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Abstract
Background: Brain metastases often lead to serious neurological impairment and 
life threatening states. Their acute management remains complex, particularly in the 
case of rare malignancies with aggressive evolution. In large single lesions, open 
surgery followed by radiation to the surgical cavity is widely regarded as the best 
approach; yet in many cases, microsurgery is not feasible due to the lesion’s critical 
location and/or the number of brain metastases present. We report the effects of 
adaptive hypofractionated gamma knife radiosurgery in the acute management of 
critically located thymic carcinoma metastases.
Case Description: A 50‑year‑old male with metastatic thymic carcinoma was 
treated with radiosurgery for two large supratentorial brain metastases (M3 and 
M4) adjacent to eloquent areas and one smaller cerebellar metastasis (M2). M3 
and M4 were treated with adaptive hypofractionated gamma knife radiosurgery, 
showing a dramatic volume reduction 4 weeks after treatment completion without 
radiation‑induced side effects. Thirteen months later, two new small, threatening 
supratentorial lesions (M5‑M6) were treated with the same technique. Interestingly, 
M2 (treated with standard single fraction) and M5‑M6 developed local adverse 
radiation events. The patient’s general and neurological status remained next to 
normal by the time of paper submission.
Conclusion: The application of adaptive hypofractionated radiosurgery in this acute 
setting proved effective in terms of rapid tumor ablation, with salvage of neurological 
functionality and limited toxicity. We have called the overall procedure rapid rescue 
radiosurgery (RRR). A systematic study of past and ongoing RRR‑treatments is 
warranted and in progress.

Key Words: Adaptive hypofractionation, adverse radiation event, critical areas, 
gamma knife radiosurgery, recursive partitioning analysis, whole brain radiation 
induced cognitive impairment

How to cite this article: Sinclair G, Martin H, Fagerlund M, Samadi A, Benmakhlouf H, Doodo E. Adaptive hypofractionated gamma knife radiosurgery in the acute management of 
large thymic carcinoma brain metastases. Surg Neurol Int 2017;8:95.
http://surgicalneurologyint.com/Adaptive-hypofractionated-gamma-knife-radiosurgery-in-the-acute-management-of-large-thymic-carcinoma-brain-metastases/

This is an open access article distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and 
build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.

For reprints contact: reprints@medknow.com

Access this article online
Website:
www.surgicalneurologyint.com
DOI:  
10.4103/sni.sni_391_16
Quick Response Code:



Surgical Neurology International 2017, 8:95 http://www.surgicalneurologyint.com/content/8/1/95

INTRODUCTION

Brain metastases often lead to serious neurological 
impairment and life threatening states. Their acute 
management remains complex, particularly in the case 
of rare malignancies such as thymic carcinoma. In large 
single lesions, open surgery followed by radiation to the 
surgical cavity is widely regarded as the best approach; 
yet in many cases, microsurgery is not feasible due to 
the lesion’s critical location and/or the number of brain 
metastases present. Our case report describes the effects 
of adaptive hypofractionated gamma knife radiosurgery 
in the acute management of critically located brain 
metastases.

CASE PRESENTATION

We present the case of a 50‑year‑old male patient 
reporting intermittent upper abdominal pain throughout 
2012 and 2013. In February 2014, the patient experienced 
breathing difficulties and exacerbation of pain. 
Fludeoxyglucose positron emission tomography/computed 
tomography (18F‑FDG PET/CT) revealed high FDG 
uptake in a large, heterogeneous intrathoracic mass in 
the middle mediastinum abutting the right atrium and 
the right hemidiaphragm, without evidence of distant 
metastases. The patient underwent subtotal primary 
tumor resection in April 2014. The histopathology 
demonstrated a poorly differentiated thymic carcinoma 
though without primary malignant manifestation in 
the gland itself. The patient received three adjuvant 
chemotherapy sessions (Carboplatine/Vepesid) 
followed by fractionated radiotherapy (2 Gy/day, 
30 sessions = 2 Gy × 30 = 60 Gy) to the right thoracic 
region (July to September 2014). The patient developed 
paroxysmal atrial fibrillation after thoracic surgery as well 
as a series of respiratory infections during and after his 
radiochemotherapy, though without serious sequelae. His 
general condition remained otherwise stable. By February 
2015, the patient developed progressive expressive 
dysphasia. A brain magnetic resonance imaging (MRI) 
in May 2015 showed a 3.5 cm ring‑enhancing lesion in 
the left temporal lobe with extensive edema (metastasis 
# 1 = M1). Speech impairment resolved shortly after 
gross total resection (GTR). The histopathology proved 
the lesion to be a thymic carcinoma metastasis with 
MIB 1 proliferation index of up to 50%. Postsurgical 

hypofractionated LINAC‑radiotherapy (6 Gy/day, 
5 sessions = 30 Gy) was delivered to the surgical 
cavity in June 2015. CT of the neck, thorax, and 
abdomen in September 2015 showed no signs of 
distant metastases. However, a follow‑up brain MRI 
in October 2015 demonstrated three new intracranial 
lesions – the first a 1.9 cm lesion in the right cerebellar 
hemisphere (metastasis # 2 = M2), the second, a 
larger extra‑axial left temporal mass measuring 3.9 cm 
with adjacent edema and mass effect threatening the 
hippocampus, uncus, and language areas (metastasis 
# 3 = M3), and the third, a 3.0 cm dural‑based left 
parietal lesion exerting mass effect on the sensory 
cortex (metastasis # 4 = M4). There was no evidence of 
recurrence in the surgical cavity (M1). Although M2 was 
relatively small, M3 and M4 were quite large (≥3 cm) and 
both threatened eloquent areas of the brain. By this time, 
the patient once again developed expressive dysphasia 
and mental fatigue [Karnofsky Performance Score (KPS) 
90–100], though without evidence of extracranial 
tumour proliferation (RPA 1) on prior screening CT scan 
September 2015; the patient remained free from systemic 
treatment at this stage and was referred to our unit for 
further management (October 2015).

Radiosurgical account
The radiosurgical plan was designed based on a series 
of factors – past/present radiological evolution, tumor 
localization, identification of organs at risk (OAR), 
tumor volume, histopathological traits of prior resected 
metastasis (M1), general and neurological health 
status (KPS/RPA), absence of extracranial tumor activity 
at the time of radiosurgery, positive outcome after 
microsurgery, and good response to prior anti‑tumoral 
treatments (including chemotherapy and extra/intracranial 
radiation). Our strategy aimed to rapidly relieve/salvage 
the language areas, the hippocampus, and the post‑central 
gyrus from the larger left‑sided lesions (M3 and M4) 
within a time frame of 7 days (treatment time between 
RS1 and RS3) to 4 weeks (MRI at 1 month). Because 
of the patient’s previous positive response to extra and 
intracranial radiotherapy, we considered the tumor to 
be radiosensitive and proceeded to plot a peripheral 
prescription dose biologically isoeffective to the cranial 
hypofractionated treatment delivered to the surgical 
cavity earlier (6 Gy × 5). To achieve maximal probability 
of local tumor control while minimizing the risk of focal 
radiation‑induced adverse reaction, treatment settings 

Table 1: LGP-based tumor volume estimates covering time of treatment (Day 1 to Day 7) and follow up period (1 to 7 
months). *M3 showed signs of hemorrhage at RS 2 (Day 4) and RS 3 (Day 7); bleeding zones were included in the field of 
treatment (GTV); see table 2. M4 experienced a tumor volume reduction of approximately 8% between RS 1 (day1) and 
RS 3 (day 7). M3 and M4 experienced significant tumor volume reduction at 1 month (89% and 90% respectively) and 
long lasting local control

Day 1 Day 4 Day 7 1 month 2 months 4 months 6 months 7 months

M3 25.1 cc 28.9 cc* 30.1 cc* 2.7 cc 1.25 cc 0.97 cc 0.56 cc 0.36 cc
M4 14.6 cc 14.25 cc 13.4 cc 1.32 cc 1.20 cc 0.44 cc 0.34 cc 0.24 cc
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included an adaptive and MRI‑guided hypofractionated 
radiosurgical approach; the procedure would allow 
tumor bed dose distribution readjustments in relation 
to local tumor volume variations during the course 
of treatment. The treatment was structured on three 
radiosurgeries (RS) delivered every third day i.e., day 
1 (RS 1), day 4 (RS 2), and day 7 (RS 3). Cranial fixation 
was achieved by applying a Leksell Coordinate Frame 
G (Elekta AB, Stockholm) prior to each RS. A stereotactic 
MRI was performed before each RS session (s‑MRI 1, 2, 
3) for proper gross tumor volume (GTV) delineation; 
we set no margins to the GTV (GTV = CTV = PTV). 
As described in Tables 1 and 2, the s‑MRI at the onset 
of treatment (day 1) showed further growth of the 
tumors with substantial perifocal edema, particularly 
adjacent to M3 (see Table 1 for tumor volumes at 
Day 1). M2 was volumetrically optimal for conventional 
single dose treatment (volume = 2.7 cc). Its marginal 
dose (GTV = CTV) was set at 19 Gy at the 50% 
isodose line [Table 3]. Because of their volumetric traits, 
aggressive growth pattern, and critical localization, we 
chose RRR as the best approach to treat M3 and M4. 
Using standard biological effective dose calculations, 
we set the initial GTV‑prescription dose (fraction 1) for 
M3 and M4 to 8 Gy at the 35% isodose line [Table 4]. 
Dural tail and peripheral zones of hemorrhage were to 
be included in the field of treatment. Due to underlying 
extensive perifocal edema, the patient was to be kept 
on cortisone during the course of the treatment and 
approximately 4 weeks thereafter.

RESULTS

The radiological evolution during the course of 
treatment proved interesting for all concerned lesions. 
M2 developed increased central necrosis between 
s‑MRI 1 (day 1) and s‑MRI 2 (day 4). M3 developed 
local hemorrhage at s‑MRI 2 (day 4) while its solid 
component suffered a slight volume reduction at s‑MRI 
3 (day 7) [Tables 1 and 2]. The area of hemorrhage was 
adaptively incorporated in the field of treatment. M4 
showed volume reduction between s‑MRI 2 (day 4) and 
s‑MRI 3 (day 7) [Table 1]. Repeated frame application 
was well tolerated. The first follow‑up MRI was 
performed 4 weeks after RS 3. M2 demonstrated a size 
reduction of 26% [Table 5] while M3 and M4 had almost 
completely resolved despite their initial overwhelming 
size [Table 1, Figures 1 and 2]. Edema adjacent to M2 
had dramatically decreased and edema adjacent to M1 
and M3 had resolved. The patient showed no signs 
of speech impairment or other neurological deficit 
at this time. Follow‑up MRI at 2, 4, 6, and 7 months 
demonstrated further volume reduction and no signs 
of adverse radiation event/effect (ARE) for M3 and 
M4 [Table 1, Figures 1 and 2]. Interestingly, follow‑up 

Figure 1: M3: Axial, coronal and sagittal contrast enhanced T1 
weighted MR images show dramatic tumor reduction at 1 month 
(center column) and 7 months (right column) respectively after 
RRR. No signs of ARE at 1 and 7 months after treatment were 
identified. Left column shows tumor size at day 1 (RS1)

Figure 2: M4: Axial, coronal and sagittal contrast enhanced T1 
weighted MR images show significant tumor reduction at 1 month 
(center column) and 7 months (right column) respectively after 
RRR. Left column shows tumor size at day 1 (RS 1). Significant tumor 
reduction at 1 month (center column) and 7 months (right column)

Figure 3: M2: Axial, coronal and sagittal contrast enhanced T1 
weighted MR images. RS 1 (day 1, left column); significant tumor 
volume reduction at 1 month (center column); volume increase, 
although still smaller than original treatment volume at 7 months 
(right column)

MRI at 6 and 7 months showed focal edema and 
increase in tumor volume of M2 [Table 5, Figures 3]. 
At this particular point, the patient was suffering from 
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intermittent occipital headaches and minor balance 
issues, which promptly resolved with oral cortisone. 
A 11C‑methionine PET (MET PET) fused with MRI 
at 7 months demonstrated focal, patchy intermediate 
uptake limited to parts of the ring enhancing M2 
in the right cerebellar hemisphere with T/N ratio 
of 1.5 (relative mean uptake of tumor to normal 
contralateral mirrored cerebellar hemisphere), decreasing 
in uptake on follow‑up MET PET at 10 and 13 months, 
both with calculated T/N ratio of 1.3 [Figure 4a and 
b], together suggesting a focal ARE. Perfusion MRI 
at 8.5 and 11.5 months showed no local increase in 
relative cerebral blood volume (rCBV) or flow (rCVF) 
and diminished edema surrounding M2, confirming the 
above diagnosis of focal ARE [Figure 5a‑c]. Follow‑up 
MRI at 10.5 months showed unchanged status of 
M3 and M4 compared to the previous MRIs at 7 and 
8.5 months; however, M2’s ARE had further evolved 
with increased lesion size and increased surrounding 
edema [Figure 6]. On MRI follow‑up at 10.5 months, 
two new small rim enhancing metastases presented in 
two areas in the left temporal lobe (M5 and M6), one 
located 5 mm medial to the subsequently nodularly 
enhancing surgical cavity and an adjacent one which 
extended inferiorly to within 1 cm medial to the 
prior location of treated M3. There was no increase in 
rCBV in the two new areas of contrast enhancement 
on MR perfusion. Subsequent progress of the lesions 

Figure 4: (a) M2’s evolution on amino acid PET.  11C-Methionine 
PET (MET PET, left), MET PET fused with MRI CE T1 (middle) and 
MRI CE T1 weighted (right) axial images at 7 months demonstrating 
intermediate focal MET uptake in the medial aspect of the ring 
enhancing right cerebellar lesion (T/N ratio = 1.5 compared to 
contralateral mirrored tissue) and local edema. (b) MET PET 
(left) at 10 months now demonstrating T/N ratio = 1.3, diminished 
compared to MET PET 3 months prior, MET PET fused with MRI 
CE T1 (middle) and MRI CE T1 weighted (right): suspected ARE

b

a

Table 5: LGP-based volume estimates showing M2s evolution after single dose treatment (s-MRI + RS)

s-MRI 1+RS s-MRI 2 s-MRI 3 MRI at 1 m MRI at 4 m MRI at 6 m MRI at 7 m MRI at 10.5 m

M2 2.70 cc 2.70 cc 2.47 cc 2.00 cc 0.13 cc 1.01 cc 1,38 cc 1.80 cc

Table 4: Peripheral dose prescription summary for 
M3 and M4. Doses were adapted according to local 
volumetric evolution

RS no 1 (Day 1) RS no 2 (Day 4) RS no 3 (Day 7)

M3 8.0 Gy – 35% isodose 8.5 Gy – 35% isodose 9.0 Gy – 35% isodose
M4 8.0 Gy – 35% isodose 8.0 Gy – 35% isodose 8.5 Gy – 35% isodose

Table 2: LGP-based volume estimates for M3s solid 
component (hemorrhagic zone excluded) : 17% volume 
reduction between RS 1 (day 1) and RS 3 (day 7)

Day 1 Day 4 Day 7 Volume Reduction solid component

25.1 cc 25.1 cc 20,8 cc 17%

Table 3: M2: Dose distribution on the GTV based on a 
marginal dose of 19 Gy

Isodose line (Gy) Tumor bed coverage (%)

19 Gy 99
20 Gy 96
22 Gy 84

in this region of the left temporal lobe, including two 
small linear areas of restricted diffusion, prompted an 
additional MET PET at 13 months, which did not show 
an increase in MET uptake in the new lesions, most 
likely because the lesions were too small to detect on 
PET. A multidisciplinary decision to treat M5 and M6 
with RRR was made, due to the strong clinical concern 
that the lesions may represent viable malignant tumor, 
being either new metastases or recurrence of either the 
resected lesion M1 or, less likely of M3 [Figure 7]. One 
month post RRR‑treatment #2, the new lesions (M5 
and M6) had increased in diameter with increased 
perilesional edema without significant mass effect, 
interpreted as an early form of ARE [Figure 2a], 
probably due to prior LINAC‑based radiotherapy to the 
surgical cavity (M1) and previous RRR‑treatment of 
M3. M2, M3, and M4 remained under control at this 
stage (Follow‑up at 14 months).

Extracranial tumor screening in November 2016 showed 
no recurrence. By the time of paper submission, 
the patient’s clinical condition was assessed as good 
(KPS 90–100/RPA 1) without ongoing antitumoral 
therapy. The patient remains on low dose cortisone 
due to M5‑M6’s ARE. Further clinical and radiological 
follow up (including MRI and PET scans) are planned to 
carefully monitor M5‑M6’s evolution and identify further 
brain metastatic development.
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DISCUSSION

The management of brain metastases remains complex 
and requires tailored treatment, often including 
microsurgery, different radiotherapeutic modalities, 
chemotherapy, as well as targeted therapy.[25] In the case 
of rare metastatic entities, the challenge of tailoring a 
multimodal treatment becomes even greater as available 
data in the literature is generally limited. Thymic 
carcinoma is a rare malignancy with typically aggressive 
evolution and, in many cases, poor prognosis; however, 
brain metastatic activity for this particular tumor group 
remains uncommon.[1,4,9,22,30,32,33,36] In general, open surgery 
with adjunctive radiotherapy delivered to the surgical 
cavity has proven effective on single large metastasis with 
more “common”/frequent histopathological traits.[2,8,1,24] 
Nevertheless, in many cases, this approach may not be 
possible due to the tumor’s critical location and/or number 
of metastases present at that particular time. In terms of 
tumor control and local toxicity, single fraction gamma 
knife radiosurgery (SF‑GKRS) has proven effective when 
treating small (single or multiple) metastatic lesions with 
different histopathological background.[19,23,29] However, 
in the case of large (>8–10 cc) unresectable metastasis, 
the effectiveness of SF‑GKRS, particularly in terms of 
local radiation‑induced toxicity, remains a subject of 
debate.[14,17,19] For these tumors, other radiation treatment 
modalities such as whole brain radiation therapy (WBRT) 
and local hypofractionated regimens are often 
considered. Because of the risk for long‑term cognitive 
impairment,[11,13,23,24,29] WBRT is increasingly avoided 
as an upfront treatment. LINAC and Gamma Knife 
based hypofractionated regimens have proven effective 
in the treatment of metastatic lesions,[8,12,15,17,21,27‑29,37] 
particularly for larger ones.[21] RRR aims to deal with 
life‑threatening, neurologically destructive neoplasms by 
achieving next to comparable debulking/decompressing 
surgery results within the course of treatment (days) or 
shortly after (weeks). As described earlier, the treatment’s 
key factor is to adapt peripheral prescription doses and 
tumor bed dose distributions to ongoing tumor volume 
dynamics within the week of the treatment. This enables 
the surgeon to increase dose heterogeneity/dose escalation 
within tumor boundaries while sparing adjacent healthy 
tissue. LQ‑model based calculations are crucial to assess 
tolerable biologically effective dose distributions in 
healthy tissues in relation to required ablative peripheral 
dose prescriptions.[10,15] High performance imaging, 
including MRI and PET examinations are crucial in 
terms of pretreatment diagnostics, treatment planning, 
and follow‑up settings. The differentiation between 
adverse radiation event/effect and viable tumor as the 
cause of increase in size of a contrast‑enhancing lesion 
after stereotactic radiosurgery remains a significant 
challenge in neuroradiology. There is convincing 
evidence in the literature with multiple studies, 

meta‑analyses, and review articles confirming that the 
presence of restricted diffusion,[3,35] increased rCBV 

Figure 6: M2: Further increase in volume (CE T1 weighted MR 
images) and perifocal edema (T2 weighted MR images) at 10.5 
months

Figure 5: (a) M2: MR Perfusion imaging at 8.5 months (M2): No 
increase in CBV. (b) M2: Slight increase in tumor volume / central 
necrosis on MRI CE T1. (c) M2: Limited perilesional edema on MRI 
T2 with intermittent cortisone treatment: probable focal ARE

c

ba

Figure 7: MET PET and MR imaging at 13 months: (a) Axial MET 
PET (b) axial MET PET + MRI CET1 (c) axial MRI CET1 (d) axial T2 
(e) axial DWI (f) axial ADC (g) MR perfusion rCBV (h) reoriented 
CET1 demonstrating M5 and M6’s proximity to the surgical area 
as well as new nodular rim enhancement of the surgical cavity

d

h

c

g

b

f

a

e
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on MR perfusion,[5,6] as well as high uptake on amino 
acid PET such as 11C‑methionine[6,7,16,31,34] support a 
diagnosis of viable malignant tumor, and their absence 
support the diagnosis of ARE. A meta‑analysis of 17 
articles investigating glioma recurrence by Deng et al. 
in 2013 demonstrated that “11C‑MET PET and dynamic 
susceptibility contrast‑enhanced MR perfusion had 
comparable sensitivity (0.870 and 0.844, respectively), 
specificity (0.813 and 0.853, respectively)”[31] In 
distinguishing recurrent brain metastasis versus radiation 
injury after stereotactic radiosurgery, Tsuyuguchi et al. 
examined 21 patients with MET PET resulting in a 
sensitivity of 77.8% and specificity of 100% for the 
detection of tumor recurrence.[34] MET PET has also been 
used successfully in radiosurgery planning. Momose et al. 
in 2014 in a group of 88 patients demonstrated decreased 
radiation volume and prolonged survival for patients with 
previously irradiated brain metastases when dose planning 
was based on MET PET/MRI fusion versus MRI alone, 
with a median survival of 18.1 months in the former and 
8.6 months in the latter patient group (P = 0.01).[20]

Based on our institutional experience and previous 
reports,[18,26] we believe the tumor’s histopathology/
underlying radiosensitivity and RPA‑surrogate factors 
might play a determinant role on RRR‑outcome. In 
this particular patient case, the procedure proved highly 
successful by promptly ablating M3 and M4, hence 
avoiding further neurological impairment including 
aphasia, sensorimotor deficit, and epileptic activity.

We have achieved similar results on a number of cases 
with large metastatic brain lesions with more common 
histopathological traits; a retrospective analysis covering 
the short and long‑term outcome of RRR on these cases 
will be the subject of our next two papers.

CONCLUSION

In this particular case, Rapid Rescue Radiosurgery (RRR) 
proved highly effective in achieving next to comparable 
surgical decompression results on two large aggressive 
metastatic brain lesions. However, particular factors such 
as the tumor’s histopathology/intrinsic radiosensitivity 
as well as RPA‑surrogate factors could have played a 
substantial role in the outcome of the treatment. We 
believe this procedure has the potential to become an 
important surgical tool in the future management of 
large unresectable metastases. Retrospective analysis of 
all cases treated with RRR as well as further prospective 
studies are warranted and indeed ongoing.
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