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Abstract
Object—Brain metastases present a therapeutic challenge because patients with metastatic
cancers live longer now than in the recent past due to systemic therapies that, while effective, may
not penetrate the blood-brain barrier. In the present study the authors sought to validate the
Diagnosis-Specific Graded Prognostic Assessment (DS-GPA), a new prognostic index that takes
into account the histological characteristics of the primary tumor, and the Radiation Therapy
Ontology Group Recursive Partitioning Analysis (RPA) system by using a single-institution
database of patients who were treated initially with stereotactic radiosurgery (SRS) alone for brain
metastases.

Methods—Investigators retrospectively identified adult patients who had undergone SRS at a
single institution, MD Anderson Cancer Center, for initial treatment of brain metastases between
2003 and 2010 but excluded those who had undergone craniotomy and/or whole-brain radiation
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therapy at an earlier time; the final number was 251. The Leksell Gamma Knife was used to treat
223 patients, and a linear accelerator was used to treat 28 patients. The patient population was
grouped according to DS-GPA scores as follows: 0–0.5 (7 patients), 1 (33 patients), 1.5 (25
patients), 2 (63 patients), 2.5 (14 patients), 3 (68 patients), and 3.5–4 (41 patients). The same
patients were also grouped according to RPA classes: 1 (24 patients), 2 (216 patients), and 3 (11
patients). The most common histological diagnoses were non–small cell lung cancer (34%),
melanoma (29%), and breast carcinoma (16%). The median number of lesions was 2 (range 1–9)
and the median total tumor volume was 0.9 cm3 (range 0.3–22.9 cm3). The median radiation dose
was 20 Gy (range 14–24 Gy). Stereotactic radiosurgery was performed as the sole treatment (62%
of patients) or combined with a salvage treatment consisting of SRS (22%), whole-brain radiation
therapy (12%), or resection (4%). The median duration of follow-up was 9.4 months.

Results—In this patient group the median overall survival was 11.1 months. The DS-GPA
prognostic index divided patients into prognostically significant groups. Median survival times
were 2.8 months for DS-GPA Scores 0–0.5, 3.9 months for Score 1, 6.6 months for Score 1.5,
12.9 months for Score 2, 11.9 months for Score 2.5, 12.2 months for Score 3, and 31.4 months for
Scores 3.5–4 (p < 0.0001). In the RPA groups, the median overall survival times were 38.8 months
for Class 1, 9.4 months for Class 2, and 2.8 months for Class 3 (p < 0.0001). Neither the RPA
class nor the DS-GPA score was prognostic for local tumor control or new lesion–free survival. A
multivariate analysis revealed that patient age > 60 years, Karnofsky Performance Scale score ≤
80%, and total lesion volume > 2 cm3 were significant adverse prognostic factors for overall
survival.

Conclusions—Application of the DS-GPA to a database of patients with brain metastases who
were treated with SRS appears to be valid and offers additional prognostic refinement over that
provided by the RPA. The DS-GPA may also allow for improved selection of patients to undergo
initial SRS alone and should be studied further.

Keywords
stereotactic radiosurgery; Gamma Knife surgery; brain metastasis; prognostic factor; Diagnosis-
Specific Graded Prognostic Assessment; Recursive Partitioning Analysis

Brain metastases arise in 10%–40% of patients with cancer and are 4- to 5-fold more
common than primary intracranial neoplasms.9,12 The rising incidence of these lesions can
be attributed to the aging population, improved neuroimaging techniques, and systemic
therapies that, while effective, may not penetrate the blood-brain barrier.11 Aside from the
mortality associated with brain metastases, the neurocognitive sequelae of these lesions
contribute considerably to morbidity.

Metastatic brain disease is a heterogeneous group in both its natural history and propensity
for recurrence. Behavior of metastatic brain cancer depends on many factors, including
status of the patient’s extracranial disease, number of metastatic lesions, tumor size,
histological type of tumor, and many other factors.8,11 Although median survival for all
patients is less than 1 year, the range can be broad, from 1 month to 2 years.27 Therefore, it
is critical to select the appropriate therapy for individual patients carefully to avoid
unnecessary risk and cost to those unlikely to benefit from aggressive therapy.

Management of brain metastases requires a multi-disciplinary approach, with contributions
from neurosurgery, radiation oncology, medical oncology, and palliative care specialties.
Management options for brain metastases vary and include open brain surgery, SRS,
WBRT, and supportive care. Whole-brain radiation therapy remains the mainstay of
treatment.17 Combined with SRS, WBRT has been shown to improve survival in patients
with a single metastasis.2 Omission of WBRT results in inferior control of distant lesions,
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but not necessarily worse survival.3,13 Disadvantages of WBRT include a treatment time of
1–3 weeks, preclusion of concurrent chemotherapy, and potential neurocognitive decline in
long-term survivors.5

Stereotactic radiosurgery is being explored as an alternative method for initial disease
control. Although management of newly diagnosed brain metastases with SRS alone does
not represent a standard of care, its increasing use has been driven by both patients and
physicians who fear the potential neurocognitive decline associated with WBRT and are
averse to its long duration of treatment. Stereotactic radiosurgery allows for delivery of a
precisely localized single dose of radiation while sparing surrounding normal brain tissue.14

It offers local disease control comparable to that of surgery with the benefit of a more
favorable side-effect profile.1,4,17,18,31 The rapidity with which SRS can be performed often
affords patients the ability to proceed with systemic treatments in a timelier manner.

In an attempt to offer guidance for patients in whom initial treatment with SRS arises as an
option, we assessed the robustness of two commonly used prognostic indices. Recursive
Partitioning Analysis is one of the first and simplest tools available for estimating survival in
patients with newly diagnosed brain metastases. It incorporates patient age, KPS score,
status of the primary tumor, and extent of extracranial disease into a model for predicting
prognosis in these patients.7 It was developed through an analysis of 1200 patients treated in
3 RTOG WBRT studies. In the RPA prognostic index, the histological type of tumor is not a
statistically significant predictor of outcome.

Another widely used index is the GPA, which is based on 4 criteria: patient age, KPS score,
number of brain metastases, and status of extracranial disease.26 Each of the 4 criteria is
given a score of 0, 0.5, or 1.0, which are then summed to determine the total GPA score. A
GPA score of 4.0 corresponds to the best prognosis. The authors established this index based
on findings in 1960 patients, who constituted 56% of patients treated in 5 RTOG WBRT
studies. Only 1 of the 5 studies included an arm in which patients underwent SRS in addition
to WBRT.

Recently, a multiinstitutional analysis was performed to refine the GPA, making it specific
to the histological characteristics of particular brain metastases.27 The analysis included
4259 patients with brain metastases treated with surgery, WBRT, SRS, or various treatment
combinations.27 The new DS-GPA takes into account the same criteria as the GPA but
defines itself according to statistically significant prognostic factors for each individual
therapy. diagnosis.26,27 The DS-GPA has been touted as more quantitative and less
subjective than the RPA system.25 The 6 distinct diagnoses in the DS-GPA (non–small cell
and small cell lung cancer, melanoma, renal cell cancer, breast cancer, and gastrointestinal
cancer) comprise a tool for future clinical trials in which patients of similar prognosis can be
stratified together and treatment effects can be more easily discerned.25

In the present study we explored the prognostic value of the RPA and the DS-GPA in a
cohort of patients initially treated at MD Anderson Cancer Center with SRS. We chose to
focus on the DS-GPA rather than the GPA because emerging evidence has demonstrated
that the former method is more accurate for determining prognosis.28 Moreover, the latest
American Society for Radiation Oncology evidence-based guidelines affirm a preference for
histology-specific prognostic indices.29 Our goal was to assess the value of these indices in a
selection of patients with a relatively good prognosis for whom SRS as a single modality
may be beneficial as opposed to those whose short expected survival would call for more
traditional therapies such as WBRT.
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Methods
After approval had been obtained from the institutional review board at MD Anderson
Cancer Center, we retrospectively identified all patients at that institution who had
undergone Gamma Knife surgery as the initial treatment or following linear accelerator-
based SRS for brain metastases between June 2009 and March 2010. Patients were included
if they received SRS as the initial therapy for newly diagnosed brain metastases. All
histological tumor types and performance scores were allowed. No limit was set for the
number of metastases treated by SRS. Patients were excluded if they had undergone
previous craniotomy and/or WBRT.

Radiosurgical Technique
Patients who underwent SRS after June 24, 2009 were treated with the Leksell Gamma
Knife Perfexion. The radiosurgery technique has been previously described.21 Candidates
for radiosurgery were discussed in a weekly multidisciplinary conference in which members
of neurosurgery, radiation oncology, and neuroradiology teams were present. Most eligible
patients had 3 or fewer brain metastases at the time of the radiation oncology consultation
and had an Eastern Cooperative Oncology Group performance score16 of 0–1. On the day of
treatment, patients underwent thin-slice (1-mm) gadolinium-enhanced MR imaging; the
results were interpreted by a neuroradiologist and used for planning purposes. If a
significant number of new lesions was discovered, the planned SRS was aborted after a
discussion about prognosis with the patient and family. No exact cutoff was used, but a
common upper limit for the number of lesions to be treated was 20. For the majority of
patients, the volume of the lesion determined the prescription dose.23 In most cases, the
prescription isodose contour was the 50% isodose line. All patients were discharged home
the same day.

Twenty-eight patients who fit the inclusion criteria had previously been treated at our
department between February 2003 and June 2009 by linear accelerator–based SRS, which
was our department’s primary delivery method for SRS before June 24, 2009. This has also
been previously described.5 In these cases, a planning CT study was obtained, and at most 3
lesions were targeted at once.

Follow-Up and Treatment Response Assessment
The standard follow-up protocol required reexamination every 3 months, with contrast-
enhanced neuroimaging performed during every visit. If a local or distant appearance of new
lesions was diagnosed on imaging studies, the most appropriate salvage modality—
resection, repeat SRS, or WBRT—was recommended. In general, resection was
recommended for recurrences that were symptomatic. In our radiation department, repeat
SRS was usually used in patients having a favorable prognosis, whereas WBRT was
reserved for patients with multiple recurrences or a poor prognosis given the status of their
extracranial disease. A small proportion of patients were lost to follow-up. In that case, the
last day of face-to-face or telephone interaction was considered the last follow-up visit.

Validation of Prognostic Indices
Recursive Partitioning Analysis has been previously described.7 Briefly, 4 clinical
parameters (patient age, KPS score, control of primary disease, and status of extracranial
disease) were used to place patients in one of the three RPA groups, in which RPA Class 1
portends the best survival and RPA Class 3 portends the worst.

The DS-GPA was recently developed to predict survival based on the histological diagnosis
of the primary cancer.27 As opposed to RPA, a slightly different set of clinical parameters
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(patient age, KPS score, status of extracranial disease, and number of brain metastases) is
used to calculate a prognostic score. The histological type of primary tumor determines
which of these parameters are used to influence the total score, which ranges from 0 to 4, in
which 0 portends the worst and 4 the best prognosis.

End Points and Statistical Analyses
Statistical comparisons were made using the Student t-test when data were normally
distributed. When both dependent and independent variables were categorical, we used the
Pearson chi-square test. Differences in survival within the DS-GPA and RPA prognostic
groupings were analyzed with the aid of the log-rank test, and survival is presented in this
paper as Kaplan-Meier plots. In addition, univariate and multivariate analyses were
performed using Cox regression techniques to examine potential interactions among the
entered covariates. The Wald test was used to assess the role of covariates in the model.
Variables included in the models were patient age, KPS score, number of brain metastases
treated, patient sex, and status of the extracranial disease. Statistical significance was set at p
≤ 0.05, and all tests were 2-sided. All analyses were performed using Stata/MP, version 12.0
(Stata 10.1 for Windows; StataCorp).

Results
Patient Characteristics

Two hundred fifty-one patients underwent some form of SRS as initial treatment for newly
diagnosed brain metastases at MD Anderson Cancer Center between February 2003 and
March 2010 (Table 1). Patient characteristics showed an approximately even split between
sexes. The most common tumor histological types were non–small cell lung cancer (34%),
melanoma (29%), and breast carcinoma (16%). The median number of brain metastases at
diagnosis was 2 (range 1–9). The number of brain metastatic lesions was 3 or fewer in 218
patients and 4 or more in 33 patients. The median total tumor volume was 0.9 cm3 (range
0.3–22.9 cm3), and the median peripheral dose used in treatment was 20 Gy (range 14–24
Gy). The median follow-up duration was 9.4 months. Stereotactic radiosurgery was used as
the sole treatment (62% of patients) or in combination with salvage treatment consisting of
SRS (22%), WBRT (12%), or resection (4%).

Patient Outcomes
In this group of 251 patients, the median overall survival was 11.1 months (47% at 12
months). The median new lesion–free survival was 10 months (45% at 12 months). Local
tumor control was 95% at 12 months.

Prognostic Factors
When applied to our patients, the RPA and DS-GPA indices split the data set into
prognostically different groups with respect to overall survival but not new brain lesion–free
survival or local control of disease. In addition to these prognostic indices, total tumor
volume (p < 0.001), ≥ 3 brain metastases (p = 0.003), patient age ≥ 60 years (p = 0.004),
baseline KPS score (p < 0.001), and presence of extracranial disease (p < 0.001) were
statistically significant predictors of overall survival in the univariate analysis. The
multivariate analysis revealed that patient age ≥ 60 years (p = 0.002), a KPS score ≤ 80% (p
= 0.005), and total tumor volume> 2 cm3 (p = 0.002) were significant adverse prognostic
factors for overall survival.
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RPA
In the RPA groups, the median overall survival was 38.8 months for Class 1, 9.4 months for
Class 2, and 2.8 months for Class 3. A Kaplan-Meier plot representing this is shown in Fig.
1. An overall significant difference between groups (p < 0.0001) is evident. The median new
lesion–free survival was 10.8 months for Class 1, 10 months for Class 2, and 3.3 months for
Class 3 (p = 0.12). The median local disease control was not reached by all three classes.

DS-GPA
In the DS-GPA groups, the median overall survival was 2.8 months for ≤ 0.05 points, 3.9
months for 1 point, 6.6 months for 1.5 points, 12.9 months for 2 points, 11.9 months for 2.5
points, 12.2 months for 3 points, and 31.4 months for 3.5–4 points (p ≤ 0.0001). A Kaplan-
Meier plot summarizing this is given in Fig. 2. The DS-GPA prognostic score failed to
predict new brain metastasis–free survival (p = 0.72). As with the RPA, the median local
disease control was not reached by any prognostic group.

Discussion
The heterogeneity of patients with brain metastases makes prognostication challenging.
Moreover, the availability of a wide variety of treatment options and combinations makes it
difficult for the clinician to strike a balance between undertreatment and overtreatment in
patients for whom quality and quantity of life become increasingly vital. In the present study
we tested the validity of two existing prognostic indices, RPA and DS-GPA, when applied
to a series of patients treated initially with SRS alone for newly diagnosed brain metastases.

A number of prognostic systems for patients with brain metastases have been
developed.7,10,15,26,27 The RTOG RPA and the recently developed DS-GPA are
representative prognostic systems, with the former being one of the oldest systems and the
latter being the most recent and refined. 7,27 Both of these indices were developed using data
from patients treated with WBRT. As far as we know, this is the first study to prognostic
tools for patients in whom SRS alone was used to treat newly diagnosed brain metastases.6

The RTOG RPA index is a relatively simple system to use and was among the first indices
to stratify patients treated for brain metastases into distinct prognostic groups. In the present
report we demonstrate that the RTOG RPA index is valid for patients with newly diagnosed
brain metastases who are treated with SRS alone. In our study, the median survival of
patients was 38.8 months for RPA Class 1, 9.4 months for RPA Class 2, and 2.8 months for
Class 3, which represents a statistically significant difference (p < 0.0001). Survival in each
prognostic group is similar to what has been recently reported in the literature.15,22 The
longer median survival by RPA groups in our population compared with the original
publication7 does not imply superiority of treatment with initial SRS alone. Rather, the
longer survival is most likely caused by a selection bias and possibly in part due to a more
aggressive approach with improved supportive care.

The classic pattern of RPA risk stratification into highly favorable (Class 1), largely
heterogeneous (Class 2), and highly unfavorable (Class 3) groups is seen in our population
of patients. Although the RPA system has been criticized for its crude stratification and the
heterogeneity of Class 2, we propose that this can actually be advantageous when
considering treatment with initial SRS alone. In our study, the median survival for patients
in RPA Class 1 was almost 40 months, leading to a conclusion that patients who fit this
category may benefit from SRS alone and thus can avoid the neurocognitive toll of WBRT.
On the opposite end of the spectrum were RPA Class 3 patients with a median survival of
less than 3 months. In our opinion, use of SRS should be eschewed for patients facing such a
short expected survival (< 3 months).
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The fact that RPA was not effective at predicting local control and new metastasis–free
survival should not be a surprise. This finding is consistent with earlier reports that tumor
volume is the main predictor for local treatment failure after SRS, whereas the number of
brain metastases and the histological characteristics of the tumor are predictive of no new
lesions on subsequent scans.24,30

Being one of the newest prognostic indices, DS-GPA has been used and validated to a much
lesser extent than the RPA. Its specificity to diagnosis ought to give this index a predictive
power lost in the heterogeneity of RPA Class 2. We did find that it was valid and divided
our patient population into prognostically meaningful groups. Median survival was 31.4
months for DS-GPA Scores 3.5–4, 12.2 months for Score 3, 11.9 months for Score 2.5, 12.9
months for Score 2, 6.6 months for Score 1.5, 3.9 months for Score 1, and 2.8 months for
Scores 0–0.5 (p < 0.0001). The median survival for patients in each category is slightly
higher than that reported in the original publication,27 where DS-GPA Scores 3.5–4
corresponded to 14.8 months, Score 3.0 corresponded to 11.6 months, Scores 1.5–2.5
corresponded to 6.4 months, and Scores 0–1.0 corresponded with 3.43 months. As
mentioned earlier, this finding likely reflects a selection bias and the aggressive management
of brain metastases patients at our institution. Regarding the appearance of new lesions on
later imaging, this index was not effective at prognostication despite the results of previous
studies that showed that the number of brain metastases and the histological diagnosis are
important factors.24

In the univariate analysis, several factors—older patient age, lower KPS score, greater
number of brain lesions, greater volume of brain lesions, and presence of extracranial
disease—were associated with poorer survival. In the multivariate analysis, only patient age
and total treatment volume were significantly associated with survival. These risk factors
have been confirmed to be important predictors in numerous prospective and retrospective
studies.15,19,20,22 Volume of the largest lesion is a prognostic factor in the Score Index for
Radiosurgery in patients treated as part of the overall management of brain metastases.32

The reason for the importance of this patient characteristic is, in itself, an interesting
question to ponder and warrants further investigation.

It appears that regardless of treatment modality—initial WBRT or initial SRS—RPA and
DS-GPA indices can be used to adequately predict survival in patients with newly diagnosed
brain metastases. This finding is consistent with the results of several randomized trials, in
which addition of WBRT to SRS improved future control of brain disease but not
survival.3,13 One retrospective series found that the particular radiation regimen (SRS alone
or WBRT alone) was not predictive of survival in patients in RPA Classes 1 and 2 with 1–3
brain metastases.20 This can be explained in part by the success of salvage treatment. For
example, 38% of patients in our study received additional treatment after SRS (12%
underwent WBRT). This observation may also suggest that patient survival is heavily
determined by underlying biological factors rather than by choice of therapy.

There are several limitations to this study. Its retrospective nature implies shortcomings
inherent in every study of this type. Of these, the most obvious weakness is the selection
bias for initial SRS, which can certainly account for the longer overall survival in our
patients compared with that in historical controls. Survival may also be inflated by the use of
salvage therapy. Its use dilutes the significance of these two indices when applied to patients
who receive initial SRS as the primary therapy. In addition, the external validity of our
results will depend on patient populations elsewhere, since referral practices and treatment
standards for patients with brain metastases may vary by institution.
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Conclusions
Both RPA classes and DS-GPA scores have prognostic value in a population of patients
treated initially with SRS alone. Nevertheless, these indices did not predict local control of
the disease or future emergence of lesions on imaging. For this patient population, patient
age and lesion volume predicted mortality in the multivariate analysis. Prognostic indices
appear to be valid in predicting survival in patients with brain metastases regardless of the
treatment modality used. They can serve as a useful tool for clinicians who need to balance
the risks of over- and undertreatment. Although these indices provide guidance, decision
making must be done on an individual basis.

Abbreviations used in this paper

DS-GPA Diagnosis-Specific Graded Prognostic Assessment

KPS Karnofsky Performance Scale

RPA Recursive Partitioning Analysis

RTOG Radiation Therapy Oncology Group

SRS stereotactic radiosurgery

WBRT whole-brain radiation therapy
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Fig. 1.
Kaplan-Meier plot of overall survival stratified by RPA class.
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Fig. 2.
Kaplan-Meier plot of overall survival stratified by DS-GPA score.
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TABLE 1

Characteristics of 251 patients treated with upfront SRS*

Variable No. of Patients (%)

male sex 121 (48)

median age in yrs (range) 59.6 (15.7–93)

primary tumor

 non–small cell lung 85 (34)

 melanoma 74 (29)

 breast carcinoma 40 (16)

 renal cell carcinoma 19 (8)

 other 33 (13)

baseline RPA class

 1 24 (10)

 2 216 (86)

 3 11 (4)

baseline DS-GPA score

 0–0.5 7 (3)

 1 33 (13)

 1.5 25 (10)

 2 63 (25)

 2.5 14 (6)

 3 68 (27)

 3.5–4 41 (16)

median total brain metastasis vol in cm3 (range) 0.9 (0.3–22.9)

median no. of brain metastases (range) 2 (1–9)

 1 104 (41)

 2–3 112 (45)

 >3 35 (14)

SRS treatment

 Gamma Knife surgery 223 (89)

 LINAC-based radiosurgery 28 (11)

salvage treatment

 none 155 (62)

 SRS 56 (22)

 WBRT 31 (12)

 neurosurgery alone 4 (2)

 neurosurgery & SRS 3 (1)

 neurosurgery & WBRT 1 (<1)

*
Values represent number of patients (%) unless otherwise indicated.
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