
 23 

Chapter 2 
 

 

Systematic review of brain metastases prognostic indices 
 

 

Rodrigues G1,2, Bauman G1, Palma D1, Louie AV1, Mocanu J1, Senan S3,  

Lagerwaard F3 

 

 

1. Department of Radiation Oncology, London Regional Cancer Program, London 

 Health Sciences Centre, London, ON, Canada, N6A4L6. 

 

2. Department of Epidemiology and Biostatistics, University of Western Ontario, 

 London, ON, Canada, N6A3K7. 

 

3. Department of Radiation Oncology, VU University Medical Center, de Boelelaan 

 1117, 1081 HV, Amsterdam, The Netherlands. 

 

 

 

 

 

 

 

Practical Radiation Oncology 2013;3:101-106 
 



 24 

ABSTRACT 

 

Purpose  

A variety of prognostic indices for patients with brain metastases have been published in the literature, to 

guide clinical decision-making and clinical trial stratification.  The purpose of this investigation is to 

perform a systematic review of all primary and validation reports of such prognostic systems. An 

assessment of index operating characteristics and misclassification rates was performed to assist in 

highlighting the advantages and disadvantages of competing systems. 

 

Methods and Materials 

A systematic review of the English language literature regarding primary and validation brain metastases 

prognostic indices was performed according to PRISMA guidelines.  Clinical, treatment, statistical, and 

prognostic index classification details were abstracted and organized into tables.  Receiver operator 

characteristic (ROC) curves were created from available Kaplan-Meier curves using a novel digitization 

procedure.  From these curves, various operating characteristics such as positive predictive value (PPV), 

negative predictive value (NPV), accuracy (ACC), likelihood ratio (LR), and area under the curve (AUC) 

were calculated. Additionally, the major misclassification rate (MMR), defined as good or poor risk 

patients misclassified into the opposite group, was calculated for all available ROC curves.  

 

Results 

A total of nine prognostic systems have been published in the medical literature.  In terms of the poor 

prognostic group, observed ranges for PPV (0.25-0.72), NPV (0.72-0.97), ACC (0.57-0.95), LR (1.54-

16.4), AUC (0.64-0.90), and MMR (0.02-0.39).  Similarly, ranges of PPV (0.52-0.96), NPV (0.31-0.77), 

ACC (0.41-0.74), LR (1.69-20), AUC (0.64-0.89), MMR (0.00-0.19) were observed for the good 

prognostic group. 

 

Conclusions 

Operating characteristic and major misclassification analyses of all available prognostic index 

information demonstrated a range of results.  As the ideal prognostic index has not yet been defined, 

further research into alternative approaches is warranted.  Information contained within this report can 

serve as a benchmark for future investigations of existing and proposed prognostic indices.
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INTRODUCTION 

 

 Prognostic indices are commonly utilized in a variety of cancer scenarios in which knowledge 

regarding expected patient prognosis may impact medical decision-making and patient treatment 

selection. Additionally, these indices are routinely used to define criteria for clinical trial eligibility and 

stratification of randomization in order to support the proper design of clinical trials. Well-known 

examples of primary cancer prognostic indices that are commonly employed in the context of clinical 

care include: breast cancer, prostate cancer, lymphomas and germ cell tumours.  Additionally, several 

prognostic indices have been described in regards to patients with brain metastases, which have been 

utilized both in the conduct of clinical trials and patient care [1]. 

 

 Brain metastases are a common manifestation of cancer, and an important cause of patient 

morbidity and mortality. Whole brain radiotherapy (WBRT) is commonly used for palliation, with more 

aggressive therapy reserved for good prognosis patient populations. In favourable-prognosis patients, 

neurosurgical and stereotactic radiosurgical (SRS) approaches can improve overall survival, yet these 

overall survival benefits may not extend to poor-prognosis groups [2-3]. Therefore, a clinical imperative 

of appropriate patient selection into good and poor prognostic groups exists in order to optimize the 

therapeutic ratio between survival and local control versus treatment toxicity, and to minimize risks of 

over- and under-treatment.  To address this need, various brain metastases prognostic indices have been 

described in the literature to support medical decision-making and clinical trials in this patient population 

[4-13]. 

 

 The objective of this systematic review is to assess published prognostic indices for brain 

metastases in terms of patient population composition, statistical methodology, prognostic modeling 

procedures and group definitions, and prognostic classification distribution.  The ability of the indices to 

classify patients into favourable and non-favourable prognostic groups will be assessed by calculation of 

various operating characteristics from the available medical literature.  A comparison of all existing 

prognostic indices will be performed to assess index advantages and disadvantages as well as statistical 

validity. 

 

METHODS AND MATERIALS 

 

Search Strategy 
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 A systematic review of the literature was performed according to PRISMA systematic review 

guidelines (www.prisma-statement.org).  The English-language MEDLINE literature was searched for 

relevant papers between 1966 to December 31, 2011 that met the following inclusion criteria: 

 

 1. Primary reports of brain metastases prognostic classification systems and/or prognostic 

  indices. 

 

 2. Reports providing validation information for these classification systems and/or prognostic 

  indices. 

 

 The following inclusion criteria were applied to identify the final manuscripts to be used for data 

abstraction and analysis: 

 

 1. Studies reporting on generic brain metastases populations, without focusing on specific 

  primary cancer or brain metastases populations (e.g. lung primaries only, solitary  

  metastases). 

 

 2. Studies validating previously published prognostic indices must include at least 200  

  patients, present Kaplan-Meier curves, and document the relative proportions of patients in 

  each class.  These criteria were applied to ensure that the data would assist in the qualitative 

  analysis of prognostic index operating characteristics. 

 

Data Abstraction 

 

 The following information was abstracted from all primary and validation reports: primary author, 

reference, year of publication, number of patients, patient population demographics, treatment, statistical 

methodology, prognostic factors assessed, final model prognostic factors, prognostic index scoring 

system, survival and patient proportion within each class, and study conclusions. 

 

Operating Characteristic Analysis 

 

 For manuscripts to be included in the operating characteristic analysis, all classification groups 

need to be represented in the manuscript.  One paper was excluded from the quantitative operating 

characteristic analysis due to the lack of any patients in the poor prognostic group [14].  In order to create 

receiver operating characteristic curves from eligible primary and validation manuscript, relevant Kaplan-
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Meier curves depicting survival estimates per classification group were imported into Microsoft Excel 

(Microsoft Inc., Redmond WA, USA) using an in-house digitization procedure.  Death events were 

estimated by the product of relative survival at a specific time-point with the total number of patients 

within the class being investigated. 

 

 From the tabular death information, receiver-operating curves for early death (defined as death 

within two months) and late survival (defined as survival after six months) were constructed for the high-

risk (poor prognostic group - PPG) and low-risk (good prognostic group - GPG) prognostic 

classifications, respectively as described by Nieder and Metha [1].  Reported 2-month high-risk and 6-

month low-risk operating characteristics included positive predictive value (PPV, proportion of patients 

in a risk group developing the event of interest – death for high-risk, alive for low-risk), negative 

predictive value (NPV, proportion of patients not in a risk group that do not develop the event of interest), 

accuracy (ACC, proportion of all patients correctly classified), likelihood ratio (LR, related to the value 

of a classification system to change the underlying probability that an event of interest will occur), and 

area under the curve (AUC, estimate of predictive power of the index at all time-points).  A major 

misclassification rate (MMR) was calculated for both 2-month high-risk and 6-month low-risk groups.  

This was defined as the proportion of patients in the high-risk group alive after 6 months or the 

proportion of patients in the low-risk group that died within 2 months. 

 

 A summary of the statistical properties, advantages, and disadvantages of all classification systems 

or prognostic indices was performed.  This was based on the qualitative data abstraction information and 

the quantitative receiver-operator curve analysis of all eligible primary and validation reports.  

 

RESULTS 

 

Literature Search 

 

 A total of 396 records were initially assessed for systematic review eligibility with a total of 59 

articles undergoing full text review (Figure 1).  A total of eighteen studies met all review criteria with a 

total of nine prognostic systems being reported [4-13].  Ten reports were related to the initial description 

of the prognostic index with two overlapping reports for the Disease-Specific Graded Prognostic Index 

(DS-GPA) [11,12].  Seven unique validation studies were identified for inclusion in the systematic review 

database [14-20].  One primary report on the original Graded Prognostic Index (GPA) contained 

validation information on three other indices [8].  A total of 13/17 reports contained Kaplan-Meier and 
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classification distribution information that allowed for operating characteristic calculations, and these 13 

studies were used for analysis. 

 

 
Prognostic Indices 

 

 The nine unique prognostic systems were identified from the medical literature were: the 

Radiation Therapy Oncology Group Recursive Partitioning Analysis (RTOG RPA), the GPA and DS-

GPA, the Rotterdam System (ROTTERDAM), the Score Index of Radiosurgery (SIR), the Basic Score 

for Brain Metastases (BSBM), the Golden Grading System (GGS), and two Rades classifications 

(RADES I and II).  Various parameters (e.g. sample size, source data, details of radiation, and statistical 
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methodology) related to these primary databases are detailed in Table 1.  Data from a total of 12247 

patients (some duplicated between RTOG RPA and GPA analyses) have been utilized to generate these 

nine prognostic indices with individual reports ranging from 65 to 4259 patients.  A heterogeneous 

patient and treatment population is noted.  Multivariable analysis was utilized in 7/9 reports with RPA 

techniques used for the RTOG RPA and GGS.  The number of factors that were initially assessed ranged 

from 5 to 12, with a total of 3 to 6 factors populating the final multivariable models.  Individual factors 

commonly utilized in the final models included performance status (9/9), extracranial metastases (9/9), 

age (7/9), primary controlled (4/9), and number of brain metastases (4/9) as summarized in Table 2. 
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 Four of the nine systems (RPA, ROTTERDAM, SIR, GGS) divided patients into three prognostic 

groups while the other five divided patients into four groups.  Classification procedures and definitions, 

proportions of patients in each prognostic group, and the medical survival of each prognostic group are 

summarized in Table 3.  A total of eight reports (n=4214 patients) provided prognostic index validation 

information for the RTOG RPA (n=7 studies), BSBM (n=2 studies), GPA (n=2 studies), and SIR (n=1 

study), which is summarized in Table 4.  All validation reports have generally concluded that these 

systems have utility; however, the primary PGA report which contained a comparative analysis against 

the RTOG RPA, SIR, and BSBM concluded that the BSBM system may be inferior to the RPA/GPA. 
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 The RTOG RPA is the most extensively utilized and investigated prognostic system of those 

available; however, misclassifications of patients between favourable and unfavourable groups have been 

previously identified [1].  The initial validation is based on 1200 patients and did provide prognostic 

groups of reasonable size [4].  Follow-up validation studies using a variety of patient populations and 

statistical methodologies have continued to demonstrate the utility of the system [8, 14-18]. 
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 Two new RTOG systems have been proposed (GPA and DS-GPA) to potentially further refine 

prognostic power and ability [8, 11-12].  The GPA utilized a four-group paradigm and included SRS 

patient populations (RTOG RPA was primarily WBRT patient populations).  A limitation of the GPA 

system is that the favourable group has been observed to comprise a small group on both the primary and 

validation analyses.  The DS-GPA is primarily based on a large multi-institutional SRS/WBRT patient 

population and has integrated a diagnosis specific scoring system to better adjust for observed differences 

in outcome.  This system has not yet undergone an independent validation. 

  

 Another reported prognostic index is the Rotterdam system that is based on single institutional 

data from primarily a WBRT population.  This system is unique in that it utilizes information on steroid 

response; however, this index has not been subsequently validated and also includes relatively complex 

definitions of primary and extracranial metastasis control.  The GGS three-group system is based on 

single-institution data with the advantage of a simple scoring system; however, no eligible validation 

reports have been published.  Both the SIR and BSBM systems are simple in nature but based on a small 

single institution primary datasets; however, they have been subsequently studied with a larger validation 

databases [8, 20].   Rades et al. have published two widely cited prognostic models and systems, which 

are based on large multi-institutional data containing mainly WBRT data [9,13].  These two systems have 

balanced groups; however, no independent validation reports are available.  

 

Operating Characteristic Analysis 

 

 Operating characteristics for prediction of death at 2 months (i.e. PPG) and survival at 6 months 

(i.e. GPG) are summarized in Tables 5 and 6, respectively. In terms of the PPG analyses, observed ranges 

for PPV (0.25-0.72), NPV (0.72-0.97), ACC (0.57-0.95), LR (1.54-16.4), and AUC (0.64-0.90) are 

detailed in Table 5.  Similarly, observed ranges for PPV (0.52-0.96), NPV (0.31-0.77), ACC (0.41-0.74), 

LR (1.69-20), and AUC (0.64-0.89) related to the GPG analyses are detailed in Table 6.   

 



 33 

 
 

 
 

 In terms of the PPG analysis, the MMR ranged from 2 to 39% with 1/1 GGS (39%), 1/3 BSBM 

(26%), 1/3 GPA (31%), and 3/6 RPA (26%, 29%, 30%) analyses demonstrating PPG MMR greater than 

25%.  The lowest PPG MMR was associated with the ROTTERDAM and RADES I systems.  The MMR 

associated with the GPG analyses are generally lower and range from 0 to 19% with two BSBM (15%, 

19%) and two GPA (18%) analyses demonstrating the highest levels of major misclassification (i.e. GPG 
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patients dying within two months).  Three of six RTOG RPA, 2/2 SIR, 1/3 BSBM, 1/3 GPA, and 1/1 

RADES I/II/GGS analyses demonstrated GPG MMR of 10% or less.  

 

DISCUSSION 

 

 Nine unique systems composed of various combinations of nine individual prognostic factors have 

been investigated in the medical literature.  Although use of performance status and extracranial 

metastases status are common to all systems, other factors (e.g. brain metastases volume, interval to brain 

metastases diagnosis, and steroid response) were not consistently utilized.  Significant heterogeneity in 

terms of patient populations, treatment approaches, statistical methodologies, factors assessed and 

number of prognostic groups was observed.  No reports in the literature directly addressed the concepts of 

operating characteristics or misclassification rates.  This investigation has been able to quantify the 

operating characteristics for GPG and PPG prognostication.  Generally, a wide range of prognostic ability 

was observed depending on the prognostic index, patient population being studied, and the group 

(GPG/PPG) being assessed. 

 

 Investigations by Sperduto et al. [8] and Villa et al. [20] have provided data that can facilitate 

head-to-head comparisons between different prognostic indices.  The Sperduto study primarily assessing 

the GPA index also provided information on RTOG RPA, SIR, and BSBM.  In terms of the PPG 

operating characteristics and MMR, no major differences between systems can be observed.  However, 

for the six-month GPG analysis, it appears that the GPA system may have advantages in terms of PPV, 

LR, AUC, and MMR.  The Villa study assessed the GPA index against the RTOG RPA and the BSBM 

systems.  No striking differences were seen relating to operating characteristics and MMR for both the 

PPG and GPG analyses; however, a slight advantage of RTOG RPA and GPA over BSBM in terms of 

GPG LR and AUC can be observed. 

 

 As summarized in Table 7, the observed statistical validation procedures, advantages, and 

disadvantages of all nine prognostic indices studied in this report must be considered.  Desirable qualities 

associated with both the initial and subsequent validation reports include: large datasets (RTOG RPA, 

GPA, DS-GPA, RADES I/II, and ROTTERDAM), sufficient validation (RTOG RPA, SIR, GPA), 

extensive clinical utilization (RTOG RPA), balanced group proportions (RADES I/II and DS-GPA), and 

simplicity (RTOG RPA, GGS, BSBM).  Non-desirable qualities included low PPG PPV (RTOG RPA, 

SIR, BSBM, GPA, RADES I), small GPG groups of less than 10% (ROTTERDAM, SIR, GGS, GPA), 

operating characteristics not able to abstracted from the report (DS-GPA), inferior MMR for either 

GPG/PPG (GGS, RTOG RPA, BSBM, GPA), and no subsequent validation reports (ROTTERDAM, 
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RADES I/II, DS-GPA, and GGS).  Given that the RTOG RPA system contains multiple desirable 

qualities with no other system clearly demonstrating statistical superiority, continued use of the RTOG 

RPA system for clinical decision-making and clinical trial design is recommended.  The ideal system 

should have a low PPG MMR in order to ensure that patients that may benefit from aggressive therapy 

have the opportunity to receive such therapy.  Unfortunately, the two systems with the lowest PPG MMR 

(ROTTERDAM and RADES I) have not been subjected to subsequent validation.  Additionally, it is 

important to note that the two systems with the highest reported accuracy (GGS for PPG and RADES II 

for GPG) have not been subjected to independent validation to confirm these operating characteristic 

levels.  

 

 
 

 This investigation has several important limitations including the fact that highly selected patient 

populations (e.g. solitary brain metastases or breast cancer populations) were not investigated as part of 

this systematic review.  Operating characteristics and MMR abstracted from the reports were not from 

individual patient data points but were instead an estimate based on published Kaplan-Meier curves.  

Additionally, smaller validation studies were excluded from this systematic review and quantitative 

analysis but may provide additional information.  Many of these studies have been included in a 

previously published general review of the topic [1].  
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 Future publications of either existing or proposed prognostic indices should provide the following 

information in order to provide the medical community adequate information regarding the clinical and 

statistical properties of the index: 

 

 1. A detailed account of patient, tumour, and treatment factors including patient age,  

  performance status, extracranial metastases, primary site and status, number and volume of 

  brain metastases, interval to diagnosis, steroid response as well as radiotherapy details 

  (volume, dose, fraction size, technique). 

 

 2. Alternative prognostic index distribution should be reported along side those being  

  investigated in the report. 

 

 3. A detailed account of statistical procedures utilized to create or validate the prognostic 

  index. 

 

 4. Ideally, both testing and validation procedures should be reported within the same  

  manuscript for future indices. 

 

 5. Kaplan-Meier curves and receiver operator curves for existing and proposed indices should 

  be presented. 

 

 6. Calculation of operating characteristics such as PPV, NPV, ACC, LR, and AUC as well as 

  the MMR for GPG and PPG should be performed. 

 

 7. Where feasible, direct comparison of operating characteristics and MMR between existing 

  and proposed systems should be performed. 

 

 Based on this analysis, future investigations in this area can include: creation of a rigorous 

definition of early death and prolonged survival (i.e. further refinement of the 2 and 6 months used for 

this investigation) based on available survival data from existing databases, optimization of a novel 

prognostic system based on artificial neural network techniques, a single institutional cross-index 

comparison analysis, an international database collaboration to improve statistical power for cross-index 

comparisons, and ultimately the generation of evidence-based guidelines to assist practitioners utilize 

available prognostic indices to assist in patient care decision-making. 
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CONCLUSIONS 

 

 Multiple primary and validation investigations into nine brain metastases prognostic indices have 

been described in the medical literature. Cross-validation between prognostic indices within a common 

database has not been routinely performed nor was the reporting of index operating characteristics and 

major misclassification rates.  The RTOG RPA system has been clinically utilized and extensively 

subjected to validation analyses with no other system demonstrating clear statistical superiority.  As the 

ideal prognostic index has not yet been defined, further research into alternative approaches is warranted. 

 

REFERENCES 

 

1. Nieder C, Mehta MP. Prognostic indices for brain metastases--usefulness and challenges. Radiat 

 Oncol. 2009 Mar 4;4:10. 

 

2. Tsao MN, Lloyd NS, Wong RK, et al. Radiotherapeutic management of brain metastases: a 

 systematic review and meta-analysis. Cancer Treat Rev 2005;31:256-273. 

 

3. Mehta MP, Tsao MN, Whelan TJ, et al. The American Society for Therapeutic Radiology and 

 Oncology (ASTRO) evidence-based review of the role of radiosurgery for brain metastases. Int J 

 Radiat Oncol Biol Phys 2005;63:37-46. 

 

4. Gaspar L, Scott C, Rotman M, et al. Recursive partitioning analysis (RPA) of prognostic factors in 

 three Radiation Therapy Oncology Group (RTOG) brain metastases trials. Int J Radiat Oncol Biol 

 Phys 1997;37(4):745-51. 

 

5. Lagerwaard FJ, Levendag PC, Nowak PJ, et al. Identification of prognostic factors in patients with 

 brain metastases: a review of 1292 patients. Int J Radiat Oncol Biol Phys 1999;43(4):795-803. 

 

6. Weltman E, Salvajoli JV, Brandt RA, et al. Radiosurgery for brain metastases: a score index for 

 predicting prognosis. Int J Radiat Oncol Biol Phys 2000;46(5):1155-61. 

 

7. Lorenzoni J, Devriendt D, Massager N, et al. Radiosurgery for treatment of brain metastases: 

 estimation of patient eligibility using three stratification systems. Int J Radiat Oncol Biol Phys 

 2004;60(1):218-24.  

 



 38 

8. Sperduto PW, Berkey B, Gaspar LE, Mehta M, Curran W. A new prognostic index and 

comparison to three other indices for patients with brain metastases: an analysis of 1,960 patients 

in the RTOG  database. Int J Radiat Oncol Biol Phys 2008;70(2):510-4. 

 

9. Rades D, Dunst J, Schild SE. A new scoring system to predicting the survival of patients treated 

 with whole-brain radiotherapy for brain metastases. Strahlenther Onkol. 2008;184(5):251-5. 

  

10. Golden DW, Lamborn KR, McDermott MW, et al. Prognostic factors and grading systems for 

 overall survival in patients treated with radiosurgery for brain metastases: variation by primary 

 site. J Neurosurg 2008;109 Suppl:77-86. 

 

11. Sperduto PW, Chao ST, Sneed PK, et al. Diagnosis-specific prognostic factors, indexes, and 

 treatment outcomes for patients with newly diagnosed brain metastases: a multi-institutional 

 analysis of 4,259 patients. Int J Radiat Oncol Biol Phys 2010;77(3):655-61. 

 

12. Sperduto PW, Kased N, Roberge D, et al. Summary report on the graded prognostic assessment: 

an accurate and facile diagnosis-specific tool to estimate survival for patients with brain 

metastases. J  Clin Oncol. 2012;30(4):419-25. 

 

13. Rades D, Dziggel L, Haatanen T, et al. Scoring systems to estimate intracerebral control and 

 survival rates of patients irradiated for brain metastases. Int J Radiat Oncol Biol Phys 2011;80(4):

 1122-7.  

 

14.  Gaspar LE, Scott C, Murray K, Curran W. Validation of the RTOG recursive partitioning analysis 

 (RPA) classification for brain metastases. Int J Radiat Oncol Biol Phys. 2000 Jul 1;47(4):1001-6. 

 

15. Nieder C, Nestle U, Motaref B, Walter K, Niewald M, Schnabel K. Prognostic factors in brain 

 metastases: should patients be selected for aggressive treatment according to recursive partitioning 

 analysis (RPA) classes? Int J Radiat Oncol Biol Phys 2000;46(2):297-302. 

 

16. Fleckenstein K, Hof H, Lohr F, Wenz F, Wannenmacher M. Prognostic factors for brain 

metastases after whole brain radiotherapy. Data from a single institution. Strahlenther Onkol. 

2004;180(5): 268-73. 

 



 39 

17. Paek SH, Audu PB, Sperling MR, Cho J, Andrews DW. Reevaluation of surgery for the treatment 

 of brain metastases: review of 208 patients with single or multiple brain metastases treated at one 

 institution with modern neurosurgical techniques. Neurosurgery 2005;56(5):1021-34. 

 

18. Saito EY, Viani GA, Ferrigno R, et al. Whole brain radiation therapy in management of brain 

 metastasis: results and prognostic factors. Radiat Oncol 2006;1:20. 

 

19. Nieder C, Marienhagen K, Geinitz H, Molls M. Validation of the graded prognostic assessment 

 index for patients with brain metastases. Acta Oncol 2009;48(3):457-9. 

 

20. Villà S, Weber DC, Moretones C, et al. Validation of the new Graded Prognostic Assessment scale 

 for brain metastases: a multicenter prospective study. Radiat Oncol 2011;6:23. 



 40 

 

 


