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1. Introduction

Surgical resection plays an important role in the comprehensive
treatment of brain metastases (BM) [1]. Avoidance of perioperative
adverse events (AE) is of upmost importance in order to prevent a delay
of any adjuvant therapy and ensure the maintenance or improvement of
the functional status. Adjuvant stereotactic radiotherapy (RT) of the
resection cavity along with systemic treatment represents the standard
of care. Adjuvant therapy is usually started after wound healing is
ensured, approximately 10-14 days after surgery. Intraoperative
radiotherapy (IORT) of the resection cavity in brain tumors has emerged
as a treatment option in high grade gliomas (HGG) and BM with the
possible advantage of avoiding the delay to postoperative systemic

therapy (BM) or enabling a radiation boost without the risk of increased
radiotoxicity [2-5]. Previously published small series demonstrate the
safety and feasibility of IORT in BM [3,4]. As most knowledge on IORT is
based on HGG, detailed data on the use of IORT for lesions in the pos-
terior fossa (PF) is sparse. Nevertheless, depending on the oncologic
entity, up to 70% of BMs are located in the PF [6,7]. Due to the specific
anatomy and narrow space, surgery of the PF harbors inherent risks such
as postoperative hydrocephalus, CSF leakage, pulmonary embolism or
brainstem compression in case of rebleeding or infarction. Here we
report the largest series of patients undergoing surgery for BM with
IORT performed exclusively in the PF. The aim of this study is to eval-
uate the feasibility, safety, perioperative morbidity and mortality of
IORT in the direct postoperative course.
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2. Methods
2.1. Ethics approval

The study protocol was approved by the local ethics committee
(UKA/LMU) in accordance to the Declaration of Helsinki. For this
retrospective observational study, no individual informed consent was
necessary according to the ethics committee’s guidelines and
regulations.

2.2. Study design

We performed a retrospective analysis of patient-specific clinical
records in a single tertiary neurosurgical center. The analyzed parame-
ters included age, sex, Karnofsky Performance Scale (KPS) before and
after surgery as well as KPS difference (pre/post surgery), the recursive
partitioning analysis (RPA) for BMs, length of surgery (LOS), length of
radiation (LORT), maximal diameter of the metastasis, diameter of ra-
diation applicator, radiation dose, total number of BMs, length of hos-
pitalization (LOH) and adverse events during hospitalization according
to the Clavien Dindo Grading system (CDG) [8-10]. Furthermore, the
histopathology of the underlying neoplasm was recorded.

2.3. Patient selection

Electronic data files of all adult patients undergoing a BM resection
and receiving IORT therapy between 2014 and 2022 were screened.
Patients younger than 18 years of age and patients who underwent
resection of a BM outside the posterior fossa were excluded from the
analysis.

2.4. Intraoperative radiotherapy

Treatment indication was confirmed by the local multidisciplinary
tumor board for all patients. Between 2014 and 2017 IORT was offered
on an individual basis based on interdisciplinary consensus. From 2017
onwards, it was applied routinely as an alternative to postoperative
external-beam RT following an expert panel of the German Society for
Radiation Oncology (DEGRO) guidelines [Expert panel decision DEGRO,
inquiry 123, 17.02.2017]. Patients were considered not eligible if 1) the
distance between the border of the MRI contrast-enhancing lesion and
the brainstem was < 5 mm, 2) there was a history of small-cell lung
cancer or 3) the resection trajectory was estimated to not allow a safe
introduction of the radiation applicator. All patients signed an informed
consent for resection and IORT. After tumor resection, the resection
cavity was irradiated with 50-kV x-rays via an INTRABEAM system
(ZEISS MEDITEC AG, Oberkochen, Germany) [4]. The device and pro-
cedure have been described previously [4]. A suitable spherical appli-
cator was installed according to the size of the resection cavity in order
to provide direct contact of the cavity walls to the surface of the appli-
cator. Radiation dose was prescribed to the surface of the applicator
corresponding to the target volume/dose concept of postoperative SRS
cavity treatment (GTV = CTV = cavity). During the perioperative
course, steroids were administered orally following a local standard
procedure. The extent of resection was verified via postoperative 3T
cMRI-scans using a T1 +/—Gd subtraction sequence.

2.5. Statistics

Statistical analysis was performed using the software SPSS Statis-
tics™ (version 25, IBM Corp, Armonk, New York, USA). Data in text and
graphs are shown as mean and standard deviation (SD) for continuous
data and as median and interquartile range for ordinal data.

3. Results
3.1. Patient population

In this study, 9 (n = 5 female) patients were identified and met the
inclusion criteria. Mean age was 65.8 + 11.2 years. Median KPS was
80% [70-90%] (see Table 1). No patient had prior cranial RT. Two
patients had 2 BMs with the other 7 patients having only a single BM.

3.2. Surgery and outcome

Mean LOS was 163 min including a mean LORT of 9 min. The median
radiation dose applied was 20 Gy (16 Gy:n=1,18 Gy:n=1,20Gy: n =
7). The median diameter of the radiation applicator was 2 cm (2-2.5 cm;
2 cm: n = 7; 2.5 cm: n = 2). Surgery was performed in sitting (n = 6),
supine (n = 2), or prone (n = 1) position according to the lead surgeons
preference. After surgery mean LOH was 9.2 days. Patients had a median
postoperative KPS of 80% and median decline of 0%. Improvement of a
preoperative neurological deficit occurred in one patient resulting in an
improvement of KPS from 40% before to 60% after surgery. A new
neurological deficit occurred in one patient resulting in a reduction of
KPS from 100% before to 60% after surgery. All other patients did not
experience a change in their functional status (see Table 2). High RPA
values significantly inversely correlated with the functional status
before (KPS pre; r = —0.74; p =.02) and after (KPS post; r = —0.84; p
<.01) surgery as well as with KPS. Further, high preoperative functional
status correlated inversely with change in KPS (KPS A; r = —0.76; p
=.02). No further significant correlations were found (see Table 3).

3.3. Adverse events

In this study, 2 out of 9 patients experienced each one AEs within 30d
after surgery. One patient suffered from postoperative re-bleeding in the
PF resulting in a decreased consciousness level needing a revision sur-
gery reflecting an AE grade 3b according to the CDG. The LOH was
consequently prolonged (27d).

One patient was readmitted to the hospital within 30 days after
discharge due to a surgical site infection (SSI) needing surgical revision
and explantation of a cranial alloplasty with subsequent anti-
microbiological treatment of a ventriculitis reflecting an AE grade 3b
according to the CDG. The patient demonstrated no change of her pre-
viously known slight dysarthria, remained otherwise in good functional
status (KPS 90%) and was discharged 29 days after revision surgery.

Overall, patients suffering from AEs had longer initial LOH (16.5d)

Table 1

Baseline characteristics: y = years; f/m = female/male; Pre = preopera-
tive; RPA = recursive partitioning analysis; y/n = yes/no; BM = brain
metastasis; n = number; RT = radiotherapy; NSCLC = non-small cell lung
cancer; SCC = Squamous cell cancer; SNC = Sinunasal cancer; data is
shown as (mean + SD/median [interquartile range]).

Total patients (n = 9)

Age (y) 65.8 +11.2
Sex (f/m) 5/4
Karnofsky Pre (%) 80 [70-90]
RPA 2 [2-3]
Neurological deficit (y/n) 7/2

BM size (max. diam. cm) 3.2+09
Total brain BM (n) 1.2+ 0.4
Prior RT (y/n) 0/9
Oncologic Disease

NSCLC (Adeno) 1

NSCLC (SCC) 2
Gastrointestinal (Adeno) 2

Breast cancer 3

SNC 1




Table 2
Surgical parameters and outcome: LOS = length of surgery; LORT = length of
radiotherapy; RT = radiotherapy; Gy = Gray; LOH = length of hospitalization; d
= days; KPS = Karnofsky Performance Score; Post = postoperative; y/n = yes/
no; AE = Adverse Event; data is shown as (mean + SD/median [interquartile
range]).

Total patients (n = 9)

LOS (min.) 163 £ 57
LORT (min.) 9+2
RT Dose (Gy) 20 [18-20]
Applicator size (diam. cm) 2 [2-2.5]
Outcome
LOH (d) 9.2+7.3
KPS Post (%) 80 [80-90]
KPS A (%) 0 [0-0]
Neurological deficit deteriorated (y/n) 1/8
Neurological deficit improved (y/n) 1/8
Patients with AE (y/n) 2/7
AF total (n) 2

Table 3

Functional outcome correlation (Spearman correlation): y = years; KPS = Kar-
nofsky Performance Score; Pre = preoperative; Post = postoperative; RPA =
recursive partitioning analysis; BM = brain metastasis; n = number; RT =
radiotherapy; Gy = Gray; LOS = length of surgery; LORT = length of radio-
therapy; n.s. = non-significant; data is shown as spearman’s correlation coeffi-
cient R with level of significance p.

correlation KPS Post KPS A

Age (y) R = —-0.36; n.s. R =0.37; n.s.
KPS Pre (%) R =0.54; n.s. R =-0.76; p = .02
KPS Post (%) - R < 0.01; n.s.
KPS A (%) R < 0.01; n.s. -

RPA R=-0.84;p < .01 R =0.35; n.s.
Total BM (n) R = 0.05; n.s. R =0.57; n.s.
BM size (cm) R = —-0.59; n.s. R =0.32; n.s.
Applicator size (cm) R =0.32; n.s. R < 0.01; n.s.
RT Dose (Gy) R < 0.01; n.s. R < 0.01; n.s.
LOS (min.) R = 0.30; n.s. R = -0.64; n.s.
LORT (min.) R =0.25; n.s. R =-0.32; n.s.

compared to patients without AEs (7.1d). Mean LOH was notably
skewed by one patient (LOH 27d). Excluding this patient, the mean LOH
was 7d (see Table 2).

3.4. Illustrative cases

3.4.1. Case 1

77-year-old male patient with a symptomatic (monoataxia of the
upper limb) solitary cerebellar metastasis (maximal diameter 3.7 cm)
from NSCLC (Squamous cell cancer) (TNM pT3, pN2 (3/17), M1b, LO,
VO, Pn0, G2, R0), UICC: IIIB with a KPS of 80%. He underwent tumor
resection via lateral suboccipital craniotomy in supine positioning.
During surgery, 20 Gy were locally applied. Length of surgery was 110
min with 9 min of RT. Postoperative cranial 3T MRI shows complete
resection of the BM (Fig. 1). There was not change of his KPS post-
operatively whilst the preoperative hemiataxia remained. No further
AEs occurred during the immediate (30d) postoperative course. The
patient was discharged 4 days after the surgery.

3.4.2. Case 2

64-year-old female patient with an incidental solitary cerebellar
metastasis (maximal diameter 3 cm) from and underlying breast cancer
with an intact functional status (KPS 100%). She underwent resection
via a median suboccipital craniotomy in sitting position. During surgery,
20 Gy were locally applied. Length of surgery was 217 min including 9
min of RT. Postoperative cranial 3T MRI showed a complete resection of

the metastasis (Fig. 2) with a hematoma in the resection cavity, mod-
erate edema and contrast agent extravasation. On postoperative day 2,
the patient experienced a sudden decrease of her consciousness level.
Imaging showed a hematoma compressing the V" ventricle resulting in
a consecutive occlusive hydrocephalus. Laboratory analysis showed an
acute thrombocytopenia (85/nl). The patient underwent immediate
ventriculostomy and hematoma evacuation via suboccipital re-
craniotomy. The postoperative functional status was reduced (KPS
60%) and subsequent ventriculoperitoneal shunt insertion was neces-
sary. The patient was discharged 27 days after the initial surgery.

4. Discussion

In this study we describe our experience with IORT during surgery
for BMs resection in the PF, analyzed the direct postoperative outcome
and AEs. To the best of our knowledge, this is the first series of IORT for
infratentorial lesions. Another study included patients with RT in the PF
without emphasizing this particular anatomic location. [3].

4.1. Baseline parameters

The study population had a median KPS of 80% [70%-90%] and low
metastasis burden as most patients were operated on solitary BMs.
Functional status in BM surgery is known to influence postoperative and
oncological outcome. [11] In most patients, the operated lesion was
symptomatic, which is a major indication for resection of BMs.
Furthermore, compression of the IV?" ventricle with consecutive occlu-
sive hydrocephalus is an inherent risk of cerebellar lesions. The under-
lying carcinoma varied, including adeno- and squamous cell
carcinomas. These might respond differently to RT. Whether this is
analogous in IORT remains unclear and is the topic to future studies. The
focus of this study is the direct perioperative reaction to and feasibility
of IORT in the PF.

4.2. Surgical/IORT parameters

In our study, patients underwent surgery in various positions (e.g.
prone, supine and sitting). The patient number is too small to draw any
conclusions on preferred patient positioning for IORT. We demonstrated
the feasibility in either position as no major intraoperative AE occurred
in any position and the prolongation of surgery because of IORT was
similar in all patients. The most favorable for surgery in the PF is a
matter of ongoing discussion and depends on the exact location. Surgery
of lesions in the PF might be challenging due to narrow exposure and the
proximity of cranial nerves. Most patients underwent surgery for me-
dium sized metastasis (maximal diameter 3.2 + 0.9 cm). An applicator
size of 2 cm diameter was used in most patients with a RT dose of 20 Gy
using 50 kV x-rays as previously described [4]. Surgery was prolonged
by mean 9 + 2 min. Prior reports of IORT for BMs did not exclusively
analyze infratentorial lesions with Cifarelli et al. reporting on six
infratentorial BMs [3,12-15]. However, these manuscripts report on a
combination of supra- and infratentorial lesions and do not focus on the
specific characteristics of PF. The size of supratentorial BMs in prior
reports ranged between 3.2 and 3.4 cm in diameter, similar to our cohort
(3.2 cm) resulting in the use of applicator sizes from 2 to 2.5 cm
diameter [3,12,15]. On the other side, our RT dose lied between 18 and
20 Gy, whereas a broader variability and higher doses are reported by
other groups ranging from 16 to 30 Gy, which then results in longer
IORT duration [3,12-28,13-15]. This variation is most likely based on
local standards as a consensus for dosage in IORT for BMs has not yet
been established. Based on the currently available literature it is unclear
whether different RT doses are needed for IORT of infratentorial lesions.
Further larger studies evaluating the optimal RT dose depending on BM
location, especially regarding the radionecrosis rate and radiation
induced brain edema are warranted.



Fig. 1. Preoperative 3T T1 + Gd Imaging (A, C) shows a contrast enhancing cystic mass in the right cerebellar hemisphere. Postoperative resection control (B: T1 +
Gd, D: T1 —/+ Gd subtraction) shows complete resection without significant edema.

4.3. Functional outcome

Lesions in the PF can cause severe symptoms due to vertigo, cranial
nerve palsy, occlusive hydrocephalus or brainstem compression
[16-18]. Therefore, safe resection to maintain a good postoperative
functional status is very important in order to enable optimal oncolog-
ical treatment [8,19]. Prior studies showed no functional decline at
discharge compared to the preoperative status [5,14]. We confirmed
these findings in our present study. This enables a quick proceeding to
adjuvant oncological therapy or even acceleration of the comprehensive
therapy as solitary brain lesions do not need additional adjuvant
radiotherapy after IORT. Furthermore, no radiation necrosis was
detected although no long-term follow-up was available [4]. Whether
IORT affects functional or oncological outcome over a longer period
cannot be answered at this timepoint. Nevertheless, the present study
suggests, that IORT is a safe and viable treatment option not only in
supratentorial but also infratentorial BMs.

4.4. Adverse events

Lesions in the posterior fossa are prone to cause symptoms due to the
underlying anatomy. Depending on the type of lesion and surgical
approach, complications differ and might even require surgical revision
[18,20-21]. A previous report on IORT for supratentorial metastasis
reported on a complication rate of 11% [14]. In our series 2 out of 9
patients experienced a postoperative AE (22%) requiring revision sur-
gery including one SSI. Current reports do not indicate an increased AE
rate in patients undergoing BM surgery with IORT [3-5]. Nevertheless,
even in case of AE reducing the functional status and possibly delaying
adjuvant systemic therapy, one major part of adjuvant therapy (radia-
tion of the resection cavity) is already applied. Whether IORT influences
postoperative AEs and if this leads to better long-term oncological
control needs to be addressed in future, larger studies. Wound healing
plays an important role in oncological brain surgery as it might delay
adjuvant therapy including RT [22,23]. There have been contradictory



Fig. 2. Preoperative 3T T1 + Gd Imaging (A, B) shows a contrast enhancing mass in the right cerebellar hemisphere. Postoperative resection control (C: T1 + Gd, D:
FLAIR) confirms intracavitary hematoma and perifocal edema. After acute decline of vigilance, the emergency CT shows a compressive hematoma (E) with acute

occlusive hydrocephalus (F).

results on whether IORT increases SSIs [24,25]. Therefore, especially in
IORT for BMs, further larger studies need to be conducted to answer the
remaining questions.

4.5. Future perspectives for intraoperative radiotherapy in surgery for
brain metastasis

Intraoperative radiotherapy is increasingly applied in oncological
surgery including HGG and BMs [2-4]. Whether it improves local con-
trol and prevents leptomeningeal disease remains unclear. Interest also
exists with regards to whether neoadjuvant RT for BMs reduces the risk
of leptomeningeal disease [26,27]. Furthermore, radiation of BMs might
create an immune reaction by altering the blood brain barrier and
exposing neoplastic tissue [28]. Whether neoadjuvant RT alters the
molecular profile of BMs is unknown. If IORT might enhance immune
reactions, while keeping the possibility to harvest “fresh” native tissue
will need to be answered in future studies.

4.6. Study limitations

This study has several limitations. First, the retrospective nature of
the study does not allow to draw any conclusion on causality. Second,
the small number of patients limits the meaningfulness of the results.
This is due to the relatively low rate of procedures performed eligible to
analysis (surgery for BMs in the PF fulfilling the criteria for the appli-
cation of IORT). Nevertheless, this study allows to claim feasibility of
this technique without an increased AE rate. Various types of underlying
oncological disease were included in this analysis. Whether our findings

ultimately affect the oncological prognosis remains unclear, as no long-
term data was collected and the focus of our study was on short term
outcome, for which the underlying oncologic disease plays a limited
role. This would be more important for long term follow-up looking at
progression free survival and mortality. In this study, despite its limi-
tations, we describe the practical use of IORT in the PF to encourage
further studies, that can address the long-term oncologic outcome.

5. Conclusion

In this retrospective study, the direct postoperative course, morbidity
and mortality of patients undergoing IORT during surgery for intraaxial
BM in the PF is reported in detail. Functional outcome and AE rates do
indicate safety of IORT during surgery of PF lesions.
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