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ARTICLE INFO ABSTRACT

Keywords: Purpose: Preoperative radiosurgery (SRS) of brain metastases (BM) aims to achieve cavity local control with a
PreO'PeraﬁVe reduction in leptomeningeal relapse (LMD) and without additional radionecrosis compared to postoperative SRS.
Radiosurgery We present the final results of a prospective feasibility trial of linac-based stereotactic radiosurgery (SRS) prior to
&r:tl':stases neurosurgical resection of a brain metastasis (PREOP-1).

Feasibility Methods: Eligibility criteria included a BM up to 4 cm in diameter for elective resection. The primary endpoint

Trial was the feasibility of delivering linac-based preoperative SRS in all patients prior to anticipated gross tumour
resection. Secondary endpoints included rates of LMD, local control and overall survival. Exploratory endpoints
were the level of expression of immunological and proliferative markers.

Results: Thirteen patients of median age 65 years (range 41-77) were recruited. Twelve patients (92 %) received
preoperative radiosurgery and metastasectomy and one patient went directly to surgery and received post-
operative SRS, thus the primary endpoint was not met. The median time between referral and preoperative SRS
was 6.5 working days (1-10) and from SRS to neurosurgery was 1 day (0-5). The median prescribed dose was 16
Gy (14-19) to a median planning target volume of 12.7 cm® (5.9-26.1). Five patients completed 12-month
follow-up after preoperative SRS without local recurrence or leptomeningeal disease. The patient who
received postoperative FSRT developed LMD after six months. There was one transient toxicity (grade 2 alopecia)
and nine patients have died from extracranial causes. Patients reported significant improvement in motor
weakness at 6 months (P = 0.04). No pattern in changes of marker expression was observed.

Conclusion: In patients with large brain metastasis without raised intracranial pressure, linac-based preoperative
SRS was feasible in 12/13 patients and safe in 12/12 patients without any surgical delay or intracranial
complications.

Introduction

Brain metastases (BM) are a common cause of morbidity and mor-
tality in cancer patients. Stereotactic radiosurgery (SRS) is the high dose
per fraction, small volume irradiation of BMs that aims to spare the
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normal brain, and is preferred to whole brain radiotherapy (WBRT) in
patients with up to 10 BMS in the absence of leptomeningeal disease
(LMD), due to the neurocognitive impairment [1,2] and alopecia asso-
ciated with WBRT. Neurosurgical resection of BMs may be indicated to
obtain histology or to relieve neurological symptoms. For BMs greater

Received 18 November 2023; Received in revised form 19 May 2024; Accepted 20 May 2024

Available online 1 June 2024

2405-6308/© 2024 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy and Oncology. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:susanne.rogers@ksa.ch
www.sciencedirect.com/science/journal/24056308
https://www.sciencedirect.com/journal/clinical-and-translational-radiation-oncology
https://doi.org/10.1016/j.ctro.2024.100798
https://doi.org/10.1016/j.ctro.2024.100798
https://doi.org/10.1016/j.ctro.2024.100798
http://creativecommons.org/licenses/by-nc-nd/4.0/

S. Rogers et al.

than 2 cm in diameter, retrospective series report better local control
and overall survival with the combination of surgery followed by SRS
than with SRS alone [3]. Relevant clinical outcomes following post-
operative SRS include rates of cavity local control, LMD, radionecrosis
and neurocognitive function. Two randomised trials have demonstrated
the benefit of postoperative SRS with regard to neurocognitive preser-
vation as compared with WBRT (at 6 months 48 % vs 15 %, p < 0.001)
[1] and to cavity local control as compared with observation (at 1 year
72 % vs 43 %) [4]. Cavity local control rates were superior with WBRT
(81 %) [5] vs 61-72 % with postoperative SRS [4,5] but there was no
difference in overall survival as extracranial disease was the predomi-
nant cause of death.

LMD is the spread of cancer cells along the brain’s meningeal layer.
Diffuse LMD, also known as sugarcoating, can occur as part of disease
progression, however nodular LMD is attributed to the iatrogenic
dissemination of tumour cells into the cerebrospinal fluid (CSF), at
resection and an incidence of LMD of 16 % is seen after surgery alone
[4]. Distant or close nodular LMD is mediated by the dissemination of
tumour cells into CSF, whereas adjacent LMD and cavity recurrences
may be attributed to a geographical miss of tumour cells at delineation
of a poorly-defined surgical cavity. The risk of LMD (nodular and
diffuse) is 6.5 times greater with postoperative SRS than with primary
SRS [6]. LMD is thus a frequent (11 %-28 %) pattern of relapse following
metastasectomy and radiotherapy to the surgical cavity [4,7-10], and
consensus guidelines recommend a 5-10 mm extension along the dura in
the event of pre-existing contact [11] to reduce leptomeningeal failure.
Reported risk factors for LMD are large and/or multiple metastases,
distant brain failure, infratentorial location and breast histology [12].
Piecemeal, rather than en bloc, resection may also be contributory [12].

The incidence of LMD following preoperative SRS is reported to be
0-7 %, similar to WBRT [13-15] which strongly suggests that preop-
erative SRS can sterilise cells that might be disseminated at surgery.
Preoperative SRS takes advantage of the clearer delineation of an intact
contrast-enhanced brain metastasis with the consequent benefits of a
smaller planning margin of 0-2 mm (2-10 mm in the postoperative
setting [11]), and resection of the irradiated volume, which both reduce
the risk of radionecrosis. In addition, there is no delay to the irradiation
of any additional metastases if performed synchronously with preoper-
ative radiosurgery rather than postoperatively. Preoperative SRS is
compelling, with promising retrospective reports of efficacy with mini-
mal toxicity [14,16] and should now be evaluated prospectively to
ensure high local control rates and a low incidence of LMD. The PREOP-
1 trial was designed to document prospectively the feasibility of linac-
based preoperative SRS in routine clinical practice and to optimise the
interdisciplinary workflow prior to launching the PREOP-2 randomised
trial comparing with postoperative fractionated stereotactic radio-
therapy (FSRT).

Materials and Methods

Ethics approval was obtained (2020-00262) and this prospective
single centre trial was registered with the German Clinical Trials Reg-
istry (DRKS00023579).

Inclusion and exclusion criteria

All patients were presented at a multidisciplinary neuro-oncology
tumour board where a recommendation for resection of a BM was
made, followed by a subsequent recommendation to offer participation
in the PREQOP-1 trial. All patients provided informed consent.

Eligibility criteria included a BM up to 4 cm in diameter for resection
and up to three other BMs for radiosurgery, anticipated gross tumour
resection, an estimated prognosis of at least 6 months and no contra-
indication to steroids or MRI. A prior histological diagnosis of a solid
cancer and a Karnofsky performance status of at least 70 % were
required.
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Exclusion criteria included signs of raised intracranial pressure
requiring urgent decompression surgery, germ cell tumour, small cell
lung cancer and lymphoma histology, and LMD in CSF or on MRI other
than directly adjacent to brain metastasis for resection. Prior therapy to
the BM for resection and prior WBRT were not permitted.

Endpoints

The primary endpoint was the feasibility of delivering preoperative
SRS in all patients prior to the scheduled date of brain metastasectomy.

Secondary endpoints were the rates of LMD, cavity local control,
overall survival, neurological death, radionecrosis, toxicity (CTCAE
v5.0) and patient-reported quality of life (QoL).

Exploratory endpoints included any change in the centre of mass of
the BM for resection between the MRI for treatment planning and the
diagnostic MRI. Furthermore, the levels of proliferation (Ki67) and of B-
(CD3, CD4) and T-cell infiltration (CD8) were compared by immuno-
histochemistry between the primary tumour and the resected, irradiated
BM.

Interdisciplinary workflow

The date for elective neurosurgical resection was set by the treating
neurosurgeon and SRS could be delivered up to and including the day of
resection as either an inpatient or an outpatient (Fig. 1). The protocol
did not dictate the date of neurosurgery, which was set by the neuro-
surgeon according to capacity and clinical indication.

Treatment planning technique

A CT with contiguous 0.6 mm slices [17] in a customised radio-
surgery mask (Brainlab, Germany) was fused rigidly and with deform-
able registration (Brainlab Elements) with a 1.5 T T1 Gd-enhanced VIBE
planning MRI. A 1 mm planning target volume (PTV) margin was added
to each BM. The single fraction dose was prescribed according to PTV
volume, modified from Prabhu et al [18] (Supplementary Table 1) to
cover 98-99 % of the PTV [19], with a maximum dose between 125 and
143 % (equivalent to prescribing to the 70-80 % isodose surface (% IDS)
when normalised to the maximum point dose). Treatment plans for
preoperative SRS were generated using Brainlab Elements Cranial SRS
v1.5 and v3.0.

Treatment delivery

SRS was delivered on a Truebeam STx linear accelerator with Novalis
Radiosurgery platform (Brainlab/Varian, USA) with high definition
MLC leaves (2.5 mm), a 6 degrees of freedom (DoF) couch and stereo-
scopic Exactrac kV x-ray 6D image guidance (Brainlab). Follow-up MRIs
were performed every 3 months after resection and time to local
recurrence, nodular leptomeningeal recurrence, new brain metastases
and radionecrosis were calculated from the date of neurosurgery. Pa-
tient follow-up was censored at death or last contact up to 26.08.22.

Quality of life (QoL)

QoL was assessed by the validated EORTC core questionnaire (QLQ
C-30) [20], and the additional brain module (BN20) [21]. Question-
naires were completed prior to SRS, and subsequently at three monthly
intervals for 12 months.

Statistical analysis

Survival was censored at death or on 26.08.2022 when the last pa-
tient reached 12-month follow-up. The survival analysis was performed
using the Kaplan-Meier survival estimator and QoL questionnaires were
analysed using R programming (version 4.2) with main packages
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Table 1
Summary of patient demographics.
Patient Characteristics N=13
Gender M:F 4:9
Age (yrs) median (range) 65 (41-77)
Karnofsky performance status (%) median (range) 80 (70-100)
Histology
—Non-small cell lung cancer 5
—Melanoma 2
—Oesophageal cancer 2
—Colorectal cancer 3
—Breast cancer 1
Median number of BMs per patient (range) 1(1-3)
Disease-specific Graded Prognostic Assessment Score median 2.5
(range) (0-4)

Synchronous: metachronous BM
Location of BM for resection

3:10 (23 %)

—frontal lobe 9
—parietal lobe 1
—cerebellum 3
Symptomatic BM for resection Y: N 9:4 (69.2 %)
—neurocognitive symptoms 6/8
—cerebellar symptoms 2/8
—Broca’s aphasia 1/8
Time to BM from diagnosis of primary in months median 18
(range) (0-81.2)
Extracranial metastases Y:N 10:3 (77 %)
Synchronous systemic treatment Y:N 4:9 (25 %)
—Immunotherapy 2/3
—Tyrosine kinase inhibitor 1/3
—Chemotherapy 1/3

BM = brain metastasis

Table 2
Dosimetric features of preoperative SRS plans.

Dosimetric features of preoperative SRS treatment plans (N Median (range)

-

Neurosurgery
Postoperative MRl < 48 h

Fig. 1. Preoperative SRS workflow.

*survimer’ and 'ggplot2’ otherwise descriptive statistics were applied (R
and IBM SPSS 24). All statistical tests were two-tailed and p-values <
0.05 were considered significant.

Results

Thirteen patients were approached and recruited between November
2020 and February 2022. The key demographics are summarised in
Table 1. The median encompassing dose of preoperative SRS was 16 Gy
(range 14-18), the median GTV was 9.6 cm® (range 4.1 to 16.3) and the
median PTV was 12.7 cm® (range 9-26) (Table 2). The median time
between tumour board referral and linac-based SRS was 6.5 working
days (1-10) and 8.5 days in total (1-14) (Table 3). Neurosurgery took
place a median of one working day later (0-5) and a median of 1.5 days
including non-working days (1-7). The median time from tumour board
to metastasectomy was 7 working days (range 2-15) and a median of 12
(range 2-34) days in total. Dexamethasone (12-16 mg) was adminis-
tered according to medical indication and no patients experienced
progressive neurological symptoms between referral and neurosurgery.

Six of twelve (50 %) patients received preoperative SRS and meta-
stasectomy within 6 working days of the tumour board decision. The
other six received surgery 8 to 15 days after the tumour board referral.

=13)
Diameter of brain metastasis (cm) 3.5(2.6-4.4)
Gross tumour volume (GTV) (cms) 9.6 (4.1t016.3)
Diameter of planning tumour volume (cm) 3.7 (2.8-4.7)
Planning tumour volume (PTV) (em®) 12.7 (9-26)
Radiosurgery dose (Gy) 16 (14-19)
Prescription isodose (%) 70.4
(69.1-77.7)
Maximum dose (Gy) 23.7
(19.7-25.3)
Dose to 99 % of PTV (Gy) 16.1
(11.7-18.4)
Mean dose to PTV (Gy) 20.3
(17.2-22.2)
Dose to 2 % of PTV (Gy) 22.9 (19.2-25)
Conformity index 1.1 (1.1-1.3)
Gradient index 2.4 (2.2-2.7)

Volume of structure *brain —GTV’ receiving 10 Gy (cm®) 12.7 (7.5-21.5)

Table 3
Clinical outcomes following preoperative SRS delivered to 12 patients.

Clinical outcomes after preoperative SRS (n = 12) Median (range)

Total number of days from referral to SRS (n = 12) 85(1-14)
Number of working days from referral to SRS (n = 12) 6.5 (1-10)
Total number of days from SRS to resection (n = 12) 1.5 (0-7)
Number of working days from SRS to resection (n = 12) 1.0 (0-5)
Total number of days from referral to resection (n = 12) 12.0 (2-34)
Number of working days from referral to resection (n = 12) 7.0 (2-15)
Leptomeningeal recurrence (n = 6)* 0/6

Local control (n = 6) 5/6 (83 %)
Distant brain failure (n = 6) 2/6
Salvage SRS/WBRT (n = 6) 2/6

Alive at last follow-up Y:N (n = 12) 4:8
Neurological death 0/8

*Follow-up MRIs were available for 6 of 12 patients who received preoperative
SRS.
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Neurosurgery was delayed by three to nine days in three patients due to
COVID-related lack of theatre or intensive care capacity, and bank
holidays. One patient had to await transfer from a regional hospital, and
another required twelve days to consent to neurosurgery. The median
follow-up was 6 months (range 0.6-12). A follow-up MRI was available
for eight surviving patients, of whom seven received preoperative SRS.
None of the seven developed LMD and one had a local recurrence
(Fig. 2). The 80 % local control rate was equivalent to that observed in a
meta-analysis of postoperative radiosurgery [22].

The eighth patient went directly to surgery to optimise use of theatre
availability and received postoperative FSRT (5 x 6 Gy to a PTV of 19.6
cm?® as compared with the intended 1 x 18 Gy to a PTV of 5.24 cm®
preoperatively). This patient developed two small nodular lep-
tomeningeal recurrences after six months which have been controlled
with SRS to date. There was one related toxicity (alopecia grade 2) at
three months in a patient who received SRS to two adjacent BMs, which
recovered completely by six months. None of the seven patients had
evidence of clinical or radiological radionecrosis. Six patients completed
12-month follow-up and the median overall survival was 6.3 months
(range 0.6-18.6). Four patients are still alive and nine patients have
died: six from visceral metastases, one from intracranial progression of a
non-resected BM and two from unrelated causes (massive haemoptysis/
haematemesis and postoperative pneumonia). Overall survival in this
group of patients was lower than has been reported [14], but no patients
died from intracranial disease progression. Several patients had syn-
chronous brain metastases and the aggressive course of the extracranial
disease could not be anticipated, however there was a positive correla-
tion between predicted and observed survival (Supplementary Fig. 1).

We observed neither extensive necrosis in the BMs (mean 11 %,
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range 0-50 %) compared with the primary extracranial tumours (mean
45 %, range 3-70 %), nor a consistent decrease in tumour-infiltrating
lymphocytes CD-3, —4 and —8 in the metastases at a mean of one day
between radiosurgery and resection (Fig. 3). Paired QoL data, at base-
line and after six weeks, were available for seven patients and at six
months for five patients. The only parameter with a statistically signif-
icant change was an improvement in motor weakness at 6 months (P =
0.04). In both symptomatic and asymptomatic patients, QoL was
otherwise stable during the duration of follow-up (Supplementary tables
2 and 3).

With regard to the change in volume of the BM for preoperative SRS
whilst the patients received 12-16 mg dexamethasone during the 4-19
day interval between diagnostic and planning MR scan in 10 evaluable
patients, 4/10 (40 %) BMs showed a reduction in volume and 6/10 (60
%) increased in volume (Supplementary Fig. 2). Treatment planning was
performed with image distortion correction on a diagnostic scan ac-
quired within 24 h for the other 3 patients. There was no correlation
between the time interval between the diagnostic and planning MRI
scans and the percentage change in volume of the brain metastases
(median 8.5 %, range —11 —(+81)) (Supplementary Fig. 2) or in the
centre of mass [23] (median 1 mm, range 0-3.2) (Supplementary Fig. 3),
although the lesion with the greatest change in volume (81 %) also had
the greatest change in centre of mass (3.2 mm) (Supplementary Fig. 4).

Discussion
The PREOP-1 trial was able to demonstrate that preoperative SRS

was feasible in 12/13 patients (92 %) and safe in 12/12 patients as no
patients suffered any adverse events between referral and resection. Five
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Fig. 2. Kaplan-Meier estimate of the probability of Fig. 1a: leptomeningeal disease-free survival (100%), Fig. 1b: local control (80%) and Fig, 1c; overall survival
following preoperative SRS. a. There were no cases of leptomeningeal disease (nodular or classical) after preoperative radiosurgery. b. The cavity local control rate
was 80% after preoperative radiosurgery. c. Overall survival after preoperative radiosurgery.
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Fig. 2. (continued).

working days were estimated to be a realistic timeframe however the
interval to planned resection was variable [median 7 (range 2-15)
working days]. The median time from referral to SRS was 6.5 working
days (range 1-14) and the main delay to initiation of SRS was patient-
related factors such as time to informed consent to surgery and trans-
fer from a peripheral hospital. The patient who was operated on directly
had been scheduled for preoperative SRS and resection on the same
morning. Radiosurgery on the day of neurosurgery had been successfully
performed in two patients previously, however from this case forwards,
preoperative SRS was delivered up to the day prior to resection to
maximise feasibility.

In published retrospective series, the preoperative SRS dose was
reduced by up to 20 % as compared with the RTOG 9005 prescription for
primary SRS for brain metastases. In the PREOP-1 trial, the prescribed
dose was at the upper limit that was delivered without complications in
the PROPS-BM cohort [14] and was approximately 10 % less than the
RTOG 9005 prescription dose [24]. There are no established metrics for
preoperative SRS. We did not generate trial plans however the volume of
the structure ’brain-GTV’ that received 10 Gy in a single fraction, was
recorded. The median volume of ’brain-GTV’ that received 10 Gy was
12.7 em® (range 7.5-21.5), which is just above the 10 cm® recommen-
dation for non-resected brain metastases [25]. At 12 months follow-up,
there have been no signs of clinical or radiological radionecrosis, in
contrast to the 10.3 % incidence in our review of the postoperative FSRT
literature [10].

Surgical trauma induces immune suppression, acute inflammation
and release of pro-angiogenic factors [26]. The rupture of tumour ar-
chitecture contributes to tumor cell proliferation and migration, cell
release and survival in the circulation; adhesion to the endothelial wall
and extravasation; escape from immune surveillance and trigger of the
angiogenic switch [26]. Cell inactivation through preoperative SRS

could therefore plausibly reduce subsequent tumour seeding. Kotecha et
al recently published a first report of differences in the levels of
expression of immune cells in brain metastases after preoperative SRS as
compared with the primary tumour for 22 patients from the PROPS-BM
cohort [27]. Patients were treated with a median preoperative SRS
single fraction dose of 18 Gy (range 15-20 Gy) similar to the 16 Gy
(14-19 Gy) in our series. After a median interval of 67.8 h to neuro-
surgery, the rate of pathological necrosis was significantly higher in
irradiated brain metastases than in the corresponding non-irradiated
primary tumours (p < 0.001). A decrease in all immunomodulatory
cell populations was found in irradiated metastases compared to pri-
mary tumours: CD3 + (p = 0.003), CD4 + (p = 0.01), and CD8 + (p =
0.01) We did not observe any significant necrosis in the metastases
compared with the primary tumours or a consistent change in tumour-
infiltrating lymphocytes in the metastases at a median of one day after
SRS (Fig. 3). The mean time to neurosurgery in the PROPS-BM series was
nearly three days as compared with one day in our study, but the authors
reported that increased tumour necrosis and differences in expression of
immunomodulatory factors did not appear to be time dependent [27].
Interpretation of any impact of preoperative SRS in such studies is
confounded by the mixed histologies, the comparison of a primary
tumour with a metastasis, any effect of surgical trauma and exposure to
immunotherapy however.

An advantage of preoperative SRS is the subsequent resection of the
irradiated tissue, which should reduce the risk of radionecrosis, partic-
ularly if re-irradiation is indicated. Six patients required subsequent
irradiation to new BMs. Four received SRS, one received partial brain RT
and one needed WBRT after developing more than 20 brain metastases
at the same time as extensive extracranial metastases.

No patient who received preoperative SRS developed a nodular
leptomeningeal recurrence in contrast with our series of postoperative



S. Rogers et al.

Clinical and Translational Radiation Oncology 47 (2024) 100798

Strata =+~ Os
1.00 1
0.751
2
E
©
Q
©
4
o 0501 ===-=====-==--= -
© !
= 1 +
c 1
- 1
%] 1
1
0.25 1 -
1
1
1
1
1
1
0.00 1 '
0 3 6 9 12
Time in months
Number at risk
8
8 0s{ 12 6 6 5 5
7]
0 3 6 9 12
Time in months
Fig. 2. (continued).
PatH e
Primary tumour
Pat G 7 Breast
Colon
Pat F - ° i ® Melanoma
|2}
g e NSCLC
8 Pat E - Oesophagus
£
©
o
& PatD . Relative difference [in %]
-
7] e o0

Pat C - @ &) .

PatB 5

PatA 5

cb3 cD4 cD8

° ° @ 1000
. 2000

. 3000

' !
Ki67 Necrosis

Biological parameter
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tissue available for the assessment of all markers.

FSRT, where nodular LMD was evident in 7/40 (17.5 %) and a cavity
local control rate of 82.5 % at 1 year was achieved, similar to the median
local control rate of 83.1 % (71-98.9 %) and LMD of 14.9 % (7-34 %)
reported in the FSRT literature [10]. The local control rates of 83 % (5/6
metastases) achieved with preoperative SRS in both this small study and

84.5 % (214/253 metastases) in the much larger PROPS-BM cohort [14]
are again similar.

Several groups have compared the preoperative metastasis volume
and hypothetical preoperative SRS plan with the corresponding post-
operative cavity volume to try to refine the patient selection criteria.
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Using this approach, a recent publication recommended smaller me-
tastases (<15 cm3) for preoperative SRS as these tend to be associated
with larger postoperative cavities [28]. SRS to a smaller target would
certainly be preferable than to a larger target, however fractionation
could be used to offset the potential toxicity of irradiating a larger
cavity. The minimum effective SRS dose remains to be established,
however local control rates appear similar with pre-operative and post-
operative irradiation [14].

The major advantage of preoperative SRS is the reported reduction in
the incidence of LMD. Cell death following SRS is mediated by double
strand cell breaks, free radical-mediated DNA damage, activation of an
anti-tumor immunological response, and devascularisation [29]. The
latter is reported to occur at doses of 15 Gy or more [30], which in this
protocol were applied to PTVs below 22.5 cm® (10 of 12 PTVs). It is
plausible that SRS-induced cell death impairs the ability of cells
disseminated into the CSF at surgery to subsequently establish on the
meninges, thus reducing the incidence of nodular LMD. It remains to be
elucidated whether there are any disadvantages to doses under 15 Gy for
the larger PTVs as the devascularisation mechanism may be less relevant
in the preoperative than in the primary SRS setting.

Despite increasing retrospective evidence supporting the utility of
preoperative SRS in the clinic, there is some reluctance from clinicians to
consider this approach due to concerns about the practicalities. This
description of the implementation of preoperative SRS in our clinic
should offer some reassurance. Recent retrospective data report higher
cavity control rates with preoperative FSRT (3x 8 Gy, BED 10 = 36 Gy)
rather than SRS (1x 15 Gy, BED 10 = 31.25 Gy) [31], however given the
concerns regarding the delay to surgery for the delivery of a single
fraction, there may be a lower acceptance of multifraction preoperative
SRS until prospective data are available. Ongoing Phase III trials should
help optimise the preoperative fractionation schedules. In the US, pa-
tients are being randomised between preoperative and postoperative
SRS (NCT05438212) and an Italian trial is comparing pre- and post-
operative FSRT in 3 fractions (NCT05545007). The PREOP-1 trial design
forms the experimental arm of an open DEGRO/AGO randomised trial
(PREOP-2) comparing the efficacy of preoperative SRS against post-
operative FSRT (NCT05124236).

The limitations of the study include the small sample size, the single
centre design and the incomplete follow-up MRIs due to limited overall
survival. The primary aim of the study could be evaluated in all patients
however. Although the stringent primary endpoint of achieving preop-
erative SRS in all patients was not quite met (12/13 patients, 92 %), we
were able to confirm that preoperative SRS is feasible in routine clinical
practice if performed at least a day prior to elective neurosurgical
resection of a brain metastasis. As there were no significant toxicities, we
found the risks to be low and not to outweigh the potential benefits,
which include less delay to the irradiation of any other brain metastases,
delivery of any planned systemic treatment and a lower incidence of
LMD. A reduction in frequency of salvage whole brain radiotherapy for
LMD would protect against neurocognitive toxicity and resection of the
irradiated volume minimises the risk of radionecrosis. If equivalent local
control rates and lower incidence of leptomeningeal disease compared
with postoperative SRS/FSRT can be achieved without additional
toxicity, preoperative SRS has the potential to become a new standard of
care for patients with brain metastases indicated for resection and
warrants further investigation in a randomised controlled trial.
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