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Abstract: Radiotherapy is one of the most commonly used treatment modality for brain metastases
from lung cancer. Its use has evolved from conventional whole brain radiation therapy (WBRT) to more
sophisticated stereotactic radiosurgery (SRS) and hippocampal sparing radiotherapy. Indications of cranial
radiotherapy are also evolving with the advent of targeted therapies directed against molecular markers like
epidermal growth factor receptor (EGFR) and anaplastic lymphoma kinase (ALK). Prognostic criteria such
as recursive partitioning analyses and graded prognostic score helps in prognostication of brain metastases
patients. Majority of the prospective and randomized studies of brain metastases from lung cancer have
come from the developed countries with adequate resources. Efforts have been made to replicate or validate
the data in developing countries. In this overview, we intend to discuss the role of radiotherapy for brain
metastases in limited resource settings of developing countries. The aim should be to generate a good
quality data which is applicable for routine clinical practice in a resource friendly manner. SRS is indicated
in guidelines for limited brain metastases, however, it requires a more sophisticated treatment delivery
and quality assurance machines which are not available at many centres in majority of the developing
countries. Similarly, clinical research should be undertaken considering the demographic, clinical and genetic
differences among different populations. Currently, tyrosine kinase inhibitors have dramatically changed the
outcomes of metastatic non-small cell lung cancer including brain metastases. The role of WBRT is being
questioned in driver mutated patients in developed countries. However, the applicability of this approach
should be examined in resource constrained settings as availability of these drugs is limited, its higher cost

and frequent use of surveillance brain imaging are the practical challenges.
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Introduction

Worldwide lung cancer is the leading cause of cancer
related death (1). In developing countries, lung cancer
predominantly present in advanced or metastatic
setting (2). Brain is one of the most common sites of
metastasis in lung cancer which causes severe morbidity

and worsens the quality of life. Around 10-15% of the
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patients present with synchronous brain metastasis and
approximately 40-50% will present with brain metastasis
during the course of their disease (3,4). A median time of
11 months exists between the appearance of non-small
cell lung cancer (NSCLC) all stages combined and brain
metastasis (5).

Incidence of brain metastases differ according to the
histology of lung cancer (5). The incidence of brain metastasis
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in squamous and adenocarcinoma is approximately
5% and 10-16% respectively (6,7). Around 23-30% of
adenocarcinoma patients will have driver mutations like
epidermal growth factor receptor (EGFR) (8,9) and 3-5%
have Anaplastic lymphoma kinase (ALK) (10). The baseline
incidence of brain metastasis in EGFR mutated patients
is around 23-32% (11). In NSCLCs with ALK positivity,
incidence of brain metastases is seen in approximately 24%
to 42% with increasing risk over time, reaching up to 58%
at 3 years (11). With the overall survival (OS) improving
due to better systemic therapies including tyrosine kinase
inhibitor (TKI), incidence of brain metastasis is also rising
in NSCLC.

Treatment of brain metastases in NSCLC consists
of whole brain radiation therapy (WBRT), surgical
excision, stereotactic radiosurgery (SRS), TKI and best
supportive care. Optimal treatment modality generally
depends on many factors including age, performance
status, and presentation, number of brain lesion and driver
mutation status. WBRT is the most widely used treatment
modality in limited resource settings for multiple brain
metastases. Surgical excision followed by WBRT or SRS
with or without WBRT is generally employed for limited
metastases usually 1-3 lesions. Treatment patterns of brain
metastases in limited resource setting is much different
than of developed world due to availability of radiotherapy
machines, targeted drugs in spite of substantial differences
in molecular profiles of lung cancer patients (12).

The median OS of lung cancer with brain metastases
has remain dismal with a median OS of approximately
3-7 months (13-15). Various prognostic criteria like recursive
partitioning analysis (RPA) and graded prognostic assessment
(GPA) score are available to guide the treatment of brain
metastases in NSCLC. Median OS differs depending upon
RPA and GPA score. In a study conducted in India (15),
97.3% patients were in RPA class II and III with median
OS of 5.2 and 2.6 months compared to 4.2 and 2.3 months
respectively in a study by Gaspar ez al. (16). Approximately
50.2% and 39.8% patients had GPA score of 1.5-2.5 and
0-1 with median OS of 4 and 2.4 months compared to 5.5
and 3.0 months respectively in a study by Sperduto ez 4. (17).

Management of brain metastasis in limited
resource setting

Presentation

Majority of patients with brain metastasis from lung cancer
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presents with varied symptoms commonly headache and
vomiting (raised intracranial tension), convulsions, gait
abnormality, motor deficits like weakness, sensory and
cranial nerve deficits depending on the location of the
lesion. Approximately 15-20% patients are asymptomatic
and detected during normal staging workup (18).
Common treatment includes steroids to reduce oedema,
anticonvulsants for seizure or prophylactically if brain
lesions are located close to the epileptogenic focus.
Prophylactic use of anticonvulsants remains controversial,
however, in resource constrained setup where accessibility
to hospitals is a major challenge many clinicians prefers to
prescribe anticonvulsant drugs prophylactically.

Iimaging

The gold standard diagnostic modality for detecting brain
metastasis is contrast enhance magnetic resonance imaging
(MRI) (Figure 1). However, in a resource constrained
setting like India where MRI is not widely available or
affordable (19), contrast enhanced computed tomography
(CECT) of brain is usually the first ordered investigation
because of its availability and a relatively cheaper cost.
CECT is less sensitive than MRI in detecting brain lesions
as it may not pick up small and non-enhancing lesions.
Hence, CECT limits the scope of better prognostication
using GPA and score index of radiosurgery system. MRI
is essential in detecting number and size of individual
brain lesions, leptomeningeal dissemination hence, plays
an important role in the treatment decision for brain
metastases. In radiotherapy planning, MRI is essential for
precision treatment like SRS and for close follow up after
SRS, observation and differentiating pseudoprogression
from true progression. In a resource constrained setting
where MRI is not usually performed for diagnosing brain
metastases, treatment options like WBRT is the commonly
used safe technique for majority of patients.

Treatment

The treatment of lung cancer patients with brain metastases
generally depends upon age, performance status, number of
brain metastasis, primary disease status, extracranial disease,
histology and molecular signature of the tumour tissue.
Prognostic scores like GPA and RPA guide the treatment
decisions based on the above factors. Various treatment
modalities like surgery, radiation therapy and tyrosine
kinase inhibitors individually or in combination plays a vital
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Figure 1 Lung cancer with Brain metastases. Three enhancing
lesions seen on axial T1 post contrast magnetic resonance imaging

(MRI) of brain.

Figure 2 Conventional radiotherapy portal with slanting field

technique for whole brain radiotherapy.

role.

Radiation therapy (RT) plays the most vital role in the
treatment of brain metastases, as most of the chemotherapy
drugs are known to have poor CNS penetration due to
presence of blood-brain barrier, which makes brain as
pharmacological sanctuary. Radiation therapy for brain
metastases is being used for almost 5-7 decades with
WBRT being the most common technique. Advanced
techniques like SRS or hippocampal sparing WBRT are the
new armamentarium in the radiation therapy.

Whole brain radiotherapy (WBRT) using German
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helmet or slanting field technique are the most commonly
used technique for radiation delivery in developing
countries (Figure 2). These techniques are simple, easy to
perform and are of low cost making them widely popular
in a busy centre with limited facilities. Patients usually
have poor performance status, multiple lesions and limited
finances hence by default WBRT is the treatment of choice.
Various dose fractionation schedules like 12 Gy in 2 fractions
once weekly, 20 Gy in 5 fractions once daily and 30 Gy
in 10 fractions once daily over 2 weeks are the commonly
employed dose regimens. Based on the prognostic scores,
physician preference, institutional and patient logistics,
dose fractionation schedule is decided. In patients with
poor prognosis, poor PS and difficulty in travelling daily to
hospitals, 12 Gy in two fractions once weekly is also used as
a palliative dose regimen. These group of patients generally
do not survive much to experience neurotoxicity because
of large dose per fraction, however, use of this regimens
should be questioned especially after the publications of
Quartz study and targeted therapy (20,21). In patients with
relatively better performance status, protracted schedules
are usually preferred depending upon institutional practice.

In a tertiary cancer centre of India, the short course
accelerated radiotherapy regimen (SCAR) i.e., 20 Gy in 5
fractions, radio biologically equivalent dose fractionation
schedule to cater a large population is the most commonly
used dose regimen with equivalent survival in RPA class II
and III. This finding is particularly vital in large volume
centres with limited resources and long waiting list in
developing countries (14). Less than 10% of patients had
received 30 Gy in 10 fractions which is usually prescribed
in a good prognostic score patients or as a post-operative
regimen.

SRS is indicated for 1-3 metastatic brain lesion with or
without WBRT. SRS alone results in less neurocognitive
decline but with higher intracranial failure rate than
combined with WBRT (22). SRS combined with WBRT
results in OS benefit in good prognosis patients compared
with SRS alone (23). Penetration of SRS in community
practice settings is limited in resource constrained setting
due to various reasons, namely, lack of expertise, lack of
infrastructure, lack of eligible patients, cost and follow up
surveillance with MRI brain. Patients of young age, good
PS, favourable histology, tumours with driver mutation,
controlled primary and low extracranial disease burden are
generally offered SRS with or without WBRT. Number
of eligible patients are very less especially in developing
countries where majority presents with widespread
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metastases and poor PS. There is a clear disparity of
SRS facilities in community and corporate centres which
routinely practice SRS for eligible patients. However, with
the increasing numbers of community centres getting
equipped with modern radiotherapy machines, we hopefully
expect the increased use of SRS treatment in eligible
patients.

Effect of neurocognitive decline with WBRT is well
documented in literature (24). Gondi ez 4/. has suggested
hippocampal sparing WBRT technique to preserve
neurocognitive function (NCF) in brain metastases
patients (25). However, similar to SRS, majority of the
patients would not be a candidate for hippocampal sparing
WBRT for similar reasons. Also, neurocognitive function
testing is very rarely done in developing countries except
few tertiary cancer centres. Many of the centres including
ours used a technique of WBRT with simultaneous
integrated boost (SIB) and hippocampal avoidance (HA)
which gives you the benefit of less intracranial failure rate,
higher doses to brain lesions and preserved NCF in patients
with 1-3 brain metastases (26,27). This technique is being
seen as an alternative to SRS as less intracranial failure
rate is expected due to whole brain irradiation, however,
evidence is still evolving and no definite conclusion can be
made. Applicability of WBRT with SIB and HA especially
in limited resource setting is very limited similar to SRS,
and practiced in few tertiary cancer centres in good
prognostic group of patients.

In poor prognostic group patients like RPA class III and
GPA score 0-2, the role of WBRT is questioned by the
results of Quartz trial. In a retrospective study of Tibdewal
et al., approximately 25% patients succumbed to the
disease within 30 days of diagnosis of BM, (16.5% patients
belonged to RPA class I-II and 36.4% patients had GPA
score of >2.5). The group suggested to accurately identify
these patients and provide them best supportive care so
that limited RT resources could be properly channelized
in a limited resourced setting. The QUARTZ trial also
concluded that in poor prognostic group like RPA III
omitting WBRT did not affect QOL and OS (20). The
Quartz trial results were applied in a clinical practice setting
of limited resource in India (28). Median OS of 70 days
probability was considered the cut off for stratifying the
patients to institute optimal supportive care versus WBRT.
A prognostic modelling was proposed taking in to account
age, sex, KPS, number of brain metastases, extracranial
disease status, type of metastases, EGFR status and neuro-
deficits to categorise patients to high, intermediate and
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low risk depending on the total scoring and probability
of survival in days. This study reports that patients with
probability of survival of less than 70 days can be chosen
to omit WBRT. Decision for optimal supportive care is
predominantly based on performance status assessed by
physician and it has been reported to have interobserver
variation due to inherent subjectivity of it. Agarwal ez 4/. has
compared physician assessed and patient reported PS in a
prospective study and has concluded that patient reported
PS has the same prognostic information (29).

Role of RT in molecular era

TKI therapy has changed the management of metastatic
NSCLC harbouring driver mutations to EGFR and
ALK. Many second or third generation TKI have good
CNS penetration rate. Approximately 23-31% of patients
with driver mutations will have BM at presentation
(11,21,30,31). Because of the improved survival in this
cohort of patients, incidence of brain metastases has also
increased considerably. Approximately 10-20% of driver
mutation positive patients with BM are asymptomatic. The
management remains the same for symptomatic patient
as in non-mutated patients. However, for asymptomatic
patients there is a therapeutic dilemma as to administer
upfront brain radiation or not. There is a growing trend
to withhold/reserve cranial RT in asymptomatic patients
until symptomatic or documented cranial progression.
This approach might not be feasible with first and second
generation TKI since they have limited penetration to
central nervous system (32). Retrospective studies and meta-
analysis have shown inferior survival outcomes and shorter
intracranial control rate with TKI alone than combination
of cranial RT and TKI (33,34). In contrast, third generation
TKI have better penetration to central nervous system and
role of upfront cranial RT may be questioned (21,31).

Issues in withholding cranial RT

First, availability of second or third generation TKI with
good CNS penetration is limited in developing countries
because of cost. Clinical trials and patient support
programmes are very beneficial for making these drugs
accessible to eligible patients. Second, regular surveillance
MRI is must at follow-up to document radiological
progression. Cost and availability of MRI brain is a
major hindrance in a limited resource setting. Third, in
our clinical experience, CNS symptoms usually develop
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immediately when patient temporarily stops or withhold
TKI due to cost or non-availability of drugs. Fourth, basic
awareness of CNS related symptoms and early access to
MRI also pose a significant challenge. Hence, the authors
believe in affordable aware patients at a tertiary cancer
centre or corporate hospitals, withholding cranial RT might
be an option but treatment with only TKI in a patient with
known CNS metastases is not an option at present.

In case of limited and asymptomatic CNS progression
with good extracranial control, focal RT in the form of
SRS/SRT to the progressive lesion could also be considered
along with continuation of the same TKI. In case of
multiple CNS site progression, WBRT with switching
to higher generation TKI with higher CNS efficacy is
warranted. However, in clinical practice, such treatment
decisions cones down to the limited and financial resources

of RT and higher generation TKI.

Re-irradiation for brain metastases

With the improved survival due to better systemic
chemotherapeutic drugs and TKI, many patients present
with symptomatic CNS progression after WBRT, hence
warrants the need of re-irradiation. It could be either focal
or to whole brain depending upon the number of lesions.
Decision of re-WBRT is challenging and has to be taken in
consideration with age, performance status, driver mutation
status, status of primary disease, progression free survival,
time since prior irradiation and neuro-cognitive decline.
There are no standard dose fractionation regimens exist
for re-WBRT. Dose schedule commonly used are 25 Gy
in 10 fractions or 20 Gy in 5 fractions. Agarwal et 4/. has
shown that less than 10% of patients actually received re-
WBRT and majority of them were driver mutation positive
with a median interval of 17.1 months from the date of first
WBRT (35).

Conclusions

Lung cancer with brain metastasis is in its rising trend
across developing countries due to increased life expectancy
because of improved radiotherapy techniques and better
systemic drugs. However, there is a clear disparity
among the developed and developing countries in the
management of brain metastases due to limited resources
and its availability. Hence, the research data generated
from the developed world may not be applicable in clinical
practice of developing world owing to differences in

© Journal of Thoracic Disease. All rights reserved.

Agarwal et al. Radiotherapy of brain metastases in limited resources

clinical and treatment patterns. First, SRS is indicated for
limited brain metastases for better intracranial control,
however, the availability of SRS and MRI in limited
resource setting is limited. Hence, in limited resource
setting where basic oncological treatment options are
limited, to say, SRS is the treatment of choice for better
intracranial control and neurocognitive function might
not be correct. Also, there should be a cost effective
analysis in developing world comparing SRS with WBRT
and WBRT alone with respect to OS and quality of life.
Second, the emerging trend of observation as compared
to cranial irradiation in driver mutated patients might
not be applicable in developing countries as a cost
effective approach since it requires close surveillance
with regular follow up MRI. Hence, the approach of
observation compared with WBRT in asymptomatic
NSCLC patients should be examined in a clinical trial
with cost effective analysis in a limited resource setup.
Focus should also be on generating one’s own data so that
it is more relevant and applicable in clinical practice (36).
There should also be a concerted effort between developed
and developing world for collaboration in clinical research
of brain metastases from lung cancer especially given the
fact that approximately one-third of these patients are
driver mutated. In the near future, we hope to see a better
change in the radiotherapy techniques, generation of good
quality of data and availability of higher generation TKI
at a cheaper cost for eligible patients at community level
practice in limited resource countries.
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