
Gamma Knife® Radiosurgery

Brain 
Metastases



— 2 —

Treatment Principles
Gamma Knife radiosurgery (GKRS) treatment of BM 
involves more parameters than other conditions. The 
different primary tumors have different degrees of 
aggression and different reactions to radiation. BM 
may vary in size, number, location, and distribution. 
The degree of control of extracranial disease also 
has a marked influence on survival. The complexity 
has led to a number of debates that are slowly being 
resolved. One of the first was the role of WBRT, which 
became less popular because—while it reduced the 
number of new BM—it did not improve survival and 

it resulted in neurocognitive deficits.2 A recent review 
recounts how opinion has gradually moved away from 
its use. Today, WBRT has only a minor role to play in 
the treatment of BM.3 GKRS is being delivered in single 
or multiple sessions, or a combination of both.

BM are not a single disease but a complication of a variety 
of different primary tumors that need to be considered 
separately. Even so, there are some considerations 
that apply to all lesions. Result evaluations are based 
on survival, tumor control and the development of 
new tumors. Since GKRS only treats visible tumors 
in an ongoing disease, further treatments for new 
tumors are to be expected and regarded as part 
of disease management. The number of BM that 
could be treated has been expanding with increasing 

experience. Early on, the number was three.4 Today it 
is up to and maybe beyond twenty.3-5 Moreover, it is 
widely accepted that it is not the number of BM that 
is a major limiting factor for the suitability of GKRS 
but the total volume of all the individual tumors.3,6-8

The rationale for limiting the total volume of BM treated 
is because the larger the volume, the greater the risk of 
irradiating surrounding brain tissues. However, control of 
BM needs a high dose between 15 to 24 Gy, depending 
on the volume of the tumor.9-11 As a safety measure, the 
volume of brain receiving 12 Gy is noted since doses below 
this level do little if any damage.12-15 The effect of GKRS 
treatment on BM with the above-mentioned precautions 
results in two desirable effects. Local control of most 
tumors varies from 80% to over 90%.6,16-18 Bearing in mind 

*Leksell Gamma Knife Society treatment statistics 2019. 1991 reflects cumulative numbers since 1968.

200k

0

400k

600k

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

49
9

1.
21

k

2.
35

k

4.
37

k

7.
27

k

11
.5

8k

17
.0

9k

23
.8

k

32
.0

8k

41
.9

8k

53
.2

5k

66
.1

k

82
.1

6k

10
0.

46
k

12
0.

3k

14
2.

1k

16
3.

14
k

18
5.

31
k

20
5.

03
k

22
6.

78
k

25
1.

94
k

27
8.

17
k

30
5.

6k 33
kk 36

5.
81

k

39
9.

05
k

43
4.

01
k

47
1.

94
k

51
3.

15
k

Introduction
Before the introduction of computerized imaging, treatment 
of brain metastases (BM) was largely a matter of guesswork 
because the tumors could not be visualized. A patient 
with cancer who developed clinical signs of brain disease 
could be treated with whole brain radiotherapy (WBRT), 
which would affect any metastasis within the brain. With 
the introduction of CT and, in particular, MRI tumors could 
be seen, and treatment could be focused against them. 
Treatment modalities include surgical removal, stereotactic 
radiosurgery, whole brain radiotherapy, and more recently 
targeted pharmacological treatments. Any treatment 
is made against the background that it will be palliative 
and not therapeutic. So, quality of life is even more than 
usually important. This includes making the treatment 
time as short as possible, without compromising on the 
quality of the treatment. It must be noted that the survival 
of patients with BM left untreated is around five weeks.1

Brain Metastases—Accumulated number of patients treated worldwide since 1968*

Each year, approximately 40,000 patients worldwide 
receive GKRS for the treatment of BM.*
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the brief life expectancy of the untreated disease, the life 
expectancy following GKRS varies from several months 
to more than one year.6,16,19 Moreover, recent studies 
confirm that survival is most often not determined by 
the BM but by the systemic, extracranial disease.20,21

In the Clinic
The nature of BM means that referral MRIs must be 
recent and post treatment MRIs must be frequent. It is 
known that tumors can increase in number and size from 
referral to the day of treatment22,23—something for which 
the surgeon must be prepared. In the past there were 
few recommendations on follow-up frequency but more 
recently an MRI every three months has been increasingly 
recommended.17,24-28 These frequent follow-ups permit 
more accurate assessment of tumor response and enable 
early detection of radiation injury to surrounding brain 
tissue after GKRS, though this is very unusual.29-31 More 
frequently, many tumors swell after the treatment due 
to radionecrosis. Therefore, this needs to be distinguished 
from true progression. This is a major consideration and a 
variety of methods have been suggested, none of which 
have proven to be ideal and thus accepted by the majority 
of users. However, the search continues. PET scans have 
been used in the past, but the equipment is not universally 
available and the technique is time-consuming and 
expensive.32 There are two currently advocated techniques 
which involve special MRI techniques that reduce the 
cost and increase the availability of this analysis.33,34 

Recent Advances
With ever-improving design and features, GKRS has the ability 
to treat larger and more numerous BM with a frame or a mask, 
depending on the patient’s condition and preference. It also 
permits fractionation, thereby increasing the size of treatable 
BM. Further technology advancements include Leksell 
Gamma Knife® Lightning, which optimizes dose to targets at 
a very high speed and with a highly efficient beam-on-time 
penalization. This results in expertly built plans in less than a 
minute and significant savings in the duration of treatment.

Conclusion
GKRS treats the great majority of BM without the trauma 
of open surgery and without the risks to mental function 
associated with WBRT. It extends the life expectancy and 
quality of life from a few weeks to a few months or even 
a year or more. The time away from home is minimal at a 
time when every day is crucial, and new targeted therapies 
can be combined with GKRS to produce even better results.
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