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Validation of the Graded Prognostic Assessment for 
Melanoma Using Molecular Markers (Melanoma-molGPA)
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Abstract

Background: It has been suggested to replace the diagnosis-specific 
graded prognostic assessment (DS-GPA, based on performance status 
and number of brain metastases) for patients with primary malignant 
melanoma with the new Melanoma-molGPA. The latter is a more com-
plex assessment, which also includes BRAF mutation status, age and ex-
tracranial metastases. To test the performance of the Melanoma-molG-
PA, we performed a validation study of this new survival prediction tool.

Methods: A retrospective analysis of patients treated at two differ-
ent academic institutions was performed. The four-tiered Melanoma-
molGPA was calculated as suggested in the original study.

Results: Median overall survival was 5.4 months (95% confidence inter-
val: 3.1 - 7.7 months). Median survival in the four prognostic classes was 
2.1, 7.8, 11.8, and 18.0 months, respectively. The 1-year survival rates 
were 3%, 25%, 43%, and 80%, respectively. The difference between the 
Kaplan-Meier curves was significant (P = 0.0001, log-rank test).

Conclusions: The present survival outcomes support the use of the 
Melanoma-molGPA. However, survival was better in each of the four 
groups in the original study. Possible reasons include lead-time bias 
and different treatment policies.
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Introduction

Brain metastases from malignant melanoma are often associ-

ated with a short remaining lifespan [1, 2]. However, a small 
proportion of patients have repeatedly been reported to survive 
for several years, rather than just a few months [3-7]. In the 
present era of multiple local and systemic treatment options, 
the challenge is to assign the right patient to the right treatment 
[8], with clear objectives set upfront, e.g., temporary palliation 
of symptoms or local tumor ablation, which potentially might 
result in long-term survival.

Independently validated prognostic models might guide 
clinical decision making [9]. Sperduto et al have published a 
series of analyses that resulted in widely used scores. Initially, 
they evaluated data from five randomized Radiation Therapy 
Oncology Group (RTOG) trials on treatment of brain metasta-
ses [10]. They proposed a score that was named graded prog-
nostic assessment (GPA). In the GPA system, three different 
values (0, 0.5 or 1) were assigned for each of these four param-
eters: age (≥ 60; 50 - 59; < 50 years), Karnofsky performance 
status (KPS, < 70; 70 - 80; 90 - 100), number of brain metas-
tases (> 3; 2 - 3; 1), and extracranial metastases (present; not 
applicable; none). The patients with the best prognosis would 
have a GPA of 4.0.

Later, they created diagnosis-specific GPA scores (DS-
GPA), e.g. for patients with primary malignant melanoma [11]. 
In the latter group, which included 483 patients, only two factors 
were significantly associated with survival, KPS and number of 
brain metastases. The authors assigned two points for KPS 90 - 
100 and single brain metastasis. One point was assigned for KPS 
70 - 80 and 2 - 3 brain metastases. Also in this scoring system, the 
patients with the best prognosis would have a GPA of 4.0.

Recently, the melanoma DS-GPA was modified, because 
it had been shown that a molecular marker (BRAF mutation) 
also influenced survival [12]. The multi-institutional retro-
spective database included 823 melanoma patients with newly 
diagnosed brain metastases from January 1, 2006 to Decem-
ber 31, 2015. There were five significant prognostic factors 
for survival (age, KPS, extracranial metastases, number of 
brain metastases, and BRAF status). Median survival was 9.8 
months. The median survival times for patients with Melano-
ma-molGPA of 0 - 1.0, 1.5 - 2.0, 2.5 - 3.0, and 3.5 - 4.0 were 
4.9, 8.3, 15.8, and 34.1 months (P < 0.0001). It is important to 
validate this model in other databases. Therefore, the present 
analysis was performed.

Materials and Methods

We analyzed patients from a previously described brain me-
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tastases database, which is maintained and updated at the first 
author’s institution [13, 14]. The patients were treated at two 
different academic institutions in Germany and Norway. For 
this retrospective study, the patients with primary malignant 
melanoma treated between 2006 and 2016 were selected (n = 
69 after exclusion of patients managed with best supportive 
care alone). Treatment was highly individualized and included 
surgery, local and/or whole-brain radiotherapy (WBRT), and 
salvage with repeat surgery and/or radiotherapy. Sequential 
systemic therapy was at the discretion of the medical oncolo-
gists. Actuarial survival was calculated with the Kaplan-Meier 
method and compared between different groups with the log-

rank test. Four patients were alive at last recorded follow-up 
and censored in the actuarial survival analyses. Date of death 
was entered in all other patients. The median follow-up was 
5.5 months. The prognostic impact of all parameters included 
in the Melanoma-molGPA was tested in univariate analyses 
(log-rank test). A P-value ≤ 0.05 was considered statistically 
significant. The Melanoma-molGPA was calculated as sug-
gested by Sperduto et al [12] and shown in Table 1, i.e. based 
on age, KPS, presence of extracranial metastases, number of 
brain metastases and BRAF status. In addition, the previous 
GPA was calculated as suggested by Sperduto et al [11] (2 
points for KPS 90 - 100 and single brain metastasis; 1 point for 
KPS 70 - 80 and 2 - 3 brain metastases).

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki 
Declaration of 1975 (in its most recently amended version).

Results

Eight patients (12%) had brain metastases already when they 
were diagnosed with malignant melanoma, and the others had 
metachronous metastases. In 16 cases (23%), the time interval 
was longer than 5 years. Forty-eight patients (70%) were man-
aged with WBRT alone, the others with surgery, radiosurgery 
(RS) fractionated stereotactic radiotherapy and combinations 
thereof, sometimes supplemented with WBRT. The fractiona-
tion schedules were at the discretion of the treating radiation 
oncologists. The median age was 61 years, ranging 24 - 90. 
The BRAF status was recorded in only 21 patients (30%). Ta-
ble 2 shows the baseline characteristics and their impact on 
overall survival, stratified in the same way as in the study by 

Table 1.  Calculation of the Prognostic Score, as Reported by 
Sperduto et al [12]

Parameter 0 points 0.5 points 1 point
Age ≥ 70 years x
Age < 70 years x
KPS ≤ 70 x
KPS 80 x
KPS 90 - 100 x
Presence of extracranial metastases x
Absence of extracranial metastases x
More than four brain metastases x
2 - 4 brain metastases x
1 brain metastasis x
Negative/unknown BRAF status x
Positive BRAF status x

Table 2.  Pretreatment Characteristics of All 69 Patients Included in This Study

Parameter Number Percent Median overall survival in months P-value (log-rank test)
Female gender 30 43 5.9
Male gender 39 57 4.8 0.38
Extracranial metastases absent 12 17 12.1
Extracranial metastases present 57 83 3.7 0.003
KPS ≤ 70 25 36 2.0
KPS 80 18 26 5.8
KPS 90 - 100 26 38 11.8 0.0001
Single brain metastasis 11 16 12.1
2 - 4 brain metastases 25 36 7.9
> 4 brain metastases 33 48 2.3 0.0001
Age < 70 years 50 72 7.3
Age ≥ 70 years 19 28 2.7 0.001
BRAF positive 9 - 7.3
BRAF negative 12 - 2.1 0.08
WBRT 48 70 3.1
Surgery/stereotactic RT 21 30 12.1 0.0001

KPS: Karnofsky performance status; WBRT: whole-brain radiotherapy.
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Sperduto et al [12]. Median overall survival was 5.4 months 
(95% confidence interval: 3.1 - 7.7 months).

The Melanoma-molGPA score was 0 - 4. Very few patients 
were assigned to the two favorable prognostic groups (six pa-
tients had 3.5 - 4 points and seven had 2.5 - 3 points). Figure 
1 displays the actuarial survival curves for all four prognostic 
strata. Median survival was 2.1, 7.8, 11.8, and 18.0 months. 
The 1-year rates were 3%, 25%, 43%, and 80%. In contrast, 
separation between the four groups was worse with the old 
model (median survival 2.1, 4.5, 23.0 and 15.0 months; 1-year 
rates 6%, 5%, 64% and 86%). There was a lack of significant 
separation between the two poor prognostic groups as well as 
between the two good prognostic groups.

Discussion

Historically, the melanoma DS-GPA has proven useful, despite 
the fact that age and extracranial metastases were not part of this 
score [11]. The prediction model was developed in a multi-insti-
tutional analysis of 483 patients treated with different approach-
es between 1985 and 2007. Median survival was 2.9 months 
after WBRT (3.1 months in our previous study [3], 3.1 months 
in the present study). Significantly longer survival was consist-
ently found after RS and/or surgery with or without WBRT [3, 
5, 6, 11, 12, present results]. As different treatment options are 
available, development of tools that might guide clinicians is of 
great importance. Sperduto et al have suggested to implement 
the new four-tiered Melanoma-molGPA [12], a much more 

comprehensive model than their previous one. Most notably, it 
also includes a molecular marker (BRAF) with profound impact 
on systemic treatment paradigms [8]. In line with Sperduto et al, 
other groups have shown that survival is longer if BRAF muta-
tions are detectable [15, 16]. The same result was obtained in 
the present study, albeit in a very small group of patients and 
therefore without statistical significance (P = 0.08).

In general, the number of patients in our study was limited 
and so was the statistical power. It is nevertheless, to the best 
of our knowledge, the first attempt to validate the Melanoma-
molGPA in an independent dataset. In addition, the study was 
performed in a different geographical region (Europe), mean-
ing that slightly different diagnostic and therapeutic pathways 
were employed. For example, brain imaging in asymptomat-
ic patients (screening) was uncommon in our population. If 
BRAF inhibitors are initiated after brain metastases diagno-
sis in a screening-detected population, survival will be much 
longer than in patients who start the drugs and develop symp-
tomatic brain metastases later on. Most of our patients still re-
ceived upfront WBRT alone, in contrast to a trend towards pri-
mary RS or surgery + RS in the Sperduto et al series. As shown 
in Table 3, Sperduto et al reported better survival outcomes. 
Further studies are necessary to evaluate which survival rates 
are more representative of unselected patient groups in differ-
ent parts of the world and resource settings.

As shown in Figure 1, the Melanoma-molGPA predicts 
survival in a relatively reproducible manner. Most survival 
curves separated excellently. The fact that true long-term sur-
vivors were lacking in the most favorable group is probably a 

Figure 1. Kaplan-Meier curves for overall survival: molGPA 4.0 (3.5 - 4 points, n = 6) vs. molGPA 3.0 (2.5 - 3 points, n = 7) vs. 
molGPA 2.0 (1.5 - 2 points, n = 23) and molGPA 1.0 (0 - 1 points, n = 33), P = 0.0001 (pooled over all strata).
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result of the small sample size. Overall, the present data sup-
port the use of the four-tiered Melanoma-molGPA.
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Table 3.  Comparison of the Median Survival Results in Months With Those Reported by Sperduto et al [11, 12]

Study n All patients DS-GPA unfavorable DS-GPA intermediate DS-GPA second best DS-GPA best
Sperduto et al [11] 483 6.7 3.4 4.7 8.8 13.2
Nieder et al [3] 51 3.7 3.1 3.7 7.5 12.7
Sperduto et al [12] 823 9.8 4.9 8.3 15.8 34.1
Present study 69 5.4 2.1 7.8 11.8 18.0

DS-GPA: diagnosis-specific graded prognostic assessment score (in this case limited to patients with malignant melanoma).


