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Background: Brain metastases are relatively common and carry a poor prognosis. In a
resource-constrained environment, the judicious use of radiotherapy must be considered in
the context of its benefit. The Recursive Partitioning Analysis (RPA) scoring system is
internationally validated to predict median survival in patients with brain metastases. It may
be used to guide appropriate management of patients with brain metastases.

Aim: To establish the relevance of applying the RPA prognostic scoring system to the local
setting.

Setting: The Department of Oncology, Greys Hospital, Pietermaritzburg, South Africa.

Methods: A retrospective chart review of patients treated for brain metastases for the period
01 January 2014 to 31 December 2019 was performed. Data was collected to determine the RPA
class for each patient. Multivariate analysis of potential factors which could impact survival
was done, and the actual survival of each patient was calculated.

Results: The commonest primary cancer in the study cohort was breast (67%), followed by
lung (17%). Survival differences between RPA classes were statistically significant (p < 0.001).
Actual survival relative to that predicted by the RPA model was 4.5 versus 7-12 months, 3.6
versus 4-7 months, and 0.8 versus 2—4 months, for classes I, I and III, respectively.

Conclusion: Results support the use of the RPA classification to risk stratify patients in this
setting — and therefore may be used in treatment decision-making. However, it over-predicts
the median survival for the local population. Larger studies are warranted in diagnostically
homogenous patient groups with brain metastases, to determine survival more accurately.

Keywords: brain metastases; Recursive Partitioning Analysis; whole brain radiotherapy;
prognostic scoring system.

Introduction

The most common intracranial neoplasms are metastases from an extra-cranial malignancy.'
The incidence of brain metastases is 9% — 17% for all malignancies. Malignancies most likely to
metastasise to the brain are lung (39% — 56%), breast (13% — 30%) and melanoma (6% — 11%).2

Brain metastases are associated with impaired quality of life and a poor prognosis: median
overall survival of 2 months in untreated patients and 4-5 months for treated patients.?

This study was conducted in an oncology unit in a tertiary public sector hospital that
provides care for the hinterland of KwaZulu-Natal. A wide spectrum of malignancies is treated
with breast cancer accounting for 20.4% and lung cancer 5.6% of the malignancies seen. Cervical
cancer is also common accounting for 21.0%.*

Treatment modalities for brain metastases include radiotherapy, surgery and systemic
therapies.® Given the central therapeutic role that radiotherapy plays, an understanding of its
appropriate use relative to actual outcomes is critical. At our centre, the main treatment
modality is whole brain radiotherapy (WBRT). A range of dose fractionation regimens have
been reviewed in the literature, showing similar overall survival. Fractionation regimens
include 30 Gray (Gy) in 10 fractions and 20 Gy in 4 or 5 fractions.®

Prognostic scoring systems dealing with brain metastases and survival can assist clinicians in
treatment decision-making. Several prognostic scoring systems have been developed to predict
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overall survival in patients with brain metastases.” These
include the Recursive Partitioning Analysis (RPA), the Basic
Score for Brain Metastases (BSBM), the Rotterdam System
and the Graded Prognostic Assessment (GPA).” The various
scoring systems collate individual combinations of factors
intoa decision-making tool to guide appropriate management.
Prognostic factors include: age, Karnofsky Performance
Status (KPS), presence/absence of extracranial metastases
(ECM), control of the primary, number of brain metastases,
and response to steroids.® The two factors common to all
scoring systems are performance status and control of
extracranial disease.’

The original prognostic scoring system, the RPA,' uses the
first four factors to assign patients to three prognostic groups
(class I, II or III), as shown in Table 1. Each of these classes
correlates with a specific median survival range (also detailed
in Table 1). The RPA index was validated in the Radiotherapy
and Oncology Group database.! The number of brain
metastases was highlighted as being statistically significant
on univariate analysis in the first RPA paper', however
it was omitted from the scoring system as it was not
statistically significant in the final RPA analysis.

A criticism of the RPA is the exclusion of number of brain
metastases from the scoring system despite the impact it has
on prognosis.” Another concern involves the inclusion of both
ECM and control of the primary as prognostic factors. Their
amalgamation into a single prognostic factor may be more
appropriate. Other weaknesses include the extrapolation of
data from three different trials (with different inclusion
criteria) to devise the RPA, and the heterogeneity of patients
within the three prognostic groups.” A strength of the RPA is
its applicability to a wide range of malignancies, including
breast and lung cancers.”

The Rotterdam system was simplified to use three prognostic
factors, but has not gained wide-spread acceptance as it
includes response to steroids pre-WBRT.’ It omits control of
the primary as a factor, but acknowledges ECM.* The BSBM
uses a different scoring approach and three of the four RPA
criteria — omitting only age.”"* It has been widely validated,®
but is not superior to the RPA.”? The Radiation Therapy
Oncology Group (RTOG)-proposed GPA system has four
prognostic tiers and uses three of the four factors used in the
RPA, replacing control of primary with number of brain
metastases.” Newer prognostic systems tend to be cancer-

TABLE 1: Definition of prognostic classes of the Recursive Partitioning Analysis.

RPA model RPA class
| 1} 1]

Parameter

Age (years) <65 >65 N/A
KPS score 270 270 <70
Control of primary Controlled Uncontrolled N/A
Extracranial metastases Absent Present N/A
Predicted survival (months) 7-12 4-7 2-4

Source: Gaspar L, Scott C, Rotman M, et al. Recursive partitioning analysis (RPA) of prognostic
factors in three Radiation Therapy Oncology Group (RTOG) brain metastases trials. Int J Radiat
Oncol Biol Phys. 1997;37(4):745-751. https://doi.org/10.1016/S0360-3016(96)00619-0

RPA, Recursive Partitioning Analysis; KPS, Karnofsky performance status; N/A, not applicable.
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type specific, such as the disease-specific GPA.° This improves
on the older prognostic systems by accommodating disease-
specific responses to systemic therapies including targeted
therapy and immunotherapy, and under-representation of
cancers which less commonly metastasise to the brain.

For the purposes of this study, the RPA was chosen because
of ease of clinical application and known international
validity” in a heterogenous patient group. Advanced
radiotherapy techniques were not available, negating the
need for a more complex prognostic system.

Aim of the study

This primary aim of the study was to establish the utility of
the RPA score for patients with brain metastases being
managed by a public sector oncology unit in KwaZulu-Natal.
The secondary aim was to explore the correlation of
individual patient and disease factors with survival.

Research methods and study design

A retrospective chart review identified patients diagnosed
with brain metastases at Greys Hospital between 01 January
2014 to 31 December 2019. Inclusion criteria were histologically
confirmed extracranial malignancy and radiological evidence
of intracranial metastases in patients older than 12 years. Data
were collected from oncology records and included age,
gender, KPS at diagnosis of brain metastases, site of primary
cancer, presence of extra-cranial disease, date of diagnosis of
brain metastases, control of primary disease (determined
clinically), and date of death. A data collection sheet was used.
Each patient was assigned to an RPA class.

Statistical analysis

A multivariate analysis of factors with potential to influence
prognosis was performed. Continuous variables were
expressed as meanz+standard deviation or medians
(interquartile range [IQR]) and were compared using student’s
t-test. Proportions and categorical variables were compared
using Pearson’s chi-square test or Fisher’s exact test, as
appropriate. Survival estimates were calculated using Kaplan-
Meier method, and log-rank test was used to compare survival
curves. Univariate Cox regression survival analysis was used
to estimate the association between survival outcome and
prognostic variables. Multivariate Cox regression analysis was
used to identify independent predictors of survival. All
analysis was performed using Statistical Package for Social
Sciences (SPSS) version 25 statistical software (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, version 25.0.
Armonk, NY, United States [US]).

Results
Patient characteristics

A total of 51 patients were included in the study, of whom 39
(76%) were female and 12 (24%) males. Most of the patients,
34 (67%), had breast cancer, followed by nine (17%) with lung
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cancer and three (6%) with cancer of the cervix and other, five
(10%) (see Table 2). Descriptive statistics for the study
population by RPA class are illustrated in Table 3. Patient
ages ranged from 29 years to 78 years, with an average of
52 years and median age of 53. Of the patients included in
the study, 11 (21%) were RPA Class III, 27 (51%) were RPA
Class II and 13 (25 %) were RPA class I. Twenty-two (22)
patients (43%) had a single brain metastasis and 42 (82%) had
control of their primary disease.

Survival and Recursive Partitioning Analysis
class

The median survival for all the study patients who died
was 3.1 months from diagnosis of brain metastases (n = 48)
(IQR: 1.1-5.2). The median follow-up in this cohort of
deceased patients was 3.1 months (IQR: 1.2-5.4). Median
survival by RPA class is detailed in Table 4. Recursive
Partitioning Analysis class I patients (n = 12) had a
median survival of 4.2 months, RPA class II patients
(n = 25) 3.4 months, and RPA class III patients (n = 11) 0.8
months (p < 0.001).

Log-rank univariate and proportional hazards multivariate
analyses of the data were conducted for all deceased
patients in the sample (all cancers, n = 48) and for those
with breast cancer (n = 32). The results of the multivariate
analysis, reported in Table 5, include the Hazard Ratios for
changes in age, and KPS and RPA score. A Hazard Ratio
greater than one (or a B coefficient greater than zero)
implies that a one unit increase in the factor is positively
correlated with risk of death. The converse is also true.
The only B coefficient that was significantly different from
zero at more than the 95% level of statistical confidence
was the coefficient RPA in the analysis of all cancers. The
Hazard Ratio of 2.021 for this variable indicates that an
increase in RPA class is associated with a higher risk of
death, that is, reduced survival. Although less statistically
significant, the magnitude of the Hazard Ratios for age
and KPS suggest positive relationships between these
variables and survival.

TABLE 2: Survival statistics of patient sample by primary site.

Primary Number of Percentage Median 95% ClI Standard Log-rank

site patients  of patients  survival error  p-value
(%) in days

Breast 35 68.6 63 13.5-112.5 25.26 0.117

Lung 9 17.6 96 93.1-98.9 1.49

Other 7 13.7 105 37.8-172.2 34.29

Overall 51 100 93 51.0-135 21.4

Cl, confidence interval.

TABLE 3: Details of study cohort by Recursive Partitioning Analysis class.
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Kaplan Meier survival curves, seen in Figure 1, show distinct
separation between classes II and III as expected. Minimal
separation is noted between classes I and II. As noted in
Table 5, the difference in survival across the three classes of
this study cohort is statistically significant (p < 0.001).

Recursive Partitioning Analysis class, treatment
and survival

Overall, 26 patients (n = 51) (51%) received WBRT of which
seven were RPA class I, 18 were RPA class II and one was
RPA class IIl. All patients received supportive care with
steroids as per local protocol. Mean survival of those
patients in class I and II who died after receiving WBRT was
8.2 months for class I patients and 5.8 months for class II
patients. Patients who did not receive WBRT had a mean
survival of 1.9 and 3.3 months, respectively.

Discussion

The primary aim of the study was to establish the utility of
the RPA classification in patients with brain metastases
treated at Greys Hospital. This is the first study in South
Africa to look at the use of the RPA prognostication scoring
system in the local population. The model showed statistical
significance at the 95% confidence level for patients with

TABLE 4: Survival by Recursive Partitioning Analysis class.

RPA class Median survival 95% confidence y4
(months) interval

I (n=12) 4.2 0.5-7.9 <0.001

Il (n =25) 3.4 2.6-4.1

Il (n=11) 0.8 0.5-1.2

RPA, Recursive Partitioning Analysis.
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FIGURE 1: Kaplan-Meier curves of the study population survival by RTOG
Recursive Partitioning Analysis score.

RPA n Age KPS Extra-cranial disease Single versus multiple brain Control of primary
Mean £ s.d. metastases
(years) <70 270 Yes No Single Multiple Yes No
% n % n %o n % n % n % n % n %
| 13 51+12 0 0 13 100 0 0 13 100 8 62 5 38 13 100 0 0
I 27 51+14 0 0 27 100 21 78 22 11 42 15 58 19 70 8 30
1| 11 55+ 16 12 100 0 0 3 25 75 3 27 8 73 10 83 2 17

RPA, Recursive Partitioning Analysis; s.d., standard deviation; KPS, Karnofsky Performance Status.
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TABLE 5: Univariate proportional hazards of continuous variables affecting
survival in patients with brain metastases.

Cancer Variable Coefficient (B) Standard  Hazard ratio Model
error significance (p)

Breast Age -0.013 0.017 0.989 0.02

KPS —0.051* 0.026 0.951

RPA Score 0.417%* 0.388 1.518
All cancers  Age —-0.013 0.011 0.987 0.07

KPS -0.019 0.012 2.260

RPA Score  0.704*** 0.271 2.021

RPA, Recursive Partitioning Analysis; KPS, Karnofsky Performance Status.

*, % and *** denote statistical significance at the 90%, 95% and 99% levels of statistical
confidence, respectively.

breast cancer (p = 0.02) and 90% confidence level when
applied to all diagnoses (p = 0.07) (see Table 5). That said, the
survival of patients in the different RPA classes in our study
was markedly different from that predicted by the model™
(see Table 4), and this needs to be recognised when being
used in clinical practice. Possible reasons for this discrepancy
are detailed below.

The study population differs socio-demographically from that
in the RTOG trials (principally conducted in the developed
world). The majority of patients in the areas served by the
oncology centre are rural, have lower education levels and are
of a lower socio-economic status.' The intensity of poverty in
the area is 42.6%."° Cacala and Gilart' in the same clinical
setting found that breast cancer patients with lower levels of
formal education presented with a more advanced tumour
(p < 0.05). The average level of education was grade six with
19% of their patient cohort having no formal education.
Furthermore, 77.0% of study patients were unemployed.
Makhatini et al.”” while reviewing patients with gestational
trophoblastic neoplasms from the same clinical setting found
that rural patients living further from the oncology centre had
statistically significant levels of poor compliance with
treatment and correspondingly worse outcomes."”

A study of patients with brain metastases in the United States
reviewed potential non-clinical determinants of cancer
outcomes.’ It showed that patients with a lower estimated
income were likely to experience a higher symptom burden
as a result of their metastases in the present as well as later.
In this population, however, all-cause mortality and death
because of brain metastases were not statistically significantly
impacted by rural-urban location or access to health
insurance. As discussed above, this is in contrast with South
African studies from KwaZulu-Natal.'*'” Limited resources
and a lack of oncology outreach at peripheral institutions
may also delay diagnosis of either primary or metastatic/
recurrent disease and contribute to poorer survival rates.

Recursive Partitioning Analysis class III had the worst
prognosis — median survival 0.8 months (Table 4). Whilst for
RPA class III patients, having the poorest prognosis in
keeping with the RPA model, the median survival in our
study cohort was worse than predicted. This is similar to the
overall survival discrepancy, and the perception is that the
contributory factors are similar. A review of Table 4 shows
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that RPA Class II and I patients fared better than those in
class III. This is again consistent with the findings of the
original RPA papers. As expected from the RPA database,
those in class II had an intermediate prognosis which was
worse than patients classified as class I. The separation of
survival curves for RPA classes II and IIl is clear in Figure 1.
Survival curves for RPA classes I and II do not separate,
contrary to a priori expectations. This may be attributed to the
small sample size. Again, while relative prognosis of RPA
class I and II patients is consistent with the original RPA
cohort, the actual survival of even RPA class I and II patients
was worse than predicted. Apart from the factors described
above, the poorer survival of RPA class I and II patients in
this study could be, at least in part, as a result of lower uptake
of radiotherapy (only 68% of class I & II patients received
radiotherapy). Radiotherapy uptake will be discussed
in greater detail below. In summary, while RPA classes
adequately stratify prognostic predictions, these predictions
seem to be overly optimistic for our setting.

Recursive Partitioning Analysis studies suggest worse
prognosis for patients with poorer KPS and older age.'*'" In
this study, the individual contributions of KPS and age to
overall survival was not statistically significant (see Table 5),
which may imply that socio-economic factors contributed to
a greater extent than in the model. This would be an
interesting topic for further research. It is equally possible
that the lack of statistical significance may be because of the
small sample size.

Disease profiles of study patients (see Table 2) differ from that
in the international RPA literature. The RPA database and the
RTOG 91-04 trial reviewed a majority of lung cancer patients
(66% and 61%, respectively) with 12% and 11% breast cancer
patients and 21% and 23% with cancers of other sites.'*!! These
had an over-representation of lung cancers (which was a
criticism of the RPA studies) and an appropriate proportion of
breast cancers. In this study, 18% of patients had lung cancer,
69% had breast cancer and other cancer sites were 14%. This is
unsurprising given the low numbers of lung cancer patients
seen in our centre coupled with the high prevalence of breast
cancer.* Furthermore, the breast cancer records are well-
maintained because of ongoing disease-specific research at
the centre and are therefore more accessible.

A surprising finding of our study was the unexpectedly high
proportion of cervical cancer patients at 6% of the study
cohort. Cancer of the Cervix does not commonly metastasise
to the brain, with an incidence of 0.4% — 2.3%." While our
small sample size complicates the interpretation of results, it
is likely a reflection of the high burden of cervical cancer in
the patient population that this unit serves.*

This study did not account for treatment and its potential
influence on survival. The study cohort was unfortunately
too small to allow for useful analysis of subgroups that did
and did not receive radiotherapy. It is reasonable that RPA
class III patients can be offered optimal supportive care
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(OSC) with steroids only in the context of a poor prognosis.
In our cohort, only one RPA class IIl patient received
radiotherapy. This is probably because of the relevance
placed by doctors on KPS when making treatment decisions.
Lower KPS score is a key criterion for allocation to RPA class
III and may have acted as a surrogate marker. The relatively
low rates of radiotherapy in RPA class I and II patients in this
study (58% and 72%, respectively) is of interest and, as
mentioned previously, may have contributed to the poorer
than expected outcomes. Low radiotherapy uptake may be
for reasons of patient reluctance, resource limitations and
patients defaulting radiotherapy appointments. The sample
size was too small to analyse in further detail.

Literature as far back as 1954 suggests that treatment with

radiotherapy improves survival® However, there is a
dearth of literature which confirms the benefit of WBRT
over best supportive care. What is known is that reasonable
fractionation schedules include 30 Gy in 3 Gy fractions and
20 Gy in 4 Gy fractions.® No other treatment regimen has
proved superior. Generally, in our practice, we tend to
prescribe the longer course of palliative radiotherapy and
reserve the 20 Gy regimen for patients with a worse
performance status. The RTOG 91-04 trial" included
only RPA class I and II candidates, and all participants
received radiotherapy. Different radiotherapy fractionation
schedules were used. Similarity of outcomes despite the
various treatment arms implied that overall survival for
class I and II patients was independent of radiotherapy
fractionation received.

There are only two randomised controlled trials assessing
the addition of WBRT to OSC. The first, conducted in 1971,
randomised 48 patients to receive prednisone alone or in
combination with radiotherapy (total dose of 40 Gy in 2 Gy
fractions).”! There was a marginal numerical advantage in
overall survival in favour of the combination treatment arm
(14 weeks vs. 10 weeks). However, no p-value was given, so
the outcome was statistically inconclusive. The second
(QUARTZ trial)* trial was a much larger study. It aimed to
show non-inferiority of OSC, including dexamethasone, to
OSC and radiotherapy (20 Gy in five daily fractions) in
patients with non-small cell lung primaries. The similar OS
for both arms led to the conclusion that radiotherapy does
not provide meaningful additional benefit to these patients.
This trial has been criticised based on short median OS (8-9
weeks). It may be useful to reproduce a trial similar to the
QUARTZ trial, in a fitter patient cohort, to understand
better, the value of radiotherapy for patients with brain
metastases regarding quality of life and OS. It is notable
that the median survival for our study population was 3.1
months (13 weeks), marginally better than that for the
QUARTZ study population, but still shorter than that
predicted by the RTOG trials. Ultimately, the literature
regarding the benefit of radiotherapy for patients with brain
metastases highlights the need for careful patient selection
prior to treatment — a task we feel is aided by prognostic
scoring systems like the RPA.
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The treatment of choice for multiple brain metastases has
traditionally been WBRT.® As treatment modalities have
evolved, subgroups of patients have been identified who
may benefit from surgery or stereotactic radiosurgery, with
or without WBRT.? Radiotherapy techniques and supportive
therapy have also evolved such that hippocampal-sparing
for WBRT is advocated.* Memantine may be added, if
available.? Memantine is however, not available in our
setting.

Study strengths and limitations

A major strength of this study is that it focuses on the local
population, which is different physiologically and socio-
economically from the cohort on whom the RPA
prognostication classification was based. Patients reported
on in both the QUARTZ study and this study represent real-
world radiotherapy practice, compared with those enrolled
in the RTOG studies, where exclusion criteria may have
selected for patients with potentially better treatment
outcomes.

Ascertaining which patients had brain metastases during the
period specified was challenging and those diagnosed
outside the unit may not have been included in the study.
This may have contributed to incomplete inclusion of
patients. Consequently, the number of patients included in
the study was smaller than expected. For this reason, the
statistical analysis was unable to tease out individual
variables that may impact on median OS with any degree of
certainty. These factors include all the variables that underpin
the RPA scoring system.

A limitation of all the RPA literature, this study included, is
the heterogeneity of patients” diagnoses studied. Future RPA
research, and indeed research on brain metastases in general,
is likely to benefit from a disease-specific approach. This is
especially true for settings where targeted agents are
accessible, but applies to the resource-constrained setting as
well.

Practice implications

The poor survival of all three RPA classes in this study
cohort should lead doctors in similar settings to be
circumspect when prescribing WBRT. Those patients
considered to have a more favourable prognosis and
potentially good response to radiotherapy — for example, a
class I patient and select class II patients — should be
considered for optimal palliative radiotherapy, for example,
30 Gy in 2 weeks. Patients requiring relief from neurological
symptoms may be considered for alternative, shorter
fractionation schedules as local resources allow. Patients
with a projected poor survival would probably be best
served by receiving steroids and OSC. Care should be taken
to treat the patient based on their individual merit and not
to resort to radiotherapy treatments purely because they
are available.
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Conclusion

During the study period of 6 years, 51 patients were treated
for brain metastases at Greys hospital. The majority of
patients treated had a breast primary with the second largest
group having a lung primary.

In our study, although RPA class did predict for survival, the
survival seen in each group was less than that predicted by
the RPA model. RPA class was the sole statistically significant
determinant of survival, however hazard ratios suggest that
age and KPS are also correlated.

Overall, this study supports the use of RPA classification to
risk stratify patients in a low-middle income setting and may
assist in treatment decision-making. Poorer survival in each
class needs to be considered when making such decisions.
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