J Neurooncol (2013) 111:327-335
DOI 10.1007/s11060-012-1019-9

CLINICAL STUDY

Validity of two recently-proposed prognostic grading indices
for lung, gastro-intestinal, breast and renal cell cancer patients
with radiosurgically-treated brain metastases

Masaaki Yamamoto - Toru Serizawa - Yasunori Sato - Takuya Kawabe -
Yoshinori Higuchi - Osamu Nagano - Bierta E. Barfod + Junichi Ono -

Hidetoshi Kasuya - Yoichi Urakawa

Received: 13 September 2012/ Accepted: 1 December 2012/ Published online: 9 December 2012

© Springer Science+Business Media New York 2012

Abstract We tested the validity of two prognostic indices
for stereotactic radiosurgically (SRS)-treated patients with
brain metastases (BMs) from five major original cancer
categories. The two indices are Diagnosis-Specific Graded
Prognostic Assessment (DS-GPA) and our Modified
Recursive Partitioning Analysis (RPA). Forty-six hundred
and eight BM patients underwent gamma knife SRS during
the 1998-2011 period. Primary cancer categories were non-
small cell lung cancer (NSCLC, 2827 patients), small cell
lung cancer (SCLC, 460), gastro-intestinal cancer (GIC,
582), breast cancer (BC, 547) and renal cell cancer (RCC,
192). There were statistically significant survival differences
among patients stratified into four groups based on the DS-
GPA systems (p < 0.001) in all five original cancer cate-
gories. In the NSCLC category, there were statistically sig-
nificant mean survival time (MST) differences (p < 0.001)
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among the four groups without overlapping of 95 % confi-
dence intervals (CIs) between any two pairs of groups with
the DS-GPA system. However, among the SCLC, GIC, BC
and RCC categories, MST differences between some pairs of
groups failed to reach statistical significance with this sys-
tem. There were, however, statistically significant MST
differences (p < 0.001) among the three groups without
overlapping of 95 % Cls between any two pairs of groups
with the Modified RPA system in all five categories. The
DS-GPA system is applicable to our set of patients with
NSCLC only. However, the Modified RPA system was
shown to be applicable to patients with five primary cancer
categories. This index should be considered when designing
future clinical trials involving BM patients.
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Introduction

Brain metastases (BMs) are a common and life-threatening
neurological problem for cancer patients, in the absence of
effective treatment. Controversy in the field of clinical
oncology, regarding the optimal treatment of BM patients,
persists due mainly to patient heterogeneity. Numerous
factors in BM patients impact outcomes. Furthermore, data
allowing the roles and benefits of various treatment
modalities to be defined, i.e., whole brain radiotherapy
(WBRT), surgery, stereotactic radiosurgery (SRS) or
radiotherapy (SRT), anti-cancer agent administration, or
combinations of these modalities, are lacking. Thus, cli-
nicians are often uncertain as to the optimal treatment
selection. An improved prognostic index might resolve
some of the uncertainty in making treatment decisions as
well as guiding future research efforts.

Gaspar et al. [1] proposed the now well-established
Recursive Partitioning Analysis (RPA) based on the
Radiation Therapy Oncology Group (RTOG) databases of
BM patients receiving WBRT. This index divides patients
into three classes using four factors; age, Karnofsky Per-
formance Status (KPS), primary tumor status and extra-
cranial metastases. The RPA index is very simple and has
long been widely used for predicting survival periods of
BM patients and was shown to also be applicable to those
treated with SRS alone, as we reported previously [2]. The
RTOG study 9508 provided prospective evidence that a
tumor number of one versus two or three impacted survival
benefits [3]. According to this finding, Sperduto et al. [4]
reevaluated and updated the RPA system, thereby devising
the Graded Prognostic Assessment (GPA) index. This
index divides patients into four classes based on age, KPS,
extracranial metastasis status and tumor number.

However, it is widely known that there are considerable
differences in oncological and clinical features as well as
treatment responses among various primary tumor types.
Therefore, in 2010, Sperduto et al. [5] modified their ori-
ginal GPA system and developed a new index, the Diag-
nosis-Specific GPA (DS-GPA); a user-friendly worksheet
of this system was demonstrated very recently [6]. Their
new system uses different scoring which takes into account
different primary tumor types. Six common original tumor
sites associated with BMs, i.e., non-small cell lung cancer
(NSCLC), small cell lung cancer (SCLC), breast cancer
(BC), melanoma, renal cell cancer (RCC) and gastro-
intestinal cancer (GIC) were scored to allow comparisons
among post-WBRT survivals (Table 1).

We recently published a sub-classification of RPA class
IT patients into Ila, IIb and Ilc based on KPS, tumor
number, original tumor status and extracranial metastases,
as outlined in Table 1, as an index for cancer patients with
SRS-treated BMs [2]. In our prior study, this index was
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Table 1 Outline of two PROGNOSTIC indices for patients with
brain metastases (BMs)

Diagnosis-specific graded prognostic assessment (DS-GPA) [5]

Original cancer Factor GPA scoring criteria
NSCLC/SCLC 0 0.5 1
Age >60 50-60 <50
KPS (%) <70 70-80 90-100
ECMs Present — Absent
No. of >3 2-3 1
BMs
Melanoma/Renal cell 0 1 2
cancer
KPS (%) <70 70-80 90-100
No. of >3 2-3 1
BMs
Breast/GI cancer 0 1 2 3 4

KPS (%) <70 70 80 90 100

Sub-classification system for RPA class II patients [2]

Score

0 1
KPS (%) 90-100 70-80
Tumor no. Solitary Multiple
Controlled primary tumor Yes No
ECMs No Yes
Grading criteria
Oorl 2 3or4

RPA class II-a RPA class II-b RPA class II-c

Modified RPA [7] Grading criteria

Modified RPA class 142a
Modified RPA class 2b
Modified RPA class 2c+3

Original RPA class 1 and subclass 2a
Subclass 2b
Subclass 2c and original RPA class 3

NSCLC non-small cell lung cancer, SCLC small cell lung cancer, G/
gastro-intestinal, KPS Karnofsky Performance Status [9], ECMs
extracranial metastases, RPA Recursive Partitioning Analysis [1]

confirmed to be applicable to class II patients with indi-
vidual subsets of four major primary tumors, i.e., LC, GIC,
BC and RCC. Subsequently, we tested the validity of this
index along with the original RPA classes I and III for BC
patients with BM treated by SRS. As we reported very
recently [7], we found median survival times (MSTs) to be
very similar between classes I and IIa (p = 0.51) as well as
between classes IIb and III (p = 0.34). Thus, we proposed
re-grading the entire patient population into three groups,
i.e. RPA I+I1a, IIb and IIc+III (Modified RPA).

As Sperduto et al. [8] encouraged us to perform this
work in a Letter to the Editor of the IJROBP, the goal of
this retrospective cohort study, based on our SRS-treated
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BM patients with NSCLC, SCLC, GIC, BC and RCC, was
to reappraise whether these two prognostic indices, the DS-
GPA and the Modified RPA, are generally applicable or
can be recommended for historical comparison.

Patients and methods
Patient population

This was a two-institution, institutional review board
(IRB)-approved, retrospective cohort study using two
prospectively accumulated databases including 4,608 BM
patients: the first author’s series included 2,341 consecutive
patients (Tokyo Women’s Medical University, IRB;
#1981), the second author’s 2267 (Chiba University
Graduate School of Medicine, IRB: #SE363). These 4,608
consecutive patients underwent SRS, without the combi-
nation of WBRT, for BMs using a gamma knife (GK)
during the 13-year-period from 1998 through 2011. The
primary tumors were NSCLC (2,827 patients), SCLC
(460), GIC (582), BC (547) and RCC (192). Among the
582 patients with GICs, the most common primary site was
the colon (274 patients) followed by the rectum (115),
stomach (107), esophagus (74), duodenum (6) and small
intestine (5). Our databases included only 13 melanoma
patients. Thus, we could not test the validity of the two
indices in patients with melanoma. Table 2 summarizes
clinical characteristics along with primary cancer catego-
ries. The KPS score was used to evaluate general and
neurological conditions of patients [9].

In our facilities, all patients had been referred to us for
SRS by their primary physicians. Therefore, patient
selections, including previous treatments, i.e., neurosurgi-
cal intervention, WBRT, chemo-/targeting-therapy, or
combinations of these, had mostly been made outside of
our facilities. Patient selection criteria may well have dif-
fered somewhat among referring physicians. Therefore, in
all cases, the first (MY) or second (TS) author ultimately
decided whether or not a patient would be accepted for
SRS. Our patient selection criteria were described in our
previous report [2].

The treatment strategy was explained in detail to each
patient and at least one adult relative by the first (MY) or
second (TS) author, and written informed consent was
obtained from all patients before SRS. As our radiosurgical
techniques are described in detail in our previous report,
they are not repeated herein [2]. Briefly, standard SRS
procedures were performed using a Leksell gamma unit
Model B before June, 2003, and thereafter a Leksell
gamma unit Model C (Elekta AB, Stockholm, Sweden) in
the first author’s series. The change from GK Model B to C
was in October of 2003 in the second author’s series.

Statistical analysis

All data were analyzed according to the intention-to-treat
principle. For the baseline variables, summary statistics
were constructed employing frequencies and proportions
for categorical data, and means and standard deviations
(SD) for continuous variables. Overall survival (OS) time
was defined as the interval between the first SRS and death
due to any cause or the day of the last follow-up. For time-
to-event outcomes, the Kaplan—-Meier method [10] was
used to estimate OS for each group, and the differences in
survival between groups were analyzed with the log-rank
test. The hazard ratios (HRs) and 95 % confidence intervals
(CIs) were estimated employing the Cox proportional
hazards model [11].

All comparisons were planned and the tests were two-
sided. A p value of less than 0.05 was considered to indi-
cate a statistically significant difference. All statistical
analyses were conducted by two of the authors (YH, YS),
neither of whom was involved in either SRS treatment or
patient follow-up. One of the authors (YH) initially ana-
lyzed the data using JMP, Japanese version 9.0 for the
Windows system (SAS Institute Inc., Cary, NC, USA) and,
thereafter, the other (YS) independently reconfirmed the
results using the SAS software program, version 9.3 (SAS
Institute Inc).

Results

Four (0.2 %) patients were lost to follow-up, three with
SCLC and one with NSCLC. The median post-SRS follow-
up time among 519 censored observations was 14.9 (range;
0.1-138.3) months, with 4,085 patients (81.1 %) deceased
as of the end of December 2011. The overall median sur-
vival time (MST) after SRS was 7.7 (95 % CI; 7.4-8.0)
months. Actuarial post-SRS survival rates were 58.6 % at
six, 34.7 % at 12, 15.9 % at 24, 8.9 % at 36 and 4.2 % at
60 months after SRS. Causes of death could not be deter-
mined in 99 patients, but were confirmed in the remaining
3986 to be non-brain diseases in 3480 (87.3 %) and brain
diseases in 506 (12.7 %). Among the 4608 patients, 1689
(36.7 %) underwent salvage SRS mostly for new lesions
(88.3 %) and, uncommonly (11.7 %), recurrence of the
treated lesions. Salvage WBRT was necessary in 194
patients (4.2 %) and surgical removal in 69 (1.5 %).
Detailed post-SRS treatment results for each of the four
primary cancer categories are presented in Table 3.
Figure 1 shows Kaplan—Meier plots of our patient series
according to the DS-GPA system for the five primary
cancer categories (a; NSCLC, b; SCLC, c; GIC, d; BC and
e; RCC). Patient numbers were roughly equal among the
four groups in three of the primary cancer categories, GIC,
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Table 2 Study proportion

Characteristic

Primary tumor category

NSCLC SCLC GIC BC RCC
No. of patients 2827 460 582 547 192
Sex
Female 924 (32.7 %) 73 (16.9 %) 195 (33.5 %) 542 (99.1 %) 56 (29.2 %)
Male 1903 (87.3 %) 387 (84.1 %) 387 (66.5 %) 5(0.9 %) 136 (70.8 %)
Age (years), Mean [Range] 65 [19-96] 67 [37-92] 66 [25-90] 56 [26-90] 64 [34-90]
Controlled primary cancer 604 (21.4 %) 68 (4.8 %) 211 (36.3 %) 370 (67.6 %) 87 (45.3 %)
No extracranial metastases 1530 (54.1 %) 266 (57.8 %) 123 (21.1 %) 120 (21.9 %) 40 (20.8 %)
KPS score (%)
100 1352 (47.8 %) 217 (47.2 %) 106 (18.2 %) 173 (31.6 %) 52 (27.1 %)
90 532 (18.8 %) 82 (17.8 %) 115 (19.8 %) 130 (23.8 %) 43 (22.4 %)
80 420 (14.9 %) 73 (15.8 %) 131 (22.5 %) (19.7 %) 41 (21.3 %)
70 315 (11.1 %) 58 (12.6 %) 131 (22.5%) 74 (13.5 %) 28 (14.6 %)
60 208 (7.4 %) 30 (6.5 %) 99 (17.0 %) 19 (3.5 %) 28 (14.6 %)
RPA class
I 197 (7.0 %) 22 (4.8 %) 18 (3.1 %) 62 (11.3 %) 14 (7.3 %)
I 2422 (85.7 %) 408 (88.7 %) 465 (79.9 %) 423 (77.3 %) 150 (78.1 %)
1 208 (7.4 %) 30 (6.5 %) 99 (17.0 %) 62 (11.3 %) 28 (14.6 %)
Neurologically symptomatic 1249 (44.2 %) 172 (37.4 %) 457 (78.5 %) 363 (66.4 %) 135 (70.3 %)
Prior surgery (tumor removal) 377 (13.3 %) 47 (10.2 %) 129 (22.2 %) 123 (22.5 %) 27 (14.1 %)
Prior whole brain radiotherapy 136 (4.8 %) 67 (14.6 %) 27 (4.6 %) 37 (6.8 %) 6 (3.1 %)
Tumor numbers
Mean/median/maximum 7/3/100 8/4/100 4/2/100 8/4/69 4/2/43
Solitary 765 (27.1 %) 92 (20.2 %) 219 (37.6 %) 127 (23.2 %) 78 (40.6 %)
Multiple 2062 (72.9 %) 368 (80.0 %) 363 (62.4 %) 420 (76.8 %) 114 (59.4 %)
2-4 902 (31.9 %) 158 (34.4 %) 219 (37.6 %) 154 (28.2 %) 72 (37.5 %)
5-9 531 (18.8 %) 96 (20.9 %) 90 (15.5 %) 108 (19.4 %) 25 (13.0 %)
10 629 (22.3 %) 114 (24.8 %) 54 (9.3 %) 158 (28.9 %) 17 (8.9 %)
Tumor volume (cc)
Cumulative
Median 3.60 5.63 9.27 8.29 4.79
Range 0.01-94.20 0.03-100 0.04-96.75 0.07-100 0.04-55.0
Maximum lesion
Median 2.10 3.10 6.10 4.90 345
Range 0.01-94.20 0.02-53.30 0.02-55.60 0.02-72.50 0.02-51.20
Peripheral dose (Gy)
Median 21.0 20.0 20.0 20.0 22.0
Range 10.0-26.0 10.0-25.0 10.0-26.0 10.0-27.0 10.0-25.0
Synchronous presentation 885 (31.3 %) 116 (25.2 %) 71 (12.2 %) 37 (6.8 %) 30 (15.6 %)
Interval (months) between diagnosis of original cancer and SRS
Median 7.5 8.4 24.1 43.4 22.0
Maximum 262 149 346 317 325

NSCLC non-small cell lung cancer, SCLC small cell lung cancer, GIC gastro-intestinal cancer, BC breast cancer, RCC renal cell carcinoma, KPS
Karnofsky Performance Status [9], RPA Recursive Partitioning Analysis [1], SRS stereotactic radiosurgery6

BC and RCC. However, there were large patient number
discrepancies in the other two, NSCLC and SCLC, i.e., the
patient number in the NSCLC category was very small in
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the 3.5-4.0 group as compared with the other three groups
and those in the SCLC category in the 3.5-4.0 and 3.0
groups differed remarkably from those of the two other
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Table 3 Summary of Stereotactic Radiosurgery (SRS) Treatment Results

Categories Primary tumour category
NSCLC SCLC GIC BC RCC

No. of patients 2827 460 582 547 192
Lost to follow-up 1 3 0 0 0
No. of deceased patients 2492 (88.2 %) 424 (92.8 %) 548 (94.2 %) 456 (83.4 %) 165 (85.9 %)
Neurological death 302 (12.1 %) 60 (14.2 %) 59 (10.8 %) 70 (15.4 %) 15 9.1 %)
Post-SRS MST* [95% CI] 8.3 [7.8-8.8] 6.7 [6.0-7.7] 5.5 [4.7-6.0] 9.7 [8.5-10.7] 8.2 [6.6-9.6]
Post-SRS actuarial survival rates (%)

6 months 60.7 54.3 44.6 65.3 60.0

12 months 37.6 29.3 17.8 41.6 36.0

24 months 17.7 7.8 6.4 22.0 19.6

36 months 10.0 3.9 2.6 12.0 13.7

60 months 4.7 1.7 1.8 5.0 6.9
Repeat SRS 1029 (39 %) 139 (36.7 %) 181 (31.1 %) 248 (45.3 %) 62 (32.3 %)

NSCLC non-small cell lung cancer, SCLC small cell lung cancer, GIC gastro-intestinal cancer, RCC renal cell carcinoma, WBRT whole brain

radiotherapy, MST median survival time (months), CI confidence interval

groups. A higher DS-GPA score is associated with a longer
MST, and the survival difference by four-group stratifica-
tion is statistically significant in all five primary cancer
categories (p < 0.001). In the NSCLC category, there were
statistically significant MST differences among the four
groups without overlapping of 95 % CIs between any two
pairs of groups (Fig. 1a). However, in the SCLC, GIC and
RCC categories, the MST difference between the two DS-
GPA groups with scores of 3.5-4.0 and 3.0 and between
those with DS-GPA scores of 3.0 and 1.5-2.5 did not reach
statistical significance (Fig. 1b, c, e). Also, in the BC cat-
egory, the MST difference between the two DS-GPA
groups with scores of 3.0 and 1.5-2.5 did not reach sta-
tistical significance (Fig. 1d).

Figure 2 shows Kaplan—Meier plots of our patient series
according to the modified RPA system for the five primary
cancer categories (a; NSCLC, b; SCLC, c; GIC, d; BC and e;
RCC). There were statistically significant MST differences
(p < 0.001) among the three groups with no overlapping of
95 % CIs between any two pairs of groups. Furthermore,
there were no large patient number discrepancies among the
three subgroups in the five primary tumor categories.

Discussion

Due to the uniqueness of each primary cancer category,
Sperduto et al. [4, 5] recently proposed DS-GPA, a modi-
fication of their original GPA system. Our retrospective
cohort study of SRS-treated patients at two institutions
confirmed the validity of DS-GPA. Although this system
was shown to be applicable to patients with NSCLC, it
failed to yield statistically significant MST differences for

patients with SCLC, GIC, BC and RCC. Furthermore, a
weakness of this system is that there were large patient
number discrepancies among subgroups in patients with
NSCLC and SCLC. Particularly, in the SCLC category,
59.8 % of all patients had group 1.5-2.5 DS-GPA scores
while only 1.7 % had group 3.5-4.0 DS-GPA scores, the
dissociation rate being 35.2 versus 1.0. In the same way,
dissociation rates between the two groups, those with the
highest and lowest numbers of patients, were 16.6 versus
1.0 in the NSCLC category. A prognostic index with such
large patient number discrepancies among subgroups
would, in our view, be fundamentally inadequate. There-
fore, we believe that the scoring system of the DS-GPA
should be modified for the NSCLC and SCLC categories.

The DS-GPA concept is that different indices should be
applied to different primary tumors, really a very scientific
approach but rather complicated for routine cancer patient
management. While this system is not complicated for
physicians who manage patients with one primary cancer
category, a single prognostic grading system is much more
convenient for those managing patients with various primary
cancer categories. From this viewpoint, our recently-repor-
ted Modified RPA system is considered to be more widely
applicable as it compensates for the major weakness of the
RPA system [7]. Namely, as we reported previously [2], most
patients fall into RPA class II. In fact, more than 84 % of all
patients were class II in the present study. These large dis-
crepancies in patient numbers among the three classes might
reflect clinical factors. The survival periods vary markedly
within the group comprising class II patients.

After publication of the index based on RPA by Gaspar
et al. [1], two other indices were proposed [12, 13]. These
are: (1) Score Index for Radiosurgery (SIR); the sum of
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Fig. 1 Overall survival according to Diagnosis-Specific Graded
Prognostic Assessment (DS-GPA) [5] in the five original cancer
categories; NSCLC (a), SCLC (b), GIC (c), BC (d) and RCC (e).

scores (0-2) for each of five prognostic factors (age, KPS,
systemic disease status, number of lesions, and volume of
the largest lesion) [12]. (2) Basic Score for Brain
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n numbers of patients, MST median survival time (months), CI
confidence interval, HR hazard ratio, SRS gamma knife radiosurgery

Metastases (BSBM); the sum of scores (0-1) for three
prognostic factors (KPS, controlled primary tumor and
extracranial metastases) [13]. As we discussed in our
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previous publication [2] and Sperduto et al. [4] pointed out,
the two systems have limitations although there were sta-
tistically significant MST differences (p < 0.001) among
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the three groups in the SIR system or four groups in the
BSBM. The SIR requires volume estimation of the largest
lesion for scoring [12]. Volume estimation is commonly
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performed at the time of SRS or SRT, but not always at the
time of WBRT or when treatment options are considered
by most physicians. Therefore, this index is rarely used
clinically because treatments must be selected for most
patients without knowing the actual tumor volume. The
BSBM does not incorporate BM-related factors [13]. Most
notably, tumor number is widely accepted as one of the
major factors influencing patient survival periods.

As mentioned in our previous articles [2, 7], the major
weakness of this study might be that clinical factors are
obviously heterogeneous since our cohort included all
treated patients. Greater patient group homogeneity makes
a study more scientific. However, heterogeneity actually
reflects clinical settings rather closely as we physicians
often deal with inhomogeneous clinical factors. Particu-
larly, our two databases included some patients whose BMs
were not newly diagnosed tumors. However, proportions of
such patients in our database were very small. Thus, this
heterogeneity minimally impacted our results, as we very
recently commented in our reply to the aforementioned
Letter-to-the-Editor from Sperduto et al. [14].

The second potential weakness of the present study is that
our series included considerable numbers of patients with
five or more BMs. SRS alone for patients with four to five
tumors, or even more, is not a standard treatment in any
industrialized nations [15]. Nevertheless, as we reported
elsewhere [16, 17] and as described by Knisely et al. [18], a
trend to treat more BMs became apparent in the recent years
[19-25]. In fact, Tsao et al. [26] recently stated in the
American Society for Radiation Oncology evidence-based
guideline, that “when new BMs are seen on the planning scan
the day of SRS, it may be reasonable to proceed and complete
the SRS procedure for all of the lesions visualized even if
they exceed a total of 4 BMs”. Furthermore, Grandhi et al.
[27] very recently reported that SRS can be used to safely and
effectively treat intracranial disease with a high rate of local
control in patients with >10 brain tumors.

The present study included patients who had undergone
SRS no earlier than 1998. For both diagnosis and dose
planning, 1.5 Tesla MR units with gadolinium adminis-
tration were employed except in a very small number of
patients who had contra-indications for MR imaging or
gadolinium administration. Furthermore, although patient
demographic features were heterogeneous, GKRS tech-
niques were quite consistent. In both databases, SRS was
performed under full supervision of the senior neurosur-
geon, either the first or the second author in each patient
series. Patient selection criteria, dose-planning techniques,
dose selection and the follow-up protocol were consistently
maintained in both series. Serizawa et al. [28] previously
demonstrated that there were no significant differences in
GKRS treatment results for BM patients between these two
facilities.

@ Springer

With any prognostic index, certain revisions may be
required in the future probably due to the development of
novel treatments for one of the cancer types. Given such
circumstances, the DS-GPA can readily be modified, as
was, in fact, very recently reported by Sperduto et al. [29].
The DS-GPA would thereby remain relevant in the future
while a weakness of our modified RPA system is that it
may lack such flexibilities. The second potential weakness
of the Modified RPA is that this system requires assessment
of primary tumor control which is dependent on the type
and timing of imaging studies, as pointed out by Sperduto
et al. [8]. In this study, primary tumor status was judged by
a referring physician based on clinical and/or imaging
examinations, and thus was not very scientific. We usually
judge tumor status as well controlled for patients whose
primary tumors were deemed by referring physicians to be
in a stable disease state, showing a partial response or
complete response and whose anticipated survival times
were at least 6 months, as we reported very recently [14].

Conclusions

The DS-GPA system is not applicable to our set of patients
with SCLC, GIC and RCC for comparing survivals after
SRS while it is applicable to patients with NSCLC. The
Modified RPA system was shown to be applicable to
patients with five primary cancer categories. This index
should be considered when designing future clinical trials
involving BM patients.

According to the Modified RPA system, RPA class
I+IIa as well as IIb patients can be regarded as good
candidates for aggressive treatment of BMs, while the
treatment decision remains difficult in RPA class IIc+III
patients because of their poorer outcomes. This study
showed that, if we select reasonable SRS candidates and
treat aggressively, only 9.1-15.4 % of such cancer patients
with BMs die of brain disease regardless of primary cancer
categories. Furthermore, in this era of SRS, patients with a
few BMs are rather unlikely to die of brain disease.
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