
Abstract. Patients with brain metastases (BRM) generally
have a poor prognosis with infrequent long-term outcomes.
Four patients treated by stereotactic radiosurgery (SRS) for
BRM between 2000 and 2010 with a minimum follow-up of 10
years are described. The mean age was 43.5 years, and these
individuals exhibited good performance status at the time of
diagnosis of intracranial disease. BRM was solitary or multiple,
and the primary malignant tumor originated from the thyroid
gland, lung, mediastinum or large intestine. Progression of the
original and secondary tumors subsequent to diagnosis and SRS
was not observed. Radioimaging of the brain obtained 9 years
later in one of the patients who was asymptomatic at follow-up
revealed white matter changes; BRM in this individual was
treated by tumor resection and cranial irradiation prior to SRS.
We contend that extended longevity is not precluded when
standard management of BRM is practiced in selected cases.

Neoplastic spread to distant sites is always indicative of
progression of underlying disease, limiting the chances for
survival. Brain metastases (BRM) represent an important cause
of morbidity and mortality. The aim of therapeutic intervention
in patients with BRM is improved quality of life and longevity.
Very few studies of individuals with BRM have described
extended prognosis (1). Thus, we report our four cases of
prolonged (>10 years) survival after radiosurgery of BRM.

Patients and Methods

This retrospective study is an Institutional Review Board-approved
outcome study (#644). From March 2000 to October 2010, 132

patients underwent gamma knife radiosurgery (GKRS) for BRM
that had been identified via imaging or documented histologically.
Of these, 11 were excluded because they were lost to follow-up. A
determination of longevity periods was performed of the remaining
121 individuals. Twenty-nine patients (24%) survived for 3 months
or less following radiosurgery. Survival ranged from 4 to 36 months
in 82 patients (68%). Ten individuals (8%) had lifespans between
37 and 144 months; four patients in this subgroup who were
followed for a duration exceeding 120 months are the subjects of
this report (Table I). 

Results

The mean age was 43.5 years and included three men and a
woman. The primary malignant tumors of the thyroid gland,
mediastinum, lung and colon, which were stable or under
control, preceded BRM GKRS by an average of 62.8 months
(range= 1-237 months). BRMs were manifested clinically as
headache episodes, memory impairment and functional
hemiparesis. Metastatic disease in the brain was solitary or
multiple, and the intracranial locations were in the frontal,
parietal, temporal and occipital lobes. The Eastern Cooperative
Oncology Group performance status scores at the time of
GKRS were 1 or 2. Prior to craniotomy and tumor debulking
followed by radiosurgery (in case 2), the patient received
fractionated whole-brain external beam radiotherapy of 30 Gy
given in 10 fractions; the other three individuals did not receive
cranial irradiation. The mean target volume for radiosurgery was
9.9 cm3 (range=5.9-14.6 cm3), while the mean target size was
1.7 cm (range=1.5-2.9 cm). The average number of isocenters
used was three (range=1-7 isocenters). The margin dose varied
between 14 and 16 Gy. There was no occurrence of later BRM
progression requiring repeat GKRS. At 108 months following
radiosurgery, previous cranial surgery and whole-brain
irradiation in case 2, magnetic resonance imaging (Figure 1)
revealed grade 2-3 periventricular white matter changes
according to the University of Virginia grading system (2). The
leukoencephalopathy was not associated with clinical
neurological decline, although, admittedly, a formal
neurocognition evaluation was not performed.
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Discussion
Only about 1.2% of all patients with BRM live 10 years or
longer (1). This retrospective review of cases reflects clinical
experience in the treatment of adults with BRM using GKRS
at a single institution over a 10-year time period. Our study
confirms some clinical findings observed in a prior
investigation (1), that may partially explain the prolonged
survival of the studied individuals. Firstly, long-term survival
was most common among individuals younger than 60 years.
Secondly, the performance status at the time of BRM
detection had generally been satisfactory and the primary
neoplasm was controlled. Thirdly, metastatic disease in the
brain was often solitary. The onset of BRM varied from as
early as 1 month to as late as 232 months after the diagnosis
of the primary malignancy. Fourthly, management of
secondary spread to the brain involved metastatic tumor
resection and stereotactic radiosurgery (3).
Studies have validated the link between white matter

changes, seen via magnetic resonance imaging, and
decreased neurocognitive function (4-8). Although radiation-
induced leukoencephalopathy is known to increase steadily
over time, it is not yet clear to what extent such white matter
changes impact on neurological function (2). Neurocognition
and quality of life are critical to defining successful outcome
of applied therapy and should be assessed as part of long-
term care of patients with BRM (1). These endpoints are
challenging to study as emphasized in the small number of
patients who become long-term survivors. Reported 5-year
survival rates following stereotactic radiosurgery have
ranged from 3% to 21% (3, 9-12).
The heterogeneous clinicopathological features of

individual patients and additional unidentified factors (e.g.
biological differences between tumor types) preclude an
adequate explanation for the prolonged lifespan in this case
series. The challenge for oncologists will be in the
identification of this subgroup of patients. From this
perspective, we can only speculate that aggressive therapy
may be warranted when known favorable clinical features

(e.g. good performance status, younger age, absence of
disseminated cancer and the presence of oligometastases) are
present in individuals with BRM. 
The limitations of this report (e.g. the retrospective design,

small sample, and the absence of a neurocognition evaluation
in our patient with post-radiosurgery radiographic
leukoencephalopathy) notwithstanding, our finding of
extended longevity in these patients underscores the
worthwhile practice of modern day management of BRM
using GKRS. Despite the usefulness of multiple relevant
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Figure 1. Axial T2-weighted magnetic resonance imaging at 108 months
after whole-brain irradiation and radiosurgery (in case 2) shows
moderately severe periventricular white matter changes.

Table I. Details of long-term survival after gamma knife radiosurgery (GKRS) of brain metastases.

                                                                                        Brain metastases

Case    Age, years/gender    Primary tumor        Number        Volume/diameter*       GKRS dose, Gy§      Extracranial disease      Follow-up, months

1                     46/M                      Colon               Solitary                 2.9 cm*                           16                               Yes+                               122
2                      49/F                     Thyroid              Solitary               14.6 cm3*                         14                               Yes+                               125
3                     33/M                  Germ cell           Multiple                 1.5 cm‡                            15                               Yes+                               144
4                     46/M                      Lung               Multiple          5.9 cm3/9.1 cm3                  16/16                              No                                 124

F: Female; M: Male. §Refers to prescribed margin dose at the 50% isodose line. +Stable metastatic lung nodules. ‡Target volume at five locations.



prognostic factors (13, 14), the generation of evidence-based
guidelines is essential to assist practitioners in utilizing
available prognostic indices towards patient care decision
making (15).

References

1 Kotecha R, Vogel S, Suh JH, Barnett GH, Murphy ES, Reddy
CA, Parsons M, Vogelbaum MA, Angelov L, Mohammadi AM,
Stevens GHJ, Peereboom DM, Ahluwalia MS and Chao ST: A
cure is possible: a study of 10-year survivors of brain metastases.
J Neurooncol 129: 545-555, 2016.

2 Cohen-Inbar O, Melmer P, Lee CC, Xu Z, Schlesinger D and
Sheehan JP: Leukoencephalopathy in long term brain metastases
survivors treated with radiosurgery. J Neurooncol 126: 289-298,
2016.

3 Chao ST, Barnett GH, Liu SW, Reuther AM, Toms SA,
Vogelbaum MA, Videtic GMM and Suh JH: Five-year survivors
of brain metastases: A single institution report of 32 patients.
Internat J Radiat Oncol Biol Phys 66: 801-809, 2006.

4 Armstrong CL, Hunter JV, Ledakis GE, Cohen B, Tallent EM,
Goldstein BH, Tochner Z, Lustig R, Judy KD, Pruitt A, Mollman
JE, Stanczak EM, Jo MY, Than TL and Phillips P: Late cognitive
changes and radiographic changes related to radiotherapy: Initial
prospective findings. Neurology 59: 40-48, 2002.

5 Curran WJ, Hecht-Leavitt C, Schut L, Zimmerman RA and
Nelson DF: Magnetic resonance imaging of cranial radiation
lesions. Internat J Radiat Oncol Biol Phys 13: 1093-1098, 1987.

6 Fujii O, Tsujino K, Soejima T, Yoden E, Ichimiya Y and
Sugimura K: White matter changes on magnetic resonance
imaging following whole-brain radiotherapy for brain
metastases. Radiat Med 24: 345-350, 2006.

7 Johannesen TB, Lien HH, Hole KH and Lote K: Radiological
and clinical assessment of long-term brain tumour survivors after
radiotherapy. Radiother Oncol 69: 169-176, 2003.

8 Reddick WE, Shan ZY, Glass JO, Helton S, Xiong X, Wu S,
Bonner MJ, Howard SC, Christensen R, Khan RB, Pui CH and
Mulhern RK: Smaller white-matter volumes are associated with
larger deficits in attention and learning among long-term
survivors of acute lymphoblastic leukemia. Cancer 106: 941-
949, 2006.

9 Flannery TW, Suntharalingam M, Regine WF, Chin LS, Krasna
MJ, Shehata MK, Edelman MJ, Kremer M, Patchell RA and
Kwok Y: Long-term survival in patients with synchronous,
solitary brain metastasis from non-small-cell lung cancer treated
with radiosurgery. Internat J Radiat Oncol Biol Phys 72: 19-23,
2008.

10 Nakagawa K, Tago M, Terahara A, Aoki Y, Sasaki T, Kurita H,
Shin M, Kawamoto S, Kirino T and Otomo K: A single
institutional outcome analysis of gamma knife radiosurgery for
single or multiple brain metastases. Clin Neurol Neurosurg 102:
227-232, 2000.

11 Siminova G: Brain metastases. In: Gamma Knife Radiosurgery
(Liscak R, ed.). New York, Nova Science Publ Inc., pp. 215-236,
2013.

12 Varlotto JM, Flickinger JC, Niranjan A, Bhatnagar AK,
Kondziolka D and Lunsford LD: Analysis of tumor control and
toxicity in patients who have survived at least one year after
radiosurgery for brain metastases. Internat J Radiat Oncol Biol
Phys 57: 452-464, 2003.

13 Lagerwaard FJ, Levendag PC, Nowak PJCM, Eijkenboom
WMH, Hanssens PEJ and Schmitz PIM: Indentification of
prognostic factors in patients with brain metastases: A review of
1292 patients. Internat J Radiat Oncol Biol Phys 43: 795-803,
1999.

14 Sperduto PW, Chao ST, Sneed PK, Luo X, Suh J, Roberge D,
Bhatt A, Jensen AW, Brown PD, Shih H,  Kirkpatrick J, Schwer
A, Gaspar LE, Fiveash JB, Chiang V, Knisely J, Sperduto CM
and Mehta M: Diagnosis-specific prognostic factors, indexes,
and treatment outcomes for patients with newly diagnosed brain
metastases: A multi-institutional analysis of 4,259 patients.
Internat J Radiat Oncol Biol Phys 77: 655-661, 2010.

15 Rodrigues G, Bauman G, Palma D, Louie AV, Mocanu J, Senan
S and Lagerwaard F: Systematic review of brain metastases
prognostic indices. Practical Radiat Oncol 3: 101-106, 2013.

Received June 16, 2017
Revised July 9, 2017

Accepted July 11, 2017

Ampil et al: Long-term Survival After Radiosurgery of Brain Metastases

5115


