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Non-small cell lung cancer (NSCLC) is diagnosed in about
30% of patients as locally advanced disease (stage III) which
is defined as a tumour that exceeds the structures of the lung
itself, but without clinical evidence of distant spreading.
These patients form a highly heterogeneous group with
controversial treatment based on the combination of
surgery, chemotherapy and radiotherapy (1).

Brain metastases (BMs) develop in approximately
20-40% of NSCLC patients at some point during their
disease course (2). Their incidence is increasing because
of the aging population, improvements in the systemic
therapies, and advances in imaging modalities, such
as magnetic resonance imaging (MRI), to detect small
metastases at follow-up screening examinations (2). The
prognosis for patients with BMs is detrimental and depends
on age, performance status, number of BMs, systemic
disease control, and presence of neurological symptoms.
Generally, the median overall survival (OS) is about
7 months (3). BMs are also associated with a negative
impact on quality of life (QoL). Thus, these are becoming
an unmet need for the management of NSCLC patients.

Prophylactic cranial irradiation (PCI) decreases the
incidence of BMs in localized small cell lung cancer (SCLC)
and can lead to improved long-term OS (4). This approach
has also been investigated in the treatment of localized
NSCLC (5).

Recently the phase III study of the NVALT/DLCRG
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groups investigating whether PCI reduces the incidence
of symptomatic BMs in patients with stage III NSCLC
treated with curative intention was published. The
primary endpoint was defined as the occurring of one or
a combination of key symptoms suggesting BMs (signs
of increased intracranial pressure, headache, nausea and
vomiting, cognitive or affective disturbances, seizures,
and focal neurologic symptoms) together with MRI or
computed tomography (CT) scan confirming the existence
of BMs, at 24 months from concurrent/sequential chemo-
radiotherapy with or without surgery. A total of 175
patients were randomized to PCI or observation and with
a median follow-up of 48.5 months, PCI showed to reduce
symptomatic BMs incidence at 2 years from 27.2% in the
control group to 7% in the PCI group (P<0.001). It also
delayed the time to develop symptomatic BMs with a hazard
ratio (HR) of 0.23 [95% confidence interval (CI): 0.09-0.56;
P=0.0012]. However, OS was not different between the two
arms and neurologic adverse events scored by the physician
resulted increased in the PCI group. In fact, median OS
was 24.2 months in the PCI arm and 21.9 months in the
control arm (HR 0.9, 95% CI: 0.62-1.29; P=0.56). Median
progression-free survival was 12.3 and 11.5 months,
respectively (HR 0.79, 95% CI: 0.56-1.11; P=0.17). Grade
1 and 2 memory impairment was 30% in the PCI arm and
8% in the control arm and cognitive disturbance was 18.5%
and 3.5%, respectively. QoL, measured by the European
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Table 1 Results of main phase III trials addressing PCI in stage IIIl NSCLC

Greco et al. PCl and stage Il NSCLC

Study PCI dose (Gy) PCI No. pts CNS failures (%) OS (months) P value

SWOG (7) 15%x2-2.5 Yes 111 0.9 8.0 NR
No 115 11.3 11.0

RTOG 0214 (8) 15x2 Yes 163 8.0 25.8 0.86
No 177 18.1 24.8

Lietal (9) 10x3 Yes 81 12.3 31.2 0.31
No 75 38.7 27.4

NVALT-11/DLCRG-02 (6)  18x2; 12x2.5; 10x3; Yes 87 8.0 24.2 0.56
No 88 30.7 21.9

PCI, prophylactic cranial irradiation; NSCLC, non-small cell lung cancer; no. pts, number of patients; CNS, central nervous system; OS,

median overall survival; Gy, gray; NR, not reported

Organisation for Research and Treatment of Cancer Quality
of Life Questionnaire C30, and EuroQol 5D measurement,
resulted decreased only 3 months post-PCI and was similar
to the observation arm thereafter (6).

This trial confirmed the highly significant results in
favor of PCI in terms of BMs incidence reduction already
reported by previous randomized studies addressed to stage
IIT NSCLC (7-9) (Table 1) [13% reduction, relative risk
(RR) 0.33, 95% CI: 0.22-0.45] without a corresponding OS
benefit (5). This lack of OS benefit may be related to the
absence of systemic disease control which can lead to death
for extracranial failures or to the increased central nervous
system (CNS) control in patients not undergoing PCI
related to the use of stereotactic brain radiotherapy (SRT)
in case of asymptomatic BMs (5).

Based on these results, can we recommend PCI in stage
IIT NSCLC patients? Why can the impressive symptomatic
BMs reduction not be enough to deliver PCI in these
patients?

Firstly, there is a lack of data on the role of MRI
surveillance associated with brain SRT. In fact, MRI can
detect a very high rate of asymptomatic metastases (up
to 89%) and SRT showed to be safe and effective also in
patients with more than 4 metastases without cognitive
impairment (10).

Secondly, PCI dose to be delivered in NSCLC is still to
be established. Conversely, a randomized trial showed that a
standard PCI dose of 25 Gy was not inferior and associated
with lower related toxicity compared to a higher dose
(36 Gy) in patients with limited-stage (LS) SCLC (11).

Thirdly, new data from the phase III PACIFIC trial of
durvalumab after chemoradiotherapy in patients with stage
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III NSCLC showed that the drug increases the odds of
surviving for 24 months (12).

If the survival prolongation can result in increased
risk of BMs and therefore in a larger benefit from PCI, it
may also be associated with a longer time to develop late
radiotherapy-related cognitive effects. For this reason, a
baseline evaluation of neurocognitive patients’ abilities
should be performed before undergoing PCI. In fact,
in SCLC patients yet to undergo PCI, the evaluation
revealed that 47% of them had already evidence of
impaired cognitive function (13). Thus, strategies to
preserve cognition in patients with BMs undergoing PCI
should be investigated. In this context, a possible strategy
could be to deliver whole brain radiotherapy (WBRT) but
reducing radiation exposure to the hippocampus. This
area, accounting for only 5% of BMs in SCLC and less
than 3% in NSCLC (14), has been supposed to harbour
proliferating neuronal progenitor cells responsible for
radiation-induced neurocognitive decline. Preliminary
data from a multi-institutional single-arm phase II RTOG
0933 trial demonstrated superior cognitive preservation
with hippocampal avoidance WBRT (HAWBRT) (15).
Currently the phase II/III NRG CC003 (NCT02635009)
is investigating the role of HAWBRT in limiting cognitive
impairment without increasing intracranial relapse rate in
LS-SCLC. A further strategy to limit the neurocognitive
effect of PCI relies in the use of neuroprotective drugs to
preserve cognitive function. Memantine, an antagonist of
the N-methyl-D-aspartate (NMDA) receptor involved
in learning and memory, showed in a randomized trial
(RTOG 0614) to delay time to cognitive decline and
reduced the rate of decline in memory, executive function

7 Thorac Dis 2019;11(Suppl 3):S337-S340



Journal of Thoracic Disease, Vol 11, Suppl 3 March 2019

and processing speed when delivered concurrently with
WBRT and for the subsequent 6 months (16). Donepezil, a
reversible acetylcholine esterase inhibitor, even if failed to
improve cognitive scores, obtained memory improvement
when given in association with WBRT (17). Furthermore
lithium, a drug widely employed for treating bipolar
disorder, is currently being evaluated in preventing or
reducing memory problems in patients treated with PCIL
Finally, in the era of precision medicine, the intracranial
efficacy of molecular-targeted therapy and immunotherapy
needs to be addressed. Unfortunately, most of the available
data come from metastatic NSCLC patients. While targeted
inhibitors have clear data concerning both the treatment
and the prevention of BMs, the results reported in this
subgroup of patients with immune checkpoints inhibitors
are still preliminary but seem promising (18). Moreover,
new research could identify criteria to predict the spatial
distribution of BMs according to the primary tumour (19).
This information could be of particular interest to select
areas at higher/lower risk for BMs. In addition, considering
that the cerebral function is particularly complex and
different from individual to individual, imaging able to
identify the functional areas of the brain could be a useful
tool to optimize the therapeutic approach. Important
advances have been made in brain imaging, especially
with functional mapping and fibre tracking with the use of
diffusion tensor imaging. Integration of these technologies
to improve planning of radiotherapy could be a great
opportunity to minimize sequelae. In particular, thanks to the
highly conformed modern radiotherapy techniques today it
is possible to modulate the dose distribution so as to reduce
the exposure of the most involved areas in the development
of neurocognitive damages (20). Probably, in the next future
newer data will be available in these settings to define new
therapeutic strategies for BMs prevention and management.
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