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Abstract

A substantial, but uncertain, number of patients with cancer develop brain
metastases. Risk of brain metastasis is recognized to vary with type of primary
cancer. Within specific types of primary cancer, prognostic factors for development
of brain metastases are being recognized. Recent data suggest that molecular
biomarkers that relate to cellular function can predict risk of developing brain
metastases. Such information could optimize surveillance standards and/or be
used to select patients for preventive interventions. Though average survival for
patients with brain metastases is typically less than 6 months, it is well-recognized
that subgroups of patients have significant probability of longer survival. Multiple
prognostic models have been proposed, validated, and compared without clearly
demonstra_tlng superlorlty_ o_f one _model over another. However, some factors '138"1-103/2152_7806_111296
show consistency as predictive variables across models, and performance status Quick Response Code:
is almost universally significant. Application of predictive models to specific

treatments has been difficult. Tumor-specific prognostic models are evolving, and
combinations of biological and clinical factors may be used to optimize models for
particular primary tumor types.
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INTRODUCTION Status (KPS) scale to 30 or less.?”! In studies of WBRT
patients treated in the 1950s and 1960s, 17-22% did

Early studies of patients with brain metastases revealed  not complete treatment.”!* Modern series typically

poor prognosis with median survival of 1 month reported
for patients not treated with either radiation or surgery,
and about 3-4 months among treated patients.”*’
However, the functional status of patients reported in
these carly series was generally poor compared with those
reported today, probably because of limited diagnostic
capabilitics leading to more advanced symptoms
before referral for treatment. For example, one study
of 108 patients treated with whole brain radiation
therapy (WBRT) for brain metastases from 1958 to 1966
reported 81% of their patients having a functional status
that would correspond on the Karnofsky Performance
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consist of patients of higher functional status than
those diagnosed in the era predating computerized axial
tomography. It has been recognized that subgroups of
patients can be identified with significantly different
survival prognosis. Extensive effort has been made over
the past two decades to derive and improve prognostic
models, which have the potential to aid in patient
counseling, guide treatment standards, and optimize
clinical trials. Similar efforts have been applied from an
epidemiologic perspective to identifying cancer patients
who may be at increased risk for developing brain
metastases, potentially leading to the ability to most
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effectively select patients for surveillance and preventive
trecatments.

EPIDEMIOLOGY

Incidence

All studies on the incidence of brain metastases have
methodological ~ limitations.  Population,  hospital,

and autopsy studies all have deficiencies related to
insensitivity or inaccuracy of data collection, differences
in diagnosis practices, referral patterns, access to health
care, and selection of subpopulations for study.!” In
general, population-based studies from the past four
decades suggest an incidence rate of approximately
10 per 100,000 population.*1552#51 A current estimate
has been derived of 21,000 to 43,000 patients diagnosed
with brain metastases per year in the United States by
applying population-based incident rates to 2010 census
data.l"”’ Application of autopsy and clinical data to the
total number of cancer cases diagnosed in the United
States suggests that over 100,000 patients develop
brain metastases cach year.'”! Despite the uncertainty in
determining the incidence rate of brain metastases, it is
clear that the magnitude of the problem is substantial,
affecting patients in numbers that approach the incidence
rates of the most common specific primary cancer types.

Risk Factors

There is iIncreasing interest in understanding risk
factors for developing brain metastases that are specific
to primary cancers. Breast cancer is the most common
source of brain metastases in women, and 5-15% of
women with breast cancer are estimated to develop
brain metastases.”  Commonly identified factors
predictive for brain metastases in breast cancer are
human epidermal growth factor receptor 2 (HER2)
over expression, negative estrogen receptor (ER) status,
high histologic grade, high proliferative rate, extensive
extracranial ~metastases, and younger age.[?>
Graesslin et al. derived a nomogram to predict the risk
of subsequent brain metastases among breast cancer
patients  with nonbrain  metastases.””  Potential
prognostic factors for 2136 patients with nonbrain
metastatic breast cancer were prospectively entered
into a database as a training set to develop the
nomogram. Seventeen percent subsequently developed
brain metastases with a median time to diagnosis of
brain metastases of 8.9 months after diagnosis of
nonbrain metastases. Independent prognostic factors
for subsequent development of brain metastases were
younger age, higher histologic grade, shorter time
between initial breast cancer diagnosis and diagnosis of
first metastasis, higher number of nonbrain metastatic
sites, hormone receptor and HER2 status [HER2
positive worse than ER negative/PR negative/HER2
negative (“triple negative”), worse than HER2 negative

with either ER or PR positive]. The nomogram ascribed
points to cach of these five independent prognostic
factors. The points were added together, and the total
points were projected onto a scale for predicting the
percent probability of developing brain metastases. For
example, a 50-year-old patient with a grade 3, HER2
positive tumor, 60-month interval from initial diagnosis
to first metastasis, and more than one nonbrain
metastasis would be predicted to have about a 25%
chance of developing brain metastases. The nomogram
was externally validated by application to a population
from a different institution, and excellent correlation
was observed. The nomogram was applied to a virtual
clinical trial of prophylactic brain radiation to prevent
brain metastases, demonstrating the nomogram’s
potential to sclect a study population to enhance the
power of the trial while treating far fewer patients
compared with an “all-comers” trial (without the
nomogram). Similarly, Berghoff et al. found HER2/ER/
PR subtypes and shorter time to develop progression of
tumor after diagnosis to be significantly associated with
shorter brain metastases free survival.l® Additionally,
presence of pulmonary metastasis was associated with
shorter brain metastases-free survival.

Lung cancer is considered the most common source of
brain metastases, making up about 30-60% of cases.!"
The high probability of developing brain metastases in
small cell lung cancer (SCLC) is well-known, lending this
discase to clinical trials of prophylactic brain radiation
that have successfully accrued and demonstrated survival
benefit.**) Nonsmall cell lung cancer (NSCLC) also has
a propensity for brain metastases. Prospective data from
locally advanced (stage III) NSCLC patients enrolled
on a randomized clinical trial of prophylactic brain
radiation demonstrated 18% over 1 year developed
brain metastases without prophylactic brain radiation.?"
Risk of brain metastases is less well defined in patients
with early stage (stage I-II) NSCLC. Retrospective
study of 975 consecutive patients undergoing surgery
at a single institution for carly stage NSCLC with
a median follow-up of 33 months revealed that
60 (6.1%) developed brain metastases, with a 5-year
cumulative probability of 10%.*" Independent risk
factors for developing brain metastases in these early
stage patients were younger age, larger size of primary
tumor, lymphovascular space invasion, and hilar lymph
node involvement. Although cach of these risk factors
was statistically significant, the hazard ratios were
small, ranging from 1.03 per year of age to 1.87 for
lymphovascular space invasion, leading the authors
to question the prognostic reliability of these clinical
features. Furthermore, prognostic factors for brain
metastases have varied among this and other studies
in early stage NSCLC patients with mixed conclusions
regarding patient age, histology, and size/stage.>101731.53]
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The desire to enhance the power of clinical trials by
selecting patients most likely to benefit from prophylactic
treatment against brain metastases, along with the
question regarding reliability of clinical prognostic factors,
has generated interest in determining which molecular
biomarkers are effective predictors of brain metastasis
risk. Arora et al. profiled microRNAs (miRNAs) from
resected NSCLC  specimens.”) MiRNAs are noncoding
RNAs (18-25 nucleotides) that regulate hundreds of
genes. A matched discovery cohort of seven patients
with brain metastases and six patients without brain
metastases from NSCLC (mostly stage Il and IV at
diagnosis) had tumor samples analyzed by miRNA
microarray chip hybridization. Eight miRNAs were
confirmed to be significantly differentially expressed.
There was no significant correlation of clinical features in
this small sample with development of brain metastases,
nor was there a correlation between expression of the
eight miRNAs with clinical features. The combination of
miR-328 and miR-330-3p were determined to be the best
markers for brain metastasis risk in the discovery cohort.
A validation cohort of 15 patients (stage I and II) who had
primary tumor resection at the same institution showed
miR-328 was significantly over-expressed in tumors from
patients who developed brain metastases compared with
those who did not. miR-330-3p over-expression was nearly
significant as a marker for brain metastasis development
in the validation cohort. Likewise, resected NSCLC brain
metastasis tissue in a third cohort of patients from a
different institution confirmed significant over-expression
of miR-328 compared with the lung specimens from the
validation cohort without brain metastases (miR-330-3p
was nearly significant).  Signaling pathways were
shown to be affected by genes deregulated in miR-328
over-expressing cells including interleukin-1, vascular
endothelial growth factor, and platelet derived growth
factor. Finally, miR-328 was found to enhance migration
of a NSCLC cell line, and results suggested that protein
kinase C-alpha, could mediate that process.

Melanoma is another primary tumor type with a propensity
for brain metastases. A prospectively accrued cohort of 900
melanoma patients (52% stages I or 11, 48% stages I1I or IV)
were studied.”” With a median follow-up of 2.7 years, 89
developed brain metastases. Primary tumor ulceration and
location on head and neck were found to independently
correlate  with development of brain metastases on
multivariate analysis. Another study involving patients
with more advanced melanoma (stages III and V)
found that 329 of 740 patients (44%) developed brain
metastases.”)  Elevated lactate dehydrogenase (LDH),
presence of visceral metastases, central (head, neck, and
trunk) location of primary, and increased thickness of
the primary were significant independent clinical factors
for time to developing brain metastases after primary
diagnosis.
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PROGNOSIS

Seminal indices

A series of clinical trials by the Radiation Therapy Oncology
Group (RTOG) evaluating various dose-fractionation
regimens for treating brain metastases failed to reveal an
advantage to any regimen. By the 1990s, reports of more
aggressive interventions such as surgery and stereotactic
radiosurgery  (SRS)  suggested longer survival than
previously reported with WBRT' regimens. In the absence
of randomized trials comparing the therapies, the question
remained as to whether aggressive therapies for brain
metastases were truly more effective or if the longer survival
could be due to selection of patients with better prognosis.
In order to better characterize cohorts of patients with
brain metastases, several seminal analyses were conducted
of prognostic factors for survival. These analyses include
the recursive partitioning analysis (RPA),” the Rotterdam
Score,® the scoring index for radiosurgery (SIR),’® the
basic score for brain metastases (BSBM),*" a scoring
system reported by Rades et al. that was subsequently
modified to include an additional prognostic factor,**
the graded prognostic assessment (GPA),®! and a
nomogram tool.l) There are several prognostic factors
that are common to these indices. There are also a few
differences as might be anticipated due to differences in
the study populations, number of patients, and treatments.
For example, study populations for the RPA, GPA, and
nomogram tool were from the RTOG prospective database
of patients treated on randomized clinical trials. However,
even with use of the RT'OG database in common, the
temporal difference between the three studies resulted
in cumulatively more patients and greater variety of
therapies (WBRT' dose-fractionation, radiation sensitizers,
SRS) depending on recentness of the particular analysis.

The RPA analyzed 1276 patients entered on three
consecutive RTOG trials.®™ This method built decision
trees to form a predictive model with successive
splitting into 2 homogenous subgroups based on
the most significant predictor of survival in the successive
populations being split. Terminal nodes were defined by
having fewer than 25 patients or if no additional variables
resulted in statistically significant splitting. Terminal nodes
were merged if survival was similar. Variables included
in this study were age, KPS, necurological function,
neurologic signs and symptoms graded by severity, primary
pathology, control status of primary lesion, presence
or absence of extracranial metastases, number of brain
metastases, side and location of the sentinel brain lesion,
time from primary diagnosis to brain metastases, prior
surgery to the brain, total radiation dose, and tumor
response in the brain. The first split was based on KPS,
with patients having a KPS <70 defining Class Il and
having a median survival of only 2.3 months. The most
favorable group (Class I, median survival 7.1 months)
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consisted of those with the combination of KPS >70,
primary controlled, age <65 years, and metastases to brain
only. Three other terminal nodes were combined into
Class I (median survival 4.2 months), and these patients
were characterized as having KPS >70 combined with
either primary uncontrolled, or primary controlled plus
age 2065 years, or primary controlled plus age <65 years
plus extracranial metastases. The RPA was later validated
by applying it to the 445 patients treated on RTOG 91-04,
a randomized trial of two WBRT dose fractionation
regimens, and comparing the results to those from the
RTOG database used in the original RPA report.l?!
Because of eligibility requirements on RT'OG 91-04, none
of the patients on that trial were Class III. Median survival
for Class I (6.2 months) and Class II (3.8 months) did not
differ significantly from the original RPA study. The RPA
was also validated in a retrospective study of 528 patients
treated with WBRT'+/-surgery.’”! Results were similar to
those from the RTOG studies, but only 3% of patients
were categorized as Class 1.

The Rotterdam scoring system was derived from
retrospective  analysis ~ of 1292 patients  with
brain metastases from a single institution.”® The
significant prognostic factors with the largest hazard
ratios — performance status, response to steroids, and
extracranial tumor activity — were used in a prognostic
model within the subgroup of patients treated with
WBRT' alone. Significant differences in survival were
found between three groups based on combinations of
these prognostic factors. However, by incorporating a
subjective response to a treatment, this scoring system
has largely been ignored in subsequent reports validating
prognostic models.

The SIR was initially reported using a cohort of only
65 patients treated with SRS at a single institution.P®
Exclusion criteria were >5 brain metastases, any lesion 230
cm’, KPS <50, and need for “urgent neurosurgical
intervention, or a very poor overall prognosis due to
progressive systemic disease.” Most patients (89%) also
received WBRT, with dose-fractionation regimen selected
based on KPS. The primary endpoint was survival after
first episode of SRS. Prognostic factors were analyzed
by log-rank test, univariate Cox model, and multivariate
Cox model. Based on those tests, five prognostic factors
were deemed most significant for inclusion in the
SIR — age, KPS, extracranial disease status, number of
brain lesions, and volume of largest brain lesion. Each of
these prognostic factors was separated into three levels
that could be scored 0, 1, or 2 for a combined SIR score
of 0 (worst condition) to 10 (best condition). The SIR
scores were grouped as low (0-3), intermediate (4-7), and
high (8-10), with significantly different median survivals
of 2.9 months, 7.0 months, and 31.4 months, respectively.
The RPA was also applied to these patients, and median
survival for Classes I, II, and III of 20.2 months,

7.8 months, and 3.4 months, respectively, were observed.
Only the SIR reached significance as an independent
factor when compared with the RPA in a Cox analysis.

Lorenzoni et al. also reported the SIR to be superior
to the RPA for predicting survival when applied to a
cohort of 110 patients treated with SRS from a single
institution.P” In addition, this group reported a BSBM
that was also an independent significant variable to
predict survival, pointing out that the BSBM was a
simplified method, casier to use than the SIR. This
simplified method used only the three most significant
binary prognostic factors to classify patients — KPS
(50-70 vs. 80-100), primary tumor control (yes vs. no),
and the existence of extracranial metastases (yes vs. no).
The individual prognostic factors were assigned a score
of 0 or 1, resulting in four classes of patients with total
score ranging from 0 (worst) to 3 (best). Only three
patients had a score of 0, and 86% patients had scores
of 2 or 3, reflecting the selection of favorable patients
for SRS at this institution. None of the 3 patients with
BSBM score of 0 survived more than 4 months, while
median survival for classes with scores of 1, 2, and 3
were 3.3 months, 13.1 months, and not reached (55%
survival at 32 months), respectively.

In contrast to the goal of simplifying prognostication
presented by the BSBM, the scoring system of Rades
et al. originally described using four prognostic factors
and was refined to use five prognostic factors.[*# All
1797 patients in the cohort received radiation to the
brain, 75% of which received WBRT without SRS or
neurosurgical resection. Patients were randomly assigned
either to a test group or a validation group in a 2:1
ratio. Seven potential prognostic factors were evaluated
in the test group — age, sex, KPS, primary tumor type,
number of brain metastases, extracranial metastases,
and time between diagnosis of malignancy and
radiotherapy of brain metastases. Significant prognostic
factors after multivariate analysis were age (>60 years
vs. younger), KPS (<70 vs. 70 vs. >70), extracranial
metastases (yes vs. no), number of brain metastases
(1 vs. 2 to 3 vs. 24), and interval from tumor diagnosis to
brain radiation (>6 months vs. shorter). Individual scores
were assigned to each factor by dividing the percent
6 month survival rate by 10 and rounding to an integer.
This gave 12 possible individual scores ranging from 1
through 7, and a total score ranging from 15 (worst) to
30 (best). Total scores were grouped into three ranges:
15-19, 20-25, and 26-30 with 6 month survival rates of
9%, 41%, and 78%, respectively. Nearly identical survivals
were found when the scoring system was applied to the
validation group. The authors noted that this scoring
system with five prognostic factors had the potential to
be more discriminating than other indices.

In 2008, Sperduto et al. reported a new prognostic
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index termed the GPA based on 1960 patients from
five  RTOG randomized trials involving radiation
therapy for brain metastases.””) Motivation for this new
prognostic index included desire to incorporate number
of brain metastases, avoid the uncertainties inherent to
determining control of extracranial disease, and avoid
prognostic factors that cannot be determined until
treatment is administered (c.g., volume of largest lesion
at time of SRS). Additionally, emphasis was placed on
determining prognostic factors (indicative of outcome
for categories of patients irrespective of treatment) as
opposed to predictive factors (indicative of outcome
after a specific treatment). The analysis was limited
by the need to exclude two RTOG trials from the
GPA analysis (and its comparison to the SIR) because
those trials did not collect adequate data on number
of brain metastases. Potential prognostic factors tested
for use in the GPA included age, sex, KPS, histologic
diagnosis of brain metastases, coexistence of brain and
bone-only metastases, and number of brain metastases.
Significant prognostic factors were age (>60 vyears,
50-59 years, <50 vyears), KPS (<70, 70-80, 90-100),
number of brain metastases (>3, 2-3, 1), and extracranial
metastases (present vs. absent). Each individual factor
was assigned a score of 0, 0.5, or 1 (0 or 1 for the binary
extracranial metastases factor). Summed scores were
significantly different for median survival as follows:
GPA 0-1, 2.6 months; GPA 1.5-2.5, 3.8 months; GPA 3,
6.9 months; and GPA 3.5-4.0, 11.0 months. The GPA
was as prognostic for survival as the RPA with the added
advantage of incorporating number of brain metastases,
and it was more prognostic than the BSBM and SIR
while avoiding the uncertainty of coding extracranial
tumor control status.

Most recently, a nomogram was derived from the RTOG
database inclusive of 2367 patients from seven randomized
trials.) The goal was to determine predicted survival for
an individual patient as opposed to an estimate based on
the median for a prognostic group into which a patient
fits. Based on a Cox model, the variables included in the
nomogram were primary site and histology, control status
of primary disease, existence of extracranial metastases,
age, KPS, and number of brain metastases. Individual
variables were projected to a point scale, and total points
were projected to scales predicting 6-month survival,
12-month survival, and median survival. Interestingly
KPS <70 vs. 270 provided the least incremental accuracy
for estimating survival by the nomogram in contrast to
that variable’s primary significance as the first branch
point in the RTOG’s RPA.2

Table 1 shows the significant prognostic factors for
cach of the indices discussed above. With the variety
of analytical methods, patient selection, data collection,
and treatments, along with investigator emphasis on
the distinguishing features of the particular index
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Table 1: Significant prognestic factors for seminal
indices of survival of patients with brain metastases

Prognostic index
RPAI

Significant factors

Performance status

Age

Extracranial metastases

Primary tumor control

Performance status

Age

Extracranial tumor control (primary/metastases)
Number of brain metastases

Volume largest brain metastasis
Performance status

Extracranial tumor control (primary/metastases)
Response to steroids

Performance status

Extracranial metastases

Primary tumor control

Performance status

Age

Extracranial metastases

Number of brain metastases

Time from cancer diagnosis to brain radiation
Performance status

Age

Extracranial metastases

Number of brain metastases

Performance status

Age

Extracranial metastases

Number of brain metastases

Primary tumor site and histology

SIRs!

Rotterdam!¢!

BSBME

Rades (modified)“?

GPAS

Nomogram!®!

being espoused, one can be distracted from the striking
consistency across studies in the significant prognostic
factors. Clearly performance status (mainly by the KPS
scale), age, status of extracranial tumor (primary and/
or metastases), and number of brain metastases can
be considered as generally important in determining
prognosis of patients with brain metastases. The
similarities between prognostic indices (RPA, BSBM,
and GPA) were noted in a multicenter, multinational,
prospective analysis of 285 patients.”™ The prospectively
acquired data included the clinician’s calculation of each
patient’s prognostic indices along with the individual
components that make up the calculation. As a result
cach patient’s prognostic indices could be recalculated
for comparison to assess accuracy of the clinician-user.
Minor discrepancies between clinician and recalculated
scores (defined as 1 for BSBM/RPA or 0.5 for GPA) were
observed in 7.8% for GPA, 20.4% for BSBM, and 9.8% for
RPA. Major discrepancies in scores of 22 for BSBM/RPA
or 21 for GPA were observed in 7.1% for GPA, 2.7% for
BSBM, and 0% for RPA. These data suggest that clinicians
do reasonably well in calculating these indices with trends
toward more minor errors with BSBM and major errors
for GPA. The latter observation was possibly due to use
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of a less-familiar noninteger scoring system as this study
would have begun accruing a very short time after the first
publication of GPA in 2008. Based on the recalculated
indices, no superiority of one index over the others was
determined, and the investigators cautioned against
“developing a zealotry about these indexes, in which we,
as physicians, rely too heavily on them.” Interestingly,
multivariate analysis with inclusion of the indices found
treatment center to be a significant independent variable.
This unexpected finding was explained as potentially
influenced by selective recruitment of patients to this
study. About one-quarter of patients were prospectively
enrolled out of routine clinical practice, and most of
those were from one radiation oncology center. About
three-quarters of patients were accrued from multiple
Spanish sites on two consecutive prospective trials, one
of which involved WBRT with or without temozolomide
and included patients with KPS 50-60, and the other of
which monitored neurological outcome in patients who
received WBRT' and excluded good prognosis patients
treated with surgery or SRS. Though significance
of treatment center may seem a minor finding, it shows
that prognostic indices are unlikely to be robust enough
to withstand subtle patient selection or recruitment
factors. For example, the seminal studies of the SIR and
BSBM apply specifically to patients undergoing SRS, and
included assessment of RPA.P*® In both reports, the
survival for RPA classes (particularly Class I) were longer
than those reported from the seminal RPA study.?”
The temptation could be to attribute this longer survival
to the therapy (SRS over WBRT in this example) though

patient selection/recruitment may be the dominant cause.

Subgroup application of indices —Treatment
With establishment of multiple prognostic indices
for patients with brain metastases, attention has been
given to determining their utility among subgroups
distinguished by therapy. In particular, there has been
interest in applying prognostic indices to patients treated
neurosurgically for brain metastases. This has proved
to be a challenging endeavor due to common clinical
factors that go into sclecting patients for surgery of
brain metastases, variability in the population being
studied (c.g., limiting the study group to those with
single brain metastasis vs. no restriction on number),
inclusion vs. exclusion of patients in which the index
operation is for recurrence after previously treated brain
metastasis, use of other adjuvant therapies (particularly
WBRT), and small study populations that confound
indices that separate patients into more than three
groups.

Within the topic of surgery for brain metastases, variable
results were reported in studies on the utility of the RPA,
with one study finding the RPA to distinguish three

distinct classes,?! and the other showing identical survival
between classes II and III despite being the larger of

the two studies by a factor of about 2.°! Nieder et al.
compared the five main indices [RPA, SIR, BSBM,
Rades (original scoring system based on 4 variables),
and GPA] in a retrospective multi-institutional analysis
of 74 consecutive patients with a single brain metastasis
that was surgically resected over a 15-year interval.””!
Patients accrued in the early phase of the interval received
immediate postoperative WBRT, whereas more recently
accrued patients were given the choice of immediate
WBRT or surveillance after counseling. Eighty percent
of patients received WBRIT.  Multivariate  analysis
showed significant predictive factors for longer survival
were high KPS, absence of extracranial metastases, and
controlled primary tumor, with KPS being the strongest
variable. Limitations in ecach of these methods were
found. For example, the SIR and GPA include a score for
single vs. multiple brain metastases, which cannot be
varied when applied to a cohort of patients with single
brain metastases. The systems that utilize four patient
classes (BSBM, Rades, GPA) all had certain classes that
coalesced and did not show differences in survival. The
RPA distinguished survival among all three of its classes.
The SIR distinguished survival between its intermediate
and favorable classes, but no patients fit into the SIR
unfavorable group. All five systems defined most favorable
subgroups with similar superior median survival (about
20 months). However, the systems could not be shown
to define a subgroup with clearly unfavorable prognosis
that could be used to exclude poor candidates for surgery.
In great part, that was duc to the selective nature in
determining surgical candidacy that was routine in this
patient population.

This concept of predicting which patients are likely to
have short survival after surgery for brain metastases
has been explored using the GPA®! The study
population was retrospectively analyzed, and consisted
of 141 consecutive patients operated on for brain
metastases from a single institution. Most (72%) had a
single brain metastasis and 68% had WBRT either before
or after surgery. Confounding the study was inclusion of
patients (21%) that had previously been treated with
surgery for brain metastasis. Significant overall difference
in survival between GPA classes was observed, but the two
most favorable classes had very similar survival curves.
Furthermore, attempts to use the GPA to predict 30-day
and 3-month mortality were unsuccessful. All four GPA
classes showed very similar mortality at 30 days (5-11%)
and 3 months (14-23%). In fact, counter intuitively,
the lowest mortality was in the least favorable class at
30 days and second least favorable class at 3 months.
To illustrate the confusing nature of this topic, this
study showed no significant difference between GPA
classes within 3 months of surgery, yet Villa et al. found
that the GPA, RPA, and BSBM differentiated survival
between classes only within 3 months."¥ Most likely,
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the explanation for the apparent discrepancy lies in the
sclection of patients to undergo surgery. Visual inspection
of the survival curves in the initial reports of the seminal
indices shows that the worst classes consistently have
mortality at 3 months of about 50%. This was also true
in Villa et al’s validation study.”" Jakola et al.’s mortality
at 3 months for the worst class was 23%.1*) Their stated
goal was to determine if patients with very poor survival
could be predicted in order to avoid surgery. However,
they applied their test to a patient population that had
already undergone evaluation and been determined to
be suitable candidates for surgery. Consequently, the
analysis simply confirmed that they had an effective
screening process already occurring in their neurosurgical
consultations.

Another retrospective neurosurgical series involved 309
consecutive patients from a single institution with newly
diagnosed brain metastases.*®! Patients were considered
cligible for surgery if the primary tumor was under control
and metastases were surgically accessible. Seventy-two
percent had a single brain metastasis, 24% had 2-3 brain
metastases, and 4% had >3 brain metastases (treated for
a life-threatening resectable lesion). Ninety-three percent
received postoperative WBRT. Patients were classified
by RPA and showed a very even distribution across the
three classes; however, survival was not reported as a
function of RPA class. Instead, the investigators focused
on multivariate analysis and attempted to define an “age
threshold” for surgery. The multivariate analysis identified
significant independent predictive factors for survival
after surgery as age, absence of extracranial metastases,
postoperative KPS, radiotherapy, and re-craniotomy. Since
three of these four factors were determined after surgery,
it is difficult to understand how this analysis could
add distinctive information to the process of selecting
patients for surgery. By examining various thresholds to
separate patient into older and younger groups, 65 years
was found to be the most significant age threshold
for predicting survival (in agreement with the RPA).
Multivariate analysis was applied to patients separately
for ages >65 years and <05 years. Some differences in
the predictive variables were noted above and below the
age threshold, but again many of those variables were
determined postoperatively.

Treatment-specific analysis using RPA and GPA has been
applied to Gamma Knife radiosurgery in a retrospective
study of 56 consecutive patients from a single
institution."”! Seventy-five percent had SRS alone and
others had WBRT either before or after SRS. Survival
after SRS was the endpoint. RPA Classes 1 and II had
significantly different median survivals of 16.5 and
6.5 months, respectively, and no patients fit Class I11. GPA
analysis was confounded by the small number of patients.
Even after condensing into a 3-group stratification,
significant difference in survival by GPA could not be
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determined. The most significant finding of this study
was longer median survival in females (15 months)
compared with males (5.5 months) that was maintained
even after removal of the nine female patients with
breast cancer primary tumors from the analysis. The
investigators proposed a modified GPA system that added
a score based on gender (0 for male, 1 for female), and
collapsed the summed scores into two groups of scores
0-3 and 3.5-5 that had significantly different median
survivals of 7 and 15 months, respectively.

Subgroup application of indices —Tumor type
With the goal of determining if prognostic indices
could be more reliable within specific tumor types,
diagnosis-specific studies were undertaken. Initially, RPA
was the prognostic index of focus in these studies, and
most attention was given to patients with breast cancer.
To illustrate the potential problem of applying a general
index like the RPA to a specific diagnosis, only 12% of
patients had breast cancer in the original RPA report.?"
Furthermore, while 61% of patients had brain metastases
only in the original RPA series,?” reports of prognostic
models specific to breast cancer have had only 2-35% of
patients with brain metastases only.'>**4#1 As a result,
the original RPA model when applied to breast cancer
patients has resulted in a very small subset categorized
as RPA Class I, forcing segregation into only two
groups (Class I+1I vs. Class III).'**! In doing so, the RPA
essentially became the same as a single split of patients
into those with KPS 270 vs. <70.12%

Niwinska and Murawska, applying the RPA technique
to 441 prospectively studied patients with brain
metastases from breast cancer, reported three more
distinct prognostic classifications for survival.®® WBRT
was the treatment in 98%, with 2% not treated due to
poor functional status. Seventeen percent had surgical
resection of 1-2 brain metastases prior to WBRT. The
model included ecight patient or cancer-related factors
as covariates to design an RPA tree. The factors found
to be significant for splitting the population in this tree
were number of brain metastases, KPS, and control of
extracranial disease. Their RPA model defined three
classes with median survivals of 29, 9, and 2.4 months
that were different from each other with a high degree
of statistical significance (P < 0.0001 for all pairs).
The class consistencies were as follows: Class I (brain
metastases <2, extracranial tumor absent or controlled,
and KPS = 100), Class III (>2 brain metastases and
KPS <60), and Class II (all others). Application of the
original RTOG RPA model to this population of breast
cancer patients also generated three distinct classes of
patients for survival. In fact, the median survivals using
the original and breast-specific RPAs, respectively, were
10 and 9 months for Class II, and 2.7 and 2.4 months
for Class IlII. The breast-specific  RPA model only
distinguished itself from the original RTOG RPA model
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by defining an ultra-favorable prognostic Class I with
median survival of 29 months compared with 10 months
with application of the RTOG RPA model. To further
complicate interpretation, a separate RPA analysis was
done that included treatment factors with patient and
cancer factors. In doing so, surgical resection was a
significant splitting factor, whereas number of brain
metastases was not. In other words, the significance for
number of brain metastases <2 vs. more, which was the
primary splitting factor in the RPA model using only
patient and cancer factors, was likely a reflection of
the therapy sclected for those patients. Difficulty with
interpretation of tumor-specific RPAs (and probably other
prognostic indices) is illustrated by comparing this RPA
by Niwinska and Murawska with that by Sperduto et al.
in breast cancer patients.®®¥! The two series were similar
in median age, distribution for subtypes of IER2/ER/
PR status, and percentage of patients getting surgery.
There were somewhat higher percentages of patients in
Sperduto et al. with 1-2 brain metastases and absence
of extracranial tumor. The most striking difference
in the patient populations was almost a 4-fold higher
likelihood for patients to have KPS >60 in Sperduto et al.
Interestingly, the breast-specific RPA of Sperduto et al.
was clearly different from that of Niwinska and Murawska
in that number of brain metastases and extracranial
tumor control were not significant splitters, while ER/
PR status, HERZ status, and age were. KPS was the only
significant factor common to these two contemporary
breast-specific RPA models. Yet this was the factor that
was most different between the two study populations
with respect to patient characteristics. The data were
prospectively acquired in  one population,® and
retrospectively acquired in the other™ It seems logical
that the degree of subjectivity and variability in assigning
KPS score would be accentuated by retrospective
determination from patient records that may often lack
statement of KPS. With performance status consistently
showing significance in these prognostic indices, perhaps
it is essential for performance status to be assigned
prospectively in  order to minimize Inconsistencies
between studies and maximize the possibility of
discovering universal principles.

The GPA system was used to generate a Diagnosis-Specific
Graded Prognostic  Assessment  (DS-GPA) in a
retrospective review of 4259 patients from 11 institutions
with newly diagnosed brain metastases treated with
various combinations of WBRT, SRS, and/or surgery.*!
Significant factors on multivariate analysis were explored
by primary tumor site. For patients with NSCLC and
SCLC, the significant prognostic factors were the
same as those for the original GPA analysis (age, KPS,
extracranial metastases, and number of brain metastases).
For patients with melanoma and renal cell cancer, only
two variables (KPS and number of brain metastases)

were significant. For breast and GI cancers, only one
variable (KPS) was significant. The DS-GPA scoring
scales for their particular variables were constructed such
that the total score would be 0-4.0 as in the original GPA
system. For example, in breast or GI the KPS was divided
into <70, 70, 80, 90, and 100 with a whole number of
0-4 assigned, respectively. Median survivals based on
groupings of the GPA were significantly different within
all six specific diagnoses.

The DS-GPA for breast cancer was analyzed further in
400 patients with information on tumor subtype based on
ER/PR/HER2 status.*”! This database included 283 breast
cancer patients from the first DS-GPA study.*! As usual,
KPS was one of the significant prognostic factors and was
used in the scoring system. Additionally, tumor subtypes
based on combinations of IHERZ/ER/PR status were
significant factors, and could be divided into four subtype
combinations for scoring purposes, with triple negative
having the worst prognosis. In an RPA analysis of this
database, age with cutoff at 60 years was also found to
be significant among patients with KPS 60-80, and was
introduced back into the multivariate Cox regression
model. Reintroducing age improved the Cox model
and was adopted into their final breast DS-GPA scoring
system along with KPS and tumor subtype. The resulting
DS-GPA for groups 1-4 had significantly different median
survivals ranging from 3.4 to 25.3 months, with almost
no overlap in 95% confidence intervals, and a level of
statistically significant difference between groups greater
than what was previously observed.

While breast cancer has received the most attention
for deriving diagnosis-specific  prognostic  indices
in patients with brain metastases, there is growing
information among NSCLC and melanoma patients.
Agarwal et al. retrospectively studied 100 patients with
brain metastases from NSCLC treated with palliative
WBRT' at their institution.! None of the patients had
complete excision of brain metastases (10% had brain
metastasis  biopsy to establish diagnosis), and 90%
received accelerated WBRT of 20 Gy in five fractions.
The original RTOG RPA classification was applied.!?”
Only one patient in this obviously selected population
was Class I. Consequently, the analysis was essentially
a splitting of patients into those with KPS 270 vs. <70,
similar to results using the original RPA model in
breast cancer patients getting WBRT reported by Le
Scodan et al.” Median survivals were 6 months for
RPA Class Il and 4 months for RPA Class 1111 closely
resembling the results reported by Le Scodan et al.?¥
A common theme may be that application of the generic
RTOG RPA to specific tumor diagnoses results in
patient factors (particularly KPS) overriding the specitic
diagnosis itself. It is likely that the RPA needs to be
adapted to the specific diagnosis to retain its utility in
that context, as has been more thoroughly investigated
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with the DS-GPA concept. To that end, a DS-GPA
analysis on a multi-institutional database of 51 patients
with melanoma brain metastases has been reported.l
Treatments included surgery, SRS, WBRT, and various
combinations. The only two significant prognostic
factors for better survival on univariate analysis were
higher KPS and normal LDIH. The DS-GPA groups
had higher median survival with higher GPA score, but
the differences were not statistically significant with
small numbers of patients in the subgroups. This series
differed from Sperduto et al.*! in that the number of
patients studied was much smaller, number of brain
metastases was not found to be significant, and LDH
was analyzed. This last difference between the studies
illustrates the importance of focus within a specific
diagnosis when deriving diagnosis-specific indices for
prognosis. The study of Sperduto et al. was exploratory
in that it addressed specific tumor diagnoses, but did so
by applying a wide variety of potential prognostic factors
to their whole database.* Conversely, Nieder et al. were
focused only on melanoma and thereby considered LDII
as a factor because of its known impact on the overall
prognosis for melanoma.P It appears there is potential
to discover new prognostic factors in focused smaller
series that could be applied to larger existing databases
to further refine a DS-GPA through an iterative
process. Other examples of prognostic factors specific
to melanoma include presence of bone metastases,*”
hemorrhage of brain metastasis,” ulceration of primary
tumor,””! and eclevated serum protein  S-100.I") An
additional example of a prognostic factor that could
refine an original DS-GPA is epidermal growth factor
receptor mutation in NSCLC.!M

Another important perspective in  disease specific
analysis 1s consideration of which patients with brain
metastases should be considered for limiting treatment
to shorter WBRT courses or comfort measures only.
One study reported the results of 275 patients with
brain metastases from NSCLC treated with WBRT
alone.P? “Farly death” was defined as survival <6 weeks
from time of recommendation to receive WBRT.
On multivariate analysis, only ECOG performance
status >2 was a significant prognostic factor for early
death with 66% of patients experiencing carly death
for performance status >2 vs. 18% for performance
status <2. Eight prognostic factors were assigned a score
based on weightings from a multivariate analysis (even
though only ECOG performance status was statistically
significant), and the total score was used to calculate a
prognostic index with a cutoff score that could define
a subgroup 8.6 times more likely to experience ecarly
death. In a study of survival after WBRT for patients
with brain metastases originating from “radioresistant”
tumors  (melanoma, renal cell carcinoma, and
colorectal cancer), more protracted WBRT' courses to
37.5-40 Gy (compared with 30Gy in 10 fractions) were
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independently associated with longer survival in RPA
Class I and II patients.”” In RPA Class 3 patients,
6 month survival was only 8% and more protracted,
higher dose WBRT' courses were not associated with
increased survival.

CONCLUSIONS

The incidence rate of brain metastases is difficult to
estimate, but its magnitude is likely on the order of 10*-10°
per year in the United States. Progress has been made in
determining predictive factors for occurrence of brain
metastases in specific primary cancer types. Early studies
on biomarkers with relevance to the cellular process
of metastasis are promising for enhancing predictive
models. Such predictive models could be used to guide
surveillance and preventive therapies individualized to
patients with brain metastases. Perhaps variations on
such models could be applied to patients treated with
SRS or surgery for brain metastases to determine who
would most likely benefit from adjuvant WBRT with the
goal of preventing subsequent intracranial metastases.

Multiple prognostic models for survival after diagnosis of
brain metastases have been proposed, but all seem subject
to variability in results depending on the populations of
patients to which the models are applied. Consequently,
universal conclusions have been elusive. The most
consistent finding between various prognostic models
has been the significance of performance status (most
commonly using the KPS system). The apparent significance
of performance status, which is subject to judgment of the
clinician, illustrates that data sets used to derive prognosis
should be prospectively acquired with careful attention to
performance status assessment. Refinements in prognostic
models are ongoing, with attention to specific tumor types
and biomarkers to optimize predictive tools for guiding
treatment decisions and clinical trial design.
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