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Review Article on the Modern Approaches to the Management of Brain Metastases

Radiation therapy in the prevention and management of brain
metastases in patients with small cell lung cancer: a narrative
review
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Objective: The purpose of this narrative review is to survey the current literature and provide treatment
recommendations for the management of patients with brain metastases (BMs) from small cell lung cancer
(SCLC).

Background: BMs are very common in patients with SCLC and management has changed significantly in
recent years. Radiation techniques and systemic therapies have evolved and this review will highlight these
recent studies and implications on clinical practice.

Methods: This narrative review covers prophylaxis and treatment of established BMs in patients with
SCLC. Studies included are based on Medline, PubMed, Google scholar searches, abstracts from conference
proceedings and references from published papers.

Conclusions: Radiation therapy continue to have an important role in the prophylaxis and treatment of
patients with BMs. Radiation technologies have resulted in significant reduction of toxicities and improved
quality of life (QoL). There continues to be many unanswered questions and results of currently accruing
trials will hopefully fill some of these gaps and refine the role of radiation therapy in the management of this

condition.
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Introduction which classifies SCLC into two stages (1). Limited stage

Small cell lung cancer (SCLC) accounts for 10-15% of all SCLC (LS-SCLC) refers to locoregional disease that can

lung tumours. Although the American Joint Committee
on Cancer (AJCC) system (1) can be used, from a practical
perspective most patients are staged using the system
proposed by the Veterans Administration (VA) health care
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be safely treated within radiotherapy fields and comprises
approximately one-third of all SCLC. Extensive stage
SCLC (ES-SCLC) encompasses metastatic disease and

intrathoracic disease that is too extensive to be amenable to
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Figure 1 Typical arrangement of opposed lateral fields to treat a
patient with WBRT. WBRT, whole brain radiation therapy.

curative-intent radiotherapy and accounts for approximately
two-thirds of SCLC (2).

Brain metastases (BMs) are more common in patients
with SCLC than many other primary cancer histologies.
Approximately 40-60% of patients with SCLC will develop
BM during the course of their disease (3-5). For decades,
whole brain radiation therapy (WBRT) (Figure I) has
played a central function in the prevention and treatment
of BM from SCLC. The aim of this paper is to review the
historical and evolving roles of radiation therapy in the
overall management of patients with SCLC. We present the
following article in accordance with the Narrative Review
reporting checklist (available at https://cco.amegroups.com/
article/view/10.21037/cco-21-108/rc).

Prophylactic cranial irradiation (PCI) in LS-SCLC

The Aupérin et l. meta-analysis investigated the role of PCI
across seven randomised trials in 987 patients with any stage
SCLC and a complete response following chemotherapy.
PCI significantly improved the 3-year overall survival (OS)
by 5.4% and reduced incidence of BM by a relative risk of 0.46
(95% CI: 0.38-0.57) (6). A further meta-analysis including
both LS-SCLC and ES-SCLC confirmed an improvement
in OS with a hazard ratio (HR) of 0.81 (95% CI: 0.67-0.99).
The study also found a reduction in BM with a HR 0.45
(95% CI: 0.38-0.55) in favour of PCI though there was

significant heterogeneity in brain imaging following chemo-
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radiation (7). Restaging magnetic resonance imaging (MRI)
brain following completion of chemo-radiation should
be considered given that interval BM occur in 20-32% of
patients (8,9). However, even following a negative restaging
brain MRI, BM subsequently occur in 37-41% of patients
without PCI (10,11). The addition of PCI in this population
was associated with an improved OS, BM-free survival and
time to progression (10,12-16).

Approximately 40-50% of patients with LS-SCLC
patients do not receive PCI in an attempt to avoid potential
neuro-cognitive effects associated with cranial irradiation
(13,17). It should be noted however that many patients with
SCLC have neurological and cognitive deficits prior to
the delivery of PCI with rates up to 47% reported (18-21).
Patients with increasing age are considered less likely
to benefit from PCI and also at increased risk of neuro-
cognitive detriment (22,23). Many of the randomized trials
of PCI did not include patients over 70 years of age and
retrospective series report conflicting results. Farooqi et al.
performed a retrospective review of 658 patients at MD
Anderson and found no OS benefit for patients >70 years and
primary tumours >5 cm (12). However, a population-based
analysis using the SEER database suggested an association
between superior OS in those over 70 years who received
PCI than those who did not. Receipt of PCI remained an
independent significant predictor of improved survival
even after adjusting for multiple other patient and tumor
characteristics (24) but data on neuro-cognitive outcomes was
lacking. These studies highlight that advanced age alone may
not be a reliable factor for decision-making with regards to
PCI, and a more holistic approach may be required to select
the most appropriate patients.

Another subgroup that may be less likely to benefit from
PCI include the minority of patients that present with stage
I disease (25-27). A systemic review and meta-analysis has
shown no improvement in OS with HR 0.87 (95% CI:
0.34-2.24) and a relatively low 5 year BM incidence of 12%
(95% CI: 8-17%) (28).

PCI for LS-SCLC is usually given after completion
of all chemotherapy and thoracic radiotherapy, although
in some instances it may be given concurrently with
thoracic radiotherapy if this has been delayed until after
chemotherapy. The recommended dose is 25 Gy in
10 fractions. Randomized evidence has shown that higher
doses of 36 Gy in 18 fractions or an accelerated regime of
36 Gy in 24 fractions given twice daily were not associated
with reduced BM with HR 0.80 (95% CI: 0.57-1.11) but in
fact inferior OS with HR 1.20 (95% CI: 1.00-1.44) (29) and
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greater chronic neurotoxicity (22).

ASCO, ASTRO and NCCN recommend that PCI
should remain standard of care for patients with LS-SCLC
and complete or partial response following initial therapy
(30,31) though subgroups with lesser benefit include stage I
disease and potentially the elderly. Although not specifically
tested in the setting of PCI, adding memantine (an NMDA
receptor antagonist and putative radioprotectant) may be
considered given reduced neuro-cognitive decline with
WBRT in the setting of established BM (32). Patient
selection remains challenging and geriatric screening to
identify patients most at risk of neuro-cognitive decline
and involvement of patient preferences are important
considerations (33-35). Prognostic tools are also available to
assist in decision making and are discussed below.

PCI in ES-SCLC

The Aupérin er 4/. meta-analysis discussed above also
demonstrated benefit of PCI in patients with ES-SCLC
and a complete response to initial therapy (6). However,
complete responses are uncommon in patients with ES-
SCLC. The EORTC conducted a 286 patient phase 3
randomized trial of PCI in patients with ES-SCLC. PCI
was associated with a reduction in symptomatic BM with
HR 0.27 (0.16-0.44), reduced cumulative incidence of BM
at 1 year (14.6% versus 40.4%) and improvement in 1 year
OS (13.3% versus 27.1%) (36). This study however, lacked
brain MRI for both staging and follow up and therefore the
benefit seen with PCI may have been attributable to the
treatment of occult disease.

A Japanese study randomized ES-SCLC patients
with a negative brain MRI with any response following
chemotherapy to PCI versus observation and relapse-
directed therapy. Surveillance imaging involved MRI brain
every 3 months for the first year then at 18 and 24 months
after enrolment. In this study, although PCI reduced the
cumulative incidence of BM at 18 months (63.8% versus
40.1%), there was no significant difference in OS with HR
1.27 (95% CI: 0.96-1.68). The study was terminated early
following the first interim analysis of 163 patients based
on futility. No differences in neuro-cognitive function
according to mini-mental state examination (MMSE) scores
were found between the study arms, but this is an insensitive
tool and further analyses of subgroups were not reported.
Of the patients who developed BM in the control arm,
83% received subsequent radiation therapy (37). There are
a number of caveats in this study; Japan has the one of the
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highest number of MRI per capital in the world, the patient
population was likely to be a highly selected group with a
high proportion receiving 4™ line chemotherapy (26% in
PCI and 35% in observation arm) and recruitment rate was
slow at roughly 1 patient per centre per year. The apparent
lack of survival benefit may be explained by the exclusion
of patients with occult BM (which should be present in
around 10% of patients). However, in the EORTC trial, the
incidence of BM was similar to the control group of a study
in LS-SCLC with brain imaging (mostly CT) performed
for the majority of patients (38). Furthermore, a subgroup
analysis excluding patients with symptomatic BM in the first
2 months continued to show a benefit of PCI (39).

The impact of these studies on clinical management
has been variable. A recent survey in the US demonstrates
a significant reduction in radiation oncologists routinely
offering PCI in ES-SCLC from 78% to 38% (40). In
contrast, a panel of ESTRO and IASLC representing
European radiation and medical oncologists specializing in
lung cancer continue to recommend PCI for fit, non-elderly
patients who respond to chemotherapy. MRI surveillance
was not suggested by most experts (41).

Neuro-cognitive decline can occur following cranial
irradiation. Hippocampal avoidance WBRT (HA-WBRT)
can ameliorate these effects (Figure 2) and combined with
memantine, this approach has been shown to be effective in
reducing cognitive decline and patient reported symptoms
in patients with BM from histologies other than SCLC (42).
In the setting of PCI for SCLC, the Spanish PREMER trial
using the Free and Cued Selective Reminding Test (FCSRT)
showed decreased neuro-cognitive decline in the HA-
WBRT arm (43) but another phase III randomized trial of
168 patients using total recall on the HVLT-revised score
at 4 months did not find any benefit (44). The discrepancies
between these results may relate to different endpoints,
underpowering of the studies, different hippocampal
constraints for HA-WBRT and the absence of radiotherapy
and radiology central reviews.

There are now efforts to abandon PCI altogether.
Using MRI surveillance with relapse-directed therapy is
one approach and there are ongoing trials such as SWOG
1827 (clinical Trials.gov: NCT04155034) comparing PCI
with MRI surveillance in both LS-SCLC and ES-SCLC.
However, depending on the local healthcare system, there
may be significant patient costs associated with the need
to undergo regular follow-up imaging. Other approaches
include the use of stereotactic radiosurgery (SRS) (discussed
in next section) and shifting paradigms in systemic therapies.
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Figure 2 Radiation plan for HA-WBRT. HA-WBRT, hippocampal avoidance whole brain radiation therapy.

Increased utilization of checkpoint inhibitors in ES-SCLC
may impact the utility of PCI. The two randomized studies
IM-Power 133 (45) and CASPIAN (46) added atezolizumab
and durvalumab to standard chemotherapy backbones and
showed a modest OS improvement with this approach. The
CASPIAN trial allowed PCI in the chemotherapy alone
arm but only 8% (21 patients) received it (47) and although
PCI was permitted in both arms of the IM-Power 133 trial,
only 11% (22 patients) in each arm received it (45). The IM-
Power 133 study showed that atezolizumab significantly
delayed the time to intracranial progression (20.2 months
versus 10.5 months, P=0.046) compared with placebo (48).
Similarly, in the setting of AJCC stage III non-small cell lung
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cancer (NSCLC), the PACIFIC trial showed that the addition
of adjuvant durvalumab reduced the incidence of BM from
11.8% to 6.3% (49). Thus, the use of immunotherapy may
potentially negate the marginal OS benefit of adding PCI
and may be important in deciding whether to offer PCI to
patients in the future.

ASCO, ASTRO and NCCN currently recommend
shared decision making around PCI for patients with ES-
SCLC (30,31) and we also support this approach given the
many nuances surrounding benefit versus risk that must
be individualized. Decision aids may be helpful in assisting
patients to make an informed decision and are available
online https://decisionaid.ohri.ca/ (50).
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Figure 3 Coronal MRI scan of brain. A CT scan has identified
a single lesion (arrow) but MRI scanning has identified further
metastases (circles). CT, computed tomography; MRI, magnetic

resonance imaging.

Imaging of BM

Imaging plays a critical role in the screening and detection
of SCLC BM and assessment of treatment response. MRI
is superior to computed tomography (CT) in the detection
of BM, and in refining the differential diagnosis of mass
lesions (51-53) (Figure 3). A study comparing the two
modalities found that the prevalence of detected BM in
patients with SCLC was 10% in the CT era and 24% in the
MRI era (53). Furthermore, in the CT era, all detected BM
were symptomatic whereas in the MRI era only 11% were
symptomatic (53). The UK National Institute for Health
and Care Excellence (NICE) 2021 guidelines recommends
MRI with intravenous gadolinium unless contraindicated as
the initial diagnostic test for suspected BM (54).

Multiple technical factors in MR acquisition may affect
the detection of BM including the dosage of intravenous
gadolinium, the timing of scan acquisition post-gadolinium
administration, image slice thickness and the magnetic field
strength. In a study of 38 patients undergoing T'1-weighted
MRI prior to SRS, additional BM were seen in 43% of scans
performed 15 minutes compared to 5 minutes after contrast
administration (55). Higher magnetic field strengths have
been shown to increase lesion conspicuity (56,57). Even
with only half the standard intravenous contrast dose, MR
imaging at 3.0 T still yielded higher contrast-to-noise ratio
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than that with full dose at 1.5 T (56). The susceptibility
weighted sequence (SWI) is frequently used to detect
cerebral microhemorrhages which is particularly useful
because microscopic bleeding is common in BM and blood-
brain barrier breakdown leading to contrast enhancement
is a relatively late stage of BM evolution. A study found that
7.0 T SWI sequence with spatially higher resolution allowed
the detection of 20% more microhemorrhages compared to
the 1.5 T SWI sequence, which may be useful in detecting
tiny hemorrhagic metastases that are not apparent on 1.5 T
MR images (58). For SRS planning, careful consideration
should also be given to the impact of increasing magnetic
field strength on image distortion.

Previously, poor renal function was considered a
contraindication to the administration of intravenous
gadolinium due to the risk of developing nephrogenic
systemic fibrosis (NSF). However, an inaugural consensus
statement endorsed by the American College of Radiology
and National Kidney Foundation in November 2020 found
zero events of NSF following 4,931 administrations of
Group II gadolinium-based contrast media (GBCM) to
patients with estimated glomerular filtration rate (eGFR)
<30 mL/min (59). The consensus statement currently
recommends that the potential harm of withholding Group
II GBCM for an MRI in a patient with eGFR<30 mL/min
is likely to outweigh the risk in most clinical situations.
Group II GBCM includes widely-used contrast agents such
as MultiHance, ProHance and Gadavist (59).

BM are solitary in up to 45% of patients (60). MRI plays a
pivotal role in differentiating between metastases and similar-
appearing lesions such as gliomas, lymphoma, demyelinating
disorders, cerebral infections and vasculitides (52). In
particular, the diffusion weighted imaging (DWI) sequence
is often helpful in narrowing the differential diagnosis to
glioblastoma and metastases, after which MR spectroscopy
(MRS) and MR perfusion imaging can help differentiate these
two entities. MRS allows the noninvasive evaluation of the
chemical makeup of the brain. Choline is a measure of cellular
membrane turnover and is usually increased in disorders
that cause increased cellular membrane turnover. Creatinine
is a measure of cellular energy and is relatively constant
in the brain, therefore it is often used as a reference (61).
Elevated peritumoral choline/creatine ratio is often seen with
high-grade gliomas, due to peritumoral infiltrating glioma
cells (62). This finding is not seen with metastases and can
help differentiate between the two (61,62).

Differentiating between post-radiotherapy changes and
tumor progression can prove challenging as the effects
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Figure 4 Patient with a high volume of symptomatic BM from
SCLC. BM, brain metastases; SCLC, small cell lung cancer.

of radiotherapy can yield similar imaging changes to
tumor progression (52). MR perfusion, in particular the
relative cerebral blood volume (rCBV) map is helpful in
differentiating these two processes. Low rCBV is seen
in regions of post-treatment change, while high rCBV is
seen in tumor recurrence due to increased vascularity (52).
Visual inspection of the rCBV level can differentiate tumor
recurrence from radiation necrosis following SRS with
specificity of 93% and sensitivity of 70% which could be
increased to 85% when using a region of interest (ROI)
cutoff of 2 (lesion relative to white matter) (63). 6-[(18)F]-
fluoro-L-3,4-dihydroxyphenylalanine (F-DOPA) positron
emission tomograph (PET)-CT also appears promising in
differentiating radiation necrosis from tumor progression,
and may be superior to perfusion MRI with one study
reporting a sensitivity of 90% and specificity of 92% (64).

Treatment of BMs

The optimal management of patients with confirmed BM
has also undergone significant changes in recent years.
Treatment options include systemic therapy, WBRT with
or without hippocampal avoidance (HA-WBRT) and SRS.
In general, neurosurgery is not pursued in the management
of SCLC BM but may be considered when histological
diagnosis or rapid relief of pressure-related symptoms are
required in select cases.

WBRT involves treating the entire brain to the same
dose which is typically 30 Gy in 10 fractions or 20 Gy in 5
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fractions (65). WBRT achieves symptomatic relief with a
50% response rate (66) and may result in stabilization or
improvement in neurological function (67).

In the setting of NSCLC, the Quartz trial did not
demonstrate any difference in quality of life (QoL), OS
or steroid use between WBRT and best supportive care
in patients with BM deemed not suitable for SRS (68).
However, many patients in this study had uncontrolled
and/or untreated extracranial disease (63%), the QoL
tools used were not specific to neurologic disease and the
rates of neurological death were not reported. For SCLC,
retrospective studies have shown a small improvement in
OS in elderly patients treated with WBRT who did not
receive chemotherapy (69).

A recent survey of European radiation and medical
oncologists found the main factors considered when
deciding on treatment revolve around whether the BM are
symptomatic and whether they are limited or not (70). For
asymptomatic BM, chemotherapy alone was most commonly
recommended while in patients with symptomatic disease,
WBRT followed by chemotherapy was favoured (Figure 4).
For patients with a limited volume of BM, some experts
would use SRS. To best select appropriate patients for SRS,
we would consider BM velocity (growth rate of known BM
and occurrence of new BM between scans) and the competing
risk of extra-cranial disease to be important factors (71).

SRS involves the precise delivery of a high dose of
radiotherapy to the tumour alone in 1-5 fractions, whilst
minimising dose to the surrounding normal tissues (72)
(Figures 5,6). SRS is a standard of care for treatment of
BM when limited in number. From mixed histology BM
trials excluding SCLC, SRS has been shown to prolong OS
compared to WBRT alone for patients with a single BM
and functional independence in those with up to 3 BM (73).
As WBRT and SRS utilization has evolved over time,
randomised studies have shown that withholding WBRT
after definitive local therapy (SRS or neurosurgery) for BM
does not compromise OS but is associated with an increased
risk of new BM elsewhere in the brain. However, deficits
in QoL and neuro-cognitive function associated with the
emergence of new BM are less than the deficits associated
with upfront WBRT in all patients (74-79). However,
patients with SCLC have been largely excluded from these
trials due to a perceived shorter interval to intracranial
progression, the diffuse and multiplicity of lesions, past
success with PCI in reducing the cumulative incidence of
BM and the overall poor prognosis of such patients as a
competing risk for OS and neuro-cognitive decline.
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Figure 5 Steep dose gradient achieved using gamma knife SRS for treatment of BM. Yellow isodose 20 Gy, inner green 12 Gy and outer 8
Gy. Right optic nerve <8 Gy max. SRS, stereotactic radiosurgery; BM, brain metastases.

Figure 6 Right occipital BM before and 3 months after SRS. SRS, stereotactic radiosurgery; BM, brain metastases.
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There is however, increasing interest in SRS as first line
treatment of BM from SCLC due to the increasing use
of MRI screening and improvements in prognosis due to
systemic therapies that prolong the ‘at risk’ period for BM
to develop and for patients to experience potential therapy-
related toxicity thereafter. There have been a number of
retrospective series reported on the use of SRS for SCLC
(80-90). In the largest series, the FIRE-SCLC (First-line
Radiosurgery for Small-Cell Lung Cancer) cohort study
of 710 patients with BM who never received PCI across
6 countries demonstrated median OS and time to CNS
progression after SRS was 8.5 and 8.1 months, respectively.
The rate of brain specific mortality was 12% and more
patients received salvage SRS than WBRT upon further
recurrence (34% versus 16%). On propensity matching
with a WBRT cohort, time to intracranial progression
was shorter after SRS than WBRT with HR 0.38 (95%
CI: 0.26-0.55) but was not associated with a difference in
OS (6.2 months for SRS and 5.2 months for WBRT) (91).
Of note 98 patients in this series also participated in the
JLGKO0901 prospective single-arm trial of SRS for 1 to
10 BMs from mixed histologies (92). Recently, a systematic
review and meta-analysis of 9 observational studies using
SRS for SCLC found a median survival 8.3 months (95%
CI: 7.1-9.5), BM local control at 12 months 93% (95% CI:
91-94%) and distant brain failure 41% (33-48%) (93).

Given there are at least a select group of patients with
BM from SCLC with median OS 17 months in the pre-
immunotherapy era (94) and median OS 12-13 months
in the setting of ES-SCLC treated with checkpoint
inhibitors and chemotherapy (45,47), the role of SRS may
be expanding in this population. There are a number of
clinical trials focused on evaluating SRS for patients with
SCLC. ENCEPHALON (ClinicalTrials.gov identifier:
NCT03297788) is a randomized phase II study of WBRT
versus SRS for up to 10 BM aiming to recruit 56 patients
with the primary endpoint of neurocognition at 3 months.
A single arm Phase II study at Dana-Farber Institute will
treat patients with up to 10 BM with SRS with death due to
neurological disease as the primary endpoint (Clinical Trials.
gov identifier: NCT03391362) while the NRG-CC09 is a
randomized phase III study activated in February 2021 and
will compare SRS with HA-WBRT with memantine.

The optimal dose-fractionation for SRS has also not
been well established and the meta-analysis mentioned
above included studies treated to a median dose of 18 Gy
(17-21 Gy) (93). The ENCEPHALON trial uses 20 Gy
in a single fraction for BM <2 cm diameter, 18 Gy for BM
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2-3 cm and 30 Gy in 6 fractions for BM larger than 3 cm.
In patients who have received prior PCI or WBRT, small
retrospective studies have investigated salvage treatment
with SRS reporting local control at 1 year of 57% but a
high rate of distant brain failure 58-61% (82,95).

For most patients with multiple BM from SCLC, WBRT
with either 30 Gy in 10 fractions or 20 Gy in 5 fractions
is appropriate. The addition of memantine may result in
reduced cognitive decline over time (32). In patients with a
more favourable survival, HA-WBRT with memantine may
be considered (42). In patients with a smaller number and
volume of BM and increased risk of neurocognitive deficits,
an SRS approach may be considered acknowledging the
need for ongoing surveillance and salvage treatments.

Prognostic tools

Given the discussions above, it is evident that precise
prognostication can inform therapeutic decision making.
The diagnosis-specific Graded Prognostic Assessment scores
were developed using a database of 3,940 patients with BM.
For lung cancer, the prognostic factors include Karnofsky
performance score, age, presence of extracranial metastases,
and number of BM (94). Using this tool, categories of
prognosis ranging from a median survival of 2.79 months
in the poorest prognosis group to 17.05 months in the
most favourable group may be separated. This tool has
been validated in the real-life setting (96). More recently,
the labBM score incorporating blood parameters including
hemoglobin, white blood cell count, platelet count, serum
albumin, creatinine, lactate dehydrogenase (LDH), and
C-reactive protein (CRP) has been found to be independently
associated with OS in patients with BM (97). These tools
may assist in shared decision making and guiding treatment
recommendations, balancing OS with an individual’s risk
for neurological deficits related to uncontrolled metastatic
disease and treatments delivered to prevent it.

Conclusions and future direction

For decades, radiation therapy has had a crucial role in the
prevention and treatment of BM in patients with SCLC.
However due to the recognition of the potential detrimental
effects of WBRT coupled with changing systemic therapies
and increasing utilization of SRS for BM from other
histologies, the role of radiation in SCLC is also evolving.
There are several studies such as the ENCEPHALON
and the NRG-CC09 which will be important in refining
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how radiation therapy should be best utilized. Ongoing
studies will also better define the population who benefit
most from PCI and those who can be safely monitored with
MRI surveillance and salvage-directed therapy. As systemic
therapies change, patterns of relapse will also likely alter
the selection of patients and the way radiation therapy will
be delivered. Decision support tools with incorporation of
patient preferences are important in tailoring radiotherapy
for individual patients with SCLC.
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