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Abstract: The incidence of brain metastases (BM) is continuing to grow in the elderly population with lung
cancer, but these patients are seriously under-represented in clinical trials. Thus, their treatment is not based
on the evidence from randomized prospective studies. Age is a well recognized poor prognostic factor for
survival in patients with BM from lung cancer, which is reflected in prognostic scales, but its impact on the
patients' prognosis reflected by its value in gradually updated grading indices seems to decrease. The reason
for poorer outcomes in the elderly is unknown—it may result from the influence of the age per se, simplified
staging work-up and suboptimal treatment in this patient subgroup or the excess toxicity of the aggressive
anticancer treatment secondary to the impaired physiological regulation mechanisms and comorbidities. The
main goal of treatment of BM is to ameliorate neurological symptoms and delay neurological progression,
with the focus on the improvement and maintenance of the patients’ quality of life. The possible treatment
options for BM from lung cancer are whole-brain radiotherapy, stereotactic radiosurgery, surgery,
chemotherapy, targeted therapies and best supportive care. The aim of this review is to summarize the
problems related to the management of BM in elderly patients with lung cancer, to analyze the value of
the above mentioned treatment options, and to provide an insight into the influence of age-related clinical

factors on the patients’ outcomes.
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Introduction nowadays (7,8), although this age population is absent

. . in clinical trials, and even younger elderly patients (65—
Lung cancer remains the most common cause of brain

metastases (BM) (1). The incidence of BM is continuing to
grow in the elderly population (2,3), along with increasing
life expectancy and prolonged survival even in elderly
patients with systemic lung cancer (4). The definition of
the elderly, however, seems to change gradually, with a cut-
off age moving from 65 (5) to more than 70-75 years of age
(6,7). A growing proportion of “very elderly” patients aged
80 years and older, receives active anti-cancer treatment
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75 years) are seriously under-represented. On the other
hand, most elderly patients have lower performance status,
multiple comorbidities, restricted physiological reserves
and age-related neurocognitive deficits, which influence
therapeutic choices and patients’ preferences.

Age is a well recognized poor prognostic factor for
survival in patients with lung cancer and BM (5,6,9).

Little is known, however, what is the reason for poorer
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outcomes in the elderly—is it the influence of the age per
se, simplified staging work-up and suboptimal treatment in
this patient subgroup, or maybe the excess toxicity of the
aggressive anticancer treatment secondary to the impaired
physiological regulation mechanisms and comorbidities
which results in worse outcomes in this specific subgroup?
The aim of this review is to summarize the problems
related to the management of BM in elderly patients with
lung cancer, and to provide an insight into the influence of
age-related clinical factors on the patients’ outcomes.

General aspects of BM management in older
patients

The main goal of treatment of BM, regardless of the
patients’ age is to ameliorate neurological symptoms and
delay neurological progression, with the focus on the
improvement and maintenance of the patients’ quality of
life (QoL). Elderly patients, with shorter life expectancy
and expected impaired treatment tolerance, are usually
treated less aggressively than their younger counterparts
(10,11), also the adherence to staging and surveillance
guidelines is worse for this subgroup (11,12). However,
there is inconclusive data regarding the impact of the
aforementioned treatment-related differences on clinical
outcomes and toxicity in the case of the elderly as compared
to the younger group. A retrospective analysis of all patients
who received first line chemotherapy (CHT) for non-small
cell lung cancer (NSCLC) in two tertiary cancer centers in
Greece, was performed to assess if elderly patients >70 years
with advanced NSCLC (N=107) were treated differently
compared to their younger counterparts (N=138) in routine
clinical practice, and whether this discordance translated
into differences in toxicity and efficacy outcomes (11).
Although elderly patients tend to receive suboptimal
treatment, with type, intensity and duration of CHT
differing significantly between elderly and non-elderly
groups, this difference was not reflected in toxicity or
clinical outcomes. Contrarily, in the study on 42,323 elderly
patients (aged >65 years) with NSCLC or small-cell lung
cancer (SCLC) from the Surveillance, Epidemiology, and
End Results (SEER) database, from years 2002-2007,
survival outcomes were significantly better among patients
receiving guideline-concordant lung cancer care, and the
adjusted lung cancer mortality risk was significantly higher
among patients receiving guideline-discordant care [hazard
ratio (HR) 1.91, 95% CI: 1.82-2.00; P<0.001]. Stratified
analysis showed significant survival benefit with receipt of
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guideline-concordant care among patients with NSCLC
and patients with SCLC (10). However, there is no data
on the differences in diagnostic and therapeutic approach
between the elderly and younger patients with BM from
lung cancer.

Prognostic scales

As the outcomes of patients with BM are affected by many
factors, a prognostic grading index might resolve some
uncertainties and guide personalized treatment decisions.
Several grading indices have been developed, namely: (I) the
RTOG recursive partitioning analysis (RPA) (5) including
patient age, Karnofsky performance status (KPS), control
of primary tumor and extracranial metastases, (II) the Score
Index for Radiosurgery (SIR) (13) including age, KPS,
status of systemic disease, number of lesions, and largest
lesion volume, (IIT) the Basic Score for Brain Metastases
(BSBM) (14) including KPS, control of primary tumor,
and extracranial metastases, (IV) the graded prognostic
assessment (GPA) (9) including patient age, KPS, number of
BM and extracranial metastases, (V) the diagnosis-specific
GPA (DS-GPA) (15), i.e., GPA validated and refined with
diagnosis-specific prognostic indices and, more recently, 6)
the GPA for lung cancer using molecular markers (Lung-
mol GPA) (6). For SCLC, Bernhardt et /. (16) proposed a
new prognostic Brain Metastases from SCLC Score (BMS-
score), which included KPS, extracranial disease status
(stable vs. controlled) and synchronous vs. metachronous
BM presentation. Recently, Yamamoto ez al. (17), proposed
the elderly-specific BSBM (ES-BSBM), a modification of
BSBM incorporating BM-related factors, i.e., the number
of BM (solitary vs. multiple) and cumulative tumor volume
(<15 vs. >15 ccm), which was shown to be applicable to
patients with all primary tumors as well as those 80 years or
older. Although all the indices, apart from the (ES-)BSBM,
incorporate age as a scoring factor in lung cancer patients,
its impact on the patient prognosis reflected by its value in
gradually updated grading indices is decreasing. Age older
than 65 years excluded patients from Class I RTOG RPA,
in the GPA an age >60 years resulted in loss of one of four
points and two of ten points in SIR, reflecting definitely
worse prognosis in the elderly. However, in the most recent
Lung-mol GPA index, age >70 years results in loss of only
0.5 of four points. NSCLC patients with the same status of
driver mutations, KPS, extracranial metastases, and number
of BM are now considered to have the same prognosis
irrespective of their age. Median survival ranges from 3.0
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to 46.8 months nowadays (6), as compared with 2.3 to
7.1 months twenty years ago (5). This suggests that in the
era of novel less toxic and more effective local and systemic
therapies like stereotactic radiosurgery (SRS) vs. whole-
brain radiotherapy (WBRT) and targeted therapies (T'T) vs.
chemotherapy (CHT), the impact of age per se on survival
becomes less important. For SCLC, however, the value
of the RTOG RPA classes with age and KPS as the main
prognostic factors seems still unquestionable. Although
the SCLC patients constituted only 4% in the original
RTOG database (5), retrospective studies have confirmed
the validity of the prognostic stratification of BM from
SCLC according to the RTTOG RPA criteria. On the other
hand, the largest retrospective study on patients with BM
from SCLC that included 229 patients treated with WBRT
showed that the above mentioned BMS-score based on
three favorable prognostic factors: KPS >70%, extracranial
disease control and synchronous (vs. metachronous) BM
presentation was more prognostic than the RPA and DS-
GPA scores (16). Of note, this new proposed SCLC-specific
prognostic index did not include patients’ age. However,
in the era of rapid expansion of local treatment of BM, the
other proposed factors of potential prognostic value, like
the initial response to CHT, the number of BM and the
timing of their occurrence (synchronous vs. metachronous)
require further evaluation.

Treatment options

The possible treatment options for BM from lung cancer
are WBRT, SRS, surgery, CHT, TT and best supportive
care (BSC)—i.e., no active anticancer treatment.

Radiation therapy: WBRT, SRS

WBRT that allows not only for local but also for distant
intracranial control is a historical standard of treatment
for BM.. However, in the last decade, none of the three
randomized studies comparing the use of SRS alone vs.
SRS plus WBRT shows any survival benefit in the WBRT
arm (18-20). Analysis by age did not reveal any significant
survival difference between younger and older patients
in these trials. On the other hand, a randomized trial
comparing the use of WBRT wvs. WBRT plus SRS boost
showed an increased local control in all patients with the
use of SRS boost, and a survival benefit in patients with
single metastatic lesion (6.4 vs. 4.9 months, P=0.0393) (21).
However, secondary analysis of this trial post-stratified by
the GPA, showed that irrespective of the number of brain
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metastases, SRS boost after WBRT resulted in increased
survival only in patients with GPA score of 3.5-4.0 (good
prognosis); the median survival was 21 months in WBRT
+ SRS vs. 10.3 months in WBRT (22). The GPA index for
lung cancer patients older than 60 years cannot exceed a
score of 3.0, for patients with such a score no survival benefit
was shown with SRS boost (5.0 months in WBRT+SRS
vs. 5.4 months in WBRT alone). Nevertheless, WBRT is
gradually being replaced by SRS in current clinical practice,
mainly due to the concerns of a detrimental effect of WBRT
on neurocognitive functioning (19,23-26) and QoL (27,28).
Aged patients are more susceptible to radiation-induced
neurotoxicity (29), also the duration of treatment—longer
in WBRT—is more relevant in their case. SRS seems to be
a reasonable choice due to excellent local control, favorable
neurocognitive outcomes, less risk of late side effects, and
the absence of adverse effects on patient performance
status, also in elderly and carefully selected very elderly
patients with BM (4,7,30,31). In retrospective studies good
performance status (KPS >70-80) and stable extracranial
disease were associated with survival benefits in elderly
patients treated with SRS (8,30-32). Chen ez 4/. (8) reported
that in 119 elderly (age 70-79) and very elderly (age >80)
patients with BM, increased acute toxicity was associated
with the use of WBRT compared with SRS: fatigue was
reported in 87% vs. 35% and headaches in 52% vs. 19%
of patients, respectively. Moreover, 35% of patients with
WBRT vs. only 2% of these with SRS had a documented
decline in KPS at the end of treatment, P=0.0005.
However, in this retrospective study, selection bias must
have impacted toxicity outcomes, because baseline disease
extent could influence not only survival outcomes but also
patients’ and physicians’ treatment choices and perception
of treatment related toxicity. In a subset study of elderly
patients using the JLGK0901Study (33) database, Higuchi
et al. (34) compared the SRS treatment results between
693 elderly (265 years) and 501 non-elderly patients, 912
(76.4%) of them with lung cancer. They revealed that
although median overall survival (OS) time was significantly
shorter in the elderly than in the non-elderly patient group
(10.3 vs. 14.3 months, respectively, P<0.0001)—probably
mainly due to significant imbalances in primary cancer
sites and KPS between the two groups, all the secondary
endpoint results for the elderly group were not inferior to
those of the non-elderly group. Actually, both crude and
cumulative incidences of tumor recurrence were lower in
the elderly than in the non-elderly patient group, which
prompted the authors to speculate that the population of
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cancer stem cells probably differed between the two age
groups. Also, unexpectedly, both crude and cumulative
incidences of SRS-related complications were lower in the
elderly than in the non-elderly patient group, although dose
de-escalation was not considered for elderly patients and
there was no difference in peripheral doses between the
two groups. They concluded that elderly BM patients are
not unfavorable candidates for SRS alone (34). However,
taking into account the ethnic and epidemiological context,
extrapolating of the Japanese data to the Western elderly
population may not be valid.

Brain necrosis represents the most important late toxicity
reported after SRS, leading to neurological complications in
2-32% of patients, with radiation dose, tumor volume and
location of the lesion being the most important predictive
variables (35). Although older age (=65 years) is one of
the suggested risk factors for radiation necrosis (36), its
significant influence on the risk of radionecrosis after SRS
was not confirmed in several retrospective cohort studies
(37-39) and prospective observational studies (34,35).

Surgery

The value of surgical resection in combination with
radiotherapy (RT) in the treatment of BM patients is well
established (40-42), with the benefit of relieving mass effect
in large symptomatic lesions, however the risks of brain
surgery in elderly patients with BM are not well defined (43).
Although the contribution of surgical procedures to
morbidity and mortality in the elderly is poorly understood,
it seems that neurosurgical removal of BM among selected
elderly patients is feasible. However, age older than 80 years
and the higher burden of comorbidities are considered to
be the most important prognostic factors for postoperative
complications (43).

Chemotherapy

Although the blood-brain barrier (BBB) limits the
distribution of some chemotherapeutic agents into the
central nervous system (CNS), prospective studies have
shown that CHT (platinum doublet or triplet) has the brain
response rates ranging from 23% to 50% with median
survival times of 4 to 12.7 months in the first-line setting
without WBRT for BM form NSCLC (44), suggesting that
BBB is likely disrupted by tumor invasion. According to the
ESMO guidelines, in NSCLC patients with asymptomatic
BM who have not received prior systemic therapy (CHT
or TT), treatment with CHT and deferred WBRT should
be considered (45). Administration of CHT in the elderly
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NSCLC patients depends mainly on their performance
status. Platinum-based CH'T is preferred in the elderly with
good performance status (WHO 0-1 and selected WHO 2)
and adequate organ function, while a single-agent approach
might be the recommended treatment for unfit or comorbid
patients, who are more likely to present with significantly
more treatment-related adverse events (45).

For SCLC patients with known chemosensitivity, CH'T-
response rates are even higher than in NSCLC: up to
66-73% (46,47). In SCLC patients with asymptomatic BM
diagnosed at the initial staging, treatment usually starts with
CHT, also with the intention of stopping life-threatening
extracranial systemic and local disease progression (48).
Taking into account the neurocognitive toxicity of WBRT
which is most pronounced in the older adults, CHT
alone may be a reasonable strategy for the SCLC patients
with asymptomatic BM, especially considering that no
survival benefit of adding WBRT to CHT was found in
1,615 patients >75 years with BM from SCLC (median
OS was 5.6 months with WBRT and 6.4 months without,
P=0.43) (49). However, in the only one randomized
trial conducted so far, which compared CHT alone wvs.
CHT+WBRT 30 Gy in 120 patients with progression
in the brain after or during first-line CHT, radiotherapy
significantly prolonged the time to disease progression
inside the brain (P=0.005). OS did not differ between the
two arms. WHO performance status, and not age, was the
only significant prognostic factor for survival (50).

Targeted therapy and Immunotherapy

Targeted agents (molecular inhibitors) or immunotherapy
with monoclonal antibodies have demonstrated far greater
intracranial efficacy than conventional CH'T, changing the
paradigms in the treatment of NSCLC patients with BM.
Patients with driver mutations (e.g., EGFR, ALK) have
a markedly improved survival vs. those without. In these
patients with clinically asymptomatic BM, new-generation
T'T may restore control of brain disease and delay cranial
radiotherapy (51), which is of importance in the elderly,
more susceptible to radiation-induced neurotoxicity.

The benefit in progression-free survival conferred by
EGFR tyrosine kinase inhibitors (TKIs) was consistent
across all the phase III randomized control trials comparing
EGFR-TKIs to CHT (52-56) and was independent not
only of age, but also of performance status, gender and
smoking status. According to the ESMO guidelines (57),
the standard of care for tumours bearing an activating
EGFR mutation is a first-line treatment with an EGFR
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TKI (erlotinib, gefitinib or afatinib). In patients with
asymptomatic BM who have not yet received prior systemic
therapy, the use of CNS-penetrant next-generation TKIs
(osimertinib, alectinib, ceritinib, brigatinib) may restore
control of brain disease, with the potential to delay cranial
radiotherapy (57). However, there is some data, albeit of low
quality, coming from a meta-analysis (58) and from a mult-
institutional retrospective analysis (59), that upfront cranial
radiotherapy may improve intracranial disease control (58)
and survival outcomes compared with TKI alone (58,59).
The meta-analysis showed the OS benefit at two years with
concurrent or sequential upfront WBRT (RR 1.33; 95%
CI: 1.00-1.77, P=0.05) and sequential upfront SRS (RR
2.08; 95% CI: 1.67-2.61) compared to TKI alone (58). In
a retrospective multi-institutional study SRS vs. EGFR-
TKI and WBRT vs. EGFR-TKI were associated with
improved OS: the median OS for the SRS (N=100), WBRT
(N=120), and EGFR-TKI (N=131) cohorts was 46, 30, and
25 months, respectively (P<0.001) (59). In this study,
however, age >70 vs. >50 years was associated with worse
survival in multivariate analysis, P=0.028.

In patients with ALK-rearranged NSCLC and BM,
an absence of prior treatment with ALK-targeted TKIs,
absence of extracranial disease, and KPS >90 were found
to be independent predictors of OS, whereas neither age
nor smoking history or number of BM, were observed
to significantly influence prognosis (60). According to
the ESMO guidelines, first-line treatment with a first-
generation ALK inhibitor, crizotinib is preferred for patients
with ALK-rearranged NSCLC (57). However, about 20%
of ALK-positive patients experience brain progression on
crizotinib (61). In such patients, treatment with a second-
generation ALK inhibitor (ceritinib, alectinib or brigatinib),
of better intracranial efficacy, is recommended (57,62).

Immunotherapy with checkpoint inhibitors—
administered with CHT or alone—have become a routine
part of treatment of NSCLC patients without driver
mutations but with >50% expression of programmed cell
death-ligand 1 (PD-L1) (62). Although to date no studies
dedicated to elderly patients have been reported, evidence is
accumulating for the use of immune checkpoint inhibitors in
the treatment of elderly patients with advanced NSCLC—
none of the subgroup analyses of the randomized trials
of immune checkpoint inhibitors showed worse efficacy,
greater toxicity nor differences in survival benefit between
NSCLC patients aged <65 and >65 years (51). According
to the CSCO-ESMO guidelines, immunotherapy should
be considered according to standard recommendations in
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elderly patients (51). However, in NSCLC patients with
BM, although immune checkpoint inhibitors have resulted
in increased intracranial activity compared to CHT, the
evidence is not strong enough to defer local therapy and use
them as an upfront therapy.

The combination of radiation therapy and targeted
agents represents an opportunity to improve the outcomes
of patients with BM, but the safety of this approach is yet to
be confirmed within prospective trials, and no data specific
for elderly patients is available.

Best supportive care alone

The benefit of WBRT for patients with poor prognosis
continues to be debated. The results of a phase III non-
inferiority QUARTZ trial, in which NSCLC patients
with BM unsuitable for surgical resection or SRS were
randomised to receive either BSC including dexamethasone
plus WBRT (20 Gy in 5 daily fractions) or the same
BSC without WBRT showed no difference between the
treatment arms in terms of symptom relief, steroid use,
OS, QoL or quality-adjusted life years, confirming no
benefit for WBRT in the RPA Class III subset (63). The
OS reported was only 9.2 and 8.5 weeks, for the WBRT
and BSC arms, respectively. For older patients (=60 years),
WBRT offered no benefit over BSC in terms of either
survival or QoL, and in patients older than 70 years WBRT
appeared to even worsen OS (HR 0.75, 95% CI: 0.56—
1.00), irrespective of their KPS. According to the ESMO
guidelines, radiation therapy is not recommended for RPA
Class HI patients (with KPS of <70%) based on their dismal
prognosis (median survival is generally <2 months) (57).
Elderly patients with limited life expectancy and/or poor
performance status, are unlikely to benefit from WBRT
and BSC with corticosteroids alone is reasonable. However,
for patients with better prognosis unsuitable for surgical
resection or SRS, including the selected elderly patients,
there is no conclusive evidence to restrict the use of WBRT,
especially for symptomatic BM, which is discussed in more
detail below.

QoL and neurocognitive function after RT for BM
in the elderly

QoL is dependent on neurocognitive function after
treatment for BM (64). It may be influenced by the mental
status before the treatment thus neurocognitive assessment
was advocated to be included into initial staging (65).
Data on age-related toxicity is scarce, mostly based on
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retrospective trials or subgroup analyses suggesting
potentially increased radiation-induced toxicity secondary
to comorbidities, impaired functional status and cognitive
function at baseline (66).

Some data suggests that subacute brain atrophy
associated with neurologic and mental deterioration
presented 2-3 months after brain radiotherapy is correlated
with older age. Pathologic findings revealed radiation
brain atrophy in 72.9% of patients >50 years, in contrast
to 39.2% of patients <50 years, for the dose range from
30 Gy (WBRT) to 80 Gy (tumor bed). The average age
of patients with post-radiation dementia was 60.5 years
comparing to 42.8 years with normal mental status
(P<0.001) (29). Another retrospective study on 111 patients
who underwent WBRT for BM revealed that the risk of
leukoencephalopathy, meant mainly as an injury of the
white matter, causing motor dysfunction, emotional changes,
urinary incontinence, seizure and even coma, also increased
with age. Age >65 years was significantly correlated with
higher risk of leukoencephalopathy (odds ratio 3.31; 95%
CI: 1.115-9.5, P=0.03), with a median time to develop this
complication of 5.5 months after WBRT (67).

More robust data on the correlation of neurotoxicity
following WBRT with age comes from the phase II RTOG-
0212 study on the dose in PCI for SCLC. Primary analysis
of this trial revealed that increasing age was the most
significant predictor of chronic neurotoxicity after PCI
(P=0.0005) (65). It was confirmed by the analysis of QoL and
neurological data from the same trial. Physical functioning,
motor dysfunction, Lent Soma memory test results and
MRI and/or CT abnormalities worsened with age. Patients
>60 years were more likely to experience neurotoxicity
12 months after PCI: 83% wvs. 56%, P=0.009 (24).
On the other hand, an analysis of the impact of PCI on
neurocognitive function and QoL in the RTOG-0214 trial
on PCI vs. observation in NSCLC patients revealed that
no clear differences at 1 year emerged in neurocognitive
function or QoL between patients <60 or older than 60 years
on either arm (all adjusted P<0.05) (25).

We may expect that neurotoxicity will be reduced in
the elderly by using ablative techniques with omission of
WBRT. However, age-specific toxicity is under-reported in
the SRS studies. Gregucci et 4l. (68) reported no grade >2
neurologic adverse events in a group of 40 patients older
than 65 years treated with SRS and stereotactic fractionated
radiotherapy for less than ten BM. SRS for BM was also
studied in patients older than 80 years versus 65-75 years
old (4). The incidences of neurological death and
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deterioration were insignificantly lower in the older group,
and the incidence of SRS related complications reported
using RTOG toxicity scale was similar in both groups (HR
0.616, 95% CI: 0.152-2.495, P=0.49) (4). Chen et al. (8)
revealed that among patients 70-79 years vs. older than
80 years, treated with RT for BM, acute RT'OG grade 1-4
toxicity occurred in 89% of WBRT-treated patients and
in 68% of SRS-treated patients, and that the main impact
on toxicity in this group of patients was caused by the
treatment modality and not age.

All these data suggest that some neurological side effects
can be diminished with a smaller volume irradiated.

NSCLC
BM suitable for either surgery or SRS

Outside recognized indications for surgery such as
establishing diagnosis or relieving mass effect, little evidence
is available to guide the therapeutic choice of SRS ws.
surgical resection in the treatment of patients with limited
BM (69). No prospective randomised trials comparing SRS
vs. surgery was performed, and most of the retrospective
studies reported similar outcomes in brain control or
survival in solitary resectable brain metastases (70,71). In a
secondary analysis of patients treated with SRS vs. surgical
resection within the EORTC 22952-26001 phase III trial,
Churilla et a/. assessed local control of treated BM after
adjustment for tumor size, metastasis site and number,
neurologic status, and the presence of extracranial disease,
revealing that although early local control favored SRS, the
advantage diminished in magnitude over time with more
late recurrences observed in the SRS group (69). However,
in case of the elderly, with limited survival prognosis and
possibly higher risk of postoperative morbidity, SRS may
be the optimal choice when technically feasible and when
there is no indication for surgical decompression or need
for histologic diagnosis. High rates of tumor bed recurrence
after surgical resection of BM without adjuvant brain
treatment (20,72) in view of the recognized neurotoxicity
of WBRT have led to an interest in post-operative SRS to
resection cavities. However, taking into account the lack
of unequivocal evidence of survival benefit from adjuvant
treatment and conflicting results of two randomized trials
performed to date comparing post-operative SRS vs. WBRT
(73,74) none of which provided data on the influence of age
on the outcomes, use of the post-operative treatment in the
elderly is questionable. Close MRI brain imaging follow-up
seems to be a reasonable option.
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BM unsuitable for either surgery or SRS: for whom—if
any—WBRT?

The role of WBRT in unselected NSCLC patients not
suitable for SRS or surgery has been questioned by the
results of the QUARTZ trial (63), which suggest that
WBRT can be omitted and patients treated with BSC
alone, without an important reduction in either OS or
QoL. Improved survival with WBRT was shown for
younger patients, particularly those aged younger than
60 years and there were also non-significant associations
suggesting a potential survival benefit with WBRT for
patients with good performance status and a controlled
primary NSCLC (63). The results of this trial have been
questioned, mostly due to unexpectedly poor outcomes in
the whole cohort and a very small percentage of patients
with better prognosis (RPA Class I in 8% and 3% of the
WBRT and BSC arm, respectively) (75,76). However,
these results have been supported by a large retrospective
analysis of all patients with BM from NSCLC (N=4,363)
or breast cancer (N=1,962) treated with WBRT in 15
out of 21 Dutch radiotherapy centers between 2000 and
2014 (77). The survival of patients after WBRT for BM
from NSCLC was poor, especially in the elderly. In the
whole cohort, patients older than 70 years had significantly
worse survival, HR 1.34, 95% CI: 1.23-1.47, P<0.001;
for NSCLC patients median survival was 2.7 months
(95% CI: 2.6-2.8), whereas in patients older than 70 years
(N=1,118) median OS was 2.1 months (95% CI: 2.2-2.3).
The median age in the study group (62 years) was similar to
that in the QUARTZ trial (66 years), and the impact of age
on survival seemed larger in NSCLC compared to breast
cancer (77). These results, suggesting very poor prognosis
in patients with BM from NSCLC treated with WBRT,
are in line not only with the results of the QUARTZ trial,
but also with the cohort trials (78,79), in contrast to the
prospective clinical trials on BM treated with WBRT in
NSCLC where survival tends to be higher, with a median
of 5.2-7.2 months and even higher when combined with
systemic therapy (80). Based on their results being in line
with the results presented in the QUART?Z trial the authors
advocated a much more restrictive use of WBRT. However,
they speculated that a possible explanation for the poor
survival in this cohort could be that with the increase of
SRS, patients currently treated with WBRT are more likely
to be at the end stage of the disease than in the past, and
only a few will receive systemic treatment (77). Taking into
account a wide heterogeneity in prognosis for patients with
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BM from NSCLC [e.g., survival in patients with EGFR- or
ALK- mutated NSCLC has been increased by at least three
times over the past 15 years (75)], the question still remains
whether the use of WBRT is definitely ruled out in NSCLC
patients. Younger patients, with controlled extracranial
disease, i.e., RPA Class I patients and a more favorable
subset of patients within RPA Class II, do appear to benefit
from WBRT (76). This second subset, i.e., RPA Class II
patients, consists also of selected elderly patients, for whom
the evidence to restrict the use of WBRT are inconclusive,
although the optimal treatment strategy remains to be
determined, ideally in a prospective randomized trial.

SCLC
Treatment of BM with respect to feasibility of CHT

CHT is a mainstay of treatment of SCLC, however
the specificity of the elderly subgroup with variable
performance status and comorbidities often limits CHT
options. Elderly patients fit enough for CHT with
asymptomatic BM should receive the upfront CHT. As
in the aforementioned analysis of 1,615 SCLC patients
>75 years old form the USA national cancer database
(NCDB) no OS benefit from WBRT in patients that
received CHT (49) was suggested, CHT alone may be
considered as an option for this subgroup. However, there
is no evidence from randomized studies on the role of
CHT alone in the exclusively geriatric population. Since
CHT without WBRT leads to a significantly shorter
time to progression in the brain (50,81), a well selected
elderly patient population with better prognosis (excellent
performance status, limited asymptomatic BM and control
of extracranial disease on CH'T) may possibly benefit from
some form of radiation. As such patients have a chance to
live long enough to experience the possible cognitive effects
of WBRT], SRS emerges as the optimal treatment option.
Another NCDB-based study on 5,952 investigating SCLC
patients treated with upfront WBRT (N=5,752) vs. upfront
SRS alone (N=200) showed that upfront SRS was associated
with superior OS (median 10.8 vs. 7.1 months, P<0.001)
which may suggest that SRS-alone may be appropriate for
some patients with SCLC (82). However, age >65 years was
associated with worse OS in this study (HR 1.419, 95% CI:
1.345-1.496, P<0.001). The safety and benefit of the SRS
with omission of WBRT in BM from SCLC remains to be
confirmed in a prospective trial.

For patients with symptomatic BM who are fit enough
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for CHT, standard practice is to use upfront WBRT, to
palliate the symptoms and improve patient’s condition
before the start of CHT.

Elderly patients not fit enough for CHT have
particularly poor prognosis. Median OS for such patients
was 1.9 months with WBRT vs. 1.2 months without WBRT
(P<0.0001) in the NCDB-based analysis of 1,615 elderly
patients with BM from SCLC (49). Unfortunately, no data
on the performance status of these patients - being, after all,
the strongest predictor of survival—was reported. With such
a short survival, the benefit of WBRT must be considered
doubtful. However, this modest, albeit statistically
significant, 15 day survival benefit with the use of WBRT
is in line with the results of another study, on 113 patients
with poor prognosis with different primary tumors managed
with BSC vs. WBRT, which revealed that improved survival
after WBRT was limited to patients with primary SCLC
(median survival of 0.6 vs. 5.3 months for BSC vs. WBRT,
respectively, P=0.001) (83). The true benefit of WBRT,
residing in its ability to palliate symptoms, which may be
more efficient for SCLC than for other histologies, due to
the radio responsive nature of SCLC (49). For this reason,
extrapolating the results of the QUARTZ trial on the
SCLC patients may be misleading (49,83). However, no
data on the impact of WBRT on QoL in elderly patients
with BM from SCLC was reported to date. Further studies
are necessary to confirm whether management of SCLC
patients should include a less restricted use of WBRT.

A specific subgroup of SCLC patients not feasible for
CHT is RTOG RPA Class 111, that is, patients with poor
performance status (KPS <70). There is no data on the
role of WBRT ws. BSC specific for the geriatric population
of such patients. For the unselected RTOG RPA Class
III patients, one prospective trial which also included
patients with SCLC histology aimed to determine whether
WBRT had any benefit on symptom palliation (84).
Ninety-one patients received WBRT and were asked to
complete a questionnaire about their symptoms before and
1 month after WBRT. In patients who completed both
questionnaires, the intensity of symptoms significantly
increased after WBRT. In addition to the results of the
QUARTZ study (63), this data also challenges the value of
WBRT for SCLC patients with poor performance status.

Trreatment of BM with respect to prophylactic cranial
irradiation (PCI)

In patients with symptomatic BM occurring during first-
line CHT without prior use of PCI, WBRT is usually
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given, then CHT may be continued or not depending on
the systemic CH'T response and performance status of the
patient (48). In such a scenario, elderly patients receiving
CHT should also be managed this way.

In elderly patients with no prior PCI and metachronous
BM occurring after completion of CHT, second line
CHT is very rarely feasible. WBRT remains the standard
therapeutic strategy for these patients, apart from RPA
Class III patients, for whom BSC with steroids alone is a
preferred option.

In elderly patients who have developed metachronous
BM after prior PCI, the most appropriate salvage treatment
option for these with better prognosis (i.e., life expectancy
of more than 3 months) is SRS, when technically feasible.
In a series of 13 patients re-irradiated with SRS after a
median of 14 months from the prior PCI, median survival
was 5 months with no radionecrosis recorded (85). Age of
the patients in this group was not reported, so extrapolating
these results to the elderly population may be misleading.
In other reports on reirradiation with SRS, median OS after
SRS was 3 to 9 months, which must be interpreted taking
into account the selection bias, seriously impacting such
retrospective analyses (86-92). The risk of radionecrosis
reported in these trials was from 4.3% (2 of 47 patients) (87)
to 12.5% (5 of 40) (86), but no data specific for the elderly
was provided. One of these studies reported that age
>65 years was not predictive for functional preservation (92).
However, not only distant brain control but also local
control after SRS for BM from SCLC was reported to
be lower than for BM from other solid tumors with one-
year local control rate of <70% for SCLC (86,87) in
contrast to 70-90% reported in prospective trials for other
histologies (18,20). Nevertheless, most SCLC patients
recur as multifocal BM not practically addressed with focal
therapies (92). There are very few reports about whole brain
reirradiation after PCI, and no data specific to the elderly.
The risk that late toxicity would manifest in patients with
such a short life expectancy should be considered unlikely,
and the short term effects of reirradiation at moderate
doses may be beneficial, especially in symptomatic patients,
taking into account the radiosensitivity of SCLC. The
largest series of 66 patients treated with WBRT after PCI
showed symptom improvement in 40% of patients and no
serious, grade >2 toxicity (85). Older age (>60 years) was
not associated with worse survival in this.

Conclusions

Treatment of the elderly patients with BM from lung cancer
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is not based on the evidence from randomized prospective
trials. Age is a well recognized poor prognostic factor for
survival in patients with BM from lung cancer, which is
reflected in prognostic scales, but its impact on the patients’
prognosis reflected by its value in gradually updated grading
indices is decreasing.

For elderly NSCLC patients with asymptomatic BM,
first-line treatment with CHT and deferred WBRT
should be considered. In patients with driver mutations
with clinically asymptomatic BM, T T—having far greater
intracranial efficacy than conventional CHT—may restore
control of brain disease and delay cranial radiotherapy,
which is of importance in the elderly, being more susceptible
to radiation-induced neurotoxicity. SRS is a reasonable
approach for older patients with a limited number of BM
from NSCLC, with both survival benefit and toxicity profile
similar to those observed in young adults. Selected elderly
NSCLC patients with BM unsuitable for surgical resection
or SRS and more favorable prognosis (i.e., RPA Class II
patients), especially symptomatic, may benefit from WBRT.

For the elderly SCLC patients with newly diagnosed
asymptomatic BM CHT alone may be a reasonable strategy,
adding radiotherapy to CHT results in significantly
prolonged time to progression within the brain, but with
no impact on OS. SRS is an attractive treatment option for
BM occurring after prior PCI and should be used whenever
technically feasible; however, WBRT at moderate doses
is also feasible. WBRT is the treatment of first choice
in patients who are unsuitable for SRS or symptomatic
patients.

For RPA Class III patients, regardless of histology, BSC
with steroids alone is a preferred option.

The impact of different radiation techniques and
regimens incorporating RT, CHT and/or TT on survival,
neurocognitive outcome and QoL in this specific subgroup
still need to be evaluated, preferably in a prospective trial.
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