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Abstract: Despite surgical resection, radiochemotherapy and adjuvant chemotherapy, glioblastoma

multiforme (GBM) is still associated with an extremely poor prognosis. As almost all tumors recur locally and

evidence for a radiation dose-dependent effect on survival exists, intraoperative radiotherapy (IORT) could be

an approach to avoid tumor cell proliferation between surgery and radiochemotherapy while sparing healthy

tissue. The majority of previous studies used forward-scattering electron tubes (resembling intraoperative

electron radiotherapy, IOERT) and suffered from technical and geometrical limitations. Consequently,

the outcomes in previous studies range from highly beneficial to merely effective. This review shall give an

overview on past, present and future applications of IORT for GBM and shall discuss what prospective steps

are to be taken to thoroughly assess whether the approach has the ability to prolong patient survival.
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Background and rationale

Glioblastoma multiforme (GBM) represents the most
aggressive and most lethal primary brain tumor. Despite
multimodal therapies including tumor resection,
radiochemotherapy and adjuvant chemotherapy, GBM
is still associated with a median survival of roughly
14 months (1). Local recurrence is the major cause for
clinical deterioration (and deaths) and is frequently observed
within 2-3 c¢m from the initial lesion (2-4). Although
recurrent GBM is basically not uniformly treated as there
are no commonly established guidelines, patients frequently
require second-line chemotherapies (e.g., with bevacizumab
and/or irinotecan), re-irradiation or, if applicable, re-
surgery. However, the survival time with an acceptable
quality of life after almost any salvage therapy does not
exceed 3-4 months (5-8).

It is known that the extent of resection is one of the
most important prognostic factors in patients with GBM
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as patients with radiographic complete tumour resection
have a significantly higher survival rate than patients with
incompletely resected tumors (9,10). Early multivariate
analyses revealed that at least 98% of the tumor have to
be removed to provide survival benefits, which for several
reasons (including technical limitations or involvement
of eloquent areas) is possible in only roughly 20% of all
patients with GBM (11). Thus, to achieve survival benefits
in the largest cohort of patients (specifically those with
operable, but incompletely resectable tumors), there is an
urgent need for efficient therapy add-ons.

The main goal of such add-ons should be to achieve
additional tumor cell depletion or at least a growth arrest
of non-depleted cells in the period between surgery and
adjuvant therapies. It is well known that the mean doubling
time of a residual mass is roughly three weeks (12) and
consequently, the waiting time for EBRT correlates with
overall survival (13). Thus, any delay in starting adjuvant
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Figure 1 Tumor cell numbers in the course of glioblastoma multiforme (GBM) treatment. Both graphs show the anticipated change in
numbers of tumor cells (y-axis) as a function of time (x-axis) during the two main therapy modalities (surgery and radiochemotherapy) in
the treatment of GBM. (A) Tumor growth occurs at a given time up to a stage, where mass effects result in clinical symptoms and first-
line therapy (subtotal or debulking surgery) is initiated. Within the period of 2-4 weeks post-surgery, remaining tumor cells re-grow until
radiochemotherapy is initiated, which gradually decreases tumor cell numbers. However, mass reduction is insufficiently achieved in almost
every case of GBM as that the tumor cell number does not fall below a “threshold” at which tumor control may be achieved by the host
immune system; (B) The rationale of add-on therapies during or directly after debulking surgery is to further deplete the cavity from (macro-

and microscopically remaining) tumor cells, thereby putatively allowing a further reduction with radiochemotherapy below the threshold

where immunological tumor control may be achieved (red line).

therapies results in significant re-growth of the tumor,
making subsequent therapies more or less incapable of
lowering the residual tumor burden below the “threshold”
under which tumor control could be achieved by the
immune system (Figure I).

Three approaches to achieve cellular depletion (or
growth arrest) after debulking surgery shall be mentioned
in this regard: local chemotherapy, local dose-escalated
external beam radiotherapy (EBRT) and intraoperative
radiotherapy (IORT).

The first strategy is the application of local chemotherapy,
which can be achieved with implantable wafers that slowly
(within 3-6 weeks) decay and thereby release an alkylating
agent (carmustine/BCNU) into the cavity (14). This elegant
strategy allows high local levels of a cytostatic drug without
the need for the substance to cross the blood-brain barrier
and with (almost) no systemic effects (15). Wafers carried a
“wave” of excitement when dramatically improved survival
rates were reported from a large randomized study that
included patients that underwent re-operation for recurrent
glioma (16). However, as they only marginally increased
survival in the primary setting and elevated complication
rates (including infections, wound healing abnormalities,
CSF leak) were reported, their actual role is to date
controversially discussed (17,18).

The second strategy is to apply higher local radiation
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doses with EBRT, which has also been proven effective
in several studies. One of earliest landmark studies was
conducted by the Brain Tumor Study Group (BTSG) in
1979 (19). Within this study, more than 600 patients with
high-grade gliomas were allocated to different doses of
EBRT up to 60 Gy. It turned out that patients receiving less
than 45 Gy had the worst median survival (4.5 months) and
escalation of the dose lead to a significant increase in survival
(7 months in the cohort receiving 50 Gy vs. 10.5 months in
the cohort receiving 60 Gy, P=0.004). Similar effects were
seen in the MRC trial in 1991, where 144 patients received
45 Gy and 299 patients 60 Gy. Here, dose escalation
also lead to a statistically significant increase in median
survival (9 vs. 12 months; P=0.007) (20). The question
now is whether or not doses above the commonly applied
60 Gy will still increase survival. This question was, at least
in part, since it was a non-randomized setting, answered
by the RTOG 9803 trial. In this trial, patients treated
with 66 Gy showed the worst (11.6 months) and those
that were receiving 84 Gy showed the best survival rates
(19.3 months) (21). Of note, ‘high-dose’” EBRT did not
result in elevated rates of toxicities. Thus, in GBM there is
an undeniable benefit from dose escalation up to 60 Gy and
a very likely benefit from doses over 60 Gy (for example
84 Gy as applied in the RTOG trial).

The third approach is to spare healthy tissue during
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dose escalation by the use of loco-regional (or interstitial)
radiotherapy methods including brachytherapy (BT)
and IORT. While BT does not necessarily require to be
applied during the debulking operation, “true” IORT takes
place before cranioplasty directly after gross (or subtotal)
tumor resection. [ORT appears to be a simple and feasible
principle but technical and geometrical obstacles have
putatively lowered its potential in most published studies.
Here, we will review past and present IORT strategies in
the treatment of GBM and also give an overview on novel
treatment options that may increase IORT efficiency.
We will also provide an outlook on a trial which we have
initiated aiming to find a maximum tolerable dose for a
randomized phase III study.

The past

The idea of delivering a single shot of high-dose radiation
to an intracerebral tumor cavity after (total or subtotal)
resection is, by far, not new. In the early 1980s, in a time
far before the era of neuronavigation, temozolomide,
intensity-modulated radiotherapy, MRI-based diagnostics
or PET-based treatment planning, a pioneering group
of scientists including Mitsuyuki Abe (Kyoto), Tadayoshi
Matsuda (Tokyo) and Alfred Goldson (Washington) was
the first to report the application of electron beam-based
IORT (IOERT) on patients with supratentorial gliomas
(22-25), which was followed by the pilot studies of the
group of Masao Matsutani (26,27). Since then, several
additional report on small-sized, non-randomized
institutional studies on IOERT were published, many of
which revealed encouraging results (28-37) (Table I).

The most promising data was seen in the early Japanese
trials: In their first paper, Sakai et a/. presented results of
a study on 11 patients with GBM that received 15-50 Gy
IOERT prescribed to 1-2 cm beneath the tumor cavity
(referred to as “depth”), followed by a median dose of
50 Gy of EBRT (29). They reported 1- and 2-year survival
rates of 80% and 50% without increased rates of adverse
effects—even not at the highest doses (six patients received
IOERT multiple times). The second paper was published
two years later and included 26 GBM-patients, whereas all
patients also received adjuvant radiochemotherapy (with
ACNU) and were followed for at least 12 months (36). In
this study, it also turned out that patients showed to benefit
from IOERT, which provided a significantly prolonged
overall survival compared to a control group (22.4 vs.
15.9 months in the control group, P<0.01). Of note, 14
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of these patients received IOERT multiple times (after
recurrence) and, although follow-ups were based on low-
sensitivity CT imaging, the group did not observe any
serious complications (such as brain necrosis).

Similar mesmerizing results were reported by Matsutani
and colleagues, who treated 30 GBM patients with
IOERT (median dose 18.3 Gy, 20 MeV) and EBRT
(mean dose 58.5 Gy). They reported a median overall
survival of roughly 30 months and a 2-year survival rate of
61% (28). Interestingly, the median survival of patients with
extensive postoperative (radio) necrosis was reported to
be even significantly longer compared to patients with no
necrosis. Fujiwara er al. conducted a study that included
20 patients (10 primary GBM, 1 recurrent GBM, 7 anaplastic
and 2 low-grade astrocytomas), which were treated with
IOERT at doses of 20 or 25 Gy (prescribed to a depth of
2-3 cm, energies: 6-10 MeV), followed by 50 Gy EBRT and
chemotherapy (ACNU cisplatin) (30). The median survival
turned out to be significantly better with IOERT (14 vs.
10 months of a historical in-house control). There was no
significant difference between the group receiving 20 Gy
and those receiving 25 Gy; instead, the rate of adverse
effects was increasing: 5 of 6 adverse events seen in the trial
occurred in the group receiving 25 Gy (1 radionecrosis at
20 Gy and 1 convulsion, 1 abscess, 3 severe brain edemas at
25 Gy) (30).

The group of Felipe Calvo and his colleagues from
Pamplona published the first European data on IOERT
for malignant brain tumors. They applied IOERT (10-
20 Gy, 6-20 MeV) in a broad variety of tumors, including
several cases of primary and recurrent high grade gliomas.
Especially the outcome in the recurrent setting was
remarkable: nearly half (47%) of the patients treated lived
18 months or longer, the median time to progression and
the median overall survival were 11 and 13 months, which
was considered to be highly superior to any other salvage
therapy available at this time (32,41,42).

The encouraging data from Japan and Spain could not
be reproduced in the following years, neither by another
Japanese (33) nor a German IOERT study conducted by
the group of Norman Willich (37). Nemoto and colleagues
included 21 patients with GBM and applied IOERT with
doses of 12-15 Gy followed by EBRT with a median
dose of 60 Gy. They found no significant difference in
the survival rate between IOERT-treated patients and a
historical control (33). The German study reported on
outcomes of 45 patients with GBM that were treated with
IOERT at doses of 15-25 Gy followed by 60 Gy of EBRT.
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Figure 2 Graphical illustration of possible technical limitations of electron-based intraoperative radiotherapy (IOERT). (A) This graph

schematically depicts a mass in the parietal lobe of the left hemisphere and (B) shows the remaining tumor cavity after (subtotal) tumor

removal (surgery); (C,D) Depict examples for incomplete target volume coverage due to irradiation with an inadequate electron cone size (C),

due to angle errors (D), or inadequately low energies (E). The red arrows depict areas that are at risk for underdosage after IOERT.

Although both, the median and the 1-year survival rate
were slightly in favor for IOERT there was no statistical
difference detectable that would prove the efficiency of the
procedure (37).

Of note, both study teams faced either logistical (the
Japanese group transferred patients from the OR to the
LINAC rooms) or technical (the positioning of the electron
cones was not made on the basis of radiation planning)
challenges which they suspected to contribute to non-
superiority of combined IOERT/EBRT over EBRT only.
Consequently, the German group established methods
for postoperative dose reconstruction and recognized
that a significant amount of included patients exhibited
areas of inadequate target volume coverage (TVC). The
predominant reasons were wrongly selected electron
energies (mostly too low), inappropriate cone sizes (mostly
undersized) and angle errors (Figure 2). As expected,
they found that patients with adequate TVC showed a
significantly improved median survival and 2-year survival
rate as compared to patients with inadequate TVC (15.2 vs.
9.3 months and 9.3% wvs. 0%, P=0.02) (37,43).

The present

Due to the multiple technical challenges mentioned
and the failure to considerably improve survival rates,

© Pioneer Bioscience Publishing Company. All rights reserved.

neurosurgeons were reluctant to use intraoperative radiation
devices in the context of GBM thereafter. Together with
the advent of radiosurgery for brain metastases, the putative
lack of benefit in glioma therapy has not only prompted
researchers but also companies that manufacture such
devices to move their focus towards other indications. Both,
electron- and kV-based IORT devices had a true resurgence
in the treatment of breast cancer, where both IOERT and
IORT are on the way to become an equivalent treatment
option to EBRT in selected early stages (44-50).

In the TARGIT trials, IORT was applied using the
INTRABEAM® system (Carl Zeiss Meditec AG, Germany),
a device that was initially developed for interstitial
radiosurgery of brain tumors before stereotactic (external)
radiosurgery (or stereotactic ablative radiotherapy) entered
the stage. In the setting of interstitial radiotherapy for
brain metastasis (applied doses were 10-20 Gy in 2 mm
depth), INTRABEAM achieved local control in up to 80%
of cases with delayed necrosis appearing in less than 5%
(51-53). These interstitial irradiations were performed
with a needle-shaped applicator that was mounted on a
stereotactic frame and inserted into the center of a mass
without prior resection. In the breast cancer setting, IORT
is delivered by the use of spherical plastic applicators, which
are fitted into the tumor cavities in the conserved breast.
Consequently, in contrast to the previously used forward-

www.theter.org Transl Cancer Res 2014;3(1):94-105
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Figure 3 Intraoperative radiotherapy (IORT) with spherical irradiation sources. (A) The INTRABEAM System (Carl Zeiss Meditec AG,

Oberkochen, Germany) consists of a floor stand with a mounted X-ray source; (B) Five applicators, ranging from 1.5 to 5 cm in diameter can

be placed on the source; (C) Shows how the system may be used to deliver IORT after surgery in the setting of GBM.

beaming electron cones, spherical irradiation sources are
specifically attractive in brain tumor IORT, where post-
resection cavities are normally of complex shape (Figure 3).

Logically, even at a time before the actual launch of the
TARGIT trial, IORT using spherical applicators has been
assessed in adult primary brain tumors: Takakura and Kubo
intraoperatively irradiated 55 high-grade gliomas with the
applicators and saw 2-year survival rates of 89% and 42%
for patients with anaplastic astrocytoma or GBM, which was
at that time superior to the control rates from the Japanese
tumor registry (77% and 21%) (39).

The putatively most widely recognized paper
reporting on outcomes after IORT for brain tumors
with the INTRABEAM applicators was published by
John Kalapurakal and his colleagues from Chicago’s
Northwestern Memorial Hospital. The group treated 14
children (4-21 years of age) with recurrent primary brain
tumors (mostly ependymomas, n=13) with 10 Gy in 2
and 5 mm depth or 12 Gy in 2 mm depth) using spherical
applicators (54). With a median follow-up of six months

© Pioneer Bioscience Publishing Company. All rights reserved.

(range, 5-40 months) the group had three cases of radiation
necrosis and all were occurring in previously unirradiated
patients that were treated at the higher dose level (10 Gy
in 5 mm depth). Although none of these patients died and
all remained asymptomatic after treatment (2 were treated
conservatively, 1 required surgery), the group decided to
stop the dose escalation and limit the dose to 10 Gy in 2 mm
depth. As no other late toxicity appeared and local control
was achieved in 8 out of 14 patients (57%) with the best
response observed in previously unirradiated tumors (local
control was achieved in 5 of 6 patients; 83%), IORTs with
INTRABEAM applicators can be judged as feasible and
safe procedures even in children, where brain tissue is most
sensitive to irradiation (55,56).

The most recent data that reported on the use of
spherical applicators in patients with GBM was contributed
by a group of the University of Dundee, which assessed
whether IORT could improve the effects of photodynamic
therapy (PDT) (40). PDT makes use of photosensitizers
that selectively enrich in GBM cells, allowing irradiating

www.theter.org Transl Cancer Res 2014;3(1):94-105
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Table 2 Patients with recurrent GBM treated with IORT at the University Medical Center Mannheim

Time to surgery + IORT Treatment Time to second Cause of F/U
No. Pre-treatment m . Status
IORT (months) dose™ (Gy) after IORT progression (months) death (month)
1 RCT, aCT" 13 20 none 3 dead LR 19
2 RCT, aCT" 7 20 EBRT" 4 dead LR, DR 14
3 RCT, aCT" 7 20 none 3 alive -- 14
() RCT, 50 mg/m® temozolomide + EBRT with 60 Gy; aCT, 150-200 mg/m?® temozolomide; (Il) Prescribed to the applicator surface;

(Il) This patient had a LR that was re-irradiated with 36 Gy in 12 fractions and a DR (brain stem) that was irradiated with 45 Gy in
15 fractions. Legend: GBM, glioblastoma multiforme; IORT, intraoperative radiotherapy; RCT, radiochemotherapy; aCT, adjuvant
chemotherapy; EBRT, external beam radiotherapy; LR, local recurrence; DR, distant recurrence; F/U, follow-up.

the tumors (or the remaining tumor tissue) with lasers,
thereby exciting the sensitizer in a way that singlet oxygen
is produced causing subsequent cellular damage. The group
treated 73 patients with standard therapy (ST), which was
unfortunately not further elucidated, ST and PDT, ST and
IORT (mean dose 11.1 Gy prescribed to 0.5 cm depth)
or ST, IORT and PDT. Although they saw no statistically
significant benefit of IORT alone, the combined application
of IORT and PDT almost doubled the median survival
compared to PDT alone (79 vs. 39.7 months).

Together with the University College London, our
group was one of the first centers worldwide to assess the
efficiency of IORT using the INTRABEAM system in early
stage breast cancer. We have gained experience for more
than a decade with the technique and were able to translate
the straight-forward setting into treatment schedules of
other tumors, including bone metastases, cervical cancer
or recurrent oropharyngeal cancer (45,50,57-64). We also
offered IORT using the INTRABEAM system to three
patients with operable recurrent GBM, hoping to prolong
the period till further disease progression (Tuble 2). All
patients had local recurrence after primary resection and
received prior adjuvant radiochemotherapy. Before IORT
was conducted, maximal doses to pre-irradiated and now
potentially involved risk structures were calculated. We then
implemented IORT in a straight forward fashion into the
routine surgical procedures. In brief, following conventional
frameless neuronavigation-guided microsurgical tumor
resection, the machine was prepared after the surgeon
defined the macroscopic tumor to be fully (or adequately)
removed. Following final documentation of the cavity
borders using the neuronavigation software, the cavity
geometry and potential risk structures were again identified
and the most suitable applicator size was chosen by the
team of surgeons and radiation oncologists. The expected
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doses to the risk organs were then calculated and the
applicators were fitted into the resection cavity. Any skin or
bone that could receive direct or scattered irradiation was
shielded using sterile cut-to-size rubbered-lead laminas.
Finally, irradiation was delivered and thereafter surgery was
finalized as done in the routine setting.

As all three patients showed rapid local progression after
IORT, we assume that—at least in the recurrent setting—
the applied doses are highly insufficient to sterilize neither
the tumor cavity nor the cellular invasion front from
persisting/remaining cells.

The future

There is no doubt that the primary challenge in treating
GBM is to achieve improved local control which will
hopefully translate into improved survival. However,
although up to now far more than 200 patients with
high grade-gliomas have received IORT, there still is
no randomized data and due to the divergent outcomes
reported, IORT cannot be recommended for GBM outside
of clinical studies although to our understanding, there may
be a benefit which is greater than the risk. To now advance
from this uncertain state towards a randomized clinical
study, three questions will have to be addressed upfront:

Shall we use IORT for primary or recurvent GBM?

Considering the highly invasive nature of almost all GBMs,
the primary goal of IORT, namely to deplete remaining
cells at the cavity border is, if at all, exclusively achievable
in the primary setting. GBM are highly invasive and
rapidly migrate along pre-existing structures such as blood
vessels or white matter tracts (65,66). Many patients show
multicentric spread in autopsy series that were undetected

www.thetcr.org Transl Cancer Res 2014;3(1):94-105
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in brain imaging (67). Furthermore, recurrent gliomas
are rich in radio- and chemotherapy resistant (stem and
progenitor) cells, which would consequently require much
higher IORT doses and larger volumes to achieve growth
arrest (68-72). Since nearly all recurrent patients have
typically received (I) prior EBRT with doses of ~60 Gy; (II)
adjuvant chemotherapy (mostly even at the time progressive
disease is noted); and (IT) could have underwent re-EBRT
or stereotactical radiosurgery (SRS) to progressive areas,
there will be no significant margin for dose escalations in
most of these cases.

Which patients will benefit from IORT?

Along the line of thought in the response to question 1,
it goes without saying that the putatively most suitable
population should have tumors that are “treatable” with
IORT, which excludes functionally inoperable (co-morbid)
patients or patients with multifocal, infratentorial or deep
seated tumors. A phase III study on IORT may therefore
be critically seen as “picking from the best”, as this
population—RPA class I/1I patients with circumscribed
tumors (and limited perifocal edema)—already has
the prerequisite to survive long-term. We believe that
this should particularly justify a more aggressive local
therapy as the reduction of tumor cell numbers below the
“immunogenic threshold” may be eventually achievable
only in these cases (see above).

A cohort that may eventually also benefit from IORT is
elderly patients, which in the light of an aging population
and an increasing incidence of GBM with age, will be a
significant portion of patients. Age is consistently shown
as a prognostic factor in GBM and it is still controversially
discussed whether patients older than 70 years (which
were excluded in the Stupp-study) should undergo
“classically” fractionated EBRT (60 Gy in 30 fractions),
hypofractionated EBRT (45 Gy in 15 fractions) or
chemotherapy (with temozolomide) alone after biopsy or
surgery (73-76). However, given that the median overall
survival in these patients is only about 30-40 weeks,
one has to carefully assess whether the application of a
purely palliative chemotherapy with all associated risks
(thrombocytopenia, lymphocytopenia, neutropenia) or
a 3-6-week radiotherapy course (which may resemble
up to 20% of the remaining life time) is justified. It may
well be that in a carefully selected population of patients
(e.g., patients >70 with at least partially resectable tumors
and no MGMT promoter methylation), IORT is a non-

© Pioneer Bioscience Publishing Company. All rights reserved.
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inferior option in terms of overall survival and a superior
option in terms of quality of life compared to EBRT or
chemotherapy alone.

What IORT dose should be applied in a future study?

Although fist estimations of dose escalation could be
obtained in the Japanese trials and the US trial (with the
latter study data limited to children), maximum tolerated
doses (MTD) of IORT in GBM are purely speculative as
the extent of necrosis in these studies varied from none
even after multiple high-dose IOERTs (36) to 25% in
previously unirradiated children (54). We believe that
one has to separately judge the impact of necroses in the
cerebrum (e.g., the frontal, parietal, temporal or occipital
lobes) and those of the brain stem and the optical nerves/
chiasm. The extent of brain necrosis in the cerebrum may
well correlate with improved survival (28) and it should,
in our opinion not generally be feared. One should rather
consider that IORT can on the long run “enlarge” the
tumor cavity and therefore it should be (pre-operatively)
taken into account that eloquent areas in close proximity
may be affected. Regarding brain stem and optical nerves,
tight dose constraints should apply as toxicity rates of 5%
(brain stem) and 10% (optical nerves/chiasm) are already
expected at single doses of 12 Gy (optical nerve/chiasm)
and 12.5 Gy (brain stem) (77). Since we have recently
demonstrated an increased (1.2-1.5 times higher) relative
biologic effectiveness (RBE) for kV-irradiation (78) the
doses to both risk structures will have to be strictly limited
to 10 Gy if a low-kV source such as INTRABEAM is used.
To specifically address the latter of these questions
we have setup the INTRAGO trial (“Intraoperative
Radiotherapy in Glioblastoma”). Within the study, we will
apply IORT using the INTRABEAM system in patients
with primary supratentorial GBM (intraoperatively
confirmed by frozen sections), followed by standard therapy
consisting of combined radiochemotherapy and adjuvant
chemotherapy. The IORT starting dose was chosen to
be 20 Gy prescribed to the applicator surface which will
then be escalated up to 40 Gy in a “classical” 3+3 manner.
One may argue that, due to the characteristic dose-depth
profile of the 50 kV beam, these doses may not sufficiently
sterilize deep infiltrated tumor tissue. Depending on the
applicator size, the doses at 0.5, 1, 2 and 3 cm depth will
be approximately 50%, 30%, 10% and 5% of the surface
dose. Consequently, even when assuming the maximum
INTRAGO surface radiation dose of 40 Gy (corresponding
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to a dose of 60 Gy applied with a 6 MV beam), only
roughly 2-3 Gy (corresponding to 3-4.5 Gy with a 6 MV
beam) are expected in 3 cm depth. The question now is if
this technique will compare favorably to electron-based
IOERT. We believe that kv-based IORT will increase the
local control in the high-dose region (that is the tissue
close to the applicator), which compensates the reduction
of local control at greater distances (e.g., >0.5 cm) (79).
Dose escalation will be terminated if one or more of the
following dose-limiting toxicities (DLT) are noted: (I)
impaired wound healing or wound infections requiring
surgical intervention within two weeks after IORT; (II)
cerebral haemorrhage within two weeks after IORT or (III)
symptomatic brain necrosis requiring surgical intervention.
DLTs will be assessed on the combined analysis of
imaging studies (MRI), clinical presentation (physical
examination, KPS, current medication) and a neurological
assessment using the Late Effects in Normal Tissues Subjective,
Objective, Management and Analytic (LENT-SOMA) scales.
INTRAGO not only represents the first phase I/II dose
escalation study on IORT for GBM, but also the first IORT
study in the temozolomide era. The experience gathered
with this trial shall then provide the ground for a thorough
evaluation of low kV IORT in a subsequent randomized
phase III trial.

Conclusions

Despite improved multimodal therapies almost all GBM
recur locally suggesting an urgent need for more aggressive
first line local treatment strategies such as IORT. Previous
(IOERT) studies have shown inconsistent results, mostly
due to technical limitations associated with the use of
electron tubes. Since mainly target volume coverage appears
to have the greatest influence on survival, geometry-adapted
IORT with spherically irradiating sources delivering
isotropic low-energy (kV) X-rays bear the expectation to
consistently improve efficiency of IORT. To assess the
safety and the DLT of this procedure, we initiated a phase
I/II dose escalating study (INTRAGO, Intraoperative
Radiotherapy in Glioblastoma), which shall provide a basis
for a future phase III study.
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