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SUMMARY
Brain metastases (BrM) are treated with multimodality 
therapy, however the optimal combination and timing 
of modalities in the setting of recurrent tumours that 
have failed prior treatments remain poorly defined. 
We present a case of a patient with biopsy- confirmed 
renal cell carcinoma BrM with good performance status 
initially treated with laser interstitial thermal ablation 
therapy (LITT) followed by stereotactic radiosurgery 
and dual checkpoint inhibitor immunotherapy. He 
subsequently developed rapid in- field recurrence 
which was treated with salvage surgical resection and 
implantation of intracavitary cesium- 131 brachytherapy. 
The patient’s disease remained stable through 18 months 
postoperatively. This case illustrates the range of options 
available and provides a combination salvage therapy 
strategy in a select group of locally recurrent patients 
who have exhausted conventional treatment options.

BACKGROUND
Brain metastases (BrM) affect 30% of cancer 
patients and constitute an important patient popu-
lation given improving survival rates in common 
cancers including lung and breast carcinomas, 
and melanoma.1 2 Current treatment paradigms 
focus on local disease control through radio-
therapy for small or polymetastatic tumours; and 
surgical resection plus adjuvant radiotherapy for 
large oligometastatic lesions, with local control for 
these approaches ranging from 62% to 94%.2–5 In 
rare cases, particularly for tumours where open 
resection carries significant morbidity, early data 
suggests a role for laser interstitial thermal therapy 
(LITT) ablation.6 In addition, an increasing number 
of systemic cancer- directed therapies have central 
nervous system (CNS) activity, including receptor 
tyrosine kinase inhibitors and immunotherapies.7–9 
More recently, the use of intracavitary cesium- 131 
(Cs- 131) brachytherapy has studied in BrM with 
promising results,10 however the timing and indica-
tion for its use remain undefined.

Despite the range of therapeutic options, 
disease can still recur, necessitating salvage strat-
egies. However, salvage treatments often harbour 
a trade- off between therapeutic benefit and 
compounded toxicities.11 For example, BrM re- ir-
radiation carries increased risk of radionecrosis 
(RN), and resection following radiation or previous 
resection carries risks of wound compromise and 

neurologic morbidity.12 13 Moreover, local control 
after resection without adjuvant radiotherapy is 
poor for tumours that have recurred following first- 
line therapies.14

Here we describe a multimodality treatment 
strategy for a young patient whose BrM recurred 
despite two local therapies (LITT followed by 
stereotactic radiosurgery (SRS)) plus dual CNS- 
active systemic immunotherapy (nivolumab plus 
ipilimumab). He had excellent performance status 
with well- controlled extracranial disease and was 
offered open salvage resection with intracavitary 
Cs- 131 brachytherapy implantation to reduce mass 
effect and provide local control. At 18 months post-
operatively, there is no evidence of recurrence.

CASE PRESENTATION
A 53- year- old man with a history of previously 
stage one renal cell carcinoma (RCC) treated with 
definitive left nephrectomy 14 years prior without 
adjuvant therapy presented with 1 month of left 
hand paresthesias and weakness. Brain imaging 
demonstrated a right parietal mass (figure 1A), and 
systemic re- staging did not show any extracranial 
disease. Functional imaging showed the lesion to 
be in close apposition to both thalamocortical and 
corticospinal tracts. Given the tumour’s eloquent 
location and the need for tissue diagnosis, he 
underwent magnetic resonance imaging- guided 
stereotactic biopsy and ablative LITT shortly after 
initial presentation (figure 1B isodose line equiv-
alent to 43°C for 10 min). The biopsy pathology 
returned as clear cell RCC metastasis, and targeted 
tumour sequencing panel (MSK- IMPACT) demon-
strated mutation in the Von Hippel Lindau tumour 
suppressor gene and no other currently targe-
table mutations. He subsequently underwent 
serial imaging surveillance, which showed rapid 
marginal recurrence in the posterior aspect of the 
tumour shortly afterwards. He underwent adju-
vant SRS 1 month thereafter (27 Gy in three frac-
tions; figure 1C). Concurrent re- staging scans also 
identified lung metastases, and he was started on 
dual checkpoint blockade immunotherapy with 
nivolumab and ipilimumab (270 mg/90 mg every 
4 weeks for four cycles) followed by maintenance 
nivolumab (480 mg every 4 weeks for 12 months). 
Although his extracranial disease remained stable, 
he re- presented with left lower limb weakness 3 
months later (grade 3/5 power) and interval brain 
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imaging showed haemorrhagic changes in the treated index 
tumour in the corona radiata, now 2.4 cm in maximal diameter, 
with enhancement along the previous biopsy and laser therapy 
tract concerning for recurrence.15

INVESTIGATIONS AND DIFFERENTIAL DIAGNOSIS
Initial gadolinium- enhanced brain MRI at first presentation 
demonstrated a right parietal lesion measuring 2.1×1.6×1.6 cm 
within the centrum semiovale with extensive vasogenic oedema. 
Concurrent systemic re- staging positron emission tomography 
(PET) was not suspicious for new extracranial disease. There-
fore, the differential diagnosis included metastatic RCC, but 
in the setting of stable treated and low- stage RCC, a primary 
brain malignancy such as glioma was also possible. Functional 
MRI with diffusion tensor tractography was used to identify 
functional white matter tracts, to rule out impingement, and to 
define potential surgical corridors to the lesion. The lesion was 
found to be closely related to both the corticospinal and thalam-
ocortical tracts. LITT was performed as it permitted concurrent 
diagnostic biopsy and treatment. The patient subsequently was 
treated with SRS following LITT. In the setting of post- SRS BrM, 
PET imaging or MR perfusion imaging can often be helpful in 
the setting of differentiating between post- SRS radionecrosis 
and tumour recurrence, which are managed differently.16 17 Pure 
radiation necrosis is often observed and medically managed, for 
example, with corticosteroids or bevacizumab; extreme cases are 
resected and in select cases LITT is offered while re- irradiation 
is avoided where possible.12 Recurrent disease generally requires 
local therapy, for example resection or re- irradiation.

In this case both imaging modalities suggested tumour rather 
than RN, which was supported by the lesion’s rapid growth and 
enhancement along the previous LITT tract.

TREATMENT
Following multidisciplinary discussion, in which it was deter-
mined that he was an appropriate candidate for salvage therapy, 

he underwent right- sided parietal craniotomy with intraoperative 
subcortical motor mapping to help inform thalamocortical tract 
location. The recurrences at the original site and tract were removed, 
and Cs- 131 brachytherapy was placed at a prescription dose of 
60 Gy to 5 mm depth from the cavity edge (GammaTile, GT Medical 
Technologies, USA) 5 months after BrM diagnosis (figure 1E,F).

OUTCOME AND FOLLOW-UP
The patient had mild improvement in left lower limb power to 
4/5 immediately postoperatively which subsequently improved 
to near normal function, and he remains clinically and radio-
graphically stable at 18 month follow- up (figure 2).

DISCUSSION
We report the case of durable treatment effect with brachytherapy 
as a salvage therapy modality after previous treatment with LITT, 
SRS and CNS- active dual immunotherapy. Although clinical trial 
data exists for all these modalities, descriptions of combina-
tion usage of modalities in the setting of multiply recurrent and 
highly pretreated BrM are sparse.

Postoperative SRS for surgically resected BrM has become 
the predominant treatment paradigm with the local control 
rate at 1 year in prospective studies ranging between 62% 
and 78%.4 18 Recent large- scale single- institutional and multi- 
institutional retrospective cohort studies in patients who under-
went cavity SRS post- resection have found local control rates 
of 85%–93% at 1 year, falling to 75% and 71% at 2 and 3 
years, respectively, which is also likely influenced by the timing 
and technique of SRS administration.19 Therefore a substan-
tial minority of patients require the attention of neurosurgical 
oncology post- surgery, with or without SRS. Salvage treat-
ment options for this group of patients may have diminishing 
returns,20 21 and although salvage surgical resection is safe 
and feasible, local recurrence rates in retrospective series have 
reported to be in the range of 31% and as high as 44% in our 
experience (unpublished).18 22 23 This high failure rate is in part 

Figure 1 Sequence of imaging findings. (A) Initial scan at diagnosis shows a ring- enhancing lesion in the right parietal centrum semiovale. (B) 
Laser interstitial thermal therapy isothermal lines during treatment: the yellow isodose line represents 43°C for 2 min equivalent. (C) Stereotactic 
radiosurgery dosimetry scan: the colour wash scale bar represents radiation dose proportion, where 100% (red) represents total radiation dose 
given: 9×3 Gy=27 Gy. (D) Diffusion tensor tractography demonstrating location of corticospinal tract and thalamocortical tract in relation to lesion. 
(E) Preoperative MRI scan with gadolinium demonstrating recurrence and peri- lesional oedema. (F) Representative intraoperative picture of Cs- 131 
seed impregnated tiles within a resection cavity. Filament- embedded seeds are seen in cross- section (yellow arrows). (G) Axial T1- weighted MRI with 
gadolinium showing postoperative resection cavity. (H) Postoperative CT demonstrating the brachytherapy tile placement and orientation of Cs- 131 
seeds. (I) Brachytherapy dosimetry scan demonstrating estimated radiation coverage. The outer red line represents 5 mm expansion margin estimated 
to represent a dose of 60 Gy. (J) follow- up T1- weighted MRI scan with gadolinium at 18 months.
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explained by the constraints on re- irradiation postoperatively, as 
repeat SRS has been shown to increase the risk of RN, with the 
1 year cumulative risk of RN reported to be 20%.21 24

Despite the lack of consensus and poor salvage efficacy in this 
group of patients, several strategies have been described. LITT has 
gained popularity in specialised centres as it obviates radiation dose 
considerations by delivering targeted thermal energy to lesions and 
also affords the advantages of tissue diagnosis at the time of surgery, 
through a minimally invasive percutaneous approach and with short-
ened length of stay compared with craniotomy.25 However, similar 
to radiotherapy, adjacency to sensitive structures and eloquent tracts 
can limit the amount of thermal dose delivery, with concomitant 
recurrence in underdosed regions as was seen in this case. Long- 
term efficacy has also yet to be demonstrated.26

One strategy to avoid the risk of repeat SRS while poten-
tially conveying local disease control is surgical resection (with 
or without intraoperative neurophysiological monitoring of 
eloquent structures) with brachytherapy implantation.10 27 28 In 
this patient we implanted Cs- 131 seeds embedded within foam 
tiles. Cs- 131 is a brachytherapy radioligand with a favourable 
dosimetric profile.29 In one of the largest published series using 
this isotope for BrM, Wernicke et al performed brachytherapy 
with Cs- 131 in 24 patients with 100% local control (defined as 
recurrence within 5 mm of the resection margin), though with 
median survival of only 9.9 months in a spectrum of BrM histol-
ogies.30 The risk of RN and neurocognitive defects was reported 
to be low, with only one case reported in 42 study patients.10

In summary, the treatment of recurrent BrM remains chal-
lenging due to toxicity and efficacy concerns. The decision to 
pursue salvage therapies aimed at local control and/or palliation 
should be carefully considered and discussed with patients. In a 

select group of patients with well- controlled extracranial disease 
and high performance status, there is a growing palette of treat-
ment options, though these may have complex interactions 
which can influence decision- making. Management decisions 
in this context should therefore be made in a multidisciplinary 
manner, with expertise on the range of options and their inter-
play in order to maximise patient benefits, limit treatment 
delays and act in accordance with patient goals in the setting 
of at- times limited survival. In the presented case, the patient 
received surgery and Cs- 131 brachytherapy treatment and has 
remained stable 18 months later without recurrence or radia-
tion toxicity despite multiple prior treatments including SRS and 
immunotherapy, in a highly treatment- refractory tumour. Future 
trials to further refine treatment pathways and indications for 
brachytherapy in the setting of recurrent BrM are needed and 
are currently underway (NCT04690348).
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