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Classification of Brain Metastases

Paul W. Sperduto

 Introduction

Brain metastases are a common and complex 
conundrum for cancer care. An estimated 300,000 
patients are diagnosed each year with brain 
metastases in the United States [1] and that inci-
dence is growing due to advances in treatment 
that result in patients living longer and thus at 
prolonged risk for development of brain metasta-
ses [2]. It is a complex problem because of the 
marked heterogeneity of this patient population: 
brain metastases may arise from a wide variety of 
tumor types and subtypes. Furthermore, these 
patients may have already received a plethora of 
different treatments for their cancer or may pres-
ent with brain metastases at the time of initial 
diagnosis. This heterogeneity has long plagued 
interpretation of clinical trials involving this 
patient population because it was essentially 
impossible to sufficiently stratify studies to ver-
ify similar groups of patients were being com-
pared [3]. Interpretation of clinical trials and 
efforts to estimate prognosis are further compli-
cated by the plethora of possible combinations of 
currently available treatment options [surgery, 
stereotactic radiosurgery (SRS), whole brain 

radiation therapy (WBRT), chemotherapy, tar-
geted drug therapies, and immunotherapies]. 
Furthermore, four prospective randomized trials 
have shown WBRT adds no survival benefit over 
SRS alone in SRS-eligible patients [4–7] and, on 
the other end of the prognostic spectrum, there is 
evidence that supportive care may be as effective 
as WBRT [8]. Accordingly, WBRT is used less 
commonly than in the past.

 Classification Systems

These concerns led to efforts to better understand 
prognosis. The purpose of a prognostic index is 
to predict outcome before, not after, treatment. It 
is important to distinguish prognostic from pre-
dictive factors. A prognostic factor identifies 
good versus bad outcome irrespective of the 
treatment used, whereas a predictive factor iden-
tifies good versus bad outcome for a specific 
treatment. Gaspar et al. published the Radiation 
Therapy Oncology Group (RTOG) Recursive 
Partitioning Analysis for brain metastases 
(Table  6.1) in 1997 [9]. This prognostic index 
consisted of three classes: I (age < 65, Karnofsky 
performance score (KPS) ≥70, controlled pri-
mary tumor, no extracranial metastases), II (all 
patients not in class I or III), and III (KPS < 70), 
which correlated with median survival of 7.7, 
4.5, and 2.3  months, respectively, at that time. 
Weltman et  al. published the score index for 
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radiosurgery (SIR) (Table 6.2) in 2000 [10]. This 
index used the sum of scores (0–2) for each of 
five prognostic factors (age, KPS, status of sys-
temic disease, number of brain metastases, and 
the volume of the largest metastasis). Lorenzoni 
et al. published the basic score for brain metasta-
ses (BSBM) (Table 6.3) in 2004 [11]. This index 
is based on the sum of scores (0–1) for three 
prognostic factors (KPS, control of primary 
tumor, and extracranial metastases). In 2012, 
Sloan-Barnholtz published a nomogram 
(Fig.  6.1) in an effort to further individualize 
prognosis [12]. In 2014, Kondziolka published an 
interesting survey study in which experts in the 
field were asked to estimate survival for a series 
of patients given all relevant clinical parameters. 
This study showed that even experts cannot pre-
dict outcomes with certainty for all patients [13]. 
All prognostic indices have limitations but can 
provide guidance for clinical decision-making 
and are essential for stratification of clinical trials 
so that those trials are comparing comparable 

patients, thus making the results of those trials 
worthwhile, relevant, and interpretable.

Our group has published a series of articles 
developing and refining a diagnosis-specific 
prognostic index, the graded prognostic assess-
ment (GPA), for patients with brain metastases. 
The GPA was first published in 2008 [14] based 
on 1960 patients from five randomized 
Radiation Therapy Oncology Group (RTOG) 
trials (7916, 8528, 8905, 9104, and 9508). 
Analysis showed four prognostic factors (age, 
KPS, extracranial metastases, and number of 
brain metastases) were significant for survival. 
Those prognostic factors were weighted in pro-
portion to their regression coefficients and 
scaled such that patients with the best/worst 
prognosis would have a GPA of 4.0/0.0, respec-
tively. In 2010, we refined the GPA based on an 
analysis of a retrospective multi-institutional 
database of 4259 patients. That study found 
survival varies by diagnosis and diagnosis-spe-
cific prognostic factors [15]. The Breast-GPA 
was then further refined using tumor subtype 
[16] and a summary report was published [17]. 
More recently, the GPA indices for lung cancer, 
melanoma, and renal cell carcinoma have been 
updated using molecular and other clinical fac-
tors with new data from patients (2,186 lung 
cancer and 823 melanoma patients) diagnosed 
since 2005 including molecular factors. The 
Lung-molGPA incorporates EGFR and ALK 
gene status [18, 19] and similarly the mela-
noma-molGPA incorporates BRAF status [20, 
21]. The original melanoma- GPA found only 
two factors to be significant (KPS and the num-
ber of brain metastases), whereas the updated 
melanoma-molGPA found five factors (BRAF 

Table 6.1 Radiation Therapy Oncology Group (RTOG) 
recursive partitioning analysis (RPA) for patients with 
brain metastases

Class Criteria
Median 
survival

Class I Age < 65 yrs, KPS ≥ 70, 
controlled primary tumor, and 
no extracranial metastases

7.1 mo

Class II All patients not in Class I or III 4.2 mo
Class III KPS < 70 2.1 mo

Data from Ref. [9]
KPS Karnofsky performance status

Table 6.2 Score index for radiosurgery (SIR)

Score
0 1 2

Age (years) ≥60 51–59 ≤50
KPS ≤50 60–70 80–100
Systemic disease Progressive Stable CR or NED
Number of lesions ≥3 2 1
Volume of largest 
lesion (mL)

>13 5–13 <5

Data from Ref. [10]
Median survival (MS) by SIR score: SIR 1–3 (MS 2.91 
mo), SIR 4–7 (MS 7.00 mo), SIR 8–10 (MS 31.38 mo)
KPS Karnofsky performance status, CR complete 
response, NED no evidence of disease

Table 6.3 Basic score for brain metastases (BSBM)

Score
0 1

KPS 50–70 80–100
Control of primary tumor No Yes
Extracranial metastases Yes No

Data from Ref. [11]
Median survival (MS) by BSBM: BSBM 3 (MS >32 mo), 
BSBM 2 (MS 13.1 mo), BSBM 1 (MS 3.3 mo), BSBM 0 
(MS 1.9 mo)
KPS Karnofsky performance status
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status, KPS, age, extracranial metastases, and 
number of brain metastases) to be significant. 
The renal GPA has also been updated. Data 
from 711 renal cell carcinoma patients with 
brain metastases, diagnosed between 2006 and 
2016, showed four prognostic factors to be sig-
nificant for survival: KPS, hemoglobin, extra-

cranial metastases, and the number of brain 
metastases [22, 23].

Table 6.4 shows the median survival time for 
patients with brain metastases by diagnosis- 
specific GPA.  Table  6.5 shows the diagnosis- 
specific definition of the updated GPA indices 
and a user-friendly worksheet to facilitate cal-
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Fig. 6.1 Nomogram for 6-month and 12-month survival 
probability and median survival prediction for RTOG 
brain metastases patients. Abbreviations for site and his-
tology: BA breast and adenocarcinoma, BO breast and 
other, LA lung and adenocarcinoma, LL lung and large 
cell, LO lung and other, LSM lung and small cell, LSQ 

lung and squamous cell, OA other and adenocarcinoma, 
OSQ other and squamous cell, SMM skin-melanoma, OO 
other and other. Surgery: PR partial resection, CR com-
plete resection, GR gross resection. (Reprinted from 
Sloan-Barnholtz-Sloan et al. [12], with permission from 
Oxford University Press)
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Table 6.4 Median survival time for patients with brain metastases by diagnosis specific—graded prognostic assess-
ment score

DS-GPA

Diagnosis

Overall
MST (95% CI)
N

0–1.0
MST (95% CI)
n (%)

1.5–2.0
MST (95% CI)
n (%)

2.5–3.0
MST (95% CI)
n (%)

3.5–4.0
MST (95% CI)
n (%) p (log-rank)

NSCLC 15 (14–17)
1521

7 (6–9)
337 (22%)

14 (12–15)
664 (44%)

26 (23–31)
455 (30%)

47 (37-NE)
65 (4%)

<0.001

SCLC 5 (4–6)
281

3 (2–3)
65 (23%)

5 (4–7)
119 (42%)

8 (6–9)
84 (30%)

17 (5–27)
13 (5%)

<0.001

Melanoma 10 (9–11)
823

5 (4–7)
136 (17%)

8 (7–9)
386 (47%)

16 (13–19)
256 (31%)

34 (24–50)
45 (5%)

<0.001

RCC 12 (11–13)
669

4 (3–5)
170 (25%)

12 (9–14)
178 (27%)

17 (13–21)
204 (30%)

35 (20–41)
117 (17%)

<0.001

Breast cancer 14 (12–16)
400

3 (3–4)
23 (6%)

8 (6–9)
104 (26%)

15 (13–16)
140 (35%)

25 (23–27)
133 (33%)

<0.001

GI cancer 5 (4–6)
209

3 (2–5)
76 (36%)

4 (3–7)
65 (31%)

7 (5–12)
50 (24%)

14 (10–27)
18 (9%)

<0.001

Other 6 (5–7)
450

– – – – –

The top row in each cell is the median survival time (MST) in months and its associated 95% CI. The bottom row is the 
frequency and percentage of patients with the corresponding DS-GPA category for a given diagnosis. Abbreviations: 
DS-GPA Diagnosis specific-graded prognostic assessment, NSCLC non-small cell lung cancer (adenocarcinoma), 
SCLC small cell lung cancer, RCC renal cell carcinoma, GI gastrointestinal, NE not estimable

Table 6.5 GPA worksheet to estimate survival from brain metastases by diagnosis

Non-small cell/small cell 
lung cancer GPA scoring criteria Patient

0 0.5 1.0 Score
Age ≥70 <70 n/a –
KPS ≤70 80 90–100 –
ECM Present Absent –
#BM >4 1–4 n/a –
Gene status EGFR neg/unk and ALK 

neg/unk
n/a EGFR pos or 

ALK pos
–

Sum total = –
Adenocarcinoma MS by GPA: GPA 0–1.0 = 6.9; 1.5–2.0 = 13.7; 2.5–3.0 = 26.5; 3.5–4.0 = 46.8
Non-adenocarcinoma MS by GPA: GPA 0–1.0 = 5.3; 1.5–2.0 = 9.8; 2.5–3.0 = 12.8
Melanoma 0 0.5 1.0 Score

Age ≥70 <70 n/a –
KPS <70 80 90–100 –
ECM Present n/a Absent –
#BM >4 2–4 1 –
Gene status BRAF neg/unk BRAF 

pos
n/a –

Sum total = –
MS (mo) by GPA: 0–1.0 = 4.9, 1.5–2.0 = 8.3, 2.5–3.0 = 15.8, 3.5–4.0 = 34.1
Breast cancer 0 0.5 1.0 1.5 2.0 Score

KPS ≤50 60 70–80 90–100 n/a –
Subtype Basal n/a LumA HER2 LumB –
Age ≥60 <60 n/a n/a n/a –

Sum total = –
Subtype: Basal = triple negative (ER/PR/HER2-neg)

LumA = Luminal A (ER/PR-pos, HER2-neg)
LumB = Luminal B (triple positive, ER/PR/HER2-pos)
HER2 = HER2-pos, ER/PR-neg
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Non-small cell/small cell 
lung cancer GPA scoring criteria Patient
MS (mo) by GPA: 0–1.0 = 3.4, 1.5–2.0 = 7.7, 2.5–3.0 = 15.1, 3.5–4.0 = 25.3
Renal cell carcinoma 0 0.5 1.0 2.0 Score

KPS <80 80 90–100 –
ECM Present Absent –
Hgb ≤11 11.1–12.5 >12.5 –
#BM >4 1–4 –

Sum Total = –
MS (mo) by GPA: 0–1.0 = 3.3, 1.5–2.0 = 7.3, 2.5–3.0 = 11.3, 3.5–4.0 = 14.8
GI cancers 0 1 2 3 4 Score

KPS <70 70 80 90 100 –
MS (mo) by GPA: 0–1.0 = 3.1, 2.0 = 4.4, 3.0 = 6.9, 4.0 = 13.5

Data from Refs. [17, 19, 21]
Abbreviations: GPA graded prognostic assessment, KPS Karnofsky performance score, ECM extracranial metastases, 
#BM number of brain metastases, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth fac-
tor receptor 2, MS median survival in months, neg/unk negative or unknown

Table 6.5 (continued)

culation of the graded prognostic assessment 
by diagnosis and estimate survival for patients 
with brain metastases. A free online/smart 
phone application is available at brainmetgpa.
com, which further simplifies the calculation of 
the GPA.

Table 6.6 shows a multivariate analysis of risk 
of death and median survival by treatment 
(excluding drug therapies) and diagnosis. It is 
important to understand these data are retrospec-
tive in nature with the selection bias inherent in 
all retrospective studies so one should not con-
clude that one treatment is better than another 
based on these data. Figure 6.2 shows Kaplan–
Meier curves for survival for six diagnoses by 
GPA, demonstrating excellent separation 
between groups.

The diagnosis-specific GPA indices presented 
here define how survival has improved for brain 
metastasis patients over the past four decades. 
This progress mirrors the progress seen in sur-
vival for patients with the same diagnoses who 
do not have brain metastases. These data hold 
several implications for clinical management and 
research involving patients with brain metasta-
ses: (1) There is marked heterogeneity in out-
comes for patients with brain metastases and 
these outcomes vary not only by diagnosis but 
also by diagnosis-specific prognostic factors, as 
detailed herein. Because of this heterogeneity, we 
should not treat all patients with brain metastases 
the same way—treatment should be individual-

ized and the past philosophy of fatalistic futility 
should be abandoned. (2) On the other hand, as 
shown in Table  6.4, if a patient has a GPA of 
0–1.0, regardless of diagnosis, their expected sur-
vival is poor. For these patients, supportive care, 
as suggested by the QUARTZ Trial [8], may be 
the best option. (3) For patients with GPA scores 
above 1.0, the median survival time (Table 6.4) 
varies more by diagnosis and more aggressive 
treatment strategies may be appropriate, but these 
retrospective data do not provide a basis for 
assuming that longer survival is a consequence of 
more aggressive treatment. Indeed, the survival 
by treatment data shown in Table 6.4 is certainly 
fraught with selection bias and should not be 
blindly applied or expected. Nonetheless, these 
data reflect patterns of care for patients with brain 
metastases. (4) Performance status is prognostic 
in every diagnosis. Clinicians should take the 
time to accurately assess and document their 
patients’ performance status. (5) Table 6.5 shows 
the number of brain metastases is a significant 
prognostic factor for lung cancer, melanoma, and 
renal cell carcinoma, but not for breast or gastro-
intestinal cancers. Patients should not be denied 
treatment because of the number of brain metas-
tases. (6) Extracranial metastases are only prog-
nostic in lung cancer and melanoma but not in 
breast cancer, renal cell carcinoma, or gastroin-
testinal cancers. The implication here is that 
those patients with nonlung, nonmelanoma 
malignancies should not be denied aggressive 
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Table 6.6 Multivariable analysis of risk of death and median survivala by treatment and diagnosis

Treatment

WBRT SRS
WBRT + 
SRS S + SRS

S + 
WBRT

S + WBRT 
+ SRS

Diagnosis Statistics
NSCLC
n = 1,521

Risk of death 
(HR)

1.0 1.08 1.20 0.66b 0.78 0.79

95% CI 0.92–1.27 0.94–1.54 0.50–0.88 0.58–1.06 0.40–1.58
p-value 0.35 0.15 <0.01 0.11 0.51
Median survivala 13 14 10 32 20 20
n (%) 342 (22%) 767 (50%) 139 (9%) 114 (7%) 76 (5%) 13 (1%)

SCLC
n = 281

Risk of death 
(HR)

1.0 0.97 0.24b 0.00 0.42b 0.00

95% CI 0.41–2.26 0.10–0.59 NA 0.25–0.73 NA
p-value 0.94 0.002 0.99 0.002 0.98
Median survivala 4 7 15 12 15 15
n (%) 229 (81%) 13 (5%) 21 (7%) 1 (0.4%) 16 (6%) 1 (0.4%)

Melanoma
n = 823

Risk of death 
(HR)

1.0 0.69b 0.62b 0.50b 0.54b 0.70

95% CI 0.54–0.89 0.45–0.86 0.36–0.69 0.35–0.84 0.36–1.36
p-value < 0.01 <0.01 <0.01 <0.01 0.29
Median survivala 6 10 9 13 11 11
n (%) 91 (11%) 464 (56%) 73 (9%) 95 (12%) 34 (4%) 12 (1%)

Renal cell
n = 711

Risk of death 
(HR)

1.00 0.84 0.78 0.38 0.64 1.29

95% CI 0.62–1.12 0.51–1.19 0.25–0.59 0.38–1.08 0.45–3.68
p-value 0.23 0.25 <0.01 0.09 0.64
Median survivala 5 11 11 24 16 11
n (%) 90 (12%) 410 (58%) 41 (6%) 70 (10%) 23 (3%) 4 (1%)

Breast 
cancer
n = 400

Risk of death 
(HR)

1.0 1.07 0.74 0.59 0.72 0.47b

95% CI 0.66–1.73 0.47–1.16 0.28–1.23 0.43–1.21 0.23–0.96
p-value 0.80 0.18 0.16 0.72 0.04
Median survivala 7 13 15 24 18 30
n (%) 131 (33%) 115 (29%) 86 (22%) 19 (5%) 28 (7%) 20 (5%)

GI cancer
n = 209

Risk of death 
(HR)

1.0 0.72 0.69 2.30 0.33b 0.39b

95% CI 0.40–1.28 0.39–1.22 0.43–12.4 0.19–0.56 0.17–0.90
p-value 0.26 0.21 0.33 <0.001 0.03
Median survivala 3 7 7 9 10 8
n (%) 95 (45%) 35 (17%) 35 (17%) 2 (1%) 34 (16%) 8 (4%)

Data from Refs. [17, 19, 21]
Diagnoses: NSCLC non-small-cell lung cancer (adenocarcinoma), SCLC small-cell lung cancer, GI gastrointestinal
Treatments: S surgery, WBRT whole brain radiation therapy, SRS stereotactic radiosurgery
Statistics: Risk of death: hazard ratio (HR) normalized to patients treated with whole brain radiation therapy alone 
(HR = 1.0) and calculated by multivariable Cox regression, adjusted for DS-GPA and stratified by institution
aMedian survival in months based on one-sample Kaplan–Meier method
bStatistically significantly better than WBRT alone; 95% confidence interval
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Fig. 6.2 Kaplan–Meier 
curves for survival by GPA 
for six diagnoses: breast 
cancer, non-–small-cell lung 
cancer, small-cell lung cancer, 
melanoma, renal cell 
carcinoma, gastrointestinal 
cancers. (a) Initial MRI 
shows largest of three brain 
metastases, December 06, 
2006. (b) Gamma Knife plan 
for right frontal brain 
metastasis, December 13, 
2006. (c) Gamma Knife plan 
for left frontal brain 
metastasis, December 13, 
2006. (d) Gamma Knife plan 
for left occipital brain 
metastasis, December 13, 
2006. (e) MRI 9 months after 
GK shows marked radiation 
necrosis and edema, 
September 26, 2007. (f) MRI 
18 months after GK shows 
resolving radiation necrosis, 
May 23, 2008. (g) MRI 
21 months after GK shows 
minimal residual 
enhancement, October 23, 
2008. (h) MRI 10.7 years after 
GK shows no evidence of 
disease, August 02, 2017. 
(From Sperduto et al. [24]. 
Creative Commons Attribution 
License CC-BY 3.0)
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treatment for their brain metastases because they 
have extracranial metastases. (7) Age is strongly 
prognostic in lung cancer and weakly prognostic 
in breast cancer and melanoma but not prognostic 
in renal cell carcinoma or gastrointestinal can-
cers. Thus, age should not be used as a rationale 
to withhold aggressive treatment for nonlung 
malignancies. (8) Because lung cancer and brain 
metastases from lung cancer are so common, 
those patients have masked our understanding of 
the distinct course for patients with nonlung 
malignancies and brain metastases, as demon-
strated by points 5, 6, and 7 above. (9) Tumor 
subtype in breast cancer is of paramount impor-
tance and prognostic significance but it is not as 
prognostic as the Breast-GPA index. (10) A dis-
proportionate number of patients with gastroin-
testinal cancers present with GPA of 0–1.0. 
Whether this is due to lack of screening MRI in 
these patients versus other biological reasons 
remains unclear but the finding should serve as a 
reminder that brain metastases are not uncom-
mon in GI cancer patients. On-going research 
will better elucidate prognosis for these patients 
and the GI-GPA will be updated accordingly. 
(11) Clinicians may use the worksheet in 
Table 6.5 or go to brainmetgpa.com, a free user- 
friendly smart-phone application to calculate 
their patient’s GPA score and estimate survival 
[12]. The GPA may be used for purposes of strati-
fication in clinical trials dealing with patients 
with brain metastases.

All prognostic indices are imperfect and can-
not always predict the outcome for an individual 
patient. The following case study is remarkable 
for the patient’s outcome because it demon-
strates not only the application of the GPA in a 
clinical setting but also the potential pitfalls of 
prognostic indices for such a heterogeneous 
patient population.

 Case Study

A 36-year-old white female marathon runner 
presented in August 2005 with a right neck 
mass. Fine needle aspiration initially confirmed 
a malignancy, later confirmed as a malignant 

melanoma by excisional biopsy of a posterior 
scalp lesion on September 15, 2005. This 
malignant melanoma was histopathologically 
staged as Clark’s Level IV, Breslow depth at 
least 6 mm, with angiolymphatic invasion and 
positive deep and peripheral margins. Brain 
MRI for initial radiologic staging on September 
27, 2005, showed multiple scalp lesions but no 
evidence of parenchymal brain metastases. PET 
scan on September 27, 2005, showed hypermet-
abolic activity only in the left neck. On October 
11, 2005, she underwent a left modified radical 
neck dissection and wide local excision of the 
scalp lesion. Pathology confirmed metastatic 
melanoma in 3 of 28 lymph nodes with exten-
sion into the adjacent soft tissues in two areas. 
Pathology from the scalp excision showed a 
maximum tumor depth of 1.9 cm and the deep 
margin remained positive. She underwent two 
additional scalp excisions and the deep margin 
remained positive. Her stage was T4bN2bM0, 
stage IIIC. She received 64 Gy radiation ther-
apy to the left neck and scalp, completed on 
January 20, 2006. She then received three cycles 
of cisplatinum, interferon, and vinblastine fol-
lowed by interleukin-2, completed in March 
2006. She did well without evidence of recur-
rence until November 2006 when she under-
went a debridement of necrotic tissue in the 
scalp lesion. PET scan on December 5, 2006, 
showed a 0.7 cm hypermetabolic nodule in the 
retroperitoneum consistent with metastatic 
recurrence. Brain MRI on December 6, 2006, 
showed three brain metastases (2.5  cm right 
caudate, 1.1  cm left parieto- occipital, and 
0.7 cm left posterior frontal) (Fig. 6.2a), which 
were not present on the prior scan performed on 
June 22, 2006.

Whole brain radiation therapy was not given 
(and has not been given) due to the prior scalp 
radiation. She underwent SRS (Gamma Knife) 
on December 13, 2006, to all three lesions: right 
caudate, 20 Gy to a volume 8.4 cm3 (Fig. 6.2b); 
left posterior frontal 24  Gy to a volume of 
0.47  cm3 (Fig.  6.2c); and left parieto-occipital, 
24  Gy to a volume of 1.6  cm3 (Fig.  6.2d). She 
underwent SABR to the pelvic soft tissue 
 metastasis (25 Gy × 5 over two weeks, completed 
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on February 23, 2007). Between March and June 
2007, she received four cycles of carboplatin, 
paclitaxel, and temozolomide treatment. In 
September 2007, she developed headaches, nau-
sea, vomiting, and confusion. MRI on September 
26, 2007, showed a marked increase in enhance-
ment and edema in the right frontal lobe consis-
tent with radiation necrosis (Fig.  6.2e). Due to 
increased headaches and possible radiation 
necrosis, the temozolomide was discontinued. 
She has received no treatment since September 
2007. The edema was treated with steroids, which 
were gradually tapered off over four months. 
Brain MRI on May 23, 2008, showed improve-
ment with central necrosis of the previously 
solid-appearing lesion (Fig. 6.2f). Brain MRI on 
October 23, 2008, showed further resolution of 
the enhancement/necrosis with minimal residual 
enhancement (Fig.  6.2g). Serial imaging since 
that time has shown no evidence of recurrent 
tumor or necrosis.

She remains clinically and radiographically 
free of disease 13  years after the diagnosis of 
multiple brain metastases and more than 10 years 
after completion of treatment. Brain MRI on 
August 2, 2017, showed no change in the mini-
mal residual enhancement/scar tissue (Fig. 6.2h) 
and PET scan on August 2, 2017, showed no evi-
dence of disease. She has remained asymptom-
atic for over a decade and continues to run 
marathons, as recently as October 14, 2017. In 
November 2017, she completed the FACT-Brain 
questionnaire, a patient-reported QOL tool to 
reassess brain cognition. Her FACT-BR score 
was perfect (200 on a scale of 200), 11 years after 
diagnosis of her brain metastases. Notably, this 
patient never underwent craniotomy or whole 
brain radiation therapy and thus avoided the 
related long-term neurocognitive toxicity of these 
interventions.

To fully appreciate this patient’s remarkable 
outcome, it is appropriate to review how her out-
come compares to the best available evidence of 
survival for melanoma patients with brain metas-
tases. We recently updated and published the 
melanoma-molGPA [20, 21] based on a multi- 
institutional retrospective study of 483 mela-
noma patients with brain metastases diagnosed 

between January 1, 2006, and December 31, 
2015. Notably, the patient presented here was 
diagnosed in 2006, so she is a contemporary of 
the patients in the melanoma-molGPA update 
study. The study showed five prognostic factors 
significant for survival (Table 6.5).

Overall median survival for melanoma 
patients with brain metastases has improved from 
6 to 10 months since the 1980s, and the median 
survival by melanoma-molGPA groups for GPA 
of 0–1.0, 1.5–2.0, 2.5–3.0, and 3.5–4.0 was 4.9, 
8.3, 15.8, and 34.1  months, respectively. The 
patient presented here had a melanoma-GPA of 
3.0 on a 4.0 scale on both the original and updated 
GPA indices, correlating with an estimated sur-
vival of 8.8 and 15.8 months, respectively. This 
patient is disease-free and asymptomatic with a 
perfect FACT-Brain QOL score 13 years after the 
diagnosis of multiple brain metastases. Clearly, 
prognostic indices are imperfect but nonetheless 
provide our best estimate of survival for these 
patients.

 Summary

Patients with brain metastases are a heteroge-
neous population and outcomes vary widely by 
diagnosis and diagnosis-specific prognostic fac-
tors. Because of this heterogeneity and the pleth-
ora of available treatment options, it is difficult to 
estimate survival. These problems have compli-
cated clinical decision-making as well as inter-
pretation of clinical trials. The graded prognostic 
assessment (GPA) is a diagnosis-specific prog-
nostic index that has been updated to reflect the 
current treatment era by incorporating diagnosis- 
specific prognostic factors including molecular 
factors such as tumor subtype and gene status. 
The GPA is useful for clinical decision-making 
as physicians determine whether and what treat-
ment is appropriate for these patients. It can also 
be useful to stratify clinical trials to ensure those 
trials are comparing comparable patients, which 
is especially important in such a heterogeneous 
patient population. Without accurate stratifica-
tion, the results of clinical trials are uninterpreta-
ble and a waste of resources.
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