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Abstract It is not uncommon for brain metastasis (BM)
treated with stereotactic radiosurgery (SRS) to demonstrate
radiographic enlargement, with the patient developing
neurological deficits attributable to a lesion at the site of
SRS. The management of both local recurrence and radi-
ation-induced necrosis (RN) poses a significant therapeutic
dilemma, if surgical resection is not feasible, and effective
therapies have yet to be established. This preliminary study
introduces our initial experience with salvage SRS using
adjuvant bevacizumab for this refractory entity. We retro-
spectively reviewed five patients who had received salvage
SRS using adjuvant bevacizumab for recurrent BM com-
plicated by RN. The diagnosis was based on clinical fea-
tures, serial imaging studies and/or histopathological
findings. Patients underwent salvage SRS followed by the
first cycle of bevacizumab (7.5-10 mg/kg intravenous).
Bevacizumab was repeated every 3-4 weeks until tumor
progression or significant toxic events. The number of
bevacizumab doses ranged from 2 to 16 (median 4). Fol-
low-up MR imaging demonstrated a clear radiographic
response in all lesions. Neurological symptoms improved
in three patients and stabilized in two. In two patients,
bevacizumab treatment was discontinued due to anemia
and gastrointestinal bleeding, respectively. At the time of
data analysis, four patients had died and the other was still
alive. The causes of death were neurological decline and
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systemic disease progression in two patients each. Salvage
SRS with adjuvant bevacizumab use appeared to provide
an adequate radiographic response as well as neurological
palliation for selected patients with heavily treated recur-
rent BM complicated by RN.
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Introduction

Stereotactic radiosurgery (SRS) has been shown to be an
effective and relatively non-invasive therapeutic option for
small to medium-sized brain metastases (BM) [1]. It is,
however, not uncommon for BM treated with SRS to
demonstrate radiographic enlargement, with the patient
developing neurological deficits attributable to a lesion at
the site of SRS [2]. Differentiation of local recurrence (LR)
from radiation-induced necrosis (RN) is paramount for
effective subsequent management. However, it is not
always possible to accurately distinguish among enlarging
lesions even with advanced imaging techniques. Previous
studies have demonstrated that there are three rather than
two possibilities; LR, RN and a pathology combining these
two entities (Table 1) [3-9]. The management of both LR
and RN poses a significant therapeutic dilemma, if surgical
resection is not feasible, and effective therapies have yet to
be established. In this preliminary report, we introduce
our initial experience with salvage SRS using adjuvant
bevacizumab, a monoclonal antibody against vascular
endothelial growth factor (VEGF), for complicated entities
involving both LR and RN. We also discuss the safety and
efficacy of this treatment strategy.
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Table 1 Histopathological analyses of recurrent BM after SRS

Author (year) No. of lesions

Pure recurrence

Mixed histology Pure radionecrosis

Vecil et al. (2005) [3] 74 32
Truong et al. (2006) [4] 42

Dequesada et al. (2006) [5] 32 7
Kano et al. (2010) [6] 68 32
Stockham et al. (2012) [7] 51 33
Leeman et al. (2013) [8] 52 27
Nath et al. (2014) [9] 36 3

36 [§
38
25 5
24 12
5 13
11 14
20 13

BM Brain metastasis, SRS stereotactic radiosurgery

Methods

The present study was conducted in compliance with the
Declaration of Helsinki (sixth revision, 2008), and fulfilled
all of the requirements for patient anonymity. The institu-
tional review board of the Saitama Gamma Knife Center
approved this retrospective clinical study in January 2015.
Eligibility criteria were as follows. Inclusion criteria were
(i) intracranial metastasis previously treated with SRS, (ii)
lesions diagnosed as a mixture of LR and surrounding
radiation injury based on the clinical course, contrast-en-
hanced magnetic resonance (MR) imaging features, and
histopathological studies when available, (iii) lesions
causing severe progressive neurological deterioration and
refractory to conservative management, (iv) lesions not
surgically resectable based on neuroanatomical considera-
tions and/or poor systemic condition. Exclusion criterion
were (i) hemoptysis, (ii) documented hemorrhagic diathesis
or coagulopathy, (iii) clinically significant cardiovascular
disease; and medically uncontrolled hypertension. The
patients were allowed to have undergone systemic
chemotherapy for their primary cancer. Five patients
meeting the inclusion criteria, but none of the exclusion
criteria, were thus enrolled in the present study. All patients
and/or their relatives were fully informed that salvage SRS
with adjuvant use of bevacizumab remains an unproven
strategy in terms of safety and efficacy, and all provided
written informed consent.

VEGF

Bevacizumab

-)))) Salvage SRS

) Tumor cells

m Radionecrosis

O Cerebral edema

Fig. 1 Schematic model of salvage SRS with adjuvant use of
bevacizumab. SRS highly selective for focal recurrence controls
tumor progression, but simultaneously aggravates radiation-induced
necrosis and perifocal edema by increasing the release of vascular
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A schematic model of salvage SRS with adjuvant use of
bevacizumab is presented in Fig. 1. Salvage SRS was
planned before the initiation of anti-VEGF therapy because
bevacizumab is known to reduce contrast leakage and to
produce an apparent decrease in enhancement [10-12],
thereby obscuring the border of the tumor on MR imaging
and reducing the accuracy of dose planning. SRS was
performed using the Leksell G stereotactic frame (Elekta
Instruments, Stockholm, Sweden). The frame was placed
on the patient’s head under local anesthesia supplemented
with mild sedation. High-resolution 3-deminsional (3-D)
volumetric gadolinium-enhanced T1-weighted MR images,
2 mm in thickness T2-weighted MR images and computed
tomography with a 1 mm slice thickness were routinely
used for dose planning with Leksell Gamma Plan software
(Elekta Instruments). On imaging studies conducted at the
time of the salvage SRS, the two components, LR and RN,
were meticulously identified in varying proportions. The
former was typically recognized as a nodule with reduced
intensity on T2-weighted images within an enlarging con-
trast-enhanced lesion (Fig. 2) [5, 6]. The radiation target
was limited to only the part representing true recurrence,
with the RN portion being excluded from the target as
much as possible (Fig. 2). Prescribed and isodose doses
were selected according to tumor size, accumulated radi-
ation dose and proximity to critical structures.

The first dose of bevacizumab was administered
(7.5-10 mg/kg, intravenously) after monitoring for at least

endothelial growth factor (VEGF). Adjuvant bevacizumab suppresses
this cascade by neutralizing the harmful effects of overexpressed
VEGF
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Fig. 2 Detailed treatment plan for salvage SRS with adjuvant use of
bevacizumab for Patient 5. The upper and lower images are contrast-
enhanced T1-weighted and T2-weighted axial MR images, respec-
tively. Images obtained 2 months before salvage SRS showing the
small-enhanced nodule of true recurrence (red arrows) surrounded by
radiation-induced edema and cyst formation (a). Images obtained at
the time of salvage SRS with adjuvant use of bevacizumab showing
evident growth of the recurrent nodule, whereas the surrounding

24 h after salvage SRS. Physical examinations and blood
chemical analyses were regularly conducted at the initial
and subsequent administrations of bevacizumab. Patients
continued to receive bevacizumab every 3—4 weeks unless
intolerable toxicity or tumor progression was documented.
If an abnormality was observed, additional examinations
and treatment were carried out, as appropriate, and the
administration schedule was postponed or discontinued
accordingly. The endpoint of the present study was peri-
focal edema enlargement on T2-weighted images and/or
neurological worsening caused by the lesion of interest.
Clinical follow-up data as well as repeat contrast-enhanced
MR images were obtained every 4-12 weeks. Any adverse
events attributable to SRS procedures were recorded and
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE), ver-
sion 3.0.

Results

The patient characteristics are summarized in Table 2.
There were two males and three females. Patient ages at the
time of the first SRS intervention ranged from 63 to

radiation-induced tissue changes had not significantly worsened. The
target of salvage SRS was strictly limited to true recurrence. The
yellow lines represent the prescription isodose volumes (20 Gy at
55 %) (b). Images obtained 16 months after salvage SRS showing the
irradiated nodule to still be diminished (red arrow-heads) and the
surrounding radiation-induced tissue changes to be controlled as well

()

78 years. Their primary diseases were 3 non-small cell
lung cancers and 2 colon cancers. Four of the five patients
had solitary BM and the other had multiple BM. All
patients had initially been treated with Gamma Knife SRS
at our institution. One (Patient 4) had undergone two-ses-
sion SRS because of a large tumor volume (>10 mL) [13].
Prior to the salvage SRS with adjuvant use of bevacizumab,
three patients (Patients 1, 2 and 5) had already undergone
repeat SRS and Patients 1 and 5 had also received surgical
resection. The intervals between the first intervention and
salvage SRS followed by bevacizumab ranged from 6 to
45 months (median 13 months). All lesions caused pro-
gressive neurological deterioration and showed enlarge-
ment of an area of contrast enhancement and perifocal
edema on serial MR imaging, despite prior radical and
conservative managements. Karnofsky performance status
(KPS) scores ranged from 50 to 70 at the time of salvage
SRS with adjuvant use of bevacizumab. The recurrent
tumor volumes ranged from 1.3 to 6.4 mL (median
4.4 ml), peripheral doses from 15 to 20 Gy (median
18 Gy). The volumes of hyperintense areas on T2-weigh-
ted images ranged from 23 to 122 mL (median 64 mL).
The number of bevacizumab doses ranged 2—16. The
MR imaging follow-up periods ranged from 1.5 to

@ Springer
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Fig. 3 T2-weighted MR images before and after salvage SRS with
adjuvant use of bevacizumab. Patient 1 (a), Patient 2 (b), Patient 3 (c),
Patient 4 (d) and Patient 5 (e). The upper images are T2-weighted and
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Fig. 4 Imaging and clinical responses to salvage SRS with adjuvant
use of bevacizumab. Volume changes in perilesional edema (a). The
median volumes of hyperintense areas on T2-weighted images were
significantly reduced from 64 (range 23-122 mL) to 11 mL (range
1.8-23 mL) (p = 0.0459, paired ¢ test). Changes in KPS scores (b).
Neurological symptoms improved significantly in three patients and
stabilized in two (p > 0.05, paired ¢ test)

13 months (median 4.5 months) after the start of beva-
cizumab therapy. The last follow-up MR images clearly
demonstrated the radiological response of a diminished
contrast enhancement area and the volume of hyperintense
areas on T2-weighted images at the last follow-up was
significantly reduced within a range from 1.8 to 23 mL
(median 11 mL) (p = 0.0459, paired ¢ test) (Figs. 3, 4a).
Significant neurological improvement (>20 KPS) was
observed in three patients and stabilization in two
(p = 0.05, paired ¢ test) (Table 2; Fig. 4b). Oral steroids
(dexamethasone) had been used in all patients for control
of the associated symptoms prior this treatment and the
doses had ranged from 1 to 3 mg/day. Salvage SRS with

were obtained before salvage SRS with adjuvant use of bevacizumab.
The yellow lines represent the prescription isodose volumes. The
lower images are those obtained at the last follow up

bevacizumab allowed steroids to be reduced or discontin-
ued, according to the neurological improvements achieved,
in all patients.

Significant adverse events necessitating the discontinu-
ation of bevacizumab occurred in two patients. One patient
(Patient 2) had acute progressive anemia (CTCAE grade
IIl) after two doses of bevacizumab. Further investigation
failed to identify any hemorrhagic cause but, thereafter,
blood transfusion stabilized his systemic condition.
Another patient (Patient 4) experienced gastrointestinal
bleeding (CTCAE grade III) after 4 doses of bevacizumab,
which showed no further aggravation after bevacizumab
discontinuation and conservative medical management was
thus instituted. These two patients eventually did reach the
study endpoint after discontinuation of bevacizumab, and
then succumbed to BM progression, specifically aspiration
pneumonia and status epilepticus. Two other patients (Pa-
tients 1 and 3) received repeated administrations of beva-
cizumab and showed no neurological decline until death
due to systemic disease progression. Patient 5 remains alive
and continues to receive bevacizumab treatment with no
adverse effects, and showed neither intracranial recurrence
nor neurological symptoms at the last follow-up. Treatment
results are summarized in Table 2.

Discussion
The fundamental problem tackled in the present study is
determining treatment indications. The use of bevacizumab

has been strictly limited to cases in which symptomatic
edema was refractory to corticosteroids, neurological

@ Springer
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symptoms were severe and surgical intervention apparently
carried a potential risk of significant morbidity. However,
we can not necessarily exclude the possibility that patients
included in the present study were over-treated. Were the
five patients reported herein actually appropriate candi-
dates for repeat SRS with adjuvant bevacizumab? Only the
accumulation of further cases can answer this question.

In managing BM after SRS, differentiation between LR
and RN is crucial for appropriate salvage treatment. Accu-
rate diagnosis of both entities, however, remains difficult
even with various diagnostic modalities ranging from MR-
based imaging including perfusion [14] and spectroscopy
[15] to nuclear medicine scans such as "C-methionine
positron emission tomography [16, 17] and single photon
emission computed tomography [18]. One of the main rea-
sons for imperfect imaging diagnosis might be that micro-
scopic analyses have varied among reported cases and have
included various degrees of viable tumor, necrotic tissue and
reactive gliosis in surrounding brain tissues [3-9, 19].

Surgical extirpation of an enlarging irradiated lesion is a
treatment of choice, irrespective of the histological diag-
nosis, which achieves rapid symptom relief as well as a
confirmed histological diagnosis. However, surgical
resection in deep or eloquent locations may not necessarily
be feasible because of the potential for neurological com-
plications. Other factors such as patient age, advanced
systemic disease and limited life expectancy can make such
an invasive treatment unattractive.

Stereotactic re-irradiation for locally recurring BM is
not generally supported given the lack of sufficient clinical
evidence, although several small studies have shown the
efficacy and safety of stereotactic re-irradiation for recur-
rent tumors [20]. Additional salvage SRS might be bene-
ficial for selected patients with small recurrences, while
being contraindicated for those with symptomatic RN. In
such a clinical setting, further enlargement of perilesional
edema after salvage SRS would directly exacerbate neu-
rological symptoms. These patients have few if any alter-
native treatment options.

The common characteristic change in both LR and RN
is an enlarging area of contrast enhancement and perile-
sional edema, which may cause significant neurological
deficits. Animal and in vitro data indicate that VEGF is a
primary mediator of perilesional edema [21, 22]. In the
clinical setting, perilesional edema has also been found to
be induced mainly by excessive secretion of VEGF in
various pathological entities [23-27]. Bevacizumab is a
humanized recombinant antibody that prevents VEGF
receptor binding, and thereby inhibits angiogenesis and
tumor growth. Knowledge concerning the safety and effi-
cacy of concurrent bevacizumab with SRS for recurrent
glioblastoma has been accumulating [28-30]. Quite
recently, bevacizumab was also found to be effective for
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controlling the growth of intracranial benign tumors and
even for delayed RN [26, 27, 31, 32]. Given that VEGF is a
final common mediator of perilesional edema related to
both LR and RN [19], this anti-angiogenic agent can be
expected to significantly reduce perilesional edema cou-
pled with neurological symptom relief [23, 24, 26, 33, 34].

The management of both LR and RN poses a significant
therapeutic dilemma unless surgical resection is feasible.
Thus, no effective therapies have yet been identified. When
evaluated in the context of recent studies of bevacizumab
for intracranial diseases such as glioblastoma and delayed
RN, bevacizumab is a potentially valuable tool in the
armamentarium for managing these refractory conditions.
In the short-term, treatment with bevacizumab alone may
tentatively achieve radiological and clinical improvements.
However, in the medium- and long-term there exists a risk
of progression without increased enhancement, the so-
called “pseudo-response” [10, 12, 35], which can delay the
determination of local failure in the absence of worsening
enhancement. It would appear to be rational that salvage
SRS with adjuvant use of bevacizumab can achieve local
tumor control as well as reducing perilesional edema
related to RN (Fig. 1).

Patients’ neurological symptoms improved or at least
stabilized, while corticosteroids were tapered and discon-
tinued. We consider this new treatment approach to have
potential beneficial effects, given the serious multiple side
effects and toxicities associated with corticosteroid use.
However, the reasons for two of our cases experiencing no
net clinical improvement despite their evident imaging
responses, merit serious analysis. These cases had been
extensively treated prior to enrollment in this study and had
severe neurological morbidities at the time of salvage re-
irradiation followed by bevacizumab. Previously, beva-
cizumab use was contraindicated in patients with BM in
Japan, and this was the primary reason for delayed use of
this agent in our five cases. The resulting neurological
deficits would have been attributed to direct insults
involving eloquent areas due to RN rather than extension of
perifocal edema. Once there is direct injury, functional
recovery would be difficult to achieve even with a good
radiological response secondary to bevacizumab adminis-
tration. If earlier intervention with bevacizumab had been
conducted before the progression of direct injury, greater
improvement in the patient’s quality of life might well
have been achieved.

The authors advocate that the treatment indications be
strictly limited to cases having no alternative but to
undergo such an unproven treatment given its potential
toxicity. In fact, two of the five patients in our series
experienced serious adverse events probably related to
bevacizumab administration. When this agent is used after
salvage SRS, patients must be monitored meticulously with
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physical and hematological examinations and serial imag-
ing studies for potential development of bevacizumab-as-
sociated toxicity. Considering the remarkable improvement
in radiological examination outcomes, dose tapering of
bevacizumab would be warranted to elucidate the minimal
effective dose as well as to reduce the potential risk of
adverse events. The timing of bevacizumab therapy dis-
continuation is also a matter of debate. Previous studies
showed relapse of RN after bevacizumab was discontinued
[32, 34] and second line bevacizumab treatment was
effective in some patients. As yet, we have no specific exit
strategy and, in our opinion, these problems should also be
addressed taking into account the balance between medical
costs and clinical efficacy.

In a situation of morbidity induced by a heavy local
tumor burden and under conditions in which further sur-
gical intervention is not feasible, this relatively low-inva-
sive treatment may have a potential role in achieving
clinical benefits and could thereby expand our treatment
armamentarium. Given the very limited number of patients
and the short imaging follow-up term (median 4.5 months)
in the present study, however, the data are not sufficient to
provide proof of a synergistic effect of SRS and beva-
cizumab. We consider the present study to have been
necessary as a means of hypothesis generation, providing
the groundwork for future investigation. A prospective
pilot study with salvage SRS using adjuvant bevacizumab
for recurrent BM will be required to determine the efficacy
as well as the toxicity of this novel approach.

Conclusion

Judicious radiosurgical salvage with adjuvant use of
bevacizumab to treat recurrent BM complicated by RN
appeared to achieve clinical benefits for a small group of
patients in the short-term. Further studies are required to
determine the medium- to long-term efficacy and toxicity
of this treatment.
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