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Abstract
Brain metastases risk at the time of diagnosis or during the course of disease is high in non-small cell lung cancer
(NSCLC). Even the incidence of brain metastases has increased in recent years, due to detection of smaller
asymptomatic lesions with MRI screening as well as improved survival as a consequence of developments in
systemic therapies. In the last decade, there have been many trials in the management of NSCLC patients with
brain metastases, questioning the role of adjuvant whole brain radiotherapy (WBRT) after surgery or stereotactic
radiosurgery (SRS), WBRT, compared to best supportive care in patients not amenable to surgery, aggressive
local therapies in solitary brain metastases, postsurgical cavity SRS, SRS in non-oligometastatic patients, cranial
radiotherapy in patients with driver mutations, thyrosine kinase inhibitors, immune check point inhibitors and the
impact of therapies on neurocognitive functions and quality of life. The main objective of this review is to provide an
update on current trends in radiotherapy in the management of newly diagnosed brain metastases from NSCLC.
Keywords: Radiotherapy, whole-brain radiotherapy, stereotactic radiotherapy, stereotactic radiosurgery, brain
metastases, lung cancer
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INTRODUCTION
Brain metastases are the most frequent malign brain tumors. Lung cancer is the leading primary tumor
composing 40%-50% of cases[1,2]. In non-small cell lung cancer (NSCLC) brain metastases risk at the time
of diagnosis is 15%-20%, even the risk increases to 50%-60% during their course of disease in patients with
epidermal growth factor receptor (EGFR) mutation or anaplastic lymphoma kinase (ALK) rearrangement[3,4].
Incidence of brain metastases has increased in recent years as a result of detection of smaller asymptomatic
lesions with MRI screening as well as improved survival as a consequence of developments in systemic
therapies. In addition to these, improvements in imaging technology, surgery, radiotherapy, targeted
therapies, even immunotherapy and deep understanding of treatment related toxicities have resulted in
evolvement of current trends in management of brain metastases[5,6].
Althoughbrain metastases is an indicator of poor outcome[7,8], it’s shown that a subgroup might have longer
survival, e.g., EGFR mutated and ALK rearranged NSCLC[4,9]. In this context, to assist the selection of
personalized therapy several prognostic indices have been developed; e.g., recursive partitioning analysis,
diagnosis-spesific graded prognostic assessment (DS-GPA) and more recently graded prognostic assessment
for lung cancer using molecular markers (Lung-mol GPA)[10-12]. Optimal treatment planning should consider
both patient (age, performance status, expected life span) and tumor related factors (number and volume of
brain metastases, extracranial disease control, molecular subtype).
Historically, whole brain radiotherapy (WBRT) or best supportive care were the only treatment modalities
for patients with brain metastases. The aim of WBRT was to treat both microscopic and macroscopic
metastases. But treatment to whole brain parenchyme reduces distant in-brain recurrences with the cost of
cognitive toxicity[6]. In the last decade, there have been many trials in management of NSCLC patients with
brain metastases, questioning the role of adjuvant WBRT after surgery or stereotactic radiosurgery (SRS),
WBRT compared to best supportive care in patients not amenable to surgery, aggressive local therapies in
solitary brain metastasis, postsurgical cavity SRS, SRS in non-oligometastatic patients, cranial radiotherapy
in patients with driver mutations, TKI, immune check point inhibitors and the impact of therapies on
neurocognitive functions (NCF) and quality of life (QOL).
The main objective of this review is to provide an update on current trends in radiotherapy in the
management of newly diagnosed brain metastases from NSCLC.
Solitary metastasis: WBRT vs. WBRT plus surgery

Until Patchell et al.[13] randomized trial of surgical resection followed by WBRT vs. WBRT only in patients
with solitary brain metastasis, WBRT was the standard treatment. The findings of increased median suvival
(10 months vs. 4-6 months), decreased brain recurrences (20% vs. 52%), increased functional independence
and lower risk of neurological deaths with surgery in conjunction to WBRT, lead to increased role of
aggressive local therapies in selected patients with solitary and oligo brain metastases[14-17].
Solitary metastasis: adjuvant WBRT plus surgery vs. surgery only

The success of aggressive local treatment and fear of long-term neurologic toxicity led the authors to question
the role of adjuvant WBRT in oligometastatic patients. Patchell et al.[18] randomized the patients with solitary
brain matastasis after surgery to WBRT or observation. Postoperative WBRT reduced both local and distant
brain failure rates significantly compared to observation arm (10% vs. 46%, P < 0.001), (14% vs. 37%, P < 0.01),
respectively. Neurologic death rate was 3 times higher in the observation arm. But overall survival (OS) and
survival with functional independence were the same[18].
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Solitary metastases: surgery vs. SRS

In the absence of head to head randomized data, most of the retrospective studies comparing surgery vs. SRS
reported similar outcomes in brain control or survival in solitary resectable brain metastases[19,20]. It’s hard
to make a decision when there is no indication for surgical decompression or need for histologic diagnosis.
One small randomized study with 64 patients with solitary metastases, compared SRS to microsurgery plus
WBRT. OS and 1 year local control were similar[21]. Recently, in secondary analysis of EORTC 22952 trial in
abstract form which randomized patients to SRS or surgery with or without adjuvant WBRT, it was reported
that early control was better with SRS but late control favored surgery[22].
Solitary metastasis: only SRS after surgery

Postoperative SRS vs. WBRT after resection of brain metastases
The absence of survival advantage and recognized neurotoxicity of adjuvant WBRT after surgery have led
to postoperative SRS to surgical cavity[6]. But there has been some challenges in the use of SRS without
WBRT after surgical resection. First, the use has increased in trend although the data have been mainly
derived from retrospective series[23,24] and one prospective phase II trial[25]. The results of these studies report
around 80% local control in 1 year suggest similar control rates with adjuvant WBRT. The only randomised
data on this subject has been available from Kepka’s multicenter trial, which did not demonstrate the noninferiority of postsurgical SRS compared to postsurgical WBRT in patients with solitary brain metastasis.
The difference in neurocognitive failure at 6 months (primary end-point) was in favour of WBRT. Besides,
although it was not the primary end-point; the patients in postsurgical SRS arm compared to postsurgical
WBRT were found to have increased neurological deaths (66% vs. 31%, P = 0.015, HR: 2.51) and decreased
2 years overall survival (10% vs. 37%, P = 0.046, HR: 1.8), respectively[26]. The second challenge is that
there have been some reports on dural-based leptomeningeal recurrences along the surgical tract after
postoperative SRS[27,28]. Atalar et al.[27] reported 13% leptomeningeal recurrence rate at a median of 5 months
after SRS directed to postsurgical resection cavity. It’s hard to define target volume for postoperative SRS.
Tumor cell dissemination along the surgical tract is another challenge. Recently, Soliman et al.[29] reported a
consensus guideline on delineation of CTV for postsurgical cavity SRS.
Preoperative SRS
In the context of leptomeningeal recurrences after postoperative SRS, preoperative SRS followed by surgical
resection in 48 h is evolving as a new paradigm. The theoretical benefits are decreased radionecrosis and
decreased leptomeningeal recurrences as a result of better definition of target volume by delineation of
intact metastasis, a smaller margin volume and sterilization of surgical bed[6,30]. The results of preoperative
SRS in 47 oligometastatic (1-3 brain metastases) patients before surgical resection have been reported by
Asher et al.[5] NSCLC patients were 37.2% of the cohort. The median dose was 14 Gy. The expansion margin
of gross target volüme to planned target volüme was not used. There wasn’t any difficulty during surgery or
increased postoperative complication. In spite of the inclusion of relatively large lesions (median dimension
3.04 cm and median volume 8.49 cm3), local control rates were 97.8%, 85.6% and 71.8% at 6, 12 and 24
months, respectively. Six of the 8 local relapsing patients were the ones who had either significant dural
attachement or adherence to dural veins which might make an implication on the need for higher doses in
such cases instead of dose reduction. There wasn’t any leptomeningeal failure which confirms the hypothesis
of the study. The authors concluded that preoperative SRS might be a better treatment at least for “high risk”
patients[5]. A phase II trial is going on this subject[31].
Oligometastases: WBRT alone vs. WBRT plus SRS boost

In line with the intensification of local therapy Radiation Therapy Oncology Group (RTOG) conducted a
phase 3 trial (RTOG 9508) which randomized 331 patients with 1-3 brain metastases to WBRT vs. WBRT
plus SRS. Lung cancer patients were 64% of the patient cohort. SRS boost in conjunction to WBRT showed
survival benefit in patients with 1 metastatic lesion (6.4 months vs. 4.9 months, P = 0.0393). The addition of
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SRS resulted in increased local control in all patients (82% vs. 71%, P = 0.01). There were improvement in
survival, local control, performance status and decreased steroid dependence in NSCLC patients with 1-3
in post hoc analysis[17]. In the secondary analysis, the patients were re-statified according to GPA scoring
system. There were 211 lung cancer patients out of 252 (84%) re-analysed patients. It was found that SRS
boost after WBRT resulted in increased survival in patients with GPA 3.5-4.0 score (good prognosis); the
median survival was 21 months in WBRT + SRS vs. 10.3 monhs in WBRT only. The benefit was irrespective
of the number of metastases[32].
Oligometastases: omitting adjuvant WBRT after surgery or SRS

The indication of adjuvant WBRT after surgery or SRS has been evolving. The rationale of omitting
immediate WBRT after surgery or SRS with close follow-up lies on the availibility to treat in-brain
recurrences with salvage focal therapies or WBRT at relapse with the aim of avoiding neurocognitive
dysfunction. To meet this challenge four phase 4 randomised trials and a metaanalysis was carried out[33-37].
In this concept, the first randomized trial came from Japan (JRSOG-99 trial). The primary end point was the
survival difference between SRS and WBRT plus SRS, but at interim analysis it was realized that sample size
would be unachiavable and accrual was terminated. Aoyama et al.[33] reported same survival rates (8 months
vs. 7.5 months, P = 0.42) and same neurologic death rates (19% vs. 23%) in spite of higher local recurrences
(27% vs. 11%) and distant brain recurrences (64% vs. 41%) in 132 patients with 1 to 4 brain metastases treated
with SRS alone vs. WBRT plus SRS. The authors claim that SRS alone might be a viable approach if the
patient is compatible with close brain monitoring for the early detection of recurrence to have the ability for
early salvage[33]. In a secondary analysis, 88 NSCLC patients were poststratified by DS-GPA and survival was
the primary end-point. Forty seven patients with favorable DS-GPA score (2.5-4.0) had better OS with the
addition of WBRT (16.7 months vs. 10.6 months, P = 0.04)[38].
From MD Anderson, Chang et al.[34] reported the second randomized trial: 58 patients with 1-3 brain
metastases were randomized to SRS alone vs. SRS followed by WBRT. The primary end-point of the study
was declin in neurocognitive function measured by Hopkins Verbal Learning Test-Revised at 4 months
compared to baseline but was terminated early due to high probability (96%) of inferior outcome in learning
and memory at 4 months in SRS plus WBRT arm. Local and distant in-brain controls were higher in SRS
plus WBRT arm compared to SRS only (100% vs. 67% and 73% vs. 45%, respectively). An addition of WBRT
resulted in less need for salvage therapies (11% vs. 90%) but higher risk for neurological deaths in SRS plus
WBRT group. (HR: 2.1, 95% CI 0.8-6.0, P = 0.15) and median survival was higher in SRS only group (15.2 months vs.
5.7 months). Higher survival in SRS only group was explained by higher rate of local surgical salvage and
ability of the patients to have systemic chemotherapy 1 month earlier and median 2 more cycles[34].
EORTC 22952 phase III randomized trial was the third with the largest patient number, unique in enrolling
both SRS and surgicaly resected patients. Besides, in contrast to other two studies, it included only patients
with systemic disease under control. The design was more complex; randomizing adjuvant WBRT vs.
observation after surgery or SRS in systemically controlled 359 patients with 1-3 brain metastases. The
primary end-point was survival time with functional independence. The local (surgery: 27% vs. 59%, P < 0.001;
SRS: 19% vs. 31%, P = 0.04) and distant brain recurrences (surgery: 23% vs. 42%, P < 0.008; SRS: 33% vs. 48%, P
= 0.023), need for salvage therapy (16% vs. 51%) and neurological death rates because intracranial progression
(28% vs. 44%) were decreased with addition of WBRT after surgery or SRS compared to observation but
without difference in median duration of functional independence (9.5 months vs.10 months, P = 0.71) and
survival (10.9 months vs. 10.7 months, P = 0.89)[35]. In secondary analysis of EORTC 175 NSCLC patients
were re-analyzed to evaluate the benefit of WBRT on survival of patients with favorable prognosis (high
GPA); there wasn’t any significant survival difference between patients with high or low GPA scores[39].
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As seen from these three randomized controlled trials, intracranial control (both local and distant sites) was
almost equal in both SRS and SRS plus WBRT groups but survival outcomes were conflicting though none
of these trials were intended to address survival as the primary endpoint; both JRSOG and EORTC trials
reported same survival rates with both treatment approaches, wheras MD Anderson trial reported higher
survival in SRS only group. An individual patient data metaanalysis considering JRSOG, MD Anderson
trials and only 199 patients treated with SRS plus or minus WBRT in EORTC was perfomed by Sahgal et al.[40] It
was reported that, in patients with single brain metastasis, overall survival was higher and distant in-brain
recurrence was lower compared to the patients with 2-4 metastases. SRS alone resulted in survival advantage
in patients ≤ 50 years of age compared to their age-matched control treated with SRS plus WBRT without
increase in distant brain recurrences. But there was no significantly higher neurological death in patients ≤
50 years treated with SRS only (39% vs. 22%). In patients > 50 years of age distant in-brain recurrence risk
was significantly higher in SRS only group but this increased recurrence did not translate to any survival
disadvantage. When the data was re-evaluated considering only NSCLC patients the results were similar.
But the authors emphasize that firm conclusion concerning histology could not be done because of limited
sample size and reflection of subset analysis. As a conclusion, the authors suggest that SRS might be the
treatment of choice in patients ≤ 50 years with 1-4 metastases[40].
Recently, Brown et al.[37] have reported the effects of adjuvant WBRT on cognitive function in a randomized
phase III (N0574-Alliance) trial in patients with 1-3 metastases. The primary end-point was the amount of
neurocognitive decline at 3 months compared to baseline. The local control was increased at 1 year with
addition of WBRT to SRS (85% vs. 51%). There wasn’t any difference in terms of survival (10.1 months vs.
7.5 months)[37]. Recently secondary analysis of N0574-Alliance has been reported in 126 NSCLC patients to
determine if WBRT might be associated with prolonged survival in NSCLC patients with good performance
status. The patients were scored according to DS-GPA scores. There was no significant differences in OS
between SRS only or WBRT plus SRS groups in NSCLC patients with favorable DS-GPA scores. This study
further supports the approach of SRS alone in the majority of patients with limited brain metastases[41].
Neurocognitive impairement following WBRT after surgery or SRS vs. observation after surgery or SRS
The impact of adjuvant WBRT on NCF have been utilized in these previously mentioned 4 studies by
different methods. JRSOG trial evaluated the Mini Mental State Examination (MMSE) results in SRS only
and SRS plus adjuvant WBRT groups in long term. They revealed that the control of metastases increased the
MMSE scores in 2-3 months after radiotherapy in both groups and but in late-term (36 months) deterioration
of NCF in WBRT group was prominent. In the post hoc analysis, average time to neurocognitive decline
was shorter in SRS only group compared to SRS plus WBRT group 7.6 months vs. 16.5 months, respectively.
The authors claim that distant in-brain recurrence might have a bigger negative effect on neurocognition
and control of metastases is the most important factor in stabilizing cognitive fuction[42]. But it should
be mentioned that MMSE has been accepted as having lower sensitivity in detection of NCF changes[43].
Besides, the paucity of the data on neurocognition in this study prevents us from making a conclusion on
the effect of WBRT on NCF[34].
MD Anderson trial reported significant decrease in recall memory and learning at 4 months after WBRT
plus SRS compared to SRS alone patients (52% vs. 24%) despite the decreased local and in-brain recurrences
as described previously. The authors claimed that adverse effects of WBRT on neurogenesis in hippocampus
might have a greater effect on neurocognition than in-brain recurrences and related salvage therapies seen
more often in SRS only group[34].
QOL analysis of EORTC 22952 trial declared a significant neurocognitive decline at 12 months and lower
QOL scores in WBRT arm after surgery or SRS[44].
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Table 1. Summary of randomised trials comparing stereotactic radiosurgery to stereotactic radiosurgery plus whole brain
radiotherapy

Study

Distant
Local
Lung
relaps
relaps (%)
Patient cancer # of brain
(%)
Type of test
number patients metastases
SRS
SRS
+
SRS
SRS
(%)
WBRT
+ WBRT

Median OS
(month)

Neurologic
Decline in NCF/QOL
death (%)

SRS SRS +
WBRT

SRS SRS +
WBRT
23

SRS SRS + WBRT

JRSOG-99,
Aoyamaet al .[33]
2006

132

66

1-4

MMSE

27

11

64

41

8

7.5

19

Deterioration is earlier
in
SRS only gorup
at 7.6 month at 16.5
month
24%
52%

MD Anderson,
Chang et al .[34]
2009

58

67

1-3

HVLT-R

33

0

55

27

15.2

5.7

EORTC22952,
Kocher et al .[35]
2011

359

53

1-3

EORTC QLQ
C-30
QLQ BN-20

31

19

48

33

10.7

10.9

Alliance
N0574,
Brown et al .[37]
2016

213

68

1-3

FACT-Brain
ADL Index
HVLT-R
GPT, COWAT
TMT-A and B

27

10

30

8

10.4

7.4

SRS + WBRT
risk for death
HR: 2.1, 95%
CI 0.8-6.0
44
28
Global health at 9
month.
63
52
Physical function at 8
weeks
52 42
Role fxn at 8 weeks
64
58
Cognitive function at
8 weeks
81
74
Cognitive function at
12 months
80 69
NA
NCF at 3 months
64% 92% P <
0.001
QOL change from
baseline
-0.1 -20 P = 0.001

SRS: stereotactic radiosurgery; WBRT: whole brain radiotherapy; OS: overall survival; NCF: neurocognitive functions; QOL: quality of
life;MMSE: Mini Mental State Examination; HVLT-R: Hopkins Verbal Learning Test-Revised; FACT: functional assessment of cancer
therapy; ADL: activities of daily living; GPT: Grooved Pegboard Test; COWAT: Controlled Oral Word Association Test; TMT: Trail Making
Test Part A and B

Alliance trial evaluated the amount of decline in neurocognitive function at 3 months compared to baseline
with 6 different cognitive tests. The WBRT and SRS group showed significant decline compared to SRS
alone group (92% vs. 64%, P < 0.001) at 3 months. Among long term survivors, cognitive decline rates in SRS
only and SRS plus WBRT groups were 45% vs. 94% (P = 0.007) in 3 months and 60% vs. 94% (P = 0.04) in
12 months, respectively, despite the increased local control in 1 year with the addition of WBRT (85% vs.
51%). In each cognitive test there was higher deteroiration in SRS plus WBRT group, reaching statistical
significance for immediate memory (30% vs. 8%, P = 0.004), delayed memory (51.% vs. 20%, P < 0.001) and
verbal memory (17% vs. 2%, P = 0.01), respectively[37].
The summary of these four trials can be seen in Table 1. As a whole, adjuvant WBRT reduces distant inbrain recurrence approximately by 50% and increases local control approximately by 15%-30%, without
any survival benefit[6]. Of note, as mentioned before, none of these trials were powered to evaluate survival
difference. One explanation for the lack of survival benefit for adjuvant WBRT is the uncontrolled
extracranial disease which is the proximate cause of death. But even the largest EORTC trial that enrolled
only patients with systemic disease under control to eliminate the competing risk of death from extracranial
disease and to be able to detect the survival advantage of WBRT if any, did not find any difference.
Secondary analyses of JROSG 99 showed survival benefits of WBRT among NSCLC patients with high DSGPA scores (good prognosis). But, secondary analyses of EORTC and Alliance trials failed to confirm this
result. On the other hand, efficacy of local salvage therapies in SRS only arm might also be attibuted to the
lack of survival benefit[6]. Taken together, in the absence of survival advantage and recognized neurotoxicity
of WBRT the results of these 4 trials suggest that in single or 24 brain metastases, SRS alone might be the
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preferred strategy in amenable patients willing to have frequent brain surveillance with MRI.
Similarly, the American Society for Radiation Oncology (ASTRO) does not recommend routine adjuvant
WBRT in oligometastatic brain metastases in it’s choosing wisely initiative organisation[45].
On the other hand there have been several opposers to this approach, because they claim that there should
be a trade between the risk of neurocognitive dysfunction and the risk of in-brain recurrences which
could adversely worsen cognitive function even more than WBRT that might not be reversed by salvage
therapies[46,47].
Solitary or oligometastatic or non-oligometastatic: WBRT only

Brain metastases from the primary tumors occur mainly by hematogenous route making the whole brain
under the risk for micrometastatic disease. This concept has been the rationale of WBRT even in case of
small solitary metastasis but recently has started to be questioned in the context of true oligometastatic brain
disease[33]. In patients with life expectancy less than 3 months and/or poor performance status, short course
WBRT or best supportive care with corticosteroids are reasonable options[48].
A phase III non-inferiority Medical Research Council trial (QUARTZ), comparing best supportive care alone
and best supportive care plus WBRT in NSCLC patients with brain metastases not amenable to surgery or
SRS, reported similar survival and QOL. Solitary metastasis rate was 30% but median number of metastatic
lesions and distribution of patients among two treatment arms according to number of metastastic lesions
were not available in the data[49]. But there has been some debates on this article; 38% of the cohort had poor
performance, the median survival was only 8 weeks which was much inferior compared to previous data[7].
Besides, due to heterogenity of prognosis in patients with brain metastases with different primaries the
results can not be generalized[6].
Hippocampus sparing WBRT
WBRT related neurocognitive complications have led to the developement of new radiotherapy techniques;
hippocampus sparing WBRT (HS-WBRT) is one of them. The rationale lies on that; new memory is
composed by neural stem cells located in the subgranular zone of the hippocampus and there is a doseresponse-related risk of decline in NCF due to radiation dose received by the HP[50]. Until recently, there
have been only 2 prospective data on this subject. The first one, single-armed phase II RTOG-0933 trial,
reported no increased risk of recurrence with HS-WBRT and better preservation of cognitive function with
this technique compared to historical controls[51]. The second data is from Oehlke et al.[52] the progression
in the hippocampus avoiding area was 2 (10%) of 20 in 40 weeks. But recently, the preliminary results of a
randomized trial (NRG-CC001) composed of 518 randomized patients to memantine and HS-WBRT arm vs.
memantine and WBRT arm have been presented in the last ASTRO meeting. HS-WBRT has prolonged time
to neurocognitive failure, decrease in neurocognitive function at 6 months was 59.5% vs. 68.2% (HR: 0.76, P
= 0.03) favoring HS-WBRT without any difference in intracranial brain recurrences or overall survival (P =
0.208 and P = 0.307, respectively)[53].
Memantine and WBRT
Memantine has been tested in prevention of cognitive dysfunction as a neuroprotective agent in a
randomized placebo controlled trial (RTOG 0614) and shown to be effective in decreasing the rate and
delaying the time to cognitive decline[54]. There is an ongoing randomized clinical trial comparing
memantine and WBRT with or wihout HA-WBRT[55].

Non-oligometastatic: SRS without WBRT
There have been growing data on SRS without WBRT in patients with more than 3 brain metastases
although the maximum number of metastases appropriate for SRS has not been established, yet[49]. The
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Japanese Leksell Gamma Knife Society reported the results of a prospective observational multicenter phase
2 (JLGK0901) study in which survival outcomes and treatment related toxicity of SRS without WBRT in 1,194
patients with single, 2-4 and 5-10 brain metastases were evaluated. Patients with solitary brain metastasis had
the longest survival (median 13.9 months, 95% CI 12.0-15.6). In this non-inferiority study, overall survival,
local failure, distant in-brain recurrences, neurological death and toxicity were found to be similar both
in patients presenting with 2-4 and 5-10 metastases. There was not any survival difference in lung cancer
patients with 2-4 or 5-10 metastases either[56]. An update of this study which was planned to see the radiation
related complications and changes in NCF in long-term reported that toxicity and MMSE scores were similar
among the three groups[57]. There have been two clinical trials recruiting patients with estimated study
completion date of 2022. One of them led by National Cancer Information Center, is ramdomizing patients
with 5-15 brain metastases to SRS or WBRT plus memantine. Overall and neurocognitive deterioration free
survival are the primary endpoints[58]. The other one is from Dana-Farber Cancer Institute and ramdomizing
patients with 5-20 brain metastases to SRS or WBRT plus hippocampal sparing in available cases, the QOL
is the primary end-point[59].
SRS vs. fractionated SRS

In the absence of randomized trial comparing SRS vs. fractionated SRS (FSRS); FSRS might be the option
with lower risk of radionecrosis in large lesions[60].
TKI and radiotherapy

NSCLC patients having driver mutations (EGFR mutation and ALK rearrangement) in NSCLC have
increased risks of brain metastases both at the time of diagnosis and during the course of the disease[3,4].
TKI targeting EGFR and ALK pathways have resulted in encouraging intracranial control rates compared to
chemotherapy[61].
Witholding radiotherapy in asymptomatic patients with driver mutations
Recently reported three phase II trials advocate witholding radiotherapy (SRS or WBRT) until progression
if small asymptomatic brain metastases are present in an EGFR mutation positive NSCLC patient[62-64]. There
are several explanations; first, targeted therapies have greater intracranial activity compared to historical
chemotherapeutic agents. Secondly, prolongation of survival with these agents allows time for manifestation
of neurocognitive side effects if radiotherapy is the treatment of choice[65]. But patients should have the
willingness to close surveillance with MRI, though the optimal interval is unknown. Contrary to these
trials, recently, a retrospective multiinstitutional analysis reported inferior survival with up-front EGFRTKI in EGFR mutant NSCLC patients with brain metastases, both up-front SRS and up-front WBRT were
found to be associated with higher survival compared to up-front EGFR-TKI in multivariate analysis, (HR:
0.39, 95% CI 0.26-0.58 and HR: 0.70, 95% CI 0.50-0.98), respectively[66]. The debate will be going on until a
randomized trial’s results, comparing up-front radiotherapy followed by EGFR-TKI to up-front EGFR-TKI
followed by radiotherapy at progression in EGFR mutated NSCLC patients.
A retrospective analysis of NSCLC patients with brain metastases and ALK rearrangement, showed
prolonged time to intracranial progression with up-front cranial radiotherapy adjunct to first generation
ALK inhibitor (crizitonib) compared to patients without cranial radiotherapy, (13.2 months vs. 7 months,
respectively)[67]. Second and third generation ALK inhibitors have better blood brain barrier penetration
kinetics which might change the indications for cranial radiotherapy in the near future[61]. Updated ALEX
trial comparing crizotinib vs. alectinib in stage IIIB/IV (asymptomatic brain metastases were allowed)
reported median PFS 27.7 months with alectinib vs. 7.4 months with crizotinib (HR: 0.35, 95% CI 0.220.56), cranial response rates were 59% vs. 26% and complete cranial response rates were 45% vs. 9% in
patients presented with brain metastases at the time of diagnosis, respectively[68]. As a result of these striking
results, postponing the cranial radiotherapy might be reasonable in ALK rearrangement positive patients if
Alectinib was the treatment of choice in first line.
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Sequencing of radiotherapy and TKI
It’s recommended to withold TKI during WBRT to decrease unexpected toxicity which was observed with
concurrent use of erlotinib and WBRT[69]. If SRS were the treatment of choise, similarly witholding TKI and
resuming one day after SRS is usually recommended in the absence of data.
Immune checkpoint inhibitors and radiotherapy

Although the prospective data is lacking, the data on immune checkpoint inhibitors targeting the
programmed cell death 1 pathway (PD1) in NSCLC patients with brain metastases has been growing. In a
phase II trial it was reported that pembrolizumab showed 33% intracranial response rate[70]. But nivolumab
led to discontinuation of treatment in 58% of patients, because of progression of neurologic symptoms which
might be the reflection of pseudoprogression or hyperprogression[71]. A recent retrospective study reported
higher OS in multivariate analysis that concurrent use of anti-PD1 and SRS resulted higher OS compared to
sequential use (P = 0.006) or SRS alone (P = 0.002) or anti cytotoxic T-lymphocyte-associated protein 4 (P =
0.045). Concurrent use also reduced distant intracranial relapses[72].
Sequencing of radiotherapy and immune checkpoint inhibitors
Several retrospective data have reported no increased toxicity with the concurrent use of immunotherapy
and cranial radiotherapy in NSCLC, though prospective studies are needed to confirm this finding[73]. There
have been several clinical trials recruiting patients testing the efficacy of immunotherapy in combination
with radiotherapy in NSCLC patients with brain metastases (NCT02978404, NCT02858869, NCT02696993)

CONCLUSION
Taken together, these trials suggest survival advantage of surgery or SRS in selected patients with sollitary
metastasis but no survival advantage of certain treatment option in oligometastatic patients; they differ
only in terms of local or distant in-brain control. Besides, QOL assesements have inconsistent results and
has yet to be defined. Optimal treatment planning should consider both patient (age, performance status,
expected life span) and tumor related factors (number and volume of brain metastases, extracranial disease
control, molecular subtype) by using new prognostic models which is in line with personalised medicine
and tailored therapy approach rather than “one size fits all”. In light of today’s knowledge, it is quite
likely that the trade would be going on between doctors and patients, considering QOL as an outcome of
neurocognitive function that might be deteriorated either by symptomatic brain recurrence(s) or treatment
related morbidity.
Surgical cavity directed SRS seems to be effective in local control and preservation of NCF compared to
WBRT but the optimal sequencing (postopereative or preoperative) should be defined.
In non-oligometastatic patients the role of SRS has been evolving, the results of randomized studies might
help in decision making.
Targeted therapy and immune checkpoint inhibitors have resulted in increased intracranial activity
compared to chemotherapy, but the evidence is not strong enough to defer local therapy and the use as upfront therapy. Also, there are ongoing trials exploring the technique and the methods to spare the NCF.
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