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Abstract

Background. In patients with brain metastases (BMs), delay of systemic therapy (CTX) after oncologic surgery due
to wound healing issues and postoperative radiotherapy might influence the oncologic outcome. Intraoperative
radiotherapy (IORT) is an emerging option in neurooncology, possibly shortening the time for comprehensive
treatment compared to conventional external beam radiotherapy (EBRT).The aim of this study was to compare the
transition time to CTX in patients undergoing IORT or EBRT.

Methods. We performed a retrospective chart review analysis of patients undergoing surgery for BMs at our
institution with either IORT or adjuvant EBRT. Either therapy was applied according to an internal standard oper-
ation procedure favoring IORT if feasible. The time (days) from surgery until the beginning of CTX was compared
together with overall hospitalization time.

Results. Ninety-nine patients were analyzed from which 59 underwent adjuvant EBRT and 40 IORT. Patients under-
going resection of BMs with IORT had significantly shorter intervals to CTX (EBRT vs. IORT, 65.4 + 54.3 days vs.
32.3 £ 28.0 days (mean+SD); P<.001). Comparing the interval to CTX between the last EBRT fraction and IORT
showed no significant difference EBRT vs. IORT (26.2 + 55.8 days vs. 32.3 + 28.0 days (mean+SD); P=.52).The time
spent hospitalized until CTX was significantly lower in the IORT group (EBRT vs. IORT 20.2 + 9.4 days vs. 9.5 + 7.1
days (meanxSD); P<.001).

Conclusions. I0RT for BM surgery allows a faster transition to systemic oncologic therapy than conventional ad-
juvant EBRT.

Key Points

IORT for brain metastases allows faster transition to systemic therapy compared to

conventional adjuvant radiotherapy.

- |ORT is not associated with higher rates of adverse events

In metastatic oncologic disease, the presence of brain metas-
tases (BM) results in significant worsening of prognosis.'?
Resection followed by external beam adjuvant radiotherapy
(EBRT) of BMs plays a substantial role in comprehensive on-
cologic treatment.3The principle of surgery is to achieve local
control along with the reduction in neurological symptom
burden and avoidance of adverse events (AE) to ultimately
improve the functional status, which impacts overall survival
in oncologic disease." The regular comprehensive treatment

workflow includes surgery, followed by RT after sufficient
wound healing along with or followed by systemic therapy.*
Furthermore, adjuvant EBRT sometimes is accompanied by
the use of oral steroids, which possibly interfere with immuno-
therapy.® Intraoperative radiotherapy (IORT) of the resection
cavity in brain tumors has emerged as a treatment option in
high-grade gliomas and BM.%° First small series demonstrates
the safety and feasibility of IORT in the surgery of BM.”""" One
possible benefit of IORT represents faster completion of local
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Importance of the Study

A fast transition to complete adjuvant therapy after
local therapy is favorable in systemic oncologic dis-
ease. |ORT has been established as a tool to combine
radiotherapy with surgical treatment of neurooncologic
lesions. Information on the impact of IORT on the ad-
ministration of systemic therapies is sparse. |0ORT is

therapy and transition to systemic therapy. The aim of
this study is to investigate whether IORT for BMs allows a
faster transition to systemic therapy compared to surgery
followed by adjuvant EBRT.

Methods
Ethics Approval

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

Study Design

We performed a retrospective analysis of patient-specific
clinical records in one single tertiary neurosurgical center.
The analyzed parameters included the time to start of sys-
temic treatment after surgery, age, sex, BM diameter, the
recursive partitioning analysis for BMs, and length of hos-
pitalization (LOH).'>'3 Furthermore, the histopathology of
the underlying neoplasm was analyzed. Systemic therapy
was administered according to the multidisciplinary cancer
board with a functional status >70% KPS.

Patient Selection

Electronic data files of all adult patients who underwent
resection of BMs and received IORT or adjuvant EBRT at
the study institution between 03/2014 and 04/2022 were
screened. Patients younger than 18 years of age were ex-
cluded from the analysis. In all patients, postoperative sys-
temic therapy was intended based on the decision of the
local interdisciplinary neurooncologic board.

Intraoperative Radiotherapy

Indication for treatment was confirmed by the local multi-
disciplinary tumor board in all cases. Between 2013 and
2017 IORT was offered to the patient based on interdiscipli-
nary consensus on an individual basis. From 2017 on, it was
offered routinely as an alternative to postoperative EBRT fol-
lowing an expert panel of the German Society for Radiation
Oncology (DEGRO) guideline (Expert panel decision DEGRO,
inquiry 123, 17.02.2017). IORT was not performed if the

an emerging yet not widely used treatment option. We
report a large single-center cohort and emphasize the
time to systemic therapy after IORT compared to con-
ventional adjuvant radiotherapy in patients with brain
metastases.

tumor was located <6 mm in proximity to the brain stem,
depth of tumor location or surgical corridor did not allow for
adequate applicator placement according to the surgeon,
or organizational reasons that prevented IORT. After tumor
extirpation, confirmation of malignancy was performed by
frozen section histopathology during surgery. Afterward,
the resection cavity was irradiated with 50-kV x-rays via
an INTRABEAM system (ZEISS MEDITEC AG, Oberkochen,
Germany) equipped with spherical applicators. The sterile
applicator is connected to the hydraulic arm with the arm
covered in sterile drape. A suitable spherical applicator (di-
ameter 15 to 50 mm in 5 mm increments) according to the
size of the resection cavity, was inserted to provide direct
contact of the cavity walls to the surface of the applicator. A
radiation dose of 20 Gy was prescribed to the surface of the
applicator (tissue depth 0Omm) corresponding to the target
volume/dose concept of postoperative SRS cavity treatment
(GTV = CTV = cavity). Depending on the applicator size, a
2-mm rim around the cavity received between 63% and 84%
of the prescribed dose, due to the dose distribution of the
system.The applied dose was reduced to 38%-53% at 5 mm
and 18%-32% at 10 mm tissue depth respectively. The du-
ration of irradiation varies according to the applicator size
between 7-25 minutes. Hereafter, the applicator is removed
and surgery is continued. The device and procedure have
been described previously by the study group.&'0

Adjuvant External Beam Radiotherapy

Adjuvant radiotherapy consisted of a linac-based fraction-
ated stereotactic EBRT with 5 fractions of 6 Gy or 5 frac-
tions of 7 Gy (in case of suspected incomplete resection on
postoperative MRI scan). The dose was prescribed to the
resection cavity with a 3 mm margin with the clinical target
volume (CTV) = cavity + 1 mm and the planned target
volume = CTV +2 mm. Immobilization was performed with
a thermoplastic mask system. Planning CT was recon-
structed in 1mm slices. Adj. EBRT was administered in the
absence of wound healing issues, systemic infection, and
good functional status (KPS >70%) as inpatient or outpa-
tient procedure according to the patient’s general status.
The differences in dose distribution of both techniques
have been described earlier.’*'®

Statistics

Statistical analysis was performed using the software
SPSS Statistics™ (version 25, IBM Corp). Data in text and
graphs are shown as mean and standard deviation (SD) for



Patients screened n = 176
(EBRT n =97, IORT n=79)

EBRTn=7
(died before CTX n = 6; denied CTX n=1)

no CTX

IORTn=9

(died before CTX n = 7; denied CTX n = 2)

EBRT n = 31

Lost to follow up

Patients included n = 99
(EBRT n =59, IORT n = 40)

IORT n =30

Figure 1. Study inclusion chart. CTX, systemic therapy; EBRT, external beam radiotherapy, IORT, intraoperative radiotherapy.

continuous data and as median and interquartile range for
ordinal data.

Results
Patient Population

In this study, 99 (n=56 female) patients were identified
and met the inclusion criteria. (Figure 1) IORT was admin-
istered in 40 (n=22 female) patients, whereas resection
followed by adjuvant EBRT was performed in 59 (n = 34 fe-
male) patients. Of these patients, 14 received EBRT for R1
resection (Table 1). All other for RO condition. One patient
in the IORT group and 4 patients in the adj. The EBRT group
received brain EBRT without surgery prior to the index
treatment. Two patients in the adj. EBRT group received
IORT of other lesions prior to the index treatment (for fur-
ther baseline characteristics seeTable 1).

Time to Systemic Therapy

The time from surgery to CTX was significantly shorter
in patients undergoing resection of BMs with IORT com-
pared to resection followed by adj. EBRT (adj. EBRT vs.
IORT; 65.4 + 54.3 vs. 32.3 + 28.0 days (mean+SD); P<.001;
Figures 2 and 3). Patients who did not receive IORT began
with adj. EBRT after mean 32.8 + 13.6 days after surgery.The
interval to CTX between last RT fraction and IORT showed
no significant difference (adj. EBRT vs. IORT 26.2 + 55.8
vs. 32.3+28.0 days (mean+SD); P=.52; Figure 4). There
was no significant difference in the time to CTX between
patients undergoing IORT for a singular or solitary BM
compared to patients that received IORT for multiple
BMs (same-day surgery) (n=1 vs. n>1; 37.2+30.4 vs.

31.7 £ 29.8 days (mean+SD); P=.61). Patients undergoing
IORT had a faster transition to CTX compared to adj. EBRT
in case of a singular or solitary BM (n=1 vs. adj. EBRT;
37.2 £ 30.4 vs. 65.4 + 54.3 days (mean+SD); P=.03) or treat-
ment of multiple BMs (n>1 vs. adj. EBRT; 31.7 + 29.8 vs.
65.4 + 54.3 days (mean+SD); P=.02).

Functional Status

According to the cut-off functional status of >70% KPS,
there was no significant difference between both groups
before surgery (adj. EBRT vs. IORT; 270%: n =52 vs. >270%:
n= 34, Chi? P=.65).

Hospital Time Until Start of CTX

Patients that underwent resection with adj. EBRT had
significantly more hospitalization days until the begin-
ning of CTX compared to patients undergoing resection
with IORT (adj. EBRT vs. IORT 20.2 + 9.4 vs. 9.5 + 7.1 days
[mean + SD]; P<.001). This was equally the case for pa-
tients who received their adj. EBRT hospitalized (n=15;
adj. EBRT vs. IORT 22.2 + 9.9 vs. 9.5 + 7.1 days [mean = SD];
P <.001) or through the outpatient clinic (n = 42) (adj. EBRT
vs. IORT 19.5 + 9.3 vs. 9.5 + 7.1 days [mean + SD]; P<.001).
The postoperative hospital stay (excluding adj. RT) was not
significantly longer in either treatment group (adj. EBRT
vs. IORT 11.7 £ 79 vs. 9.5 + 7.1 days [mean + SD]; P=.30).

Adverse Events

In our cohort, 32 of the 99 patients (32%) experienced
AEs after surgery until the beginning of systemic treat-
ment. There was a tendency towards a higher rate of AEs
in the adj. EBRT group (n=23/59) compared to the IORT
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Table 1. Baseline Characteristics

Total (n=99)
Baseline characteristics
Age (y) 60.7 +10.6
RPA 2[2-2]
BM diam. (cm) 3.3+14
median BED (a/f = 10) at PTV margin
(3 mm)

Localization (F: P:T: O: C) 24:14:15: 21: 25

Hemisphere (L: R: C) 50:44:5
Oncologic disease

NSCLC 35

RCC 4

CRC

Melanoma 19
Breast cancer 20
other 12

adj. RT (n=59) I0RT (n = 40) Significance (P)
59.1 +10.7 63 + 10 .07
2[2-2] 2[2-2] .8
3.3x14 34+14 7
48 Gy 50 Gy [28,4-59 Gy] n.s.
[48-59.5 Gy] =20 Gy [13,4-20 Gy]

5 x 6 Gy (RO) on applicator surface

5x7 Gy (R1)

10: 11: 9: 10: 19 14:3:6:11: 6

34:22:3 16:22: 2

17 18

1 3

6 3

13 6

14 6

8 4

y, years; RPA, recursive partitioning analysis; BM, brain metastasis; cm, centimeter; BED, biologically effective dose; PTV, planning target volume; Gy,
Gray; n, number; adj. RT, adjuvant radiotherapy; IORT, intraoperative radiotherapy; Localization: F, frontal, P, parietal, T, temporal, 0, occipital, C, cer-
ebellar; Hemisphere: L, left, R, right, C, cerebellar; NSCLC, non-small cell lung cancer; RCC, renal cell cancer; CRC, colorectal cancer; data is shown

as (mean + SD / median [interquartile range]).

Time to CTX
Surgery
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100 = *k%k
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EBRT IORT

Figure 2. Time to beginning of systemic therapy after a day of
surgery; *** = P < .001; CTX, systemic therapy; EBRT, external heam
radiotherapy, IORT, intraoperative radiotherapy; data is shown as
(mean + SD).

group (n=9/40) which did not reach statistical significance
surgery (adj. EBRT vs. IORT; AE: n=23 vs. AE: n=9, Chi?%;
P =.85).The results indicate a number needed to treat of 6
patients for IORT to avoid an AE. Patients who experienced
an AE had a significantly longer time to systemic treatment
(AE vs. no AE 73 + 63 vs. 42 + 36 days (mean+SD); P<.001).
In the IORT group, AEs resulted in surgical intervention in

Time to CTX
100 EBRT
= |ORT
x
5
2 50
o_l = T T T T T T 1
0O 20 40 60 80 100 120 140
Time (days)

Figure 3. Percentage of patients having received their first dose
of postoperative systemic therapy (y-axis) over time after surgery
(x-axis). CTX, systemic therapy; EBRT, external beam radiotherapy;
IORT, intraoperative radiotherapy

2, pharmacological treatment in 4, and watch and wait in 3
patients. In the adj. EBRT group surgical intervention was
performed in 6, pharmacological treatment in 9, and watch
and wait in 7 patients. No case of radionecrosis occurred
in either group until the beginning of systemic treatment.

Discussion

Our study results indicate that BM surgery with IORT al-
lows a faster transition to CTX compared to surgery
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Figure 4. Time to the beginning of systemic therapy last frac-
tion of radiotherapy; n.s., not significant/P > .05; CTX, systemic
therapy; RT, radiotherapy; EBRT, external beam radiotherapy; I0RT,
intraoperative radiotherapy; data is shown as (mean = SD).

followed by conventional adj. EBRT.This is in line with a re-
cent manuscript investigating the time to systemic therapy
for IORT in BM.'6

Time to Systemic Therapy

In this study, systemic treatment was administered signif-
icantly faster after surgery if patients received IORT. This
difference resulted from the delay from surgery to the be-
ginning and end of radiotherapy in patients receiving adj.
EBRT either hospitalized or via the outpatient clinic. After
completion of radiotherapy, there was no significant dif-
ference in time to the beginning of systemic therapy. This
delay is probably explained by the time from brain sur-
gery to the beginning of EBRT in order to achieve sufficient
wound healing. The optimal timing from brain surgery to
the beginning of EBRT has been described as 2-3 weeks
after surgery.* Too early EBRT can stress the wound and
might cause surgical site infections (SSI), which might re-
sult in fatal consequences including a further delay of the
oncologic therapy.'” In prior reports, IORT has been shown
to be a safe alternative in BM surgery, without elevated
levels of SSI.'° Therefore, the main benefit of IORT com-
pared to adj. EBRT is the possibility to “skip” the postop-
erative safety period for wound healing. Equally important,
in metastatic disease, systemic therapy is of utmost impor-
tance and should begin as soon as the functional status
allows it."® In order to achieve the fastest transition pos-
sible, minimally invasive local therapies aim to preserve a
patient’s good functional status and minimize the risk of AE
as well as organizational delay. One could argue, that in
patients with multiple brain lesions, adjuvant EBRT is nec-
essary either way, but in these cases, symptomatic mass
lesions are resected and therefore EBRT of the other le-
sions can be started along with systemic therapy when the

wound healing is completed.' Furthermore, it has been
shown that the time from surgery to EBRT might influence
local control rates as tumor repopulation might occur if the
gap between surgery and EBRT is long.?®

Functional Status

A good postoperative functional status is of utmost im-
portance to enable optimal comprehensive oncologic
treatment.'?" Postoperative outcome influences the
longer-term outcome and survival.?? IORT has been shown
to be a safe technique for BM surgery without negative ef-
fects on the immediate postoperative outcome.>28 In this
study, both cohorts had a functional outcome enabling
comprehensive oncological treatment with only a few pa-
tients being admitted to surgery with KPS <70%. In these
cases, emergency settings or large symptomatic masses
were treated. All patients reported were eligible for EBRT
and CTX. Further data on direct postoperative functional
outcomes and AEs have been reported in previous manu-
scripts of this study group.’0":24

Hospital Time Until Start of CTX

In hospitals, time is an important issue for cancer patients
with the trend towards outpatient clinic care in compre-
hensive cancer centers.?> Ambulatory care, if possible, har-
bors many advantages such as higher patient satisfaction,
reduced exposition to the hospital environment including
hospital-acquired infections, more time in the home en-
vironment, and cost reduction.?6-28 |n this study, patients
receiving IORT had significantly lower in-hospital time (in-
cluding outpatient visits for EBRT) compared to patients re-
ceiving adj. EBRT until the beginning of systemic therapy.
This was the case for patients receiving RT as in-hospital
or outpatient clinic treatment while the surgery-related
hospital stay was equal in either treatment group. For pa-
tients in reduced functional status or that need multiple
EBRT fractions on following days, in-hospital EBRT was
performed. In this study, the longer in-hospital time was
clearly attributed to visits for EBRT, which were not neces-
sary for the IORT group. In hospital time of the hospitaliza-
tion during which the surgical intervention was performed
(with or without IORT) did not differ significantly in this
study. Therefore we attribute the longer time so systemic
treatment to the planning procedure for EBRT and the as-
sociated hospital visits.

The Role of IORT for BM in Future
Comprehensive Cancer Treatment

The application of IORT is increasing in surgical oncology in-
cluding gliomas and BMs.®8The impact of IORT on local con-
trol and overall survival is not sufficiently investigated yet.?
It has been demonstrated, that IORT for BMs might result
in less radionecrosis compared to adj. RT.2* Further interest
has grown in neoadjuvant EBRT for BMs to reduce the risk
of leptomeningeal disease.3*-*2 One aspect of EBRT of BMs
is the possible creation of an immune reaction by altering
the blood-brain barrier and exposing neoplastic tissue.3?

667



668

Whether neoadjuvant EBRT can have the same effect and
whether it can alter the molecular profile of BMs is unknown
and tissue for molecular analysis before EBRT cannot be ana-
lyzed. If IORT can have an effect on leptomeningeal tumor
spread needs further investigations. Nevertheless, IORT
gives the possibility to harvest fresh tissue before possible
radiation-induced molecular BM alterations. A comparison of
neoadjuvant EBRT with IORT is still problematic as informa-
tion on local control and radionecrosis rates for neoadjuvant
EBRT are sparse. Before evaluating if neoadjuvant EBRT can
impact the time to systemic treatment as well, the efficacy of
this treatment strategy should be proven first. Another aspect
is the potential to cost-effectively administer RT along with
surgery in less developed healthcare systems in order to min-
imize hospital time or outpatient treatment in areas where
oncology specialists are geographically hard to reach. These
aspects of global humanitarian medicine need further inves-
tigation based on the environment of each individual health-
care system.

Study Limitations

This study has several limitations, that have to be clearly
addressed. First, the retrospective study design inher-
ently prohibits to draw conclusions on causality. Second,
the study cohort represents a selected population as data
on patients who did receive parts of their oncologic treat-
ment outside the local comprehensive cancer center were
not accessible and these patients were excluded from the
analysis. Whether this selected cohort has a worse overall
functional status and needs longer in-hospital time for
treatment which might decrease the generalizability of our
results cannot be reconstructed. Furthermore, whether
the time to systemic therapy is affected by AEs or reduced
functional status in either treatment group cannot be un-
derstood based on the present data. In this study, a ten-
dency towards higher rates of AEs in the adj. EBRT was
detected not reaching statistical difference. This finding
came along with a significantly prolonged time to systemic
treatment in patients experiencing AEs. Whether AEs influ-
ence the time to systemic treatment in our cohort or the
delayed systemic treatment inherently gave more time for
AEs to happen cannot be answered due to the retrospec-
tive nature of the study. However, the good tolerance of
IORT for BMs in the direct postoperative setting as well as
over longer time follow up have documented in prior pub-
lications.”®19M:24 | OH and socioeconomic, and financial
aspects are strongly dependent on local healthcare sys-
tems, which makes general statements hard to conclude.
Nevertheless, our data clearly suggest, that the time to
CTX and amount of hospital visits is lower in IORT as EBRT
has already been administered during the surgical session.

Various types of underlying oncologic diseases were
included in this analysis. Whether our findings ultimately
affect the oncologic prognosis remains unclear, as the pri-
mary endpoint was the start of CTX for which the under-
lying oncologic disease is not assumed to play a profound
role. If IORT can be integrated into a multidisciplinary on-
cologic concept including reimbursement issues and in-
teraction with established treatment concepts needs to be
further investigated but published reports look promising.

If the time to CTX in an IORT treatment concept is of rele-
vance regarding overall survival and progression-free sur-
vival needs to be addressed in further studies.

Conclusion

In this retrospective study, the time to systemic therapy
in patients with BMs has been shown to be significantly
shorter if patients received intraoperative focal cavity ra-
diotherapy compared to adjuvant external beam radio-
therapy. This delay is clearly attributed to time spent for
adj. EBRT. IORT significantly reduces hospital time in on-
cologic patients with brain metastasis until the start of sys-
temic treatment.
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