoma (GBM) is one of the most common and most
aggressive brain tumors, comprising 48% of primary malignant
brain tumors and 57% of gliomas [1,2]. Since the initiation of the
Stupp protocol in 2005, treatment strategies to combat this disease
involve maximal safe surgical resection followed by 60 Gy
radiotherapy (RT) with concurrent daily temozolamide (TMZ), fol-
lowed by TMZ maintenance for a minimum of 6 cycles [3]. Despite
this aggressive treatment, prognosis remains poor with a median
progression-free survival (PFS) of 6.2–7.5 months and median
overall survival (OS) of 14.6–20.5 months [4]. The tumor recurs
even after surgical resection and adjuvant treatment, and approx-
imately 85% of recurrences occur near the resection margin [5].

Escalating treatment by increasing chemotherapy with a
dose-dense TMZ regimen or adding targeted therapy with beva-
cizumab, nimotuzumab, or cilengitide did not significantly
improve outcomes [4,6–8]. Similarly, escalating radiotherapy to
an equivalent dose in 2 Gy fractions ranging from 66 to 126 Gy still
resulted in similar PFS and OS rates, often at the cost of increased
toxicities [9–14]. In prospective single arm studies, Tsien et al. and
Iuchi et al. reported median overall survival of 20.1 months and
20.0 months, respectively. Both studies showed significant
neurologic toxicities with higher radiation doses [11,13]. Particu-
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larly challenging to treat are recurrent lesions, for which reirradia-
tion is limited due to increased risk of damaging nearby normal tis-
sues [15].

Intraoperative radiotherapy (IORT), defined as the delivery of
precise doses of radiation to the tumor bed during surgery (i.e.,
immediately following resection), allows the delivery of a higher
dose of radiation to the contiguous regions at highest risk of recur-
rence, while minimizing the dose to the normal brain tissue. IORT
may be delivered via low-kV x-rays, electrons, or high-dose rate
brachytherapy [16]. The rationale for the use of IORT includes
the anatomic advantage of applying the radiation source directly
to the resection margin where most recurrences occur, as well as
the temporal benefit of decreasing delay between surgery and
adjuvant treatment, during which cancer cells may proliferate [17].

To our knowledge, there is no paper that has consolidated the
current evidence on the outcomes of IORT using different modali-
ties for GBM, especially in the era of modern external beam radia-
tion therapy (EBRT) and chemotherapy with TMZ. This paper aims
to review the oncologic outcomes and toxicities of IORT for GBM in
the current era.
2. Methods

We performed a systematic review in accordance with the Pre-
ferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines (Supplemental Material A). The included stud-
ies assessed the outcomes of GBM patients who underwent resec-
tion surgery and IORT. Relevant study types considered were case
series, retrospective cohort, case-control, and prospective studies.
Relevant outcomes were complications attributed to IORT, PFS,
and OS. Only studies written in English were included.

Of note, we included only studies that were published from
2005 onwards as this was when the Stupp protocol was estab-
lished, giving uniform adjuvant treatment of GBM [3]. Since one
of the advantages of IORT is to bypass the residual tumor cell
doubling-time that may occur during the delay between surgery
and RT, we excluded studies that administered IORT during a sec-
ond surgery [18,19]. We also excluded studies which left
implanted radiation sources or devices as these required a second
surgery for removal, which is not the design of the single-surgery
set-up of conventional IORT [20].
2.1. Search methods for identification of included studies

We performed a search of the major scientific databases such as
Pubmed, Scopus, EBSCOhost, CENTRAL by Cochrane, and clinicaltri-
als.gov from March 2005 to March 2021. The search strategy
employed the use of the search terms [‘‘Intraoperative radiother-
apy” or ‘‘intraoperative radiation therapy” or ‘‘intraoperative radi-
ation” or ‘‘intraoperative photon” or ‘‘intraoperative electron”
‘‘electron IORT” or ‘‘photon IORT” or ‘‘IORT” or ‘‘IOERT”] AND
[‘‘glioblastoma” or ‘‘GBM” or ‘‘glioblastoma multiforme” or ‘‘malig-
nant glioma” or ‘‘WHO grade IV glioma”]. Handsearching for addi-
tional articles was done by reviewing the references of relevant
and included studies.

Independent searches of the above databases and identification
of relevant articles using the above search strategy were done by
two study authors (ADY and JSGP). After duplicates were removed,
the titles and abstracts of the remaining articles were assessed
using predetermined eligibility criteria. Once the titles and
abstracts were screened, the full-text articles meeting the criteria
were evaluated. Disagreements were resolved by consensus with
two other authors (EMDC and KHDI). Eligible studies that
remained after this screening and scrutinization were included in
the analyses.
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2.2. Data collection and analysis

The data extracted from the included studies included the set-
ting, design, duration, total number and demographics of the pop-
ulation, and the type of IORT done. Outcome data included IORT-
related complications, local recurrence rate, time to progression,
and survival rates. Descriptive statistics were used to summarize
the data (Table 1).
3. Results

3.1. Literature search

We identified a total of 344 studies from the electronic database
search. A total of 303 articles remained upon excluding duplicates.
We excluded 288 studies after assessing titles and abstracts. The
full-texts of 15 articles were subjected to eligibility criteria. Finally,
4 studies were included in the qualitative analysis. (Fig. 1) [21–24].

3.2. Study characteristics, descriptions, and outcomes

There were 3 retrospective studies [21,22,24] and 1 prospective
study [23], representing 123 GBM patients. There was a male
predilection (60%), and the patients’ age ranged from 43 to
62 years old. A large majority (81%) of the GBM cases were newly
diagnosed, and gross total resection was reported in 13–80% of
cases. Two studies reported the O [6]-methylguanine–DNA
methyltransferase (MGMT) status, with absence of MGMT hyper-
methylation found in 39% and 87% of cases [23,24].

Two main modalities of IORT were used: 9–18 MeV electrons
from a linear accelerator (LINAC) [21,22] and photons from a 50-
kV x-ray device (INTRABEAM, Carl Zeiss, Meditec, Oberkochen,
Germany) [23,24]. Median doses were from 12.5 (range 8–20) to
20 (range 15–25) Gy for the studies that used electrons and 10 to
25 Gy for those that used photons. All patients received IORT dur-
ing the time of resection surgery. The patients who underwent
IORT with electrons were transported to the LINAC suite after the
tumor was excised, then returned to the operating room (OR) after
the IORT procedure. Meanwhile, the ones who underwent photon-
based IORT were treated within the OR, with the IORT applied to
the surgical field once resection was completed.

Adjuvant treatments consisted of 46 to 60 Gy post-operative
EBRT in the earlier studies that used electrons, and the Stupp pro-
tocol in the studies that used photons.

The reported complications included infection, hematoma, per-
ilesional edema, wound dehiscence, CSF leak, and intracranial cyst
formation. Radiation necrosis ranged from 2.8 to 33%. Three of the
studies reported tumor progression or recurrence [21,23,24]. Local
recurrence occurred in 13–96% of patients throughout the median
follow-up that ranged from 13.8 to 30.4 months. The median times
to local recurrence were 9.9–16 months and the reported overall
PFS ranged from 11.2 to 12.2 months. The median overall survival
rates were 13–14.2 months for the electron-based studies and
13.8–18 months for the photon-based studies. A summary of the
included studies can be found in Table 1.
4. Discussion

Despite maximal therapy using surgery with adjuvant RT and
TMZ, the prognosis of GBM has remained dismal. Part of this
may be due to the fact that most GBM recurrences occur locally,
and escalating radiation doses to increase tumor cell kill often
led to increased toxicities. IORT offers additional local control by
providing direct application of a radiation source to the tumor
bed, thus obviating the need to traverse normal tissues. Given



Table 1
Summary of included studies in the review.

Schueller [21] 2005 Usychin [22] 2013 Giordano [23] 2019 Sarria [24] 2020

Country Germany Spain Germany, USA, Canada Germany, Peru, China
Study design Retrospective cohort Retrospective cohort Prospective Retrospective cohort
Sample size 45 GBM (Total 71, including

WHO Gr III)
12 GBM (Total 32, including WHO
Gr III)

15 GBM 51 GBM

Newly diagnosed
GBM

73% 50% 100% 100%

Median age 56 48 62 55
% Female 32% 44% 47% 45%
GTR 80% NR* 13% NR
IORT Details
Type Electrons: standard electron

tube; 9-18 MeV
Electrons: generated by linear
accelerator; 12-15 MeV

Photons: 50-kV x-rays Photons: 50-kV x-rays

Median dose (Gy) 20 (15–25) 12.5 (8–20) 25 (20–40) 10 (10–40)
Median delivery time

(minutes)
NR NR NR 17 (5–58)

Outcomes
Median KPS
Pre-treatment 70 (NR) NR 80 (50–90) 80 (20–100)
Post-treatment 80 (NR) NR NR NR
Adjuvant treatment 60 Gy postop EBRT, no

chemo
46-60 Gy postop EBRT, chemo - NR 60 Gy postop EBRT + concurrent &

maintenance TMZ
60 Gy postop EBRT + concurrent &
maintenance TMZ

Radiation necrosis 2.8% 9.4% 33% 25.5%
Post-op site Infection 1.4% 3.1% – –
Hemorrhage 5.6% 3.1% – –
Lesion edema 1.4% – – –
Wound dehiscence – – 6.7% –
CSF leak – – 6.7% –
Intracranial cyst

formation
– – 6.7% –

Recurrence 96% (24 mos) NR 13% (time frame NR) 39% (12 mos), 62% (24 mos), 87%
(36 mos)

Median time to local
recurrence

9.9 mos (NR) NR 14.3 mos (8.4-20.2) 16 mos (10.2-21.8)

Median progression-
free survival

12.2 mos (NR) NR 11.2 mos (5.4-17) 11.4 mos (7.6-15.2)

Median overall
survival

14.2 mos (NR) 13 mos (NR) 16.2 mos (11.1-21.4) 18 mos (14.7-21.3)

Median follow-up 15.2 mos (NR) 30.4 mos (NR) 13.8 mos (4.5-30.7) 18 mos (2-42.4)

*All were reported to have undergone ‘‘maximal safe resection”.
Abbreviations: EBRT external beam radiotherapy, GBM glioblastoma, Gy gray, KV kilovolt, mos months, MeV megaelectronvolts, NR not reported, TMZ temozolamide, WHO
World Health Organization.
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these advantages, IORT appears to be a promising addition to the
current treatment arsenal against GBM.
4.1. Type, timing, and dose of radiation

There are several methods of delivering IORT: photons, elec-
trons, and brachytherapy [16]. Only the first two were used intra-
operatively after tumor excision; hence, they were the ones
included in this review.

An advantage of IORT would be the ability to deliver the dose
directly to the tumor bed immediately after surgery. Theoretically,
IORT would attenuate tumor regrowth after surgery, while await-
ing healing and post-operative radiotherapy [25]. However, this
is largely a theoretical advantage since there is no scientific proof
that IORT can prevent tumor cell regrowth.

Blumenthal et al. did not see a statistically significant difference
in OS between >4 and �4 weeks delay in radiation therapy from
the time of operation [26]. Giving radiation immediately after sur-
gery may also trigger accelerated tumor repopulation of glioma
stem cells. In Gao et al.’s study, tumors that were irradiated with
3 fractions of 2 Gy had a shorter doubling time of 10 days, com-
pared to 14 days for unirradiated gliomas [27].

The ideal dose for IORT still has to be determined. Pragmati-
cally, the higher the dose, the higher the chance of eliminating
residual disease, but this also translates to higher neurologic mor-
bidity. It is difficult to directly compare doses because the target
38
prescription point and mode of delivery were not standardized,
with studies prescribing to different doses at different depths from
the surface. When comparing different radiation methods, the rel-
ative biologic effectiveness (RBE) has to be considered. IORT deliv-
ered via low-kV x-rays offers a higher RBE of 1.26 to 1.42, but this
decreases significantly beyond a depth of 1.3 cm. This may be a
concern with GBM since it has been reported to recur within 2–
3 cm of the initial tumor site [28–30].
4.2. Outcomes of GBM IORT studies

The key advantage of photon-based IORT over traditional LINAC
is that the former utilizes a portable RT machine inside the OR,
making RT possible without leaving the OR suite. This obviates
the need for patient transport while the operative site is exposed,
as in the case of traditional LINAC machines. The risks of infection
and the logistical difficulties of intraoperative patient transport are
thus mitigated. In our review, post-operative infection was
reported in 1.4–3.1% of cases which used a traditional LINAC
[21,22], and zero in the studies that used photon-based IORT
[23–25], although wound dehiscence and cerebrospinal fluid leak
were encountered in one series [23]. Since IORT is local therapy,
it is difficult to distinguish whether the complications were from
IORT or the surgical procedure [23,24]. By far, the most commonly
reported complications in GBM treatment in recent series were
wound breakdown and infection, with rates as high as 59% in some



Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram.
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reports [31]. Other complications of GBM treatment included neu-
rologic sequelae such as seizures (41%) and motor deficits (23%)
[31,32].

Radiation necrosis (RN) is a unique complication of RT. In our
review it occurred in 2.8–33% of IORT cases. The occurrence of
RN is directly related to increasing RT doses with observed dose
limits of 24–33.3 Gy in studies involving stereotactic radiosurgery
[33,34]. The paper of Giordano et al. was a Phase I/II dose-finding
study for IORT in GBM using photons, where IORT was given in
20, 30, and 40 Gy fractions [23,24,35]. It was the first
dose-escalation study performed that aimed to evaluate the safety
and tolerability of IORT when added to standard therapy for GBM
[23]. This trial, entitled INTRAGO, was the basis of the 20 to 30-
Gy limiting doses employed in subsequent studies and ongoing tri-
39
als, such as NCT0268560 [33,36]. Hence, compared to the other
studies which employed these limits, INTRAGO reported the high-
est RN rate (33%) in this review [33,36].

Generally, all GBMs will recur locally, given enough time
[21,23,24], so the effect of IORT on local recurrence is extremely
important. The original article for the Stupp protocol reported a
median PFS of 6.9 months (range 5.8–8.2 months), with 73.1%
and 89.3% exhibiting progression at 12 and 24 months,
respectively [3]. In this review, one study that used conventional
LINAC reported a median PFS of 12.2 months [21], while two
studies using photon-based IORT reported median PFS of
11.2–11.4 months [23,24]. Reported time to local recurrences ran-
ged from 9.9 to 16 months. In comparison, estimates of PFS in
recent studies on GBM ranged from 8.9 to 10.7 months [37,38].
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For two of the studies, the median time to recurrence within
1 cm from the cavity was at 14.3 months and 16 months [23,24].
This suggested improved local control within 1 cm from the cavity
with IORT since both studies showed more distant progression
(>1cm) as the predominant failure pattern [23,24].

Overall survival rates reported in this review were
13–14.2 months for the conventional LINAC studies [21,22] and
16.2–18 months for the photon-based studies [23,24]. More recent
survival estimates for treated GBM patients have improved over
the years, with a median OS of 15 months (range 11–28 months)
[39,40]. The reported OS in the studies included in this review fell
within the range, with the photon-based cohorts reporting slightly
higher OS than the median [23,24].

Though it may seem that photon-based IORT may have
improved time to recurrence and survival rates compared to
electron-based IORT, it must be noted that the adjuvant therapies
performed during the timeframes of the two modalities differed
[21,24]. Since the studies on electron IORT were done much earlier,
the adjuvant therapies only consisted of 46–60 Gy EBRT without
chemotherapy [21,22]. The more recent studies using photons
adopted the standard Stupp protocol (EBRT plus TMZ) [23–24];
thus, the effect of the Stupp protocol cannot be discounted when
comparing the two modalities of IORT used in this review.

4.3. IORT and other radiation modalities

Since they are both conformal radiotherapy techniques that are
able to deliver steep dose gradients, IORT has been compared to
stereotactic radiosurgery (SRS). Matsuo et al. reported that SRS
resulted in better tumor control for GBM, and in cases wherein
there was residual tumor, SRS techniques also allowed for more
meticulous target planning of the irradiation boost [19]. However,
in contrast to the retrospective studies it preceded, the Radiation
Therapy Oncology Group (RTOG) 93–05 study demonstrated no
improvement in outcomes when SRS was given prior to EBRT [41].

The proposed advantage of using IORT to deliver precise doses
to the tumor bed is also achievable with less invasive EBRT tech-
niques using flattening filter-free energies and image guidance,
such as intensity modulated radiation therapy (IMRT) and image-
guided conventional fractionated radiotherapy.

It should also be kept in mind that the use of IORT does not
negate the need for the standard 6–7-week regimen of EBRT. The
additional dose from IORT may be easier to deliver as a simultane-
ous integrated boost, especially as this has been shown to result in
minimal toxicity [9,11].

4.4. Future directions

Because of the heterogeneity of the current available studies on
IORT for GBM, especially with regard to adjuvant therapy, more
prospective research studies are needed. There are currently 3 tri-
als listed on clinicaltrials.gov, and some of them use IORT modali-
ties other than conventional LINAC and photon-based IORT. It may
also be worthwhile to compare the results of IORT versus modern
conformal radiotherapy techniques such as SRS and IMRT.

4.5. Limitations of the study

Our study has numerous limitations. First, it has the inherent
limitations of a systematic review, such as reviewer and selection
bias. Second, the sample sizes of the included studies were rela-
tively small. Third, some of the studies included recurrent GBM
in addition to newly diagnosed cases, thereby introducing a con-
founding factor. Fourth, the extent of resection was not reported
in some of the studies, and this is an important factor determining
survival in GBM. Fifth, the type and dose of IORT, as well as the
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adjuvant treatment, were not uniform. Lastly, the reporting of out-
comes such as complication and survival rates were heteroge-
neous, and were not even reported in one of the studies. This
makes outcome comparisons between groups more difficult.

5. Conclusion

The addition of IORT to standard surgery and adjuvant therapy
seemed to have improved local control and comparable overall
survival rates with the Stupp protocol. Photon-based IORT seemed
to have better results than electron IORT, but this may be due to
improvements in other forms of adjuvant treatment rather than
the IORT modality itself. The overall effect of IORT on GBM treat-
ment is still inconclusive due to the small number of patients
and heterogeneous reporting of data.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jocn.2021.08.022.

References

[1] Ostrom QT, Patil N, Cioffi G, Waite K, Kruchko C, Barnholtz-sloan JS. Neuro-
Oncology CBTRUS Statistical Report : Primary Brain and Other Central Nervous
System Tumors Diagnosed in the. 2020;22:1-96. doi:10.1093/neuonc/noaa200.

[2] Tan AC, Ashley DM, López GY, Malinzak M, Friedman HS, Khasraw M.
Management of glioblastoma: State of the art and future directions. CA
Cancer J Clin 2020;70(4):299–312. https://doi.org/10.3322/caac.21613.

[3] Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJB, et al.
Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma.
N Engl J Med 2005;352:987–96.

[4] Stupp R, Taillibert S, Kanner AA, Kesari S, Steinberg DM, Toms SA, et al.
Maintenance therapy with tumor-treating fields plus temozolomide vs
temozolomide alone for glioblastoma. JAMA 2015;314(23):2535. https://doi.
org/10.1001/jama.2015.16669.

[5] Petrecca K, Guiot MC, Panet-Raymond V, Souhami L. Failure pattern following
complete resection plus radiotherapy and temozolomide is at the resection
margin in patients with glioblastoma. J Neurooncol 2013;111(1):19–23.
https://doi.org/10.1007/s11060-012-0983-4.

[6] Gilbert MR, Dignam JJ, Armstrong TS, Wefel JS, Blumenthal DT, VogelbaumMA,
et al. A randomized trial of bevacizumab for newly diagnosed glioblastoma. N
Engl J Med 2014;370(8):699–708. https://doi.org/10.1056/NEJMoa1308573.

[7] Gilbert MR, Wang M, Aldape KD, Stupp R, Hegi ME, Jaeckle KA, et al. Dose-
dense temozolomide for newly diagnosed glioblastoma: a randomized phase
III clinical trial. J Clin Oncol 2013;31(32):4085–91. https://doi.org/10.1200/
JCO.2013.49.6968.

[8] Westphal M, Heese O, Steinbach JP, Schnell O, Schackert G, Mehdorn M, et al. A
randomised, open label phase III trial with nimotuzumab, an anti-epidermal
growth factor receptor monoclonal antibody in the treatment of newly
diagnosed adult glioblastoma. Eur J Cancer 2015;51(4):522–32. https://doi.
org/10.1016/j.ejca.2014.12.019.

[9] Massaccesi M, Ferro M, Cilla S, Balducci M, Deodato F, Macchia G, et al.
Accelerated intensity-modulated radiotherapy plus temozolomide in patients
with glioblastoma: a phase i dose-escalation study (ISIDE-BT-1). Int J Clin
Oncol 2013;18(5):784–91. https://doi.org/10.1007/s10147-012-0462-0.

[10] Reddy K, Damek D, Gaspar LE, Ney D, Waziri A, Lillehei K, et al. Phase II trial of
hypofractionated IMRT with temozolomide for patients with newly diagnosed
glioblastoma multiforme. Int J Radiat Oncol Biol Phys 2012;84(3):655–60.
https://doi.org/10.1016/j.ijrobp.2012.01.035.

[11] Tsien CI, Brown D, Normolle D, Schipper M, Piert M, Junck L, et al. Concurrent
temozolomide and dose-escalated intensity-modulated radiation therapy in
newly diagnosed glioblastoma. Clin Cancer Res 2012;18(1):273–9. https://doi.
org/10.1158/1078-0432.CCR-11-2073.

[12] Yoon SM, Kim JH, Kim SJ, Khang SK, Shin SS, Cho YH, et al. Hypofractionated
intensity-modulated radiotherapy using simultaneous integrated boost
technique with concurrent and adjuvant temozolomide for glioblastoma.
Tumori J 2013;99(4):480–7. https://doi.org/10.1177/030089161309900407.

[13] Iuchi T, Hatano K, Kodama T, Sakaida T, Yokoi S, Kawasaki K, et al. Phase 2 trial
of hypofractionated high-dose intensity modulated radiation therapy with
concurrent and adjuvant temozolomide for newly diagnosed glioblastoma. Int

https://doi.org/10.1016/j.jocn.2021.08.022
https://doi.org/10.3322/caac.21613
http://refhub.elsevier.com/S0967-5868(21)00442-2/h0015
http://refhub.elsevier.com/S0967-5868(21)00442-2/h0015
http://refhub.elsevier.com/S0967-5868(21)00442-2/h0015
https://doi.org/10.1001/jama.2015.16669
https://doi.org/10.1001/jama.2015.16669
https://doi.org/10.1007/s11060-012-0983-4
https://doi.org/10.1056/NEJMoa1308573
https://doi.org/10.1200/JCO.2013.49.6968
https://doi.org/10.1200/JCO.2013.49.6968
https://doi.org/10.1016/j.ejca.2014.12.019
https://doi.org/10.1016/j.ejca.2014.12.019
https://doi.org/10.1007/s10147-012-0462-0
https://doi.org/10.1016/j.ijrobp.2012.01.035
https://doi.org/10.1158/1078-0432.CCR-11-2073
https://doi.org/10.1158/1078-0432.CCR-11-2073
https://doi.org/10.1177/030089161309900407


A.M.D. Ylanan, J.S.G. Pascual, E.M.D.C. Lim et al. Journal of Clinical Neuroscience 93 (2021) 36–41
J Radiat Oncol Biol Phys 2014;88(4):793–800. https://doi.org/10.1016/j.
ijrobp.2013.12.011.

[14] Badiyan SN, Markovina S, Simpson JR, Robinson CG, DeWees T, Tran DD, et al.
Radiation therapy dose escalation for glioblastoma multiforme in the era of
temozolomide. Int J Radiat Oncol Biol Phys 2014;90(4):877–85. https://doi.
org/10.1016/j.ijrobp.2014.07.014.

[15] Combs SE, Debus J, Schulz-Ertner D. Radiotherapeutic alternatives for
previously irradiated recurrent gliomas. BMC Cancer 2007;7:1–11. https://
doi.org/10.1186/1471-2407-7-167.

[16] Pilar A, Gupta M, Laskar SG, Laskar S. Intraoperative radiotherapy: review of
techniques and results. Ecancermedicalscience 2017;11. https://doi.org/
10.3332/ecancer.2017.750.

[17] Giordano FA, Wenz F, Petrecca K. Rationale for intraoperative radiotherapy in
glioblastoma. J Neurosurg Sci 2016;60(3):350–6. , http://www.ncbi.nlm.
nih.gov/pubmed/26824195.

[18] Zamzuri I, Rahman G, Muzaimi M, et al. Polymodal therapy for high grade
gliomas: a case report of favourable outcomes following intraoperative
radiation therapy. Med J Malaysia 2012;67(1):121–2.

[19] Matsuo M, Shinoda J, Miwa K, Yano H, Iwama T, Hayashi S, et al. Stereotactic
radiosurgery for patients with newly diagnosed glioblastoma multiforme
(GBM): comparison with intra-operative radiotherapy and evaluation of
prognostic factors. J Radiother Pract 2007;6(3):143–52. https://doi.org/
10.1017/S1460396907006073.

[20] Welsh J, Sanan A, Gabayan AJ, Green SB, Lustig R, Burri S, et al. GliaSite
brachytherapy boost as part of initial treatment of glioblastoma multiforme: a
retrospective multi-institutional pilot study. Int J Radiat Oncol Biol Phys
2007;68(1):159–65. https://doi.org/10.1016/j.ijrobp.2006.11.053.

[21] Schueller P, Micke O, Palkovic S, Schroeder J, Moustakis C, Bruns F, et al. 12
Years’ experience with intraoperative radiotherapy (IORT) of malignant
gliomas12-Jahres-Erfahrungen mit der intraoperativen Strahlentherapie
(IORT) bei malignen Gliomen. Strahlentherapie und Onkol 2005;181
(8):500–6. https://doi.org/10.1007/s00066-005-1354-2.

[22] Usychkin S, Calvo F, dos Santos MA, Samblás J, de Urbina DO, Bustos JC, et al.
Intra-operative electron beam radiotherapy for newly diagnosed and recurrent
malignant gliomas: feasibility and long-term outcomes. Clin Transl Oncol
2013;15(1):33–8. https://doi.org/10.1007/s12094-012-0892-1.

[23] Giordano FA, Brehmer S, Mürle B, et al. Intraoperative Radiotherapy in Newly
Diagnosed Glioblastoma (INTRAGO): An open-label, dose-escalation Phase I/II
trial. Clin Neurosurg. 2019;84(1):41-49. doi:10.1093/neuros/nyy018.

[24] Sarria GR, Sperk E, Han X, Sarria GJ, Wenz F, Brehmer S, et al.
Intraoperative radiotherapy for glioblastoma: an international pooled
analysis. Radiother Oncol 2020;142:162–7. https://doi.org/10.1016/j.
radonc.2019.09.023.

[25] Pennington C, Kilbride L, Grant R, Wardlaw JM. A pilot study of brain tumour
growth between radiotherapy planning and delivery. Clin Oncol 2006;18
(2):104–8. https://doi.org/10.1016/j.clon.2005.09.004.

[26] Blumenthal DT, Won M, Mehta MP, et al. Short delay in initiation of
radiotherapy for patients with glioblastoma-effect of concurrent
chemotherapy: a secondary analysis from the NRG Oncology/Radiation
Therapy Oncology Group database. Neuro Oncol 2018;20(7):966–74. https://
doi.org/10.1093/neuonc/noy017.

[27] Gao X, McDonald JT, Hlatky L, Enderling H. Acute and fractionated irradiation
differentially modulate glioma stem cell division kinetics. Cancer Res 2013;73
(5):1481–90. https://doi.org/10.1158/0008-5472.CAN-12-3429.
41
[28] Halperin EC, Burger PC, Bullard DE. The fallacy of the localized supratentorial
malignant glioma. Int J Radiat Oncol 1988;15(2):505–9. https://doi.org/
10.1016/S0360-3016(98)90036-0.

[29] Wallner KE, Galicich JH, Krol G, Arbit E, Malkin MG. Patterns of failure
following treatment for glioblastoma multiforme and anaplastic astrocytoma.
Int J Radiat Oncol Biol Phys 1989;16(6):1405–9. https://doi.org/10.1016/0360-
3016(89)90941-3.

[30] Hochberg FH, Pruitt A. Assumptions in the radiotherapy of glioblastoma.
Neurology 1980;30(9):907–11. https://doi.org/10.1212/wnl.30.9.907.

[31] Ening G, Osterheld F, Capper D, Schmieder K, Brenke C. Risk factors for
glioblastoma therapy associated complications. Clin Neurol Neurosurg
2015;134:55–9. https://doi.org/10.1016/j.clineuro.2015.01.006.

[32] Saran F, Chinot OL, Henriksson R, Mason W, Wick W, Cloughesy T, et al.
Bevacizumab, temozolomide, and radiotherapy for newly diagnosed
glioblastoma: comprehensive safety results during and after first-line therapy.
Neuro Oncol 2016;18(7):991–1001. https://doi.org/10.1093/neuonc/nov300.

[33] Chao ST, Ahluwalia MS, Barnett GH, Stevens GHJ, Murphy ES, Stockham AL,
et al. Challenges with the diagnosis and treatment of cerebral radiation
necrosis. Int J Radiat Oncol Biol Phys 2013;87(3):449–57. https://doi.org/
10.1016/j.ijrobp.2013.05.015.

[34] Doré M, Martin S, Delpon G, Clément K, Campion L, Thillays F. Stereotactic
radiotherapy following surgery for brain metastasis: predictive factors for
local control and radionecrosis. Cancer/Radiotherapie 2017;21(1):4–9. https://
doi.org/10.1016/j.canrad.2016.06.010.

[35] Giordano FA, Brehmer S, Abo-Madyan Y, Welzel G, Sperk E, Keller A, et al.
INTRAGO: Intraoperative radiotherapy in glioblastoma multiforme - a Phase I/
II dose escalation study. BMC Cancer 2014;14(1). https://doi.org/10.1186/
1471-2407-14-992.

[36] Ruben JD, Dally M, Bailey M, Smith R, McLean CA, Fedele P. Cerebral radiation
necrosis: Incidence, outcomes, and risk factors with emphasis on radiation
parameters and chemotherapy. Int J Radiat Oncol Biol Phys 2006;65
(2):499–508. https://doi.org/10.1016/j.ijrobp.2005.12.002.

[37] Chaichana KL, Cabrera-Aldana EE, Jusue-Torres I, Wijesekera O, Olivi A,
Rahman M, et al. When gross total resection of a glioblastoma is possible,
how much resection should be achieved? World Neurosurg 2014;82(1-2):
e257–65. https://doi.org/10.1016/j.wneu.2014.01.019.

[38] Salvati M, Pichierri A, Piccirilli M, Floriana Brunetto GM, D’Elia A, Artizzu S,
et al. Extent of tumor removal and molecular markers in cerebral
glioblastoma: a combined prognostic factors study in a surgical series of 105
patients - Clinical article. J Neurosurg 2012;117(2):204–11. https://doi.org/
10.3171/2012.4.JNS101702.

[39] Incekara F, Koene S, Vincent AJPE, van den Bent MJ, Smits M. Association
between supratotal glioblastoma resection and patient survival: a systematic
review and meta-analysis. World Neurosurg. 2019;127:617–624.e2. https://
doi.org/10.1016/j.wneu.2019.04.092.

[40] Brown TJ, Brennan MC, Li M, Church EW, Brandmeir NJ, Rakszawski KL, et al.
Association of the extent of resection with survival in glioblastoma a
systematic review and meta-Analysis. JAMA Oncol. 2016;2(11):1460. https://
doi.org/10.1001/jamaoncol.2016.1373.

[41] Souhami L, Seiferheld W, Brachman D, Podgorsak EB, Werner-Wasik M, Lustig
R, et al. Randomized comparison of stereotactic radiosurgery followed by
conventional radiotherapy with carmustine to conventional radiotherapy with
carmustine for patients with glioblastoma multiforme: Report of Radiation
Therapy Oncology Group 93–05 protocol. Int J Radiat Oncol Biol Phys 2004;60
(3):853–60. https://doi.org/10.1016/j.ijrobp.2004.04.011.

https://doi.org/10.1016/j.ijrobp.2013.12.011
https://doi.org/10.1016/j.ijrobp.2013.12.011
https://doi.org/10.1016/j.ijrobp.2014.07.014
https://doi.org/10.1016/j.ijrobp.2014.07.014
https://doi.org/10.1186/1471-2407-7-167
https://doi.org/10.1186/1471-2407-7-167
https://doi.org/10.3332/ecancer.2017.750
https://doi.org/10.3332/ecancer.2017.750
http://www.ncbi.nlm.nih.gov/pubmed/26824195
http://www.ncbi.nlm.nih.gov/pubmed/26824195
http://refhub.elsevier.com/S0967-5868(21)00442-2/h0090
http://refhub.elsevier.com/S0967-5868(21)00442-2/h0090
http://refhub.elsevier.com/S0967-5868(21)00442-2/h0090
https://doi.org/10.1017/S1460396907006073
https://doi.org/10.1017/S1460396907006073
https://doi.org/10.1016/j.ijrobp.2006.11.053
https://doi.org/10.1007/s00066-005-1354-2
https://doi.org/10.1007/s12094-012-0892-1
https://doi.org/10.1016/j.radonc.2019.09.023
https://doi.org/10.1016/j.radonc.2019.09.023
https://doi.org/10.1016/j.clon.2005.09.004
https://doi.org/10.1093/neuonc/noy017
https://doi.org/10.1093/neuonc/noy017
https://doi.org/10.1158/0008-5472.CAN-12-3429
https://doi.org/10.1016/S0360-3016(98)90036-0
https://doi.org/10.1016/S0360-3016(98)90036-0
https://doi.org/10.1016/0360-3016(89)90941-3
https://doi.org/10.1016/0360-3016(89)90941-3
https://doi.org/10.1212/wnl.30.9.907
https://doi.org/10.1016/j.clineuro.2015.01.006
https://doi.org/10.1093/neuonc/nov300
https://doi.org/10.1016/j.ijrobp.2013.05.015
https://doi.org/10.1016/j.ijrobp.2013.05.015
https://doi.org/10.1016/j.canrad.2016.06.010
https://doi.org/10.1016/j.canrad.2016.06.010
https://doi.org/10.1186/1471-2407-14-992
https://doi.org/10.1186/1471-2407-14-992
https://doi.org/10.1016/j.ijrobp.2005.12.002
https://doi.org/10.1016/j.wneu.2014.01.019
https://doi.org/10.3171/2012.4.JNS101702
https://doi.org/10.3171/2012.4.JNS101702
https://doi.org/10.1016/j.wneu.2019.04.092
https://doi.org/10.1016/j.wneu.2019.04.092
https://doi.org/10.1001/jamaoncol.2016.1373
https://doi.org/10.1001/jamaoncol.2016.1373
https://doi.org/10.1016/j.ijrobp.2004.04.011

	Intraoperative radiotherapy for glioblastoma: A systematic review �of techniques and outcomes
	1 Introduction
	2 Methods
	2.1 Search methods for identification of included studies
	2.2 Data collection and analysis

	3 Results
	3.1 Literature search
	3.2 Study characteristics, descriptions, and outcomes

	4 Discussion
	4.1 Type, timing, and dose of radiation
	4.2 Outcomes of GBM IORT studies
	4.3 IORT and other radiation modalities
	4.4 Future directions
	4.5 Limitations of the study

	5 Conclusion
	Declaration of Competing Interest
	Appendix A Supplementary data
	References


