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1. Introduction  

Brachytherapy for the treatment of brain tumors has a very long history and for selected 

indications still represents a safe, minimally invasive and effective local treatment option, 

offered by specialized centers. In the following chapter we review stereotactic 

brachytherapy (SBT) for brain tumors, including the history, physical aspects, surgical 

procedure, and indications, which are introduced and discussed in the context of the 

available literature.  

2. History of brachytherapy for brain tumors 

In 1901, on Pierre Curie´s suggestion, Danlos inserted a radium isotope directly into a 

tumor. This is the first known use of interstitial irradiation, and was published later in 1905 

in Journal de la Physiothérapie (Bernstein & Gutin, 1981; Danlos, 1905).  

Around the same time, in 1908 Horsley and Clarke introduced a 3D targeting stereotaxis 

apparatus to study a monkey’s brain (Horsley & Clarke, 1908). The development of 

stereotactic techniques had begun. The first use of this apparatus in humans was performed 

in 1918 by Mussen (Picard et al., 1983). This technique allowed precise targeting of brain 

structures for neurosurgical purposes.  

The first implantation of a radioactive source into a structure of the CNS, more precisely 

into a tumor of the pituitary gland, was described by Hirsch in 1912 (Hirsch et al., 1912). 

Two years later, in 1914, Frazier reported for the first time the implantation of radioactive 

material into glioma (Frazier, 1920).  

Further development of this technology took place in the 1930s by introducing new 

techniques to improve accuracy in dosimetry for multiple implants (Patterson, 1934). 

In the 1950's stereotactic guidance for the implantation of radioactive sources was used to 

precisely treat inoperable brain tumors. (Mundinger et al., 1956; Talairach et al., 1955)  

In the 1970-80s implementing image-guided stereotactic surgery continuously improved the 

preciseness of placing the radioactive material into (malignant) brain tumors (McDermott et 

al., 1998).  
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Since then, multiple studies have been published for the treatment of various intrinsic brain 
tumors, establishing (stereotactic) brachytherapy as a safe, minimally invasive, and effective 
neurosurgical technique for selected indications.  

3. Physical aspects  

Most frequently, Iodine-125-seeds (I-125) are used for stereotactic brachytherapy in brain 
tumors. Among a variety of possible radioactive sources used for brachytherapy, seeds 
containing I-125 are preferred for several reasons. 

i. The energy of the emitted -rays (35.5 keV) and characteristic X-rays (27.2 – 31.7 keV) 
during the decay of I-125 is low (National Nuclear Data Center). This is advantageous, 
since such low energy photons are strongly absorbed in brain tissue (half-value layer: 2 
cm) (Hubbell and Seltzer), yielding very high dose values inside the tumor, but 
additionally sparing surrounding healthy tissue. Thus the resulting dose gradient in 
brachytherapy with I-125-seeds is superior compared to stereotactic radiosurgery with 
external photon beams. 
Furthermore, radiation emitted by I-125 is strongly absorbed in cortical bone (half-value 
layer: 3 mm) and can easily be shielded with lead (half-value layer: 0.02 mm). Thus 
radiation exposure of the patient’s family and health care staff can be kept low. 

ii. The half-life of I-125 is rather long, 59.4 days (National Nuclear Data Center); hence the 
dose rate decreases by only 1.16% per day during irradiation. This allows extension of 
irradiation times to several weeks or longer, with only slowly decreasing dose rates. For 
example, a total dose of 60 Gy accumulated in 42 days equals a dose rate of as high as 
1.8 Gy/day at the beginning and still 1.1 Gy/day at the end of treatment. Long-term 
irradiation regiments appear favorable, especially for slow-growing tumors.  

iii. I-125-seeds of different type and source strength are readily available on the market 
(Heintz et al., 2001). The option to select seeds with activities ranging from 0.5 mCi – 10 
mCi is a prerequisite for creating conformal treatment plans for brain tumors with a low 
number of seed-catheters. In fact, with I-125-seeds highly conformal treatment plans 
with conformity indices ranging from 48% – 79% (mean 70%) can be created for brain 
tumors by applying as few as 1 – 3 catheters (mean 1.8) and 1 – 6 seeds per catheter 
(mean 2.4) (Treuer et al., 2005). Implanting a low number of catheters in the brain 
minimizes the operative risks of bleeding and infections, and reduces operation time, 
and thus problems due to brain shift (Hunsche et al., 2009). 

The use of seeds with radio-opaque markers (such as Model 6711, Amersham Health) 
facilitates accurate intra-operative stereotactic localization of the seeds with X-rays or 
CT (Treuer et al., 2004). Thus the actual seed location during implantation can be 
determined and compared with the planned position. An accuracy of 1.5 mm in 
positioning of I-125-seeds was shown to be required in order to not inadequately 
compromise dose conformity (Treuer et al., 2005). With stereotactic guidance techniques 
such an accuracy requirement can be met. 

Unlike other isotopes with low quantum energy, the dosimetry of I-125-seeds appears 
to be well understood. The main principles of the dosimetry of interstitial 
brachytherapy sources were defined in the report of the Task Group 43 of the American 
Association of Physicists in Medicine (AAPM) in 1995 (Nath et al., 1995). Recent 
recommendations of the AAPM, especially for the Amersham Model 6711 I-125-seed, 
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state that “changes in delivered dose from the introduction of the Model 6711 seed to 
the present have been less than 0.5% and can safely be ignored” (Willimson et al., 2005). 
The value of accurate and common standards in dosimetry is obvious. 

4. Surgical procedure  

The radioactive seed(s) can be implanted in different ways. Some authors describe the 
placement of seeds without stereotactic guidance (“free hand”) into the tumor or the cavity 
after microsurgical debulking of the tumor. This procedure has been described for 
metastasis and gliomas (Fernandez et al., 1995; Halligan et al., 1996; Patel et al., 2000; 
Schulder et al., 1997; Zamorano et al., 1992). This procedure, however, makes calculation of 
the dose distribution in the tissue very challenging, because seed location might shift over 
time when the resection cavity is changing its configuration. Furthermore, a later calculation 
of the prescribed dose might also be challenging. 

To date, the majority of groups place the seed(s) using stereotactic guidance. For this 
procedure a stereotactic computed tomography (CT) compatible frame is adjusted on the 
patient’s head after inducing general or local anesthesia (Fig. 1a). We use both CT and 
magnetic resonance imaging (MRI) for the planning procedure: CT-imaging has the 
advantage of being less susceptible to distortions, while MR imaging provides better 
structural resolution of brain and tumor tissue. After CT imaging using a stereotactic 
localizer, CT scans are fused with MR images. Depending on the planning software, image 
fusion can be performed either automatically or by using anatomical landmarks (i.e. vessels) 
(Fig. 2a, CT scan; Fig 2b, MRI T1 weighed contrast). In some cases functional imaging such 
as functional MRI (fMRI) and/or positron emission tomography (PET) imaging can be 
added (C-11-methionine, F-18-FET, F-18-FDG). 

The next step is defining the target volume. Using MR (T2-, T1 contrast-, and in some cases 
FLAIR-weighed images), CT as well as - in specific cases - PET imaging, the visible margins 
of the tumor are outlined manually (Fig. 2c). The objective of radiation treatment planning 
for brain tumors is always to determine a seed configuration with as few seed catheters as 
possible (to minimize operative risk) and to achieve an optimal conformation of the 
therapeutic isodose with respect to the surface of the target volume (Treuer et al., 2005). 
Inverse treatment planning is used. The desired surface dose, implantation time, and 
trephination point(s) are selected manually and a seed configuration yielding optimal 
coverage of the tumor with the prescribed dose is calculated automatically by minimization 
of an appropriate objective function (Bauer-Kirpes et al., 1988) (Fig. 4).  

In the operation room, the stereotactic arc is adjusted on a phantom according to the 
calculated coordinates, and then mounted on the patient’s stereotactic frame.  

The 125Iodine seeds (Amersham Buchler GmbH & CoKG, Braunschweig, Germany) are 
introduced into celcon nylon or silicon catheters (Best Industries Inc., Springfield, VA, USA 
/ Phoenix-Biomedical Corp., Ontario, Canada; Fig. 1b, c). After skin incision and placement 
of an 8 mm burr hole, the catheters are inserted into the tumor (Fig. 1d). In case histology is 
requested, a stereotactic biopsy can be taken and evaluated during the operation. To ensure 
correct placement of the seed(s) intraoperatively we perform X-ray imaging in two planes 
(anterior/posterior and lateral) with a stationary stereotactic X-ray source, and match these 
images with images of the calculated trajectory (Fig. 3a, b).  
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Fig. 1. Steps involved in stereotactic brachytherapy. a) Stereotactic frame with localizer. b) 
Iodine-125 seed compared to a coffee bean. c) The first catheter is placed stereotactically in the target 
volume (above). The second catheter is filled with the calculated seed(s) (middle) which are fixed by 
insertion of a thin tube (below) and then placed in the first catheter. d) Operative setting with the 
stereotactic frame, the stereotactic arc and the inserted seed catheter.  

a 

d 

c 

b
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Fig. 2. Image fusion of CT and MRI scans. a) CT image; b) MRI image. c) The blue dotted 
line represents the manually outlined tumor margin.  

 

 

Fig. 3. The stereotactic treatment plan. a) Positioning of the catheters and seeds, which is 
then compared with b) the two plane X-ray images performed after final placement of the 
seeds-catheters by over-laying.  

a b

a 

b 
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Fig. 4. An irradiation plan of an anaplastic astrocytoma WHO III in the left central sulcus area 
(see also case report in Fig. 5). Isodose lines are displayed on MR T1 weighed contrast enhanced images 
in a) sagital, and c-f) axial orientation. The dark blue dotted line represents the manually outlined tumor 
surface, the green line represents the 50 Gy isodose, the red line the 65 Gy isodose and yellow the 200 Gy 
isodose line. b) The straight red line in a) shows the simulated catheter containing the I-125 seeds. 
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Compared to intraoperative CT or MRI scanning used by some groups to monitor laser 
thermal therapy or placement of DBS electrodes, this technique does not require movement 
of the patient or a time-consuming imaging session. Furthermore, it is comparatively fast, 
repeatable, and even allows monitoring of the (re-)positioning of the catheters containing 
the I-125 seeds with high precision and with a comparatively low radiation burden for the 
patient (Treuer et al., 2005, Ruge et al, 2011a;b;c;d). For stabilization, the catheters are fixed 
within the burr hole using bone cement. In addition, the catheter tip, protruding out of the 
cement by approximately 3-5 mm, is fixed with a vessel clip to further avoid displacement.  

In the rare cases of intraoperatively detected incorrect placement of the implanted seeds, we 
primarily revise the catheter position. If this revision is not satisfactory, the isodose plan is 
recalculated and the irradiation time adjusted accordingly.  

Finally, the emitted radiation is measured at 1 m and 2 m distances from the patent’s head. 
In cases where the dose rate exceeds 2 µSv/h at 1 m distance, the patient has to temporarily 
wear a lead cap (Voges et al., 1999). 

The duration of the surgical procedure is usually between 40 minutes and 1.5 hours, 
depending on the number of catheters used. The patient’s hospital stay varies between 3–5 
days.  

Seed catheters if implanted temporarily are removed under local anesthesia by removing 
the vessel clip and extracting the catheter, leaving the cement within the burr hole. This 
procedure requires a hospital stay of one day in most cases. At this time every patient 
receives a follow-up MRI using the same imaging protocol as in the SBT planning to ensure 
comparability. 

5. Indications for Stereotactic Brachytherapy (SBT) 

SBT was initially considered to be indicated for patients with a circumscribed tumor with a 
maximum diameter of 5 cm on CT or MRI scans. Based on available risk analysis (Kreth et al., 
1997), the treatment is now widely restricted to well circumscribed tumors with a diameter not 
larger than 4 cm. Kreth et al. demonstrated that beyond a cut-off of approximately 3.5 cm 
tumor diameter (or a tumor volume of 22.4 ml) radiogenic complications increase 
exponentially (Kreth et al., 1997). Furthermore, the volume of the high dose irradiation zone 
(200 Gy isodose) also correlates directly with radiation induced tissue damage.  

Patients with non-circumscribed (diffuse) tumors, or with tumors of the corpus callosum, 
hypothalamus, fornices, or optical system (optical nerve, chiasm) are not considered suitable 
for this treatment. 

Among the variety of intracranial neoplasms, data from larger series exist for intracranial 
gliomas and metastatic brain tumors. Therefore, indication for brachytherapy should focus 
on these entities, while application of brachytherapy for other, rare indications, which are 
only mentioned briefly, should be carefully considered.  

5.1 SBT for high-grade gliomas (WHO III & IV) 

Malignant gliomas are non-curable intrinsic tumors of the central nervous system with a 
rate of almost 100% recurrence and intracranial spread. Despite improvements in different 
therapeutic modalities, glioblastoma still bear an overall survival rate of 12-15 months (Oertel 
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et al., 2005; Salcman, 2001). On MRI/CT scans they usually present as a heterogeneously 
contrast enhancing lesion with central necrosis. With respect to treatment, radiotherapy has 
turned out to have the biggest impact on tumor control, time to progression, and overall 
survival in patients with malignant gliomas (Walker et al., 1978; 1980). To date, a multimodal 
approach has shown prolonged overall survival and improved quality of life (Brem et al., 
1995; Stupp et al., 2005).  

The extent of surgical removal of the contrast-enhancing mass has been correlated with 
improved overall survival (Stummer et al., 2006). However, surgical treatment is frequently 
limited due to the location and extension of the tumor into eloquent brain areas.  

For deep-seated, non-resectable tumors, brachytherapy may theoretically be an interesting 
treatment alternative, affording low surgical risk and limited, local application of an 
effective radiation dose (Fig. 5). However, the fact that these tumors show highly invasive 
behavior limits this theoretically attractive approach.  

Several larger studies were published predominantly in the 1980s and 1990s on 
brachytherapy for malignant gliomas as a primary treatment modality, or in combination 
with surgical removal, external beam radiation therapy (EBRT) and chemotherapy 
(Fermandez et al., 1995; Gutin et al., 1991; Kreth et al., 1994; Malkin et al., 1994; Scharfen et 
al., 1992; Sneed et al., 1998; Videtic et al., 2001; Wen et al., 1994; Zamorano et al., 1992). After 
thorough analysis, these studies have failed to show significant benefits in terms of time to 
progression (TTP) or overall survival (OS) in these patients, including patients in two 
randomized controlled trials (Laperriere et al., 1998; Selker et al., 2002). Furthermore, a 
relevant number of radiation-induced necroses requiring subsequent surgical resection were 
described, which is attributed to the predominantly high activity/high dose rate 
implantation regimens chosen due to the high proliferation rate of these tumors.  

Notably, all these data were retrieved in an era prior to temozolomide, and were frequently 
based on CT rather than MRI findings, a fact that may further compound the derived 
conclusions. In the light of more recent data demonstrating the efficacy of surgery and 
radio-chemotherapy, brachytherapy for newly diagnosed malignant glioma does not 
represent a standard therapy and should not be favored over standard therapy. There is also 
no recent evidence supporting a combined approach with brachytherapy after surgical 
resection and in combination with EBRT.  

Novel approaches combining brachytherapy with EBRT and chemotherapy for deep-seated, 
non-respectable tumors as a first line treatment are under clinical investigation, but data are 
not available yet. 

As mentioned above, malignant gliomas show extremely high recurrence rates despite 
intensive and combined therapy. Therefore, the first studies on brachytherapy for 
intracranial tumors were performed on recurrent gliomas. In this particular setting, a series 
of permanent or temporary implants with different dose rates were reported to have 
variable outcomes in terms of overall survival and progression free survival (Gutin et al., 
1984; 1987; Halligan et al., 1996; Julow et al., 2007; Kitchen et al., 1994; Larson et al., 2004; 
Patel et al., 2000; Ryken et al., 1994; Tselis et al., 2007). The published studies showed no 
evidence for a significant benefit from brachytherapy in recurrent glioblastoma, although 
probably a subset of patients may benefit from this treatment. Nevertheless, the method still 
may be applied as a salvage option in selected patients.  
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Fig. 5. MRI of a patient with anaplastic astrocytoma WHO III. MRI scans of an 41 year old 
patient diagnosed by stereotactic biopsy with an anaplastic astrocytoma WHO III in September 2008; 
a) T1- with contrast, b) T2-weighed images. According to our protocol he underwent stereotactic 
brachytherapy (I-125, 50 Gy cumulative tumor surface dose, permanent implantation) followed by 25 
Gy EBRT boost. c, d) Follow-up MRI shows partial response of the tumor two years later. The 
patient’s initial paresis of the right hand resolved completely. 

MRI 9/2008 

MRI 9/2011 

a

b
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5.2 SBT for low-grade gliomas (WHO I & II) 

Considerable data exist for brachytherapeutic treatment of low-grade gliomas (WHO I 
pilocytic astrocytomas, WHO II astrocytomas, oligoastrocystomas and oligodendrogliomas), 
both in children and adults (Julow et al., 2007; Korinthenberg et al., 2010; Kreth et al., 1995; 
2006; Mehrkens et al., 2004; Mundinger et al., 1991; Ostertag et al., 1993; Ruge et al., 2011a; 
Schatz et al., 1994; Suchorska et al., 2011).  

The biology if these tumors diverges from malignant gliomas, with a much lower proliferation 

index and cellular density. They may occur in a diffuse manner, but are frequently diagnosed 

as rather well delineated, circumscribed lesions usually lacking contrast enhancement. For the 

latter form, brachytherapy has been applied in a large number of patients.  

The role of surgery for these tumor remains to be clarified, although the tendency is a 
positive impact of gross total resection upon overall survival and time to progression 
(Frappaz et al., 2002; Nunez et al., 2009; Sanai et al., 2008).  

The theoretical background for brachytherapy in low-grade gliomas is different from that in 
malignant gliomas. In accordance with the low proliferation index and presumed co-
existence of still functioning healthy brain tissue within the tumor, most stereotactic 
neurosurgeons used low activity implants, either temporary or permanent, which also 
resulted in very low dose rates.  

The reported 5- and 10-year survival rates ranged from 61% and 51% for grade II (with the 
exception of gemistocytic gliomas) up to 85% and 83% for pilocytic gliomas (Kreth et al., 
1995; Ruge et al, 2011a; Suchorska et al, 2011). These data represent an at least equal 
outcome compared to other frequently used therapies such as surgery and EBRT (Rock, 
1999). Furthermore, procedure-related risk is low (<5%), and long and short-term 
complications of brachytherapy using low dose rate implants are lower than those 
associated with tumor resection and/or EBRT (Kreth et al., 1995; Sarkaria et al., 1995; 
Shrieve et al., 1995).  

Important to point out is the fact that SBT can be successfully combined with up-front 
neurosurgical partial resection of safely accessible portions of the tumor (Ruge et al., 2011a; 
Schnell et al., 2008; Suchorska et al., 2011).  

As a consequence, according to data, brachytherapy may represent an adequate treatment 
option for WHO I & II gliomas. However, all these data were retrieved from retrospective 
analyses and large, controlled prospective trials are still lacking.  

Pilocytic astrocytomas (WHO I) are the most benign lesions among intrinsic brain tumors. 
They most frequently occur in children and may be cured by total surgical removal. The 
underlying reason for this is their limited invasion into surrounding nervous tissue, which 
makes even histologically complete removal possible. Therefore in these tumors surgery is 
still considered the treatment of choice in cases where complete removal can be performed 
without impairment for the patient (Burkhard et al., 2003; Kayama, 1996; Morreale et al., 
1997). As might be expected, incomplete resection reduced overall survival and time to 
progression significantly (Morreale et al., 1997). 

However, pilocytic astrocytomas frequently occur in deep-seated locations adjacent to vital 
nervous structures, which can make removal of these tumors extremely dangerous or even 
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impossible. In such cases, brachytherapy may be an effective and safe treatment option, 
especially due to the histological setting mentioned above. Two recent studies of a large 
series of children treated with SBT for pilocytic astrocytoma reported five-year progression 
free survival of 91% and 92% (Korinthenberg et al., 2011; Ruge et al., 2011a). Treatment-
related complications were as low as 5.4% (Ruge et al, 2011a). For extensive pilocytic 
astrocytomas, combined treatment approaches using surgery and brachytherapy have been 
used and are under clinical investigation (Peraud et al., 2007; Ruge et al., 2011a).  

Again, it should be mentioned that these data concerning grade I gliomas are also 
retrospective, and there is no collected evidence based on prospective, controlled trials.  

In summary, to date there is no evidence that patients with malignant gliomas benefit from 
brachytherapy, and this treatment should not be considered a first line option. However, all 
data were retrieved in an era before temozolomide, and molecular markers were available. 
Therefore, a subset of patients may still benefit from brachytherapy, and they need to be 
defined in future trials.  

To a similar extent, data on low-grade gliomas have to be interpreted carefully, since no 
prospective controlled trials have been carried out, and data derives exclusively from 
retrospective studies. Nevertheless, time to progression and overall survival were equal or 
even superior to other treatment modalities, with a lower level of treatment-related 
morbidity and mortality, and shortened hospital stay. Furthermore, the use of SBT does not 
limit the use of EBRT in cases of tumor progression or relapse.  

5.3 SBT for metastatic disease 

Apart from intrinsic brain tumors, brachytherapy has been used as an adjuvant treatment 
modality for metastatic brain tumors. Although there are more, high level data concerning 
the primary treatment of brain metastasis (i.e. EBRT, radiosurgery, surgery), brachytherapy 
may be a treatment option for recurrent or de novo metastasis that cannot be treated by 
evidence-based conventional modalities.  

In these cases it has been shown that brachytherapy may lead to good local tumor control 
with low morbidity and no treatment related mortality. Furthermore, due to the low 
surgical burden the procedure may even be performed on patients in a generally reduced 
condition as a salvage treatment (Bogart et al., 1999; Kreth et al., 1995; Ostertag et al., 1995; 
Ruge et al, 2011c). Furthermore, SBT allows histological diagnosis within the same surgical 
procedure, which is useful in newly occurring cerebral lesions without a proven systemic 
tumor, so-called CUP syndrome (CUP, cancer of unknown primary) or in cases of new or 
progressive local tissue changes after stereotactic radiosugery (Ruge et al., 2011b)  

In summary, defining a selection of patients who may benefit from brachytherapy will 
remain one of the most challenging tasks. In this context, brachytherapy may represent a 
useful tool in children and adults with deep-seated and non-resectionable WHO I and II 
tumors, as well as in patients with cerebral metastatic tumors in limited numbers, which are 
not amenable to other therapies (salvage treatment).  

Only for low-grade gliomas WHO I and II, as well as metastatic brain tumors is there 
substantial evidence for a beneficial effect in terms of time to progression and overall 
survival. However, also for these populations lager, prospective, randomized and controlled 
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trials are still lacking, thus available data remain limited in their message due to their 
retrospective nature.  

5.4 Rare indications 

The use of brachytherapy has been reported in atypical meningeomas, pineal gland tumors 
and medulloblastomas (Maarouf et al., 2010; El Majdoub et al., 2011; von Hoff et al., 2009; 
Ware et al., 2004). 

For meningeomas, besides surgical removal, radio-surgery has gained considerable 
importance over the past few decades. In the light of technical advances in radiosurgical 
devices and more widespread availability, brachytherapy does not play a role in the 
management of intracranial meningeomas. 

For medulloblastoma, a highly malignant tumor entity that primarily occurs in children, 
brachytherapy may only have its place as a salvage option due to the aggressively spreading 
nature of these tumors. There are no data showing any superiority of brachytherapy over 
evidence-based approaches such as surgery followed by radiation and chemotherapy.  

6. Conclusion 

SBT represents a safe, minimally invasive and highly effective local treatment concept 
always aiming for the treatment of the entire tumor. It can be repeated and does not hinder 
or limit the use of EBRT in cases of further tumor progression. The possibility of combining 
SBT with partial tumor resection represents a feasible concept that has already been 
described in a subsets of patients. To further establish SBT as a ubiquitously available local 
treatment concept equal to open microneurosurgery or stereotactic radiosurgery, 
prospective randomized trials, especially for low-grade gliomas, are warranted.  
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