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Abstract

Introduction: Metastatic brain disease is still a major contributor to cancer treatment failure.
Various treatments have improved in the recent decades, which allow for better control of brain
metastatic lesions. Various prognostic scoring tools have been developed and used worldwide to
stratify patients with brain metastases to determine who will benefit most from aggressive
treatment. The three most commonly used prognostic scoring tools are recursive partitioning
analysis (RPA), basic score for brain metastases (BSBM) and graded prognostic assessment
(GPA). The aim of this study is to validate these scoring tools using an Indonesian cancer
patient population.
Method: A retrospective analysis of all patients presenting with brain metastases from January
2012 until December 2014, through using hospital medical records, was conducted. All patients
receiving whole brain radiotherapy during this period were included in this study. A follow-up
with a telephone call was carried out to determine the patient’s health and survival status.
Uncontactable patients were excluded from the analysis. Survival analysis was carried out
by stratifying patients based on the three prognostic scoring systems.
Result: A total of 80 patients were eligible to be included in the study, with 18 excluded due to
being uncontactable. The remaining 62 patients’ data were analysed and stratified with all three
scoring systems. The RPA was found to confer better stratification than BSBM and GPA in our
study population.
Conclusion: GPA was non-prognostic in our study population and BSBM was less prognostic,
especially in the middle group, class 1 and class 2. Those BSBM class 1 and class 2 did not
provide good prognostic stratification in our study population, whereas RPA was proven to
be the best in stratifying patients’ prognosis with brain metastases in our study population.

Introduction

Mortality from cancer remains high, despite the advances in medical treatment. The biggest
contributor of death in cancer is from metastatic cancer disease. The brain is a major site where
metastasis arises from various solid tumours. The incidence of brain metastases is between 10
and 30% from all solid tumours.1 Lung cancer, breast cancer, melanoma, renal cancer, colorectal
cancer and lymphoma are among the most common primaries that metastasis to brain.2,3

Management of brain metastases has improved in recent decades, resulting in prolonged
survival of those affected. There are various treatment options for brainmetastasis such as whole
brain radiotherapy, stereotactic radiosurgery, surgical removal, systemic therapy with cytotoxic
chemotherapy, or the combination of those modalities. Radiotherapy, in particular stereotactic
radiosurgery, is able to deliver a very highly conformal dose to lesions in the brain. This high
dose radiation has potential to result in complete regression of the brain lesions after treatment.

Whole brain radiotherapy with the additional boost of stereotactic radiotherapy to brain
metastatic lesions has been shown to provide good local control.4 However, good local control
for brain metastases does not always translate into better overall survival.4 Although brain
metastatic lesion is controlled, the overall survival can be reduced if the primary tumour or
visceral metastases are not controlled.5 Due to that reason, there has been debate whether
aggressively treating brainmetastases is justifiable or if the best supportive care would be a better
choice for those with predicted very short survival.6
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When treating patients with perhaps none or minimal survival
benefit, the costs of health care are increased by treating patients
with brain metastases. 7 Higher costs are incurred if time-
consuming treatments such as stereotactic radiosurgery are
administered. Therefore, it is necessary to identify which patients
would benefit themost from treatment and those who could poten-
tially have a longer survival. Such patients with predictive longer
survival could therefore benefit from aggressive and costly treat-
ment, such as whole brain radiotherapy followed by stereotactic
radiosurgery for brain metastases.

Various prognostic scoring systems for patients with metastatic
disease are available for predicting patients’ survival.8 Several prog-
nostic scoring systems that are most commonly utilised worldwide
include recursive partitioning analysis (RPA),9 graded prognostic
assessment (GPA)10 and basic score for brain metastases
(BSBM).11 These scoring systems have all been validated in multi-
ple clinical settings worldwide with various accuracy.9,10,12–15

These commonly used prognostic scoring systems have been
evaluated through clinical trials conducted mainly in developed
countries, where patient characteristics, major tumour histology,
treatment options available and patient’s preferences are different
from developing countries such as Indonesia.16 Therefore, this
study was conducted to assess the validity and determine which
prognostic scoring system would be most predictive, in terms of
survival rates, for an Indonesian cancer patient population.

Materials and Method

This study was a retrospective analysis of patients treated with radio-
therapy for brainmetastases. This study has received ethical approval
fromhospital human research and ethics committee. The samplewas
recruited from patients who received radiotherapy for brain meta-
stasis at the Department of Radiotherapy, Cipto Mangunkusumo
Hospital, Indonesia, from January 2012 until December 2014. All
data regarding the patient’smedical history or subsequent deathwere
gleaned from their medical records. To assess the current health and
survival status of all assumed alive patients, patients were contacted
by a telephone call, between June and July 2016. If patients were
uncontactable, then a second attempt to call the patients was carried
out within a 2-week interval from the first telephone call. For the
purpose of this study, a total of three attempts were required before
the patient was declared uncontactable.

A survival analysis was conducted with stratification based on
the RPA, GPA and BSBM scoring systems used for each patient at
diagnosis. Survival was calculated from the time of the last radio-
therapy session until death. Uncontactable patients were excluded
from the analysis. Patients that were still alive during the latest
follow-up by phone call at July 2016 were censored. A comparison
ofmedian survival was undertaken between the results of this study
and the published data of previous studies, comparing the three
scoring systems.9,11,12

Results

A total of 80 patients’ data were collected from patients treated with
radiotherapy between January 2012 and December 2014. At
follow-up telephone call, during June and July 2016, 18 patients were
uncontactable, leaving 62 patients who were contactable, to be
included in the analysis. Patient demographics, tumour primary
and whole brain radiation doses for these patients can be viewed
in Table 1. The majority of patients were female (58·1%). Median
age was 51 years with an age range from the whole cohort from
8 years to 72 years. Median Karnofsky performance status17 was
70 with a range from 40 to 100. The most common primary tumour
was lung cancer (35 cases; 56·5%) followed by breast cancer
(17 cases; 27·4%). Twenty-four patients (38·7%) had the primary
tumour site controlled. Majority (33 cases; 53·2%) had at least
one more extracranial metastasis. Overall median survival of
62 patients was 9·2 months (Figure 1a), with 3 patients remained
alive during the last follow-up by a telephone call on 29 July 2016.

All patients completed the radiotherapy treatment as pre-
scribed. The radiotherapy target for the entire study population

Table 1 Patient demographics, tumour primary andwhole brain radiation doses
from the study samples

A. Patient demographic Number of patients % of patients

Gender

Male 26 41·9

Female 36 58·1

Age

Median (range) 51 (8–72)

<65 years 54 87·1

≥65 years 8 12·9

Karnofsky score

Median (range) 70 (40–100)

<70 25 40·3

≥70 37 59·7

B. Tumor primary

Lung 35 56·5

Breast 17 27·4

Cervix 3 4·8

Lymphoma 2 3·2

Others 5 8

Primary tumour status

Controlled 24 38·7

Uncontrolled 38 61·3

Extracranial metastasis

Negative 29 46·8

Positive 33 53·2

Number of brain metastasis lesions

1 16 25·8

2–3 13 21

≥3 33 53·2

C. Whole brain radiation—dosage

40 Gy in 20 fractions 20 32·3

30 Gy in 10 fractions 36 58·1

Others 6 9·7

Post whole brain radiotherapy boost

SRS boost 6 9·7

Abbreviation: SRS, stereotactic radiosurgery.
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was whole brain radiotherapy with six patients receiving additional
stereotactic radiosurgery boost for the residual lesions. The
majority of patients (58·1%) received whole brain radiotherapy
with a dose of 30 Gy in 10 fractions, 20 patients (32·3%) received
whole brain radiotherapy with a dose of 40 Gy in 20 fractions,
while the remaining six patients received other radiation dosage
regimens such as 30 Gy in 15 fractions or 20 Gy in 5 fractions.

Survival Stratification based on RPA Scoring

Based on the RPA scoring, age was categorised into <65 years and
≥65 years, while the Karnofsky performance status was categorised

into <70 and ≥70. Following that cut-off value, the majority of
patients (54 patients; 87·1%) were categorised into <65-year-old
group, and also the majority (37 patients; 59 7%) were categorised
into having Karnofsky performance status of ≥70.

Based on the RPA stratification, 50% of patients were categor-
ised into RPA class II, 38·7% of patients were categorised into RPA
class III and the rest 11·2%were categorised into RPA class I. Three
patients that were still alive at the follow-up by telephone call were
two patients in RPA class I and one patient in RPA class III.
Median survivals stratified by RPA class were 16·3 months,
11·2 months and 4·7 months for RPA class I, RPA class II and
RPA class III, respectively (Table 2, Figure 1b).

Figure 1. Survival curve of the study population, a) overall survival and survival stratified based on b) RPA, c) BSBM, and d) GPA scoring. Total number of subjects was 62.
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Survival Stratification based on BSBM Scoring

In the BSBM scoring system, there were four classes with scores
range from 0 to 2. The score difference between the two adjacent
classes was 0·5. Most of the patients were in BSBM class 1 (score 1)
33·8% of patients; BSBM class 2 (score 1·5) 35·4% of patients; and
BSBM class 3 (score 2) 20·9% of patients. The minority of patients,
9·6% of patients, were in BSBM class 0 (score 0·5). Median survival
rates were 16·3, 11·2, 4·3 and 7·1 months from BSBM classes 0–3,
respectively (Table 2, Figure 1c). Two patients who remained alive
at the time of the follow-up by telephone call were in BSBM class 0,
and one patient who remained alive at the follow-up telephone call
was in BSBM class 1.

Survival Stratification based on GPA Scoring

In the GPA scoring system, the number of lesions in the brain
metastasis was crucial. In this analysis, 33 patients (53·2%) had
brain lesions of more than three, 13 patients (21%) had brain
lesions of two to three, while the remaining 16 patients (25·8%)
had only one brain lesion. Most patients, 27 patients (43·5%) were
categorised into GPA 1·5–2·5 and 21 patients (33·8%) were cate-
gorised into GPA 0–1.

Median survivals stratified based on GPA scoring were 4·3
months for GPA 0–1, 10·4 months for GPA 1·5–2·5, 12·4 months
for GPA 3 and 16·3 months for GPA 3·5–4 (Table 2, Figure 1d).
One patient each in GPA 0–1, GPA 3 and GPA 3·5–4 were alive
at the follow-up by telephone call.

Discussion

All these three prognostic scoring systems utilise slightly different
scoring components.8 The scoring components present in all
scoring systems are the patients’ performance status and the status
of the extracranial metastases. The BSBM does not require infor-
mation of age in this scoring system. The GPA does not require
information as to whether the primary tumour site is controlled
or not, but the GPA is the only scoring system that requires infor-
mation on the number of brain metastases lesions.

The RPA, BSBM and GPA have been tested for various treat-
ment scenarios, and they have been found to be useful in providing
prognostic value in various different settings.12–15,18 The RPA has
also been shown to be of prognostic value in cases with resected
brain metastatic lesions followed by whole brain radiotherapy.18

The RPA stratified survival curve provided a good stratification
in our study population, although in the first 5 months, the curves
of those patients with different RPA classes were found to overlap
and then in subsequent months they diverged.

The BSBM andGPA did not stratify well among different scores
and classes in our study. There were multiple overlaps in the BSBM
and GPA stratified survival curves from our study population. The
BSBM stratified survival curve in our study population only
overlapped at class 1 and class 2, but class 0 and class 3 were well
separated (Figure 1c). If the BSBM scoring criterion was modified
to combine class 1 and class 2, then the BSBMwould be considered
prognostic by well-stratifying patients between the groups. Unlike
BSBM, the GPA applied in our study population, for all four
classes, overlapped at several time frames.

In our study, the RPA was found to be the most accurate
prognostic scoring system, followed by the BSBM. In our study
population, the BSBM class 2 was found to have lower median sur-
vival than the BSBM class 3, which was the other way round in the
original BSBM study.11 This finding further implies that the BSBM
was not prognostic in our population. The finding in another study
showed the GPA was less prognostic when compared to RPA, and
this was consistent with our study.12 The GPA is less prognostic
than RPA probably because GPA does not incorporate whether
the primary tumour was controlled or not. This factor is para-
mount and affects the overall survival in cancer patients.19

Furthermore, the number of brain metastatic lesions, which is part
of the GPA scoring system, did not confer any prognostic value in
cases of multiple or large-size brain metastatic lesions.20

Themedian survival in all three-scoring systems tested with our
study population showed a longer median survival across all strati-
fication classes compared to their original prognostic studies.9–11

The longer median survival rates may be due to relatively small
sample sizes in our study population, which did not truly represent
the real general population with brain metastasis. Furthermore,
there were 18 patients, a sizeable number of patients from the total
of 80 patients treated during the study phase, excluded because
they could not be contacted. Those 18 excluded patients might
represent the lower survival group.

Other factors may also impact the overall survival of patients
with brain metastases. Patients with brain metastases from various
tumour histologies have been shown to respond differently follow-
ing radiotherapy.21 Generally, a radiosensitive tumour may
respond better than a radioresistant tumour. Additional systemic
treatment given after local brain metastases radiotherapy might
also have impact on the overall survival.22 Furthermore, the more
recent developments of new systemic treatments, with reduced side

Table 2 Survival of study patients based on RPA, BSBM and GPA scoring system
compared to referenced median survival

Number
of patients Deceased Censored

Median
survival
(months)

Referenced
median
survival

(months)9,11,12

RPA

Class I 7 5 2 16·3 7·1

Class II 31 31 0 11·2 4·2

Class III 24 23 1 4·7 2·3

Total 62 59 3

BSBM

BSBM 3 6 4 2 16·3 32

BSBM 2 21 20 1 11·2 13·1

BSBM 1 22 22 0 4·3

BSBM 0 13 13 0 7·1 1·9

Total 62 59 3

GPA

GPA 0–1 21 20 1 4·3 2·6

GPA 1·5–2·5 27 27 0 10·4 3·8

GPA 3 5 4 1 12·4 8·9

GPA 3·5–4 9 8 1 16·3 11·0

Total 62 59 3

Abbreviations: RPA, recursive partitioning analysis; BSBM, basic score for brain metastases;
GPA, graded prognostic assessment.
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effects and improved cancer cell toxicity, might extend the survival
of those patients with metastatic disease.23,24

Despite the limitations of this study, it is still reasonable to
conclude that the RPA was found to offer a better prognostic
indicator and deemed to be a valid prognostic scoring system
for patients with brain metastases in Indonesian cancer patients.
Furthermore, the RPA, which includes the age, performance status,
extracranial metastasis and control of primary tumour, is a simple
tool to use in daily clinical practice. The information required for
RPA scoring does need excessive or costly procedures to obtain and
no information regarding the number of brain metastases lesions is
necessary, because this information may not be readily available.
The number of brain lesions is usually best obtained by using
magnetic resonance imaging (MRI) visualization, and MRI may
not be readily available in developing countries. Thus RPA may
be a good option to select and use in developing countries that
may be resource constrained.

Conclusion

There is not a superior or most accurate prognostic scoring system
for patients presenting with brain metastases. The treatment deci-
sion for all patients has to be viewed and tailored individually by
their treating physicians. Social, economical and patient’s prefer-
ence have to be taken into consideration when deciding which
treatment to be administered to patient with brain metastases.
However, as a guide and as a starting point, the RPA prognostic
scoring system can be used to provide a rough prediction of prog-
nosis. This study has shown a relatively good survival stratification
in Indonesian patients with brain metastases.
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