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Abstract. Brain metastases are the most common intracra-
nial tumors in adults, accounting for over half of all lesions. 
Whole‑brain radiation therapy (WBRT) has been a corner-
stone in the management of brain metastases for decades. 
Recently, stereotactic radiosurgery (SRS) has been considered 
as a definitive or postoperative approach instead of WBRT, to 
minimize the risk of cognitive impairment that may be asso-
ciated with WBRT. This is the case report of a 74‑year‑old 
female patient who was diagnosed with lung cancer in 
November, 2002, and histopathologically confirmed brain 
metastases in January, 2005. The patient received 5  treat-
ments with Gamma Knife SRS for recurring brain metastases 
between 2005 and 2014. The patient remains highly func-
tional, with stable intracranial disease at 10 years since first 
developing brain metastases, and with stable lung disease. 
Therefore, Gamma Knife SRS is a safe and effective treatment 
modality for patients with recurrent intracranial metastases, 
with durable local control and minimal cognitive impairment.

Introduction

Brain metastases are the most common intracranial tumors in 
adults, accounting for over half of all lesions (1,2). Whole‑brain 
radiation therapy (WBRT) has been a cornerstone in the 
management for brain metastases for decades (3‑6). Modern 
surgical techniques that minimize surgical morbidity and 
mortality have made resection a viable option for a larger 
number of patients, including providing superior outcomes 
for patients with 1‑3 metastases and those with symptomatic 

disease (7). Recently, stereotactic radiosurgery (SRS) has been 
considered as a definitive or postoperative approach instead of 
WBRT, to minimize the risk of cognitive impairment that may 
be associated with WBRT (8).

Case report

A 74‑year‑old Caucasian woman was diagnosed with a right 
upper lung lesion, for which she underwent a right upper lobec-
tomy on November 7, 2002. The histopathological evaluation 
revealed an adenocarcinoma [American Joint Committee on 
Cancer stage I (T2N0M0), grade 3, measuring 3.5x3.0x3.0 cm] 
involving the bronchial margin. The adjacent lung parenchyma 
exhibited emphysematous changes but no tumor involvement; 
all the resected lymph nodes were free of disease. After 
4 cycles of adjuvant chemotherapy with paclitaxel and carbo-
platin, the patient was closely followed up, including interval 
physical evaluations and regular imaging studies, which 
included computed tomography (CT) and positron emission 
tomography (PET) scans. The patient was free of disease at 
her last imaging studies on December 20, 2004.

On January 27, 2005, the patient tripped and fell while 
walking up a staircase; she denied suffering from headaches, 
confusion, dizziness or visual disturbances and was subse-
quently treated for a right arm fracture. On March 15, 2005, 
the patient presented with altered mental status; an MRI 
scan of the brain performed on the same day revealed a large 
enhancing right frontal lobe mass, measuring 3.3x3.0x3.1 cm 
in the anteroposterior, transverse and craniocaudal dimen-
sions, respectively. The lesion was associated with extensive 
surrounding edema in the right frontal lobe, causing a mass 
effect on the genu of the corpus callosum and adjacent left 
frontal lobe. There was a second enhancing focus, measuring 
6 mm, within the vermis. No other abnormal parenchymal 
enhancement was identified. Due to the significant edema 
associated with the frontal lesion and the altered mental status, 
the patient underwent a right frontal craniotomy and tumor 
resection and fared well postoperatively. The histopathological 
evaluation revealed a fairly well‑differentiated metastatic 
adenocarcinoma; the immunohistochemical staining results 
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were positive for cytokeratin (CK)7 and thyroid transcription 
factor‑1 and negative for CK 20 and thyroglobulin, which were 
compatible with metastasis from a  primary lung tumor.

After consenting to the procedure, the patient was sched-
uled for postoperative Gamma Knife SRS. On April 1, 2005, 
following placement of a stereotactic frame with local anes-
thetic, the patient was positioned supine on an MR gantry for 
a double‑contrast scan. Relevant images were selected and 
transferred to the Gamma Knife planning station for treatment 
planning. Following a neuroradiology review, no additional 
lesions were identified; only the postoperative residual cavity 
in the right frontal region and the vermian metastasis were 
noted on the pre‑procedure MRI. The matrices were set over 
the target areas. The initial frontal lesion was planned out using 
15 isocenters with a combination of 4-, 8- and 18-mm collima-
tors with a total volume of ~10.2 cm3. A dose of 16 Gy was 
selected, prescribed to the 50% isodose line. A single isocenter 
with 8‑mm collimator was used for the vermian lesion (with 
a volume of 0.6 cm3) and a dose of 20 Gy was selected to the 
50% isodose line. The patient tolerated the procedure well.

The patient was again closely followed up with serial 
clinical evaluations and imaging; she fared well post‑SRS 
and did not experience headaches or any other neurological 
complaints. The follow‑up brain MRIs, performed every 
3 months, revealed good control of the frontal lobe cavity and 
the vermian lesion, with no additional new lesions.

After 8 months (December 9, 2005), on a follow‑up brain 
MRI, a 4‑mm enhancing focus was identified in the left poste-
rior parietal subcortical white matter, with minimal associated 
FLAIR signal abnormality. This lesion was new and consid-
ered to be consistent with a metastatic focus. Otherwise, there 
continued to be no evidence of local recurrence or metastatic 
disease progression systemically, apart from the new brain 
lesion. The patient underwent a second Gamma Knife SRS 
treatment on December 29, 2005. The pre‑SRS MRI reviewed 
by the neuroradiologist only showed the metastatic lesion 
that was treated. The previously treated cerebellar lesion had 
largely disappeared; the frontal lesion remained small and 
stable, with an excellent collapse of the cavity. Based on this 
information, a treatment plan was generated using an 8‑mm 
collimator over the left parietal occipital metastatic lesion, 
with 4 isocenters circumferentially covering the metastatic 
lesion. Based on the previous excellent response to 20 Gy for 
a single metastatic lesion, 20 Gy was again selected (Fig. 1).

The patient was again closely followed up. All the physical 
examinations and imaging studies revealed no disease 
progression until April 23, 2007 (16 months after the second 
SRS treatment). At that time, although the patient remained 
clinically asymptomatic, a brain MRI revealed the develop-
ment of two new metastatic lesions: One within the left 
precentral gyrus, and another in the posterior occipital area. A 
follow‑up MRI on July 8, 2007 revealed interval development 
of enhancement in the high left posterior frontal lobe, along 
with persistence of the lesions seen in the previous scan. Based 
on the patient's good control and response to the previous 
Gamma Knife treatments and the fact that the brain disease 
remained focal, the patient, the neurosurgeon and the radia-
tion oncologist concurred in selecting Gamma Knife SRS over 
whole‑brain radiation therapy (WBRT). On August 7, 2007 
(20 months after the second SRS treatment and 28 months 

since being first diagnosed with brain metastases), the patient 
received a third Gamma Knife SRS treatment.

Following this treatment, the patient's serial MRI 
scans revealed completely stable intracranial disease (with 
additional scans revealing no lung disease or extracranial 
progression) up to September 13, 2010, when a follow‑up brain 
MRI revealed progression of five intracranial lesions. As the 
patient continued to fare well clinically, a repeat brain MRI on 
April 11, 2011 revealed a marginal increase in the size of the left 
parietal metastatic lesion, but a stable appearance of the other 
metastatic lesions. The patient was offered WBRT vs. repeat 
Gamma Knife SRS; after a thorough discussion of the risks 
and benefits, she consented to a repeat course of SRS and 
received her fourth Gamma Knife SRS on May  13,  2011 
(45 months after the third SRS treatment and 71 months since 
being diagnosed with brain metastases) to the one lesion that 
was known to be new and progressing in the right parietal 
area; this was performed utilizing 2 isocenters with a total of 
20 Gy prescribed to the 50% isodose line (Fig. 2).

Notably, the patient's lung disease remained controlled 
up to October,  2011; at that time, although she remained 
asymptomatic, a follow‑up CT demonstrated occlusion of the 
bronchus of the remaining portion of the right lung and soft 
tissue density suggestive of a recurrence. A subsequent PET̸CT 
scan confirmed prominent uptake within this region, with no 
other evidence of metastatic disease. The patient received a 
course of palliative radiation therapy of 30 Gy in 10 fractions 
to the progressive chest disease, which was completed on 
December 14, 2011, followed by initiation of targeted therapy 
with erlotinib.

The patient remained highly functional, without significant 
neurological symptoms and with largely stable intracranial 
disease until October, 2014 (>10 years since the first diagnosis 
of brain metastasis), at which point she had five growing brain 
lesions that were associated with vasogenic edema and local 
mass effect. On October 23, 2014 (41 months after the fourth 
SRS treatment and 112 months since being diagnosed with 
brain metastases), the patient, then aged 84 years, received her 
fifth Gamma Knife SRS: The first lesion in the right frontal 
lobe (with a total volume of 0.57 cm3) was targeted with 18 Gy 
prescribed to the 50% isodose line, covering 100% of the 
target; the second lesion in the left atrial region (with a total 
volume of 0.29 cm3) was targeted with 18 Gy prescribed to 
the 50% isodose line, covering 100% of the target; the third 
lesion in the right frontal lobe (with a total volume of 0.57 cm3) 
was targeted with 18 Gy prescribed to the 50% isodose line, 
covering 100% of the target; the fourth lesion in the left 
temporal lobe (with a total volume of 1.4 cm3) was targeted 
with 16 Gy prescribed to the 50% isodose line, covering 100% 
of the target; and the 5th lesion in the cerebellar vermis (with 
a total volume of 0.09 cm3) was targeted with a dose of 20 Gy 
prescribed to the 50% isodose line, covering 100% of the 
target (Fig. 3). The patient again tolerated the treatment well 
and without complications.

On the last follow‑up on November 17, 2014, before this case 
report was submitted, the patient remained highly functional, 
with stable intracranial disease 10.5 years since first developing 
brain metastases, and with stable lung disease. The patient 
occasionally noted problems with her energy levels; however, 
she had no other health complaints, no sleep disturbances and 
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no neurological symptoms, with the exception of occasional 
headaches. The patient reported no dizziness, confusion, 
declining mentation or any other neurological issues.

Discussion

The cumulative incidence of brain metastases in lung cancer 
patients has been reported in two series: One from the 
Metropolitan Detroit Cancer Surveillance System, reporting 
the highest incidence in primary lung cancer patients (19.9%) 
compared with melanoma (6.9%), renal (6.5%), breast (5.1%) 
and colorectal (1.8%) primary cancers (9); and the other from 
a Dutch series, reporting a 5‑year cumulative incidence of 7.4, 
16.3, 9.8, 5.0 and 1.2% in patients with melanoma and lung, 
renal, breast and colorectal carcinoma, respectively (10).

The Recursive Partitioning Analysis (RPA) developed 
by the Radiation Therapy Oncology Group (RTOG) likely 
remains the most reliable and widely used prognostic index 
for brain metastases. The RPA divides patients with brain 
metastases into 3 classes as follows: Class I (best survival) are 
patients with a Karnofsky performance status (KPS) of ≥70, 
aged <65 years, with a controlled primary tumor, and no 
other systemic metastases; class III (worst survival) includes 
patients with a KPS <70; these patients have a median survival 
of only 2.3 months; finally class II includes all patients inter-
mediate between classes I and III, with a median survival of 

4.2 months (11). Based on the RPA, our patient belonged to 
class II at presentation, with an expected median survival of 
4.2 months had she received WBRT. The RPA did not account 
for the primary diagnosis; instead, the diagnosis‑specific 
graded prognostic assessment (DS‑GPA) was developed later, 
based on a retrospective analysis of 4,259 patients with consid-
eration of the primary diagnosis (12). Based on DS‑GPA, our 
patient's score at presentation was 2.5, with an estimated 
median survival of 9.4 months.

A number of RTOG studies have attempted to identify the 
optimal dose and fractionation for WBRT in the setting of brain 
metastases, including RTOG 6901, 7361 and 7601. The cumu-
lative experience obtained from these RTOG studies revealed 
that: i) 30 Gy in 10 fractions is the most widely accepted, toler-
able and effective fractionation in this patient subset; ii) 20 Gy 
in 5 fractions, 30 Gy in 10 fractions, 30 Gy in 15 fractions, 
40 Gy in 15 fractions, 40 Gy in 20 fractions and 50 Gy in 
20 fractions did not achieve superior results with respect to 
palliation of the symptoms, median time to progression, cause 
of death or median survival; and iii) ultra‑short fractionation 
(10 Gy in 1 fraction and 12 Gy in 2 fractions) is not as effective 
as standard fractionation (20‑30 or 40 Gy in 1‑4 weeks) for 
palliation of patients with brain metastases (3‑6).

Surgery is now widely applied, particularly in patients 
with 1‑3   brain metastases, aiming primarily to provide 
prompt symptomatic relief, obtain histological diagnosis and 
possibly improve local control. With the application of modern 
surgical techniques, the morbidity and mortality have been 
significantly reduced and the option of resection has become 
feasible for a larger number of patients, including those with 
lesions in eloquent as well as non‑eloquent regions of the 

Figure 1. Second Gamma Knife treatment: 20 Gy for a single left posterior 
parietal metastatic lesion.

Figure 2. Fourth Gamma Knife Treatment: 20 Gy for a single right parietal 
metastatic lesion.

Figure 3. Fifth Gamma Knife Treatment: (A) The first lesion in the left tem-
poral lobe with a total volume of 1.4 cm3 was targeted with 16 Gy prescribed 
to the 50% isodose line, covering 100% of the target. (B) The second lesion in 
the left atrial region with a total volume of 0.29 cm3 was targeted with 18 Gy 
prescribed to the 50% isodose line, covering 100% of the target. (C) The third 
lesion in the right frontal lobe with a total volume of 0.57 cm3 was targeted 
with 18 Gy prescribed to the 50% isodose line, covering 100% of the target. 
(D) The fourth lesion in the cerebellar vermis with a total volume of 0.09 cm3 
was targeted with a prescription dose of 20 Gy prescribed to the 50% isodose 
line, covering 100% of the target. (E) The fifth lesion in the right frontal lobe 
with a total volume of 0.57 cm3 was targeted with 18 Gy prescribed to the 
50% isodose line, covering 100% of the target.
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brain (7). An overall survival (OS) advantage has also been 
reported in two randomized clinical trials comparing surgery 
plus WBRT vs. WBRT alone. Patchell et al (13) randomized 
48 single‑brain metastasis patients to either WBRT or surgery 
followed by WBRT (25 in the surgical group and 23 in the 
radiation group). Patients who had undergone surgical resec-
tion exhibited a significant OS improvement compared with 
the WBRT alone patients (40  vs. 15  weeks, respectively; 
P<0.01). Furthermore, surgical patients had fewer recurrences 
in the brain, and a better quality of life compared with WBRT 
alone patients. Noordijk et al (14) randomized 66 patients with 
a single brain metastasis to surgery plus WBRT vs. WBRT 
alone. The patients were stratified for lung cancer vs. other 
primary sites and for progressive vs. stable systemic disease. 
The study reported that, among 63 evaluable patients, surgery 
plus WBRT achieved a longer OS (median, 10 vs. 6 months, 
respectively; P=0.04). The largest difference between the two 
treatment arms was observed in patients with inactive extra-
cranial disease (median, 12 vs. 7 months, respectively; P=0.02). 
Patients with active extracranial disease had an equal median 
OS of 5 months, regardless of the treatment modality. Patients 
who were randomized to surgery and WBRT remained func-
tionally independent for a longer period of time. In addition, 
patients aged >60 years had a hazard ratio of 2.74 (P=0.003) 
for death compared with younger patients. The majority of the 
patients succumbed to to systemic disease progression (14).

Stereotactic radiosurgery (SRS) utilizes multiple conver-
gent beams to deliver high‑precision radiation to a defined 
target volume with a rapid dose fall‑off, with the ultimate goal 
of delivering a high dose per fraction to the target volume 
and minimal radiation to the surrounding clinical structures; 
this requires high precision for localization of the target 
volume, as well as patient positioning during treatment. In 
our institution, SRS is delivered by the Leksell Gamma Knife 
Perfexion system (Elekta AB, Stockholm, Sweden) that uses 
192 cobalt‑60 gamma ray sources spatially oriented so that all 
the beams converge at a single point (isocenter). The Gamma 
Knife is able to provide a target accuracy of 0.1‑1 mm (15). 
Other methods of delivering SRS include high‑energy X‑rays 
produced by linear accelerators, or even charged particles, 
such as protons produced by cyclotrons (16,17).

Initially, SRS was investigated as a boost after WBRT in 
patients with 1‑3 newly diagnosed brain metastases. RTOG 
9508 demonstrated superior survival (6.5 vs. 4.9 months), 
a higher response rate after 3  months of treatment and 
better local control after 1 year of treatment (82 vs. 71%) 
for patients receiving a radiosurgery boost (18). However, 
an increasing number of studies (none within the context 
of randomized clinical trials) reported that SRS may be as 
effective as surgery, with comparable local control (19‑22). 
Yamamoto et al (23) recently reported the results of a study 
which enrolled patients with 1‑10 newly diagnosed brain 
metastases (the largest tumor was <10 ml in volume and 
<3  cm in longest diameter; the total cumulative volume 
was ≤15 ml) and a KPS score of ≥70 from 23 facilities in 
Japan; the results of the study suggested that SRS without 
WBRT in patients with 5‑10 brain metastases is non‑inferior 
to treatment in patients with 2‑4 brain metastases and may 
be a suitable alternative for WBRT in patients with ≤10 brain 
metastases (23). The EORTC 22952‑26001 study included 

359 patients with 1‑3 brain metastases who underwent SRS 
or surgery, with 100 patients allocated to obsrvation and 
99  allocated to adjuvant WBRT. While adjuvant WBRT 
reduced intracranial relapses and neurological deaths, 
it failed to improve the OS or the duration of functional 
independence (24).

The treatment approach to brain metastases has been 
evolving over the last couple of decades, with advances in 
diagnostic radiology, radiation oncology technology, surgical 
techniques and systemic therapies, all leading to longer 
survival. Therefore, several institutions are selecting SRS as a 
definitive or postoperative approach over WBRT to minimize 
the risk of cognitive decline (8). Asher et al recently proposed 
a new treatment paradigm, namely neoadjuvant SRS followed 
by surgical resection. A total of 47 patients with a total of 
51 brain metastatic lesions received neoadjuvant SRS followed 
by surgical resection. The 1‑year OS and local control rates 
were 60 and 85.6%, respectively. That study concluded that 
neoadjuvant SRS is a safe and effective modality meriting 
consideration in a multi‑institutional trial (8).

SRS will likely continue to play a significant role in the 
treatment of brain metastases in the future, possibly with 
even more improved patient outcomes. Indeed, as our case 
demonstrates, with appropriate use of this powerful modality 
in carefully selected patients (possibly treated with a tailored 
multidisciplinary care plan of targeted agents, surgery and 
systemic therapy), there may be further improvement in the 
outcomes of patients presenting with a clinical challenge such 
as metastatic intracranial disease.

In conclusion, Gamma Knife SRS is a safe and effective 
treatment modality for patients with recurrent intracranial 
metastasis, with durable local control and minimal cognitive 
impairment.
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