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ABSTRACT 

 

Background 

Management of brain metastases includes approaches such as fractionated whole brain radiotherapy and 

single fraction stereotactic radiosurgery.  Focal, fractionated radiotherapy given alone or in conjunction 

with whole brain radiotherapy is a potential alternative to radiosurgery that has been explored in the 

medical literature.   Such fractionation carries theoretical radiobiologic advantages by exploiting cell 

reassortment and reoxygenation.  Integration of image-guided radiation therapy and intensity-modulated 

radiation therapy can provide an accurate, precise, and conformal treatment platform to provide 

radiosurgery-like dose escalation without the use of invasive stereotactic fixation devices.  The use of the 

simultaneous in-field radiotherapy technique integrating whole brain radiotherapy with contemporaneous 

treatment of the boost volume can yield important planning and treatment efficiencies.   At the same time, 

the relative efficacy of fractionated lesional boosts compared to other forms of lesional treatment 

intensification is unclear.  

 

Methods 

The aim of this systematic review is to determine the clinical benefits and toxicity related to fractionated 

focal brain radiotherapy for lesional dose escalation in accordance with PRISMA guidelines.   

 

Results 

Review of the literature for lesional dose escalation, with or without sequential/integrated WBRT, 

suggests the potential for important clinical benefits including overall survival, local control and 

acceptable toxicity.  In general, such approaches provide clinical benefits competitive with traditional 

radiosurgery approaches, provided that adequate BEDs are used.   

 

Conclusions 

However, given the heterogeneity associated with these reports as well as the retrospective nature of most 

of the published literature, no firm conclusions regarding the clinical indications of such therapy over 

traditional SRS or WBRT techniques can be made at this time. 
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INTRODUCTION 

 

 Extensive literature of clinical trials and single institutional reports have informed the 

management of brain metastases in terms of the utility of various interventions including: whole brain 

radiotherapy (WBRT), stereotactic radiosurgery (SRS), and neurosurgical resection [1–3]. The use of 

aggressive therapies such as SRS and neurosurgical resection are typically reserved for patients with good 

performance status, controlled extracranial cancer, and oligometastatic brain disease [4, 5]. These 

treatments are employed in various sequences and combinations to provide clinical benefits such as 

symptom palliation, brain lesion control, neurological function stabilization or improvement, and 

improved overall survival [6]. 

 

 The clinical indications and procedures related to the use of SRS have been presented in the 

medical literature [3, 7]. One pivotal randomized controlled trial conducted by the Radiation Therapy 

Oncology Group (RTOG 9502), randomized 333 oligometastatic brain patients (one to three metastases 

with a maximum size of 4 cm) to WBRT alone (37.5 Gy/15 fractions) versus the same WBRT regimen 

followed by a SRS boost of 18–24 Gy (depending on lesion size) delivered as a single fraction [8]. 

WBRT plus SRS patients were found to have improved performance status and lesion control with an 

overall survival benefit observed in the solitary metastatic disease subgroup. Subsequent investigations 

and clinical trials have questioned the utility of the WBRT component of the combined WBRT/SRS 

treatment [9–11]. 

 

 Radiosurgery is a common technique for intensifying doses to focal metastases, either alone or 

following WBRT as adjuvant or salvage treatment. Traditional single-fraction SRS technique has 

potential disadvantages including: invasive fixation (depending on the SRS system used), lack of 

radiobiological exploitation of reassortment/reoxygenation, extended treatment time required (if treating 

multiple metastases), and specialized facilities and staff required for successful SRS planning and 

delivery [12]. The recent introduction of image-guided radiation therapy (IGRT) with highly conformal 

radiation therapy planning techniques (e.g., intensity-modulated radiation therapy and stereotactic 

ablative radiotherapy) has led to the development of minimally or non-invasive fractionated radiotherapy 

techniques. Similar to traditional SRS treatments, these newer technologies have allowed for the 

successful attainment of important radiation treatment goals including: optimal target coverage, normal 

brain tissue sparing, treatment of larger lesion volumes, and precision delivery [13]. Additionally, use of 

an IGRT-equipped linear accelerator system has the potential advantage of treating brain metastases 

concurrently with larger microscopic at-risk volumes (such as the whole brain) using a simultaneous 
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in-field boost (SIB) technique [12]. This form of SIB treatment may have important impacts on planning 

optimization, treatment efficiency, and treatment utilization if therapeutic equivalence to traditional SRS 

boosts can be demonstrated. 

 

 The aim of this systematic review is to determine the benefits and toxicity of fractionated focal 

brain radiotherapy for lesional dose escalation. Various radiotherapy treatment scenarios will be reviewed 

and will include both fractionated radiotherapy to the lesion alone without WBRT and fractionated 

treatment to WBRT with lesional boost. Investigations assessing altered fractionation WBRT without 

lesional boost will not be evaluated as part of this systematic review. 

 

METHODS AND MATERIALS 

 

Review questions 

 

 1. What are the survival, lesional control, and toxicity characteristics associated with 

  fractionated radiotherapy (with or without whole brain radiation) for the treatment of 

  brain metastases? 

 

 2.  How does fractionated radiation therapy compare to important control groups (e.g., 

  whole brain radiation therapy alone and SRS) in terms of survival, lesional control, and 

  toxicity? 

 

Literature search 

 

 A literature search was performed to identify published articles pertaining to the delivery of 

high-dose, fractionated radiotherapy for the treatment of brain metastases in adult populations in 

accordance with PRISMA guidelines [14]. The search was not restricted to English-only publications, 

however, those not in English had to be in a language easily translatable (i.e., through Google Translate), 

and have interpretable English abstracts, tables, and figures. The search was limited to articles published 

in PUBMED between 1 January 1985 and 14 February 2012. Potential articles were identified using a set 

of MeSH headings: 

 

 “brain neoplasms/secondary [MeSH]” AND “radiotherapy[MeSH]” AND “humans[MeSH]” 

 and “adult [MeSH]” NOT “phantoms, imaging[MeSH]” NOT “case reports[Publication Type]”. 
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 To capture articles not indexed with MeSH headings, a search was performed on a set of 

keywords appearing in either the title and/or abstract (TIAB) of potential articles:  

 

 {(“radiotherapy[TIAB] OR radiation[TIAB]”) AND “brain[TIAB]” AND (“metast*[TIAB]” 

 OR “oligometast*[TIAB]”) NOT “phantoms, imaging[MeSH]” NOT “case reports[Publication 

 Type]” NOT “prophylactic cranial irradiation[TIAB]”} AND {(“whole brain[TIAB]” AND 

 “boost[TIAB]”) OR (“radiosurgery[TIAB]” AND “fraction* or hypofraction*[TIAB]”) OR 

 (“radiotherapy[TIAB]” AND “fraction* or hypofraction*[TIAB]”)}. 

 

 Exclusion criteria that were applied to the eligible articles included: WBRT with no local or 

simultaneous boost, single-fraction radiotherapy (“radiosurgery”), extracranial radiation only, 

radiotherapy to brain glioma and/or arteriovenous malformations (no patients with brain metastases), 

radiotherapy to pediatric populations (<18 years), prophylactic cranial irradiation (PCI), interstitial 

radiotherapy and/ or brachytherapy, non-human studies (i.e., phantoms), case reports, concurrent 

chemotherapy, no brain metastases (i.e., PCI to stage III lung cancer), and laboratory-based studies 

(i.e., genetic or biochemical). 

 

 Multi-arm studies reporting treatment outcomes for patient groups stratified by radiotherapy 

treatment delivered remained eligible as long as one of the reported treatment arms met the necessary 

inclusion criteria as outlined above. Radiotherapy arms not meeting inclusion criteria were designated 

as “controls.” Articles reporting treatment outcomes of patients receiving partial or subtotal surgical 

resection of brain metastases concurrent with radiotherapy were included provided that they met the 

required inclusion criteria. Abstraction of various patient, tumor, treatment/technical, trial design and 

outcome (survival, lesional control, and toxicity) datafields was performed (see Appendix 1 in the 

Electronic supplementary material (ESM)). Biological equivalent dose (BED) for late (alpha–beta ratio = 

3) and early (alpha–beta ratio = 10) effects were calculated for all reported dose fractionations 

with no adjustment for time factors. 

 

RESULTS 

 

Literature search results 

 

 The search identified 1,192 potentially eligible articles (174 MeSH plus keyword, 772 MeSH 

only, and 246 keyword only). After applying the exclusion criteria, 73 publications remained potentially 

eligible (see Figure 1 for exclusion reasons).  These were further sub-divided into either reviews or 



 100 

meta-analyses or similar (n=29) or original publications (n=47). An additional relevant paper and two 

reviews were found independent assessment of the medical literature, leading to a total of 76 potentially 

eligible articles. After all original publications underwent full data abstraction to ensure final eligibility 

(see Appendix 1 in http://www.springer.com/medicine/oncology/journal/13566), 36 papers were 

confirmed to be relevant to the topic of fractionated brain radiotherapy and were the subject of this 

systematic review. 
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Fractionated RT to metastases excluding WBRT 

 

 Twenty-three publications detailing 26 fractionated radiotherapy retrospective reports between 

1993 and 2011 were identified in Table 1 (http://www.springer.com/medicine/oncology/journal/13566). 

A total of 984 patients were reported with the majority of reports assessing one to four brain metastases. 

All reported fractionation schedules were hypofractionated (delivering >2 Gy/day) in nature. Two reports 

dealt with salvage treatment after WBRT [17, 24]. Four studies reported treatment restricted to patients 

with single-brain metastases. Thirteen publications contained information on comparative cohorts 

including SRS, WBRT, and NSx with WBRT (www.springer.com/medicine/oncology/journal/13566). 

The biologically equivalent dose delivered to lesions in the reports ranged from 24 to 100.8 Gy (acute 

alpha–beta ratio = 10) and 36 to 238 Gy (late alpha–beta ratio = 3). Actuarial overall survival statistics 

were reported for 6 months (range, 57–91 %), 1 year (range, 28–90 %), 2 years (range, 13–54 %), and 

median survival (3 to 25.6 months). Actuarial lesion control statistics were reported for 6 months (range, 

67–97 %), 1 year (59–91 %), and 2 years (45–83 %). 

 

Fractionated RT to metastases including WBRT 

 

 Seventeen publications detailing 24 fractionated radiotherapy lesional boosts with integrated 

WBRT (either simultaneous or sequential) were identified and detailed in Table 2 

(http://www.springer.com/medicine/oncology/journal/13566). A total of 1,056 patients (after removing 

duplicate patient reports) were reported with the majority (22/24) of reports assessing patients treated for 

one to four brain metastases. Six reports detailed SIB cohorts with 18 reporting on traditional sequential 

WBRT followed by lesional boost treatment. Of these 18 sequential WBRT/boost patients, nine cohorts 

assessed daily radiation treatment and nine others assessed twice-daily fractionation. Eight publications 

contained information on comparative cohorts including WBRT and other fSRT cohorts (see Appendix 1 

in http://www.springer.com/medicine/oncology/journal/13566). Lesion biologically effective dose ranged 

from 44 to 118 Gy (acute alpha–beta ratio = 10) and 62.6 to 240 Gy (late alpha–beta ratio = 3). Actuarial 

overall survival statistics were reported for 6 months (range, 37–87 %), 1 year (range, 13–81 %), 2 year 

(one estimate at 39 %), and median survival (3 to 18 months). Actuarial lesion control statistics were 

reported for 6 months (range, 86–100 %) and 1 year (66–86 %). 

 

Lesional biological effective dose and local control 

 

 Six-month local control versus acute (BED10) and late (BED3) lesional dose were depicted in 

Figure 2a, b, respectively. Pearson correlation coefficient was found to be 0.57 (6-month acute BED10) 
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and 0.56 (6-month late BED3). Similarly, 1-year local control versus acute (BED10) and late (BED3) 

lesional dose were depicted in Figure 2c, d, respectively. Pearson correlation coefficient was found to be 

0.62 (1-year acute BED10) and 0.56 (1-year late BED3). 

 

 
 

DISCUSSION 

 

 Our extensive literature review of fractionated radiotherapy for lesional treatment in brain 

metastases yielded 36 papers and 50 individual fractionation cohorts consisting of over 2,000 patients. 

The majority of reports were focused on oligometastatic brain cancer (maximum of four brain metastases) 

with larger lesional numbers and bulky metastases less representative of the reviewed papers. Twenty-one 

reports had comparative groups assessing alternative approaches to management including: WBRT, SRS, 

neurosurgery plus WBRT, fractionated radiotherapy, and WBRT plus fractionated boost (sequential or 

simultaneous) [17, 19, 21, 23, 24, 27–30, 33, 34, 36–38, 40, 42, 44, 46, 48–50]. 
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 This investigation has demonstrated a direct relationship between lesion dose and lesion control 

with moderate correlation with coefficients between 0.56 and 0.62. This finding has been seen in the 

older radiosurgical literature prior to definite randomized controlled trials confirming the role of 

radiosurgery in the treatment of oligometastatic disease of the brain [51]. This finding suggests that 

fractionated radiotherapy techniques may be an acceptable alternative to radiosurgery as long as the 

equivalent dose of radiotherapy delivered to the lesion(s) is sufficiently intense. However, such a 

prospective clinical trial comparison between radiosurgery and fractionated radiotherapy has not been yet 

initiated. 

 

 Another consideration with regards to the therapeutic ratio related to fractionated radiotherapy 

concerns the observed toxicity pattern—particular serious events such as radionecrosis, hospitalization, 

edema, and death. Cumulative review of Tables 1 and 2 for severe toxicity events demonstrates a total of 

45 (3 %) reported events in 1,483 treated patients. This rate compares favorably to reported toxicity rates 

observed radiosurgery arm of the RTOG randomized trial reported by Andrews et al. (1 % acute plus 

3 % late grade 4 toxicity) [8]. In general, earlier studies reviewed utilized partial brain boosts using non-

conformal techniques (simple shielding and limited beam trajectories). Later reports tended to exploit 

stereotactic principles (immobilization with custom mask or relocatable frame systems, treatment with 

multiple non-coplanar arcs or static fields with tertiary collimation).  

 

 For example, RTOG clinical trial 8528 was a randomized phase I/II trial assessing twice daily 

(BID) based brain accelerated radiotherapy with the inclusion of four treatment arms [50] and used a non-

conformal partial brain boost. All 334 patients received WBRT to 32 Gy in 20 fractions BID and were 

allocated to one of four experimental sequential boost arms (16 Gy/10 fractions BID, 22.4 Gy/14 

fractions BID, 32 Gy/20 fractions BID, and 38.4 Gy/24 fractions BID). This clinical trial reported that 

toxicity was similar in all four treatment arms (80 % radiotherapy compliance) and that observed median 

survival improved directly in relation to overall boost dose. A subgroup analysis further explored this 

dataset with respect to the solitary metastases subpopulation, demonstrating that survival was improved in 

patients that received a total dose of 54.4 Gy or higher (cohorts 3 and 4) [40]. A follow-up clinical trial, 

RTOG 9104, compared the 54.4 Gy/40 fractions BID arm of RTOG 8528 to 30 Gy in ten fractions of 

WBRT alone [46]. Although observed toxicities were similar between the two study groups, this 216 

patient trial did not demonstrate any improvement in 1 year or median survival in the dose-escalated and 

accelerated 54.4 Gy arm. In comparison, a prospective phase I study has been published in the recent 

medical literature assessing WBRT (30 Gy/10 fractions) and SIB (35–60 Gy in five successive cohorts) 

treatment for 1–3 mets (≤3.0 cm) using helical tomotherapy [47]. This trial did not detect any dose-

limiting toxicities at any dose level, recommending a dose fractionation of 60 Gy/10 fractions for use in a 
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follow-up phase two multi-institutional clinical trial [52]. Lesional BED for this technique is estimated at 

180 (late alpha–beta = 3) and 96 Gy (acute alpha–beta = 10) and is comparable to the BED associated 

with WBXRT plus traditional radiosurgery boosts (BED=186 (late alpha–beta = 3) and 89 Gy (acute 

alpha–beta = 10) for 30 Gy/10+18 Gy/1) 

 

 Three reports directly compared the two main approaches investigated in this review 

(fractionated lesional radiotherapy only versus WBRT with sequential/integrated boost) [29, 36, 37]. 

Marchetti et al. retrospectively compared 30 Gy/10 fractions WBRT+24 Gy/3 fractions sequential boost 

(n=29) against 24 Gy/3 fractions alone (n=36) using a linear accelerator-based stereotactic system [29]. 

No differences in survival were observed between the cohorts; however, a 45 % absolute difference (65% 

no WBRT versus 20% WBRT plus boost) in distant brain failure at 6 months was noted. Tomita et al. 

retrospectively compared 30 Gy/10 fractions WBRT with 50 Gy/10 fractions SIB (n=7) versus 35 Gy/5 

fractions alone (n=16) delivered with helical tomotherapy technology [36]. No directly statistical 

comparison were provided in this report likely due to the limited sample size; however, the authors 

reported that median survivals for WBRT+SIB and fractionated lesional only radiotherapy alone was 3 

and 5.3 months, respectively. Vargo et al. reported on three cohorts (n=92) of patients: (1) WBRT 30 

Gy/10–15 fractions with median 45 Gy SIB, (2) focal frameless fractionated stereotactic radiotherapy 

median 30 Gy/5 fractions, and (3) WBRT 30–37.5 Gy/10–15 fractions) delivered on a linear accelerator-

based stereotactic system [37]. This non-randomized retrospective study demonstrated statistical 

improvement in overall survival and distant brain control with WBRT+SIB (cohort 1) versus fractionated 

lesional only radiotherapy (cohort 2). 

 

 Several of the identified retrospective studies have assessed fractionated radiotherapy against 

various control cohorts in a quantitative fashion [17–19, 21, 23, 25, 27, 28]. These studies have indicated 

that dose escalated fractionated lesional brain radiotherapy may be associated with favorable overall 

survival, local control, and toxicity outcomes when compared with SRS and WBRT control groups. In 

terms of WBRT plus sequential/integrated boost, two retrospective studies have compared this strategy 

versus WBRT alone [42, 49]. Hoskin et al. retrospectively compared 35 Gy/15 fractions WBRT+15 Gy/8 

fractions boost (n=50) versus 35 Gy/15 fractions alone (n=114) [42]. No advantage in terms of local 

control or survival was detected with higher dose therapy. Rodrigus et al. retrospectively compared 

30 Gy/10 fractions WBRT+15 Gy/5 fractions fractionated boost (n=62) versus WBRT alone (20–30 

Gy/5–10 fractions, n=188) in an exclusively non-small cell lung cancer population [49]. Use of 

radiotherapy boost was found to improve median survival from 2.2 (20 Gy/5 fractions) and 3.7 (30 Gy/10 

fractions) to 8.0 months (p=0.001). 
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 The literature is heterogeneous with regards to patient (demographics), tumor (number of 

metastases, lesion size, and histology), and treatment characteristics (dose/fractionation/volume, 

treatment planning and delivery platform, and immobilization system). Due to this heterogeneity, 

reported overall survival and lesional control outcome estimates vary widely between reports. Most 

available information is from single institutional retrospective cohort reports, with four notable 

prospective reports of three clinical trials [40, 46, 47, 50]. Although many of the retrospective cohort 

studies reported on experimental and control cohorts (whole brain radiation therapy, radiosurgery, or 

neurosurgery), none of these retrospective cohorts utilized matching procedures to minimize potential 

bias. Additionally, such retrospective cohort studies are routinely subject to selection biases that can 

artificially inflate the observed benefits of treatment. 

 

 Notwithstanding these limitations of the literature with regards to fractionated brain lesion 

radiotherapy, several conclusions/recommendations can be suggested based on review of the current 

literature: 

 

 1.  Fractionated radiation therapy (with or without WBRT) is associated with good lesion 

  control with acceptable levels of toxicity and patient survival. 

 

2.  Local control is related to lesional dose and regional brain control is related to the use 

of WBRT. 

 

 3.  The downstream impact of local and regional control on patient survival cannot be 

  determined by the current literature. 

 

 4.  Direct comparison of fractionated radiotherapy versus matched controls groups (whole 

  brain, radiosurgery, and/or neurosurgical) have not typically performed in the literature. 

  Future investigations involving retrospective cohort data should focus on such matched 

  comparisons. 

 

5.  Given the observed survival, local control, and toxicity characteristics associated with 

fractionated radiotherapy, prospective trials comparing this form of radiotherapy to 

appropriate controls (whole brain, radiosurgery, and neurosurgery) should be a major 

focus of future research. 
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 6.  Eligible patients should be encouraged to consider enrollment to available clinical trials 

  (Table 3). 

 
Table 3: Active Clinical Trials Assessing Fractionated Brain Stereotactic Radiotherapy   

     

Location Title N Clinical Trial Arms Primary Outcome 

     

Emory 
University 

Maximum Tolerated Dose 
(MTD) Finding Trial for Whole 
Brain Radiation Therapy 
(WBRT) Using RapidArc 

24 Single arm of volumetric modulated arc 
therapy treated patients with 25Gy/10# 
WBRT with SIB from 45-60Gy/10# 

Number of participants 
with adverse events 

London 
Regional 
Cancer 
Program 
(MI) 

A Phase II Multi-institutional 
Study Assessing Simultaneous 
In-field Boost Helical 
Tomotherapy for 1-3 Brain 
Metastases (TOMO SIB) 

93 Single arm of helical tomotherapy with 
30Gy/10# WBRT with 60Gy/10# SIB 

Overall survival, local 
disease control, and CNS 
disease control 

Essen 
University 
(MI) 

Whole-Brain Radiotherapy 
(WBRT) Versus WBRT and 
Integrated Boost Using Helical 
Tomotherapy for Multiple Brain 
Metastases 

160 Two arms: (1) 30Gy/10# WBRT with 
50Gy/10# SIB vs. (2) WBRT 30Gy/10# 

Time to morphologic 
progression in the brain 
as evidenced on MRI 
(RECIST criteria)  

University of 
Texas 
Southwestern 
Medical 
Center 

Hippocampal-Avoiding Whole 
Brain Irradiation With 
Simultaneous Integrated Boost 
for Treatment of Brain 
Metastases 

102 Single arm of hippocampal-avoiding whole 
brain irradiation with SIB 

Hopkins Verbal Learning 
Test-Revised (HVTL-R) 
at 4 months 

British 
Columbia 
Cancer 
Agency 

Volumetric Modulated Arc 
Therapy (VMAT) for Brain 
Metastases 

60 Single arm of helical tomotherapy with 
20Gy/5# WBRT with 50Gy/5# SIB 

Three-month treatment 
response of metastases 
evaluated using contrast-
enhanced MRI scan of 
brain  

Barretos 
Cancer 
Hospital 

Exclusive Hypofractionated 
Stereotactic Radiotherapy in 
Non-resectable Single Brain 
Metastasis 

10 Single arm of 28Gy/4# to lesions Feasibility 

Stanford 
University 

Phase I/II Study of Fractionated 
Stereotactic Radiosurgery to 
Treat Large Brain Metastases 

120 Single of three fraction fSRT treatment Determination of 
maximum tolerated dose 

 

CONCLUSIONS 

 

 Literature exploring fractionated radiotherapy for lesional dose escalation, either with or without 

sequential/integrated WBRT, suggests the potential for important clinical benefits including overall 

survival, local control and acceptable toxicity. In general, such approaches provide clinical benefits 

(survival or local control) competitive with traditional radiosurgery approaches, provided that adequate 

BEDs are used. However, given the heterogeneity associated with these reports as well as the 

retrospective nature of most of the published literature, no firm conclusions regarding the clinical 

indications of such therapy over traditional SRS or WBRT techniques can be made. Ideally, phase III 

clinical trials (or, less optimally, more robust matched cohorts) comparing fractionated radiotherapy 
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and/or WBRT plus sequential/integrated boost approached against standard of care approaches (SRS, 

WBRT, and neurosurgery plus WBRT) need to be conducted in order to draw robust conclusions. Prior to 

such definitive trials, a new set of prospective trials assessing fractionated stereotactic radiation treatment 

with or without SIB are underway to assist in defining the optimal experimental approaches to compare 

against current standard of care treatments (Table 3). 
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