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ABSTRACT 

 

Purpose 

Prognostic indices (PI) are commonly used in the context of brain metastases radiotherapy to guide 

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

nine published brain metastases PI using traditional and novel statistical comparison metrics. 

 

Methods and Materials 

A retrospective review was performed on two institutional databases of 501 patients diagnosed with brain 

metastatic disease, who received either stereotactic radiosurgery (n=381) or fractionated stereotactic 

radiation therapy (n=120) between 2002 and 2011.  Descriptive statistics were generated for patient, 

tumour, and treatment factors as well as PI distribution.  To identify predictors of overall survival, 

Kaplan-Meier estimates and multivariable Cox proportional hazard analyses were performed.  PIs were 

compared to each other by using novel metrics including: the Net Reclassification Improvement (NRI), 

Integrated Discrimination Improvement (IDI) index, and Decision Curve Analysis (DCA).  

 

Results 

Multivariable Cox modeling confirmed the importance of all individual PI component factors except for 

“active primary cancer” tumour status. When traditional and novel comparative metrics were 

incorporated, the available published prognostic indices were found to have important general 

classification benefits as follows: RTOG RPA (NRI and DCA analyses), RADES I (IDI and DCA 

analyses), GGS (IDI and DCA analyses), and RDAM (MMR and NRI).  The GPA system had the 

smallest misclassification rate (5%) in terms of high-risk (i.e. poor prognosis) classification. 

 

Conclusions 

Summarizing the various comparative approaches used in this report, we have found that RTOG RPA, 

GGS, RADES I, and RDAM systems were superior in more than one metric studied.  Of these, only the 

RTOG RPA has been extensively validated using large datasets and clinically utilized both at the patient 

level and in clinical trials.   
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INTRODUCTION 

 

 Development of brain metastases can have a significant potential impact on patient morbidity and 

mortality.  Radiotherapy has been established as an effective treatment modality that has important 

survival and palliation outcome benefits [1-2].  Whole brain radiotherapy (WBRT) can be given alone or 

in conjunction with neurosurgical resection.  Additionally, for patients that may benefit from aggressive 

therapy, but are not appropriate for neurosurgical resection (i.e. due to various patient, tumour, and/or 

treatment factors), other advanced radiotherapy procedures such as dose escalation with stereotactic 

radiosurgery (SRS) or fractionated stereotactic radiation therapy (fSRT) can be utilized [3].  Most studies 

suggest the benefits of such advanced radiotherapeutic techniques appears restricted primarily to patients 

with either moderate to good prognosis [4-5]. 

 

 A number of cancer patient population outcome-based prognostic factors can be combined into 

indices or risk stratification systems in order to define distinct prognostic groups, which can be utilized 

for a variety of purposes including: counseling of patients and families regarding expected outcomes with 

treatment, clinical trial eligibility, clinical trial stratification of randomization, and clinical treatment 

decision-making. 

 

 In the case of patients with brain metastases, multiple prognostic factors have been shown to be 

related to survival including: age, performance status, extracranial disease, controlled primary tumour, 

primary tumour site, interval between primary disease and brain metastases, number of brain metastases, 

volume of brain metastases, and clinical response to steroids [5].  These prognostic factors have been 

combined into different published indices to predict patient outcomes related to brain metastases [6-15].  

In one of the earliest reports, Gaspar et al. reported on the creation of the Radiation Therapy Oncology 

Group (RTOG) Recursive Partitioning Analysis (RPA) brain metastases prognostic index in 1997 which 

stratified patients into good, intermediate and poor prognosis [6].  Both clinicians and clinical trials 

organizations/investigators have commonly used this index to guide decision-making, trial eligibility and 

stratification, respectively.  Multiple validation reports support the use of the RTOG RPA system [16-20]; 

however, the utility of the system has been limited by the over-representation of the intermediate-risk 

group as previously pointed out by several investigators [4,21].  Other systems have been subsequently 

developed using different combinations of the previously listed prognostic factors in a variety of patient 

populations (neurosurgical, WBRT, SRS, or some combination of treatments) [7-15].  A recent 

systematic review of all published systems was not able to definitively identify a superior system [5]; 

however, another recent neural network analysis suggested that the RTOG Graded Prognostic 
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Assessment (GPA) system may have some advantage in prognostic utility in the context of WBRT 

patient populations [22]. 

 

 The objective of this investigation is to compare all published brain metastases prognostic indices 

in a patient population treated with SRS or fSRT treatment.  A variety of traditional (prognostic index 

operating characteristics, receiver operator area under the curve (AUC), and major misclassification rate 

(MMR)) and novel (Net Reclassification Improvement (NRI) index, Integrated Discrimination 

Improvement (IDI) index, and Decision Curve Analysis (DCA)) comparative statistical metrics will be 

used to fully assess the relative strengths and weaknesses of the published prognostic indices.  These five 

metrics were used to gauge the consistency of findings when comparing various prognostic indices 

against each other. 

  

METHODS AND MATERIALS 

 

Database Composition 

 

 A retrospective review was performed on two institutional databases of 501 patients diagnosed 

with brain metastatic disease that received either stereotactic radiosurgery (SRS, n=381) or fractionated 

stereotactic radiation therapy (fSRT, n=120) between 2002 and 2011.  This database contained 

pretreatment information (including derived risk stratification categories for all nine published systems), 

treatment details, and outcome information including the primary endpoint of overall survival.  Patients 

were treated at one of two tertiary cancer centres: London Regional Cancer Program (LRCP, London, 

ON, n=70 fSRT patients) or at VU Medical centre (VUmc, Amsterdam, The Netherlands, n=381 SRS 

patients plus n=50 fSRT patients).  Institutional ethics approval was obtained for this joint database 

analysis. 

  

SRS Cohort 

 

 The VUmc SRS database contains baseline characteristics, treatment details and follow-up data for 

patients with 1-3 BM diagnosed with high resolution (2mm slice thickness, triple dose gadolinium) MRI 

scans who were eligible for linac-based SRS as a single modality without whole brain radiotherapy.  SRS 

was delivered by 5 dynamic conformal arcs on a Novalis/Novalis TX linac [BrainLAB, Feldkirchen, 

Germany]. The gross tumour volume (GTV) on MRI was contoured with a 1mm margin to correct for 

potential setup-inaccuracies. SRS was prescribed with the 80% isodose covering the GTV.   A ‘risk-

adapted’ dose based on lesion volume was used for dose selection:  ≤7.5cm3 21Gy, 7.5-25cm3 or lesions 
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near brainstem 18Gy with other all other lesions 15Gy in 1 fraction or 24Gy in 3 fractions.  Follow-up 

consisted of 3-monthly clinic visits with contrast-enhanced MRI during the first year, followed by 6-

monthly MRI scans/clinical visits during the second year, and yearly scans thereafter.  

 

fSRT Cohort 

 

 Technical details of the fSRT techniques at both the VUmc and LRCP have been published [23] 

and are summarized herein.  Patient selection criteria for treatment in the VUmc series included: 

controlled extracranial disease, WHO score 3 or less, and 6 or fewer lesions with cumulative volume 

<30cm3. Patients were positioned supine in a frameless mask system [Brainlab AG, Feldkirchen, 

Germany] and a planning CT scan (GE Healthcare) without intravenous contrast was obtained with a 

2.5mm slice thickness. The whole-brain radiotherapy planning target volume (WBRT_PTV) and the SIB 

PTV was derived from contouring (on CT/MRI fusion simulation) the outer aspect of the brain contents 

and contrast-enhancing border of the brain metastases, respectively and subsequently adding a 2mm 

margin to both volumes. Treatment planning, calculation and quality assurance was performed using two 

complementary volumetric modulated arcs  [RapidArc with Eclipse v8.6.3, Varian medical systems] as 

previously described [24].  The SIB plan delivered a total dose of 20Gy to the WBRT volume with a total 

lesional dose of 40Gy in 5 fractions and delivered on a Novalis TX linear accelerator, with patient setup 

using the 6D robotics couch and the Brainlab ExacTrac system [BrainLAB, Feldkirchen, Germany]. 

Routine patient follow-up was similar to that after the SRS cohort. 

 

 LRCP patient selection generally included WHO performance status <4, systemic disease 

absent/controlled and <4 metastases (maximum 3 cm in diameter).  All patients had a custom 

thermoplastic shell created prior to planning CT (S-frame, CIVCO, Iowa USA).  Individual lesions (on 

CT simulation contrast or MRI fusion) were contoured without margin.  The whole cranial contents with 

a 3mm 3D margin were contoured as the target for the whole brain treatment. A variety of total SIB doses 

of 35-60Gy (phase I study) were utilized at the LRCP.  Dose-volume histogram optimization, planning 

parameters, evaluation criteria, and image-guidance procedures were as published previously [25-26].  

All patients were evaluated every three months by clinical examination and CT/MRI.  

 

Statistical Methods 

 

 Data on 501 patients with brain metastasis was used to compare 9 prognostic indices (PI) for 

overall survival (OS). Of note, “active primary” was defined as whether or not a patient had a diagnosed 

untreated primary cancer or a primary tumor with clinical and/or radiological progression.  Unknown 
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primary cancers were categorized as “primary not active”.  The survival function was estimated using the 

Kaplan-Meier (K-M) estimator and K-M curves were created for each PI to graphically assess the 

difference in survival distributions between prognostic groups.  Patients were censored at date of last 

follow-up or known contact.  Differences in prognosis between groups were assessed using the log-rank 

test.  Univariable Cox proportional hazard (PH) models were constructed to identify factors predictive of 

OS, defined as having a p-value less than 0.05.  All factors found to be significant were included in an 

intermediate multivariable Cox PH model, followed by backward elimination procedures using the 

likelihood ratio test.  The final multivariable Cox PH model was obtained after removal of factors less 

associated with OS. 

 

 The discriminatory ability of each PI was assessed via the generation of an area under a time-

dependent ROC curve (AUC) based on the K-M estimator [27] for three time points: 2, 6, and 12 months.  

Sensitivity, specificity, accuracy and likelihood ratio (LR) -positive values were also obtained at all time-

points.  Three major misclassification rates (MMR) were computed using the K-M estimator to 

accommodate for censored observations: (1) the proportion of favorable risk stratification patients who 

survived less than two months; and the proportion of unfavorable risk patients that survived (2) more than 

6 months and (3) more than 12 months, respectively.  MMR provides an estimate of the proportion of 

patients classified into one of the extreme groups (very good or very poor prognosis) that should have 

been classified into the opposite category due to their individual observed survival characteristics. 

 

 Three novel statistical metrics where used to assess the relative classification power of the various 

PI within the available brain metastases database.   

 

1. The Net Reclassification Improvement (NRI) [28] was calculated for each PI and is defined as 

 NRI=[P(higher risk classification in new system in events)-P(lower risk classification in new 

 system in events)]-[P(higher risk classification in new system in non-events)-P(lower risk 

 classification in new system in non-events] , where P is the observed probability.  Calculation of 

 the positive NRI metric is associated with improved reclassification (comparing a newer system to 

 a older and/or reference system) of patients with events or non-events into higher risk and lower-

 risk categories, respectively.  Use of the NRI requires a binary outcome (event vs. non-event) as 

 well as separate risk categories to accomplish the calculation. 

 

2. The Integrated Discrimination Improvement (IDI) [29] was calculated for each system and was 

 estimated by the formula: [(mean P(new model, event) – mean P(reference model, event)) + (mean 

 P(reference model, non-event) – mean P(new model, non-event))] [29].  The IDI quantifies the 



 47 

 improvement in average sensitivity (i.e. the true positive rate) without reducing the average 

 specificity (i.e. the true negative rate) of a new system/index compared to an older (or baseline) 

 system/index.  Calculation of an IDI on either an absolute or relative scale can provide relative 

 comparisons between systems but does not provide guidance on clinically significant differences. 

 

3. Thirdly, the clinical benefit of each PI was assessed via a Decision Curve Analysis (DCA) as 

described by Vickers et al. [30-32] using three a-priori time cut-points:  2, 6 and 12 months 

(similar to the operating characteristic and major misclassification analyses specified above).  The 

decision curve measures the additional predictive ability of one system/index over another 

system/index  (net benefit) in the context of treatment strategy selection.  This analysis graphically 

represents probability threshold (pt, a probability related to changing from one treatment choice to 

another) on the x-axis versus net benefit (true positive/n-(false positive/n x pt/(1- pt))) on the y-

axis. 

 

 Both the NRI and IDI calculations were obtained at 2, 6 and 12 months and used to compare 

alternative PI to the a-priori 3- and 4-category reference standard PIs, Radiation Therapy Oncology 

Group (RTOG) Recursive Partitioning Analysis (RPA), and RTOG Graded Prognostic Assessment 

(GPA) respectively.  All described analyses were carried out using the R language and environment 

(http://www.r-project.org/) for statistical computing [33].  

  

RESULTS 

 

Descriptive and Kaplan-Meier Analyses 

 

 Descriptive analyses for a total of 501 patients are summarized in Table 1.  Mean age of the 

patient population was 61.5 years (median = 61.97).  The majority of patients were diagnosed with lung 

cancer (286/501 – 57.1%), had systemic metastases (264/501 – 52.7%) and primary cancer not active 

(257/501 – 51.3%).  Median follow-up for all patients was 6.28 months with 414 deaths (82.6%) 

recorded.  Depending on the prognostic index used, patients were classified as low-risk (for death) in 19 

to 276 patients (3.8-55.2%), intermediate risk (combined low- and high-intermediate risk for 4 strata 

prognostic index systems) in 181 to 384 patients (36.2-76.8%), and high-risk in 33 to 124 patients (6.6-

24.8%).  Kaplan-Meier overall survival estimates for data source (SRS vs. fSRT) as well as all nine 

published prognostic indices are depicted in Figure 1.  Results of all log-rank tests assessing survival 

differences between prognostic index categories were highly statistically significant with p<0.0001.  No 

statistical difference between patients treated with SRS and fSRT was observed. 
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  Table 1: Descriptive analysis of patient population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable N (%) or Mean (SD) 
Patients 501  
Age (years) 61.46 11.51 
Source   

fSRT 120 23.95% 
SRS 381 76.05% 

Primary Type   
Lung 286 57.09% 

Breast 53 10.58% 
Kidney 38 7.58% 

Melanoma 33 6.59% 
Colon 30 5.99% 
Ovary 18 3.59% 

Esophageal 8 1.60% 
Unknown 8 1.60% 

Rectum 7 1.40% 
Bladder 6 1.20% 

Other 14 2.80% 
Primary Class   

Lung 286 57.09% 
Breast 53 10.58% 

Kidney 38 7.58% 
Colorectal 37 7.39% 
Melanoma 33 6.59% 

Other 28 5.59% 
Ovary 18 3.59% 

Esophageal 8 1.60% 
Systemic Metastasis   

Yes 264 52.69% 
No 237 47.31% 

WHO   
0 98 19.56% 
1 287 57.29% 
2 104 20.76% 
3 11 2.20% 
4 1 0.20% 

Interval (days) 800 1379.80 
Volume BM (cm3) 8.29 11.43 
Number BM 2.24 0.85 
Primary Active   

Yes 244 48.70% 
No 257 51.30% 

Deaths 414 82.63% 
Follow Up (months) 6.28 12.05 
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Univariable and Multivariable Analyses 

 

 Primary site presence of systematic metastases, performance status, age, interval between primary 

diagnosis and brain metastases presentation, volume/number brain metastases, and active primary cancer 

were all significant predictors of OS on univariable Cox analysis (Table 2).  Backward elimination 

multivariable Cox modeling confirmed the importance of all factors except for active primary cancer in 

predicting overall survival. 
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Operating Characteristics and Curve Analysis 

 

 Operating characteristics related to the ability of high-risk classification to predict early death (<2 

months) and low-risk classification to predict late death (or survival >6 or >12 months) are summarized 

in Table 3.  Accuracy of classification was generally low at 0.53-0.63 (for high-risk classification, death 

<2 months), 0.54-0.63 (low-risk classification, death or survival > 6 months), and 0.54-0.63 (low-risk 

classification, death or survival > 12 months).  Similarly, AUC for receiver operator curves was low 

ranging from 0.55-0.64 (<2 months), 0.57-0.69 (>6 months), and 0.58-0.67 (>12 months).  MMR was of 

low magnitude (<12%) for high-risk classification with the GPA system having the lowest MMR rate of 

5%.  MMR rates were of more significant magnitude for low-risk classification (22-46% for >6 months, 

19-31% for > 12 months) with the Rotterdam (RDAM) system demonstrating the lowest MMR rates 

(22% for > 6 months, and 19% for 12 months).  

 

 
  

NRI and IDI Analyses 

 

 NRI and IDI metrics for both three-group (Radiation Therapy Oncology Group Recursive 

Partitioning Analysis –RTOG RPA, Score Index for Radiosurgery – SIR, Rotterdam scale – RDAM, and 

Rades et al II index – RADES II) and four-group (Graded Prognostic Assessment – GPA, Basic Score for 
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Brain Metastases – BSBM, Golden Grading System  - GGS, Disease Specific GPA - DS-GPA, Rades et 

al. I index – RADES I) prognostic indices are summarized in Table 4.  In terms of three-group 

classification, the RTOG RPA performed well in all time frames (2, 6, and 12 months) in terms of the IDI 

metric and NRI (12 months) with the RDAM performing the best for NRI (2 and 6 months).  In terms of 

four-group classification, various indices performed better than the GPA reference including the BSBM 

(all NRI comparisons), GGS (2 and 6 month IDI), and RADES I (12 month IDI). 
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Table 4: Net Reclassification Improvement (NRI) and Integrated Discrimination Improvement 
(IDI) for Three and Four-Group Prognostic Indices  
 

                             2 months 
 NRI IDI 

vs RPA NRI SE IDI SE 
SIR -0.197 0.1241 -0.01634 0.00961 
RDAM 0.0503 0.1458 -0.00498 0.00829 
RADES 2 -0.111 0.1241 -0.01029 0.00774 

     
vs GPA NRI SE IDI SE 
BSBM 0.333 0.1241 0.0203 0.00663 
GGS  0.331 0.1241 0.02716 0.00779 
DSGPA 0.0811 0.1289 0.00168 0.00583 
RADES1 0.15 0.1241 0.01418 0.00977 

 
                            6 months 

 NRI IDI 
vs RPA NRI SE IDI SE 
SIR -0.303 0.1334 -0.04663 0.01603 
RDAM 0.113 0.1561 -0.00334 0.01879 
RADES 2 0.037 0.1334 -0.00849 0.01515 

     
vs GPA NRI SE IDI SE 
BSBM 0.39 0.1334 0.05146 0.01587 
GGS  0.352 0.1334 0.05984 0.01829 
DSGPA 0.116 0.1373 0.00225 0.01425 
RADES1 0.197 0.1334 0.05314 0.01965 

 
                           12 months 

 NRI IDI 
vs RPA NRI SE IDI SE 
SIR -0.275 0.1554 -0.0158 0.0158 
RDAM -0.039 0.1735 -0.00515 0.02191 
RADES 2 -0.15 0.1554 -0.0153 0.0177 

     
vs GPA NRI SE IDI SE 
BSBM 0.391 0.1554 0.0229 0.0178 
GGS  0.261 0.1554 0.024 0.0224 
DSGPA 0.23 0.1596 0.00958 0.02024 
RADES1 0.382 0.1554 0.0373 0.0246 

 
SE = Standard Error, RPA = RTOG Recursive Partitioning Analysis, SIR = Score Index for Radiosurgery 
in BM, BS-BM = Basic Score for Brain Metastases, GPA = Graded Prognostic Index, DS = Disease-
Specific, GGS = Golden Grading System, RADES = Rades et al. First and Second Indices, RDAM = 
Rotterdam Index 
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Decision Curve Analyses 

 

 Decision curve analysis plots for < 2 months, > 6 months, and > 12 months outcome 

discrimination (for both three- and four-group systems) are depicted in Figures 2-4, respectively.  The 

RTOG RPA system was found to be consistently the best performing index of all three-group systems for 

all three time frames (2, 6, and 12 months).  In terms of four-group systems, the GGS system and RADES 

I systems performed the best for all three time frames. 
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DISCUSSION 

 

 The role of brain radiotherapy has been a source of controversy as some patient populations may 

show limited clinical benefit [4].  The use of brain metastases prognostic indices can help identify good 

prognostic groups who may benefit from more intensive therapies, and also spare other groups. We 

studied prognostic indices in a patient population treated with either SRS of fSRT treatments, using a 

variety of traditional and novel comparative statistical metrics. Our main finding was that the use of 

RTOG RPA, GGS, RADES I, and RDAM systems were superior in more than one metric studied.  Only 

the RTOG RPA has been extensively validated in large datasets and routinely utilized with patients and in 

clinical trials.  None of the other systems demonstrated clear superiority over the RTOG RPA; however, 

some of the other systems were shown to have some relative benefits over other systems.   

 

 Nieder and Mehta have reviewed published prognostic indices and they observed several trends 

within the published literature including: RTOG RPA is the oldest and most commonly validated system 

in the literature, intermediate-risk categories of most of the indices are generally overrepresented thus 

limiting their utility, newer systems have created high- and low-intermediate strata to create four-group 

prognostic indices, and that no one system incorporates all possible prognostic variables [4].  The authors 

additionally stress that the correct classification of patients into survival categories can have an important 

clinical impact in terms of both appropriate and non-appropriate treatment decision-making. 

 

 We recently performed a systematic review of all primary and validation published reports of 

brain metastases prognostic indices [3].  Similar to the work presented in this manuscript for patients 
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undergoing either SRS of fSRT treatments, the systematic review documented significant heterogeneity 

of various operating characteristics (positive/negative predictive value, area under the curve, likelihood 

ratio, and major misclassification rate).  However, several observations were abstracted from the 

systematic review and relevant for further discussion.  The review demonstrated that the RTOG RPA was 

the most extensively clinically utilized and validated system with simple construction.  Other systems 

with ideal operating characteristics such as superior accuracy (GGS and RADES II) and low 

misclassification rates (RDAM and RADES I) have not been extensively utilized in the clinic/clinical 

trials or externally validated to date. 

 

 Viani et al. have published an institutional comparison of various prognostic indices in the context 

of whole brain radiotherapy (with or without neurosurgery) of brain metastases [22].   This work reported 

on a neural network based comparison of five prognostic indices (RTOG RPA, GPA, BSBM, RDAM, 

and RADES I).  This analysis compared the area under the curves in the prediction of overall survival and 

demonstrated that the GPA score was superior to the other four systems studied.  In terms of individual 

prognostic factors, this analysis confirmed the primary importance of performance status and extracranial 

metastases in the prediction of overall survival; thus, confirming the observations of Nieder and Metha 

[4].  Similar to the results obtained in the current study, Viani et al. questioned the importance of 

controlled primary tumour as well as systemic disease status at time of treatment.  Contrary to the Viani 

et al. results, our analysis demonstrated that the RTOG RPA, RDAM, RADES I, and the BSBM indices 

have advantages in terms of the novel metrics assessed (NRI, IDI, and DCA) with only the MMR 

analysis demonstrating an advantage to the GPA index (for high-risk classification).  Caution should be 

exercised when directly comparing the Viani et al. analysis with the current analysis given the different 

patient populations being assessed (WBRT vs. SRS/fSRT). 

 

 The major limitation of this work is the retrospective nature of the databases utilized for the 

analysis as well as the lack of non-dose escalated whole brain radiotherapy alone patients to extend the 

generalizability of the study findings.  Also, the study population tended to consist of patients with better 

performance status and low brain metastases burden, which may limit the assessment of prognostic 

indices in terms of the poor prognosis group.  The multivariable analysis was based on constituent 

variables related to published prognostic indices. Despite these limitations, our statistical comparison of 

published prognostic indices using traditional and novel metrics do provide insight into some of the 

relative strengths and weaknesses of the various indices available.  Future work to be performed may 

include: the analysis of larger databases to validate the findings of the current analysis, the use of neural 

network analysis to determine if improvements in classification can occur to assist the clinical to better 

triage patients, and the creation of international prospective databases to provide more data to generate an 
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index with strong validation procedures, relevant to clinical decision-making, and with ideal operating 

characteristics.  Further multivariable modeling will assess other factors such as treatment era and 

treatment modality (SRS vs. fSRT). 

  

CONCLUSIONS 

 

 This analysis has confirmed that traditional prognostic factors used in published prognostic indices 

are statistically related to patient survival with the possible exception of active primary cancer. The GPA 

system was found to have the smallest misclassification rate in terms of high-risk (i.e. poor prognosis) 

classification.  In terms of overall performance and validation in prospective and retrospective studies the 

RTOG RPA carries advantages over the other PIs.  The authors of this work encourage other 

investigators to publish similar comparative analyses among other datasets in order to further test these 

conclusions.    
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