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Abstract

Purpose—Radiation Therapy Oncology Group (RTOG) 9508 showed a survival advantage for 

patients with 1 but not 2 or 3 brain metastasis (BM) treated with whole-brain radiation therapy 

(WBRT) and stereotactic radiosurgery (SRS) versus WBRT alone. An improved prognostic index, 

the graded prognostic assessment (GPA) has been developed. Our hypothesis was that if the data 

from RTOG 9508 were poststratified by the GPA, the conclusions may vary.

Methods and Materials—In this analysis, 252 of the 331 patients were evaluable by GPA. Of 

those, 211 had lung cancer. Breast cancer patients were excluded because the components of the 

breast GPA are not in the RTOG database. Multiple Cox regression was used to compare survival 

between treatment groups, adjusting for GPA. Treatment comparisons within subgroups were 

performed with the log-rank test. A free online tool (brainmetgpa.com) simplified GPA use.

Results—The fundamental conclusions of the primary analysis were confirmed in that there was 

no survival benefit overall for patients with 1 to 3 metastases; however, there was a benefit for the 
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subset of patients with GPA 3.5 to 4.0 (median survival time [MST] for WBRT + SRS vs WBRT 

alone was 21.0 versus 10.3 months, P = .05) regardless of the number of metastases. Among 

patients with GPA 3.5 to 4.0 treated with WBRT and SRS, the MST for patients with 1 versus 2 to 

3 metastases was 21 and 14.1 months, respectively.

Conclusions—This secondary analysis of predominantly lung cancer patients, consistent with 

the original analysis, shows no survival advantage for the group overall when treated with WBRT 

and SRS; however, in patients with high GPA (3.5-4), there is a survival advantage regardless of 

whether they have 1, 2, or 3 BM. This benefit did not extend to patients with lower GPA. 

Prospective validation of this survival benefit for patients with multiple BM and high GPA when 

treated with WBRT and SRS is warranted.

Introduction

Brain metastases are a common problem. In 2013 in the United States, an estimated 1.66 

million cases of new cancer cases were diagnosed and more than 580,000 cancer deaths 

occurred (1). In an estimated 15% to 30% (250,000-500,000) of these new cancer patients, 

brain metastases (BM) will develop during the course of their illness (2-4). For perspective, 

secondary brain tumors (metastases) are more than 10 times as common as all primary brain 

tumors combined (23,000) (1).

The American Society for Radiation Oncology recently published an evidence-based 

guideline for the management of newly diagnosed brain metastases (4). The conclusions 

were consistent with guidelines published by the American Association of Neurological 

Surgeons/Congress of Neuro-surgeons (AANS/CNS) (5-9). These efforts reviewed more 

than 2000 publications and found 36 randomized controlled trials offering level 1 evidence. 

One of those trials is Radiation Therapy Oncology Group (RTOG) protocol 9508, which 

was a phase 3 randomized trial of whole brain radiation therapy (WBRT) versus WBRT and 

stereotactic radiosurgery (SRS) (10). That study showed a survival advantage for patients 

with 1 brain metastasis treated with WBRT and SRS versus WBRT alone but no such 

advantage for the study overall (1-3 metastases). The median survival times (MST) for 

patients with single BM treated with WBRT and SRS versus WBRT alone were 6.5 and 4.9 

months, respectively (P=.04), whereas the MST for the study overall (1-3 BM) were 6.5 and 

5.7 months, respectively (P=.14). It is noteworthy that many patients who were randomized 

to receive SRS did not actually receive it (15% among the solitary BM patients and 24% 

among the patients with 2-3 BM; 19% overall). This suggests that if more of the patients 

who were randomized to receive SRS had actually received SRS, a survival advantage might 

have been detected in the study overall. RTOG 9508 was stratified by the number of BM (1 

vs 2 or 3) and a prognostic index, the recursive partitioning analysis (RPA) class (I versus II; 

class III was excluded). The RPA class definitions are as follows: class I: age under 65, 

controlled primary tumor, Karnofsky performance score (KPS) >60, no extracranial 

metastases; class III: KPS under 70; class II: all others (11). An improved and diagnosis-

specific prognostic index, the graded prognostic assessment (GPA) has been developed 

(12-15) and independently validated (16-25). A user-friendly GPA worksheet (Table 1) and 

a free online tool at brainmetgpa.com have simplified use of the GPA.
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The purpose of this study was to determine whether, if the data from RTOG 9508 were 

poststratified by the GPA instead of the RPA, the conclusions would vary. More 

specifically, would there be a survival advantage for patients with 2 or 3 BM when 

poststratified by the GPA?

Methods and Materials

Table 2 shows the patient characteristics for patients in the primary analysis and this 

secondary analysis. In the original analysis, 331 patients were randomized. Patients had a 

median age of 60 years (range, 19-90 years), 1-3 brain metastases, and no previous cranial 

radiation (10). In this analysis, 252 of those patients were evaluable by GPA (those with 

lung, gastrointestinal, and renal cancers and melanoma, for which a diagnosis-specific GPA 

index is available), and 79 were excluded from repeated analysis because data needed to 

calculate the breast GPA (estrogen and progesterone receptor status and HER2 status) were 

not in the RTOG database (34 patients) or they had other types of cancers (45 patients). 

Multiple Cox regression was used to compare overall survival (OS) between the treatment 

groups, adjusting for GPA. Subgroups defined by GPA class and number of metastases were 

also compared for treatment effects, using the log-rank test. All analyses were based on the 

intent to treat.

Results

The patient population in RTOG 9508 was predominantly lung cancer (64% and 84% of the 

primary analysis and this secondary analysis, respectively). Table 3 shows survival by 

treatment group, number of metastases, and GPA. There was no survival difference between 

treatments when analyzing the group overall (hazard ratio for WBRT versus WBRT+SRS: 

1.0; 95% CI: 0.8-1.4; P=.78); however, patients with GPA 3.5 to 4.0 had better OS when 

treated with WBRT+SRS (MST 21.0 months; 2-year OS 43%) than with WBRT alone 

(MST 10.3 months; 2-year OS 21%; P=.05). Figure 1 shows the Kaplan-Meier survival 

curves for the WBRT+SRS and WBRT alone arms, for the overall group (upper panel) and 

for the GPA 3.5-4.0 group only (lower panel). Inasmuch as the number of brain metastases 

is a component of GPA, most (35/47) patients with GPA 3.5 to 4.0 had a single metastasis; 

however, data in this limited sample of high-GPA patients showed better survival for WBRT

+SRS regardless of the number of metastases. The subgroup analyses (Table 3, middle and 

lower panels) showed that in patients with GPA 3.5 to 4.0 and 1 metastasis, the MST for 

patients in the WBRT+SRS arm versus the WBRT arm was 21.0 and 11.4 months, 

respectively, corresponding to a 9.6-month survival benefit for the WBRT+SRS arm. 

Similarly, among those with GPA 3.5 to 4.0 and 2 or 3 metastases, the MST for the 2 arms 

was 14.1 and 8.9 months, respectively, corresponding to a 5.2-month survival benefit for the 

WBRT+SRS arm. However, in patients with GPA <3.5, the 2 treatment arms showed 

similar MST regardless of the number of metastases. None of the subgroup analyses reached 

statistical significance, perhaps because of the limited sample size within each subgroup (see 

sample sizes in Table 3). All surviving patients (16 patients) were followed up for a 

minimum of 1 year and a median of 5 years.
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A sensitivity analysis of the 79 patients excluded from secondary analysis (Table 1; breast 

and other cancers) showed no difference in overall survival compared with the included 

group (MST 6.0 vs 5.8 months; P=.92). Survival in subgroup classes (treatment, RPA class, 

and number of metastases) was also very similar between the 2 cohorts.

Discussion

It is important to note that both the primary analysis and this secondary analysis primarily 

reflect patients with lung cancer. As in the primary analysis, there was no survival advantage 

for patients when treated with WBRT and SRS compared with WBRT alone for the group 

overall (patients with 1-3 BM); however, there was an advantage for the patients with a 

good prognosis (GPA 3.5-4.0) regardless of whether they had 1, 2, or 3 BM. Specifically, 

subset analyses in both the primary and secondary analyses showed a survival benefit for 

patients with 1, 2, or 3 brain metastases treated with WBRT and SRS in the best prognostic 

groups (GPA 3.5-4.0 or RPA class I). This benefit did not extend to patients with lower 

GPA or RPA and 2 or 3 metastases. Prospective validation of this survival benefit for 

patients with multiple BM and high GPA when treated with WBRT and SRS is warranted.

The GPA identifies a more select group of patients than does the RPA, as shown by the 

difference in survival for the best prognostic group by each index (MST for GPA 3.5-4 and 

RPA class I were 21 and 11.6 months, respectively). Accordingly, the GPA should be used 

to stratify future randomized clinical trials, estimate survival, and individualize management 

for patients with brain metastases. A free online tool, available at brainmetgpa.com, has 

simplified GPA use and is now widely used.

As with all post-hoc analyses, this study has several limitations; a particularly notable 

limitation is the observation in the initial report of this trial that patients with up to 3 brain 

metastases had a survival benefit on post-hoc analysis if they had non-small cell lung cancer. 

This would therefore have excluded the breast cancer patients. In our current analysis, all 

breast cancer patients were excluded because the data for grouping them into GPA 

categories do not exist in the RTOG database. It is possible that the SRS survival benefit 

seen in the current analysis in the high-GPA subgroup, irrespective of the number of brain 

metastases, could be absent in breast cancer patients; however, we note the strong similarity 

in survival between included and excluded patients as detailed in the aforementioned 

sensitivity analysis.

The enduring debate regarding the role of WBRT continues to evolve. These data suggest, 

despite a trend toward SRS alone, that WBRT and SRS may continue to play a role, 

especially in light of emerging data suggesting that the neurocognitive effects of WBRT can 

be mitigated. The Radiation Therapy Oncology Group has completed 2 trials (RTOG 0614 

and 0933) aimed at reducing the toxicity of WBRT. RTOG 0614 was a randomized trial of 

WBRT versus WBRT and memantine in patients with brain metastases and showed better 

cognitive function over time in the memantine group. Specifically, memantine delayed the 

time to cognitive decline and reduced the rate of decline in memory, executive function, and 

processing speed (26). RTOG 0933 was a phase 2 trial of WBRT with hippo-campal 

avoidance (HA-WBRT). Preliminary analysis demonstrated memory preservation that was 
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significantly better with HA-WBRT than in historical controls treated with WBRT (27-29). 

A trial investigating memantine and HA-WBRT is in development.

Prospective validation of this survival benefit for patients with GPA 3.5 to 4.0 and 1 to 3 

brain metastases when treated with WBRT and SRS is warranted.
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Summary

This is a secondary analysis of Radiation Therapy Oncology Group 9508 poststratified by 

the graded prognostic assessment (GPA). There was no survival benefit overall for 

patients with 1 to 3 metastases; however, there was a benefit for the subset of patients 

with GPA 3.5 to 4.0 (median survival time for whole-brain radiation therapy [WBRT] + 

stereotactic radiosurgery vs WBRT alone was 21.0 vs 10.3 months, P=.05) regardless of 

the number of metastases.
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Figure 1. 
Kaplan-Meier curves for overall survival, by intent to treat, for all patients (above) and for 

patients with graded prognostic assessment (GPA) 3.5-4.0 (below). SRS = stereotactic 

radiosurgery; WBRT = whole-brain radiation therapy.
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