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Patterns of recurrence after intracranial stereotactic radiosurgery 
for brain-only metastases from non-small cell lung cancer and the 
impact of upfront thoracic therapy with synchronous presentation
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Background: We characterized long-term organ-specific patterns of recurrence, time to progression (TTP) 
and overall survival (OS) in patients with non-small cell lung cancer (NSCLC) with brain-only metastases 
treated with single-fraction stereotactic radiosurgery (SRS) and analyzed the impact of upfront thoracic 
therapy (UTT) in those with synchronous presentation of primary NSCLC and brain metastases.
Methods: The clinical records of 137 patients with brain metastases from NSCLC treated with intracranial 
SRS, and no other metastatic sites, were retrospectively reviewed. Patients with available follow-up imaging 
(n=124) were analyzed for patterns of recurrence; all were analyzed for OS.
Results: The majority of first distant recurrences were in brain and thoracic sites, while extra-thoracic 
sites were relatively uncommon. After median follow-up of 16.0 months, 24.8% did not develop recurrence 
outside of brain and/or thoracic sites and 43.5% were free of distant extracranial recurrence. Whole brain 
radiotherapy (WBRT) and UTT, but not systemic therapy, altered patterns of recurrence and intracranial 
or extracranial TTP. Multivariable analysis revealed UTT, but not systemic therapy or WBRT, was 
associated with more favorable OS [hazard ratio (HR) 0.515, P=0.029] among 88 patients with synchronous 
presentation. Within the subgroup of thoracic stage III patients (n=69), those treated with UTT experienced 
remarkable median extracranial TTP and OS of 19.3 and 22.7 months, respectively. 
Conclusions: First and cumulative recurrences in patients treated with intracranial SRS for NSCLC 
metastases limited to brain are most often in the brain and thorax. Long-term survival is possible, regardless 
of thoracic stage, and is dependent on UTT among other factors.
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Introduction

Lung cancer is the leading cause of cancer mortality in the 
United States with >130,000 estimated deaths, comprising 
>20% of all cancer deaths (1). Early symptoms are often 
non-specific and over half of patients with non-small cell 
lung cancer (NSCLC) present with metastatic disease. 
Lung cancer is associated with the greatest absolute risk 
of brain metastases in the United States (2-7). Central 
nervous system-directed therapies, including whole brain 
radiotherapy (WBRT), stereotactic radiosurgery (SRS), and/
or surgery are standard for brain metastases. For patients 
with limited brain metastases, surgery and/or SRS have 
been shown to improve local control and overall survival 
(OS) compared to WBRT alone (8,9). Numerous studies 
have shown that patients with solitary or multiple brain 
metastases from NSCLC may experience 5-year survival 
rates ranging from 7–29% with aggressive local treatment, 
consisting of surgery and/or definitive dose radiation 
treatment, to all evident brain and thoracic disease (10,11). 

The role of aggressive thoracic therapy in patients with 
synchronous oligometastatic NSCLC was analyzed in a 
systematic review and pooled analysis of 7 studies (one 
abstract only), 4 of which included brain-only metastases, 
of which 2 were specific to solitary brain metastases (12).  
Aggressive thoracic therapy was associated with a 
significantly improved OS among patients with 1 [n=108 
patients; hazard ratio (HR) =0.49; 95% confidence interval 
(CI): 0.31–0.75] or 2–4 brain metastases (n=33 patients; HR 
=0.44; 95% CI: 0.26–0.73).

In this current study, we sought to retrospectively 
characterize the patterns of recurrence and survival 
outcomes among patients with NSCLC treated with 
single-fraction SRS for solitary or multiple brain-only 
metastases using modern staging techniques, in the pre-
immunotherapy era. We hypothesized that treatment of 
the primary site with surgery or radiation in addition to 
treatment of the brain metastases would result in more 
favorable outcomes as compared to no thoracic treatment. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-21-1640/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the University of Rochester’s Research Studies 

Review Board (Study #00000862), and individual consent 
for this retrospective analysis was waived. 

We identified all patients with NSCLC treated with 
SRS for brain metastases between October 2001 and 
October 2015 (n=366) from a prospectively maintained 
database at the University of Rochester. Patient records 
were retrospectively reviewed and those with evidence of 
extracranial metastases at the time of SRS, or incomplete 
staging records, were excluded from these analyses. For 
the remaining patients (n=137), follow-up imaging and 
clinic records were reviewed to determine the timing and 
location of recurrences. Patients with available follow-up 
imaging (n=124) were analyzed for patterns of recurrence; 
all patients were analyzed for OS.

All patients were treated with linear accelerator-based 
SRS using the BrainLab Novalis ExacTrac system. In each 
patient, the SRS dose was prescribed to isocenter with 
the 80% isodose line covering 99% of the target with 
the planning target volume (PTV) equal to gross tumor 
volume. Upfront thoracic therapy (UTT) was defined as 
either thoracic surgery and/or radiotherapy prior to any 
locoregional progression. Patients typically underwent brain 
magnetic resonance imaging (MRI) and body computerized 
tomography (CT) or positron emission tomography 
(PET)-CT to detect disease progression at 3–4 months 
intervals post-treatment. Progression was defined as: (I) an 
increase in the measured size of a treated brain lesion, not 
subsequently found to be necrosis on salvage craniotomy 
or follow-up MRI with perfusion or spectroscopy; (II) 
recurrence of initial thoracic disease; and/or (III) interval 
development of new intra- or extra-cranial metastases.

Statistical analysis 

Baseline patient characteristics were compared using the 
Wilcoxon rank-sum or Chi-squared tests. The cumulative 
intracranial tumor volume (CITV) was calculated from 
the Novalis BrainLab treatment planning system. OS was 
calculated from the time of brain metastasis diagnosis to 
death from any cause or censored at last patient contact 
for survivors. Patterns of first and cumulative recurrences 
were determined through retrospective review of patient 
imaging. Analyzed recurrence patterns included: local 
brain recurrence, local lung recurrence, regional nodal 
recurrence and distant sites of brain, lung, non-regional 
lymph nodes, bone, liver, adrenal gland and other distant 
sites. Time to progression (TTP) was calculated from the 
time of brain metastasis diagnosis until progression or last 

https://jtd.amegroups.com/article/view/10.21037/jtd-21-1640/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-21-1640/rc


Journal of Thoracic Disease, Vol 14, No 6 June 2022 1871

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(6):1869-1879 | https://dx.doi.org/10.21037/jtd-21-1640

follow-up. OS and TTP were estimated using the Kaplan-
Meier method and compared using the log-rank test. Overall 
TTP, extracranial TTP, and intracranial TTP were analyzed 
separately. Organ-specific TTP (adrenal gland, bone, distant 
lung, liver, non-regional lymph nodes, and others) were also 
analyzed. The frequency and type of salvage therapy after 
intracranial progression are described. Both univariable and 
multivariable Cox proportional hazards models were used to 
assess patient factors associated with TTP and OS accounting 
for age, performance status, sex, histology, thoracic stage 
(i.e., T and N stage ignoring M1 for brain metastases), 
timing (synchronous vs. metachronous presentation) of 
brain metastases, number of brain metastases and treatment 
for brain and primary lung cancers. Hazard ratios (HR) are 
presented. All P values are two-sided. Statistical analysis was 
performed using STATA version 14 (13). 

Results

Patient and treatment characteristics

Table 1 summarizes the patient and treatment characteristics. 
Median age at diagnosis of brain metastases was 63 
(range, 41–88) years. Eight-eight (64.2%) had presented 
with synchronous occurrence of primary NSCLC and 
brain metastases. The median CITV was 4.71 (range, 
0.03–268.1) cc. One-hundred and three (75.2%) patients 
had symptomatic brain metastasis at presentation. Thirty-

Table 1 Patient and treatment characteristics of 137 patients 
treated with radiosurgery for brain metastases from NSCLC

Characteristic Number (%)

Age at diagnosis of brain metastases, years

<60 52 (38.0)

≥60 85 (62.0)

Karnofsky performance status

<70 6 (4.4)

70–80 74 (54.0)

>80 57 (41.6)

Sex

Male 75 (54.7)

Female 62 (45.3)

Histology

Adenocarcinoma 92 (67.2)

Squamous cell carcinoma 13 (9.5)

Other* 32 (23.4)

Thoracic stage (ignoring brain metastases)†

I 24 (17.5)

II 8 (5.8)

III 105 (76.6)

Timing if brain metastases and primary NSCLC

Synchronous 88 (64.2)

Metachronous 49 (35.8)

Number of brain metastases

1 85 (62.0)

2–3 33 (24.1)

≥4 19 (13.9)

Upfront brain-metastases directed therapy 

SRS alone 48 (35.0)

WBRT + SRS 51 (37.2)

Surgery + SRS 23 (16.8)

Surgery + WBRT + SRS 15 (11.0)

Upfront thoracic therapy‡

Surgery ± radiotherapy 9 (10.2)§

Chemoradiotherapy 18 (20.5)

SBRT 15 (17.0)

Table 1 (continued)

Table 1 (continued)

Characteristic Number (%)

Conventionally fractionated radiotherapy 14 (15.9)

None 32 (36.4)

*, including NSCLC not otherwise specified and large cell 
carcinoma. †, using 8th edition of AJCC staging manual. Initial 
T stage was unknown, 1, 2, 3, 4 in 1.4%, 26.1%, 30.4%, 
22.5% and 18.8% respectively. Initial N stage was 0, 1, 2, and 
3 in 22.5%, 11.6%, 47.8% and 18.1% respectively. Staging 
was clinical in all but the 9 patients who underwent definitive 
resection; ‡, this applies only for the 88 patients who developed 
brain metastases synchronously with their primary NSCLC. 
Those with metachronous treatment previously had their primary 
tumor addressed, and controlled, with local therapy; §, thoracic 
resection included lobectomy and lymph node dissection (n=3) 
and sublobar resection (n=6); with lymph node dissection or 
sampling. NSCLC, non-small cell lung cancer; SRS, stereotactic 
radiosurgery; WBRT, whole brain radiotherapy; AJCC, American 
Joint Committee on Cancer. 
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eight (27.8%) initially underwent craniotomy and resection 
of brain metastases. The median diagnosis-specific graded 
prognostic assessment (DS-GPA) (14) was 2.5 (range, 
1.0–4.0). Staging was performed with MRI brain in 96.3% 
and PET-CT in 68.1% with all others undergoing CT 
head and/or body CT imaging plus bone scan to complete 
staging. Eighty-five (62.0%) received upfront systemic 
therapy with first line chemotherapy (for at least 1 cycle) or 
a molecular targeted therapy for a known epidermal growth 
factor receptor (EGFR) mutation or anaplastic lymphoma 
kinase (ALK) rearrangement prior to disease progression. 
Of patients with adenocarcinoma histology (n=92), 38 
patients were assessed with molecular testing and 8 (21%) 
had a targetable mutation. Of these 8 patients, 4 received 
upfront tyrosine kinase inhibitor (TKI) targeted therapy, 2 
received upfront chemotherapy and ultimately TKI therapy 
for salvage, and 2 were assessed for mutation status at the 
time of disease progression (as targeted drugs became 
standard of care) but were unable to receive systemic 
therapy due to declining performance status. 

The median cumulative dose and number of fractions for 
patients receiving WBRT was 30 (range, 24–50.4) Gy and 
10 (range, 8–28) fractions. All but 1 patient received ≤15 
fractions and only 2 received <30 Gy; all others received 
30 Gy in 10 fractions or 35–37.5 Gy in 14–15 fractions. All 
SRS was delivered in 1 fraction. The median SRS isocenter 
dose and PTV size were 16.5 (range, 9–25) Gy and 4.4 
(0.06–193.8) cc, respectively. 

For patients with metachronous brain metastases, the 
median interval from diagnosis and initial treatment of 
NSCLC to brain metastases was 14.2 (range, 1–68) months. 

Among those not undergoing UTT, 31 received systemic 
therapy alone. For patients undergoing UTT, the range 
of time from initial diagnosis to completion of treatment 
of thoracic disease (prior to any evidence of progression) 
was broad (range, 1–12 months); though for most, it 
was on the order of months (2nd–3rd interquartile range:  
1.9–3.9 months). Non-surgical patients undergoing UTT 
were treated to a median biologically effective dose (BED) 
of 75.0 (range, 39–141.0) Gy (using α/β=10). Three patients 
received a BED of <60 Gy.

Among patients with synchronous brain metastases 
(n=88), those receiving UTT (n=56) were less likely 
to receive upfront systemic therapy (67.9% vs. 90.6%; 
P=0.017), but more likely to have lower thoracic stage 
disease (28.6% vs. 9.4% thoracic Stage I–II) and lower 
CITV (median 1.71 vs. 8.41 cc, P=0.030) as compared to 

patients not receiving UTT.

Patterns of recurrence

The median follow-up for patients analyzed for patterns 
of recurrence was 16.0 (range, 1.9–145.6) months. The 
median overall TTP, intracranial TTP, and extracranial 
TTP were 9.3, 14.5, and 14.4 months, respectively. 
Patterns of first and cumulative recurrences are given 
in Table S1. Intracranial recurrences were symptomatic 
in 36.8% (n=46), asymptomatic in 59.2% (n=74) and 
unknown in 4% (n=4). Kaplan-Meier curves of TTP for 
various organs/sites are shown in Figure 1. At time of death 
or last follow-up, 60 (48.4%) and 70 (56.5%) patients 
developed recurrence in distant brain and extracranial 
sites, respectively, while 31 (25.0%) had developed no 
discernible distant recurrences.

Patient and treatment factors associated with recurrence

Univariable analyses of TTP revealed male sex (HR 
1.642, P=0.012), greater CITV (HR 1.004 per cc, 
P=0.020), and disease-specific graded prognostic index 
(HR 0.668, P=0.022) as adverse risk factors; male sex and 
CITV remained significant with multivariable analysis  
(Table S2). For intracranial TTP, greater CITV (HR 
1.004 per cc, P=0.039) and worse DS-GPA (HR 0.612, 
P=0.018) were adverse factors with univariable analyses; 
these factors were not significant with multivariable analysis 
whereas adenocarcinoma histology (HR 0.584, P=0.038) 
was (Table S3). For extracranial TTP, only synchronous 
occurrence of brain metastases (HR 1.912, P=0.014) was 
a significant factor with univariable analyses whereas 
no factors were significant with multivariable analysis  
(Table S4). UTT was the only significant predictor of 
extracranial TTP (HR 0.447, P=0.003 on univariate analysis 
and HR 0.366, P=0.001 on multivariable analysis) among 
patients with synchronous brain metastases (Table S5). Within 
the subgroup of thoracic stage III patients (n=69), those treated 
with UTT experienced a median extracranial TTP 19.3 vs.  
9 months among stage III patients treated with vs. without UTT. 

For patients who received upfront WBRT with SRS, 
the median brain TTP (19.1 vs. 13.3 months, P=0.34) and 
median distant brain TTP (23.1 vs. 17.4 months, P=0.11) 
were numerically (non-significantly) longer; and the rate of 
distant brain relapse was non- significantly less (39.6% vs. 
58.0%, P=0.10). 

https://cdn.amegroups.cn/static/public/JTD-21-1640-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-21-1640-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-21-1640-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-21-1640-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JTD-21-1640-Supplementary.pdf
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Analysis of progression among patients with synchronous 
brain metastases

Among patients with synchronous brain metastases, 
UTT was associated with improved median extracranial 
TTP (16.0 vs. 8.6 months, P=0.002), but similar median 
overall TTP (8.5 vs. 8.4 months, P=0.059) (see Figure S1). 
Twenty-two (43.1%) patients receiving UTT experienced 
central nervous system (CNS) progression by 9 months. 
Extracranial TTP was longer after systemic therapy used 
in conjunction with UTT vs. systemic therapy alone 
(19.3 vs. 8.6 months, P=0.001). Extracranial TTP after 
UTT alone was numerically longer, but not significantly, 
vs. systemic therapy alone (14.2 vs. 8.6 months, P=0.20). 
Receipt of upfront systemic therapy was not associated 
with an improvement in overall or extracranial TTP in 
either synchronous (8.6 vs. 7.1 months, P=0.12 and 12.8 vs.  

14.2 months, P=0.81) or metachronous (7.5 vs. 14.2 months, 
P=0.073 and 22.9 vs. 59.3 months, P=0.25) patients. 

Salvage therapy

Of the 76 patients experiencing intracranial progression 
after SRS, 44 (57.9%) received salvage SRS-alone and 
24 (31.6%) received salvage WBRT. Eleven (9.4%) 
underwent salvage cranial resection due to concern for 
progression versus refractory symptomatic radionecrosis. 
Of the 78 patients experiencing extracranial progression, 
at our institution, 34 (43.6%) received salvage systemic 
therapy (either chemotherapy, molecular targeted therapy 
or immunotherapy) following this progression, and seven 
(30.4%) received palliative radiotherapy to the chest. The 
remainder of patients were either treated elsewhere or did 

Figure 1 Kaplan-Meier of TTP. Overall, intra- and extra-cranial TTP among all 124 patients evaluable for progression (A); TTP grouped 
by site of progression: distant versus local sites (B); TTP grouped by extracranial site (i.e., organ/tissue) of distant progression (C). CNS, 
central nervous system; TTP, time to progression; LN, lymph node.
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not undergo additional therapy. 

Patient and treatment variables associated with OS

Median OS following diagnosis of brain metastases was 
16.6 (range, 2.2–145.6) months and the 2-year survival rate 
was 38% (Figure 2). There were 111 (79%) deaths with 26 
(21%) patients alive at last follow-up. Older age (HR 1.022, 
P=0.029), symptomatic presentation of brain metastases 
(HR 1.798, P=0.011), increasing maximal brain metastasis 
dimension (HR 1.185 per cm, P=0.032), CITV >10 cc (HR 
1.543, P=0.028), poorer Karnofsky performance status 
(KPS) (HR 0.960, P<0.001), and DS-GPA (HR 0.483, 
P<0.0001) were adverse predictors of OS with univariable 
analyses; only KPS and adenocarcinoma histology were 
significant factors with multivariable analysis (Table S6). 

Patients with metachronous metastases were less likely to 
die of extracranial malignancy (27.8% vs. 50.0%, P=0.032). 

Analysis of OS among patients with synchronous brain 
metastases

There were 67 (76%) deaths among the 88 patients 
p re sent ing  w i th  synchronous  bra in  meta s t a se s . 
Adenocarcinoma histology (HR 0.387, P=0.002), greater 
DS-GPA (HR 0.565, P=0.013), lower thoracic stage (HR 
0.609, P=0.004), and UTT (HR 0.515, P=0.029) were 
associated with improved OS on multivariable analyses 
(Table 2). Within the subgroup of thoracic stage III patients 
(n=69), those treated with UTT experienced median OS of 
22.7 months and 5-year OS of 15.6%.

Discussion

To our knowledge, this is the largest study evaluating 
long-term outcomes in NSCLC patients with solitary or 
multiple brain-only metastases in the modern staging era. 
Furthermore, this is the first study of organ-specific patterns 
of recurrence and the largest series to date examining the 
association of UTT with OS in this population.

Univariable analyses revealed female sex, lower CITV, 
and higher DS-GPA to be significant predictors of better 
TTP while younger age, asymptomatic brain metastasis 
presentation, smaller maximal brain metastasis dimension, 
smaller CITV, higher KPS, and higher DS-GPA were 
significantly associated with improved OS. None of these 
factors, other than the association of higher KPS with OS, 
were significant on multivariable analyses, possibly reflecting 
lack of significance of these factors vs. the multivariable 
analyses being underpowered. These findings on univariate 
analyses are consistent with other studies in the published 
literature (10,15-24) with the possible exception of 
metachronous presentation of brain metastases, which 
was not a significant factor in our analyses. Metachronous 
vs. synchronous presentation of oligometastases (not 
specifically brain metastases) from NSCLC has been shown 
to be associated with more favorable survival outcomes (25).  
In studies specific to patients with NSCLC treated with 
SRS for solitary (n=72 patients) (26) or limited (i.e., 1–4) 
brain metastases (n=61 patients) (27), metachronous 
presentation of brain metastases was the only factor 
significantly favorable for OS. The lack of improved OS 
associated with metachronous presentation in our series may 

Figure 2 Kaplan-Meier OS. The left pane (A) depicts OS among all 137 patients evaluable for survival. In the right pane (B), separate curves 
are shown grouped by DS-GPA. OS, overall survival; DS-GPA, diagnosis-specific graded prognostic assessment.
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be due to the high proportion of patients with synchronous 
brain metastases treated with UTT. A German study of 
patients with oligometastases (>60% with brain metastases) 
also showed no difference in OS or progression free survival 
between metachronous and synchronous presentation when 
the primary was treated with definitive local therapy (28). 
Importantly, patients with metachronous brain metastases 
in our series had decreased distant brain and increased local 
brain recurrences along with significantly decreased risk of 
extracranial recurrence or death from extracranial malignant 
causes supporting aggressive local CNS-directed therapy 
in this population. We also observed that lower CITV, as 
well as asymptomatic brain metastasis presentation, but 
not number of brain metastases was more predictive of OS 
which is consistent with other studies showing intracranial 
tumor burden to be prognostic (29). 

In this series, the majority of recurrences were in thoracic 
and distant brain sites (Table S1). Aside from distant lung, 
other distant extracranial sites were uncommon as sites 
of first recurrences. It is possible that some late distant 
lung recurrences were metachronous second primary 
lung cancers, as these develop in approximately 4–10% of 
patients with NSCLC (30) and are often not biopsied in 
the setting of stage IV disease, however the lower risk with 
metachronous presentation (14.6% vs. 47.4%, P<0.05) 
would suggest otherwise. 

Notably, 54 (43.5%) patients were free of distant 
extracranial failure and 31 (24.8%) patients were free of 
distant brain and distant extracranial failure at time of last 
follow-up or death. As a substantial percentage of patients 
will not develop progression outside of known areas of 
disease, local control of existing brain metastases and (for 

synchronous presentation) initial thoracic disease, becomes 
paramount. Additionally, as aggressive CNS-directed 
local therapy with SRS and/or surgery has been shown 
to provide durable brain local control and improve OS 
(8,9), the burden of disease progression and mortality may 
increasingly shift toward known thoracic disease. 

There is a growing body of literature supporting 
the use of definitive thoracic therapy in the setting 
of  o l igometastat ic  NSCLC, typica l ly  def ined as  
<3–5 lesions (11). Although brain metastases are considered 
to be an adverse prognostic factor among patients with 
oligometastatic NSCLC (25), several studies limited to 
patients with synchronous brain-only metastases from 
NSCLC have shown prolonged survival is possible with 
aggressive local therapy (10,15-22,31-33).

In randomized phase II studies from Gomez and 
colleagues (from MD Anderson Cancer Center, University 
of Colorado and London, Ontario) (34,35) and Iyengar and 
colleagues (from University of Texas Southwestern) (36)  
patients with extracranial oligometastases were randomized 
to receive or not receive local consolidative therapy—
radiation or resection of all lesions (including primary 
sites). Both studies were closed early because of a 
significant progression-free survival benefit with local 
consolidative therapy. In the study by Gomez et al. (34), 
local consolidative therapy was associated with significantly 
improved OS and lower rates of new metastases. Greater 
than a quarter of patients in the study by Gomez, and more 
than half of the patients in the study by Iyengar, had treated 
brain metastases; though not specifically treated with 
radiosurgery (most receiving upfront WBRT in the study 
by Iyengar, and none receiving upfront WBRT in study by 

Table 2 Univariable and multivariable analyses of factors impacting overall survival among 88 patients with synchronous brain metastases

Patient/treatment factors Cox UVA for OS Cox MVA for OS

Male HR 1.075, P=0.772 HR 1.233, P=0.454

DS-GPA (1.0–4.0) HR 0.526, P=0.003 HR 0.565, P=0.013

Adenocarcinoma histology HR 0.426, P=0.002 HR 0.387, P=0.002

Thoracic stage (I–II vs. III) HR 0.746, P=0.055 HR 0.609, P=0.004

Upfront systemic therapy HR 0.696, P=0.225 HR 0.714, P=0.287

Upfront thoracic therapy HR 0.809, P=0.423 HR 0.515, P=0.029

CITV (cc) HR 1.002, P=0.204 HR 1.000, P=0.827

Upfront whole brain radiotherapy HR 1.616, P=0.074 HR 1.086, P=0.762

UVA, univariable analysis; OS, overall survival; MVA, multivariable analysis; DS-GPA, diagnosis-specific graded prognostic assessment; 
CITV, cumulative intracranial tumor volume.
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Gomez, with some receiving pemetrexed chemotherapy-
alone). All patients in these two studies had metastatic sites 
outside of the brain (whereas none of the patients in our 
study did), and patients with brain metastases were not 
analyzed separately.

Similar to the results from Gray and colleagues (10), 
our study shows UTT in patients with brain metastases 
significantly alters patterns of recurrence and is associated 
with improved OS (HR 0.515, P=0.029). Among patients 
with synchronous presentation, receipt of UTT was 
associated with improved locoregional control (73.3% 
vs.  28.3%, P<0.05) and extracranial TTP (16.0 vs.  
8.6 months, P=0.002), as well as increased brain-only first 
recurrences (47.8% vs. 20.0%, P=0.012). While other 
studies have shown the importance of radiation dose with 
UTT (37,38), the heterogeneity of UTT techniques 
(surgery, chemoradiation, stereotactic body radiotherapy 
(SBRT), or conventional radiotherapy alone) in our series 
made uncovering a dose effect on TTP and OS infeasible. 
Of note, the vast majority of patients in our study were 
treated definitively, though 3 received a BED of <60 Gy; 
however palliative radiotherapy dosing of NSCLC has been 
associated with favorable control and survival outcomes in 
select patients (39).

Remarkably, patients in our study with synchronous stage 
III thoracic disease (n=69) had median extracranial TTP 
and OS of 19.3 and 22.7 months, respectively. As such, we 
would discourage withholding aggressive thoracic therapy 
from thoracic stage III patients who are fit and without 
other contraindications. Of note, among our patients with 
synchronous brain metastases, relatively few had thoracic 
stage I–II disease (n=19) and their OS was relatively poor 
compared to those thoracic stage III disease (Table 2). This 
likely reflects a limitation of small sample size, although 
could reflect a unique biology of cancer that metastasizes to 
the brain early without mediastinal nodal involvement or 
advanced T stage. 

While upfront WBRT reduces the rate of local and 
distant intracranial recurrences (29), it is well recognized 
that WBRT does not prolong survival (as was the case in 
our study) and is associated with worse quality of life and 
neurocognitive outcomes (29). WBRT is therefore not 
recommended for patients with limited brain metastases.

In regards to the role of upfront systemic therapy, the 
lack of appreciable benefit, along with the prolonged 
extracranial TTP (median 14.2 months) observed in 
patients treated with UTT without upfront systemic 
therapy suggests that biology, rather than treatment, may 

be an important factor in why some patients with brain-
only metastases do not experience progression in new 
extracranial sites. A better ability to predict which patients 
will experience prolonged extracranial TTP may allow for 
reservation of palliative systemic therapy until the time of 
extracranial progression, if it ever occurs. 

There are several limitations of our study. These include 
its retrospective nature which makes ascertaining the 
selection for, and relative benefit of, different treatment 
modalities difficult due to underlying bias. Close to 
one-third of patients did not undergo PET for staging, 
which would be unlikely to occur presently. There was 
heterogeneity in the treatment (surgery vs. radiation) and 
radiotherapy dosing of those undergoing UTT. Another 
limitation is that EGFR and ALK status was known in only 
38 (41.3%) patients with adenocarcinoma histology, as 
the majority were treated before our institution routinely 
tested for these mutations. Furthermore, details regarding 
upfront systemic therapy agents, dosing and number of 
cycles were not analyzed as these details were not always 
available. Perhaps most notably, all of our patients were 
treated in the pre-immunotherapy era and before the 
era of targeted agents with high intracranial activity that 
could alter patterns of recurrence as well as TTP and 
OS. The improved PFS and OS associated with adjuvant 
immunotherapy after definitely concurrent chemoradiation 
for Stage III NSCLC (40) suggest that definitive 
radiotherapy could also benefit patients with limited 
metastatic disease receiving immunotherapy. In addition, 
as recurrences may not always be symptomatic, choice of 
surveillance imaging modalities might affect the timing 
and location of detectable recurrences. Lastly, patients 
alive without recurrence at last follow-up may still develop 
recurrences that we have not accounted for. 

Conclusions

Our results show that patients presenting with advanced 
stage NSCLC and brain-only metastases based on 
modern staging techniques are unlikely to develop first 
recurrences at distant sites outside the brain or thorax and 
nearly one half may not develop new clinically appreciable 
extracranial metastases prior to death. These results from 
a single institution may not be generalizable to the general 
population. As patients treated with SRS have the potential 
for durable brain control and/or successful salvage of 
progressive intracranial disease, the use of UTT to control 
existing thoracic disease is vital to improving long-term 
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survival in patients with synchronous presentation. Future 
development of randomized prospective trials, especially in 
the era of newer immune modulated therapies, is crucial to 
better understanding the disease free and OS benefit added 
by this treatment approach.
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Table S1 Patterns of First and [Cumulative] Recurrences

Metastasized organ Local CNS Distant CNS Any CNS Primary Regional node(s) Loco-regional Distant Lungs Non-regional node(s) Bone Liver Adrenal gland Other Any extra-cranial Brain only Outside brain only None

Metachronous (n=42) 34.1% [39.0%] 24.4% [39.0%] 51.2% [61.0%] 4.9% [7.3%] 7.3% [17.1%] 9.8% [17.1%] 7.3% [14.6%] 2.4% [12.2%] 9.8% [14.6%] 2.4% [4.9%] 2.4% [7.3%] 4.9% [9.8%] 28.6% [46.3%] 51.2% [34.2%] 29.3% [19.4%] 19.5%

Synchronous (n=82) 15.8% [28.9%] 43.4% [56.6%] 48.7% [64.5%] 25.0% [32.9%] 23.7% [36.8%] 34.2% [46.1%] 26.3% [47.4%] 3.9% [15.8%] 9.2% [27.6%] 11.8% [25.0%] 6.6% [21.1%] 6.6% [21.1%] 52.4% [75.0%] 36.9% [15.8%] 40.8% [26.3%] 9.2%

Solitary (n=77) 13.7% [21.9%] 31.5% [47.9%] 42.5% [57.5%] 19.2% [24.7%] 15.1% [28.8%] 26.0% [37.0%] 24.7% [38.4%] 2.7% [15.1%] 8.2% [23.3%] 5.5% [13.7%] 0% [11.0%] 6.8% [20.5%] 45.5% [67.1%] 37.0% [17.8%] 42.4% [27.4%] 15.1%

Multiple (n=47) 36.4% [50.0%] 45.5% [54.5%] 61.4% [72.7%] 15.9% [22.7%] 22.7% [31.8%] 25.0% [34.1%] 11.4% [31.8%] 4.5% [13.6%] 11.4% [22.7%] 13.6% [25.0%] 11.4% [25.0%] 4.5% [11.4%] 42.6% [61.4%] 50.0% [29.5%] 31.2% [18.2%] 9.1%

+WBRT (n=53) 25.9% [35.2%] 31.5% [39.6%] 49.0% [58.8%] 13.7% [19.6%] 17.6% [25.5%] 25.5% [33.3%] 19.6% [37.3%] 2.0% [7.8%] 17.6% [23.5%] 11.8% [21.6%] 2.0% [7.8%] 7.8% [17.6%] 45.3% [62.7%] 41.2% [23.5%] 37.3% [27.0%] 13.7%

-WBRT (n=71) 18.3% [282%] 40.9% [58.0%] 50.0% [66.7%] 21.2% [27.3%] 18.2% [33.3%] 25.8% [37.9%] 19.7% [34.8%] 4.5% [19.7%] 3.0% [22.7%] 6.1% [15.2%] 7.6% [22.7%] 4.5% [16.7%] 43.7% [66.7%] 42.4% [21.2%] 37.9% [21.2%] 12.1%

+UTT (n=51) 21.7% [34.8%] 50.0% [63.0%] 58.7% [71.7%] 6.5% [10.9%] 13.0% [23.9%] 17.4% [28.3%] 23.9% [47.8%] 2.2% [19.6%] 4.3% [26.1%] 6.5% [26.1%] 6.5% [19.6%] 8.7% [26.1%] 39.2% [69.6%] 47.8% [19.6%] 30.4% [10.9%] 10.9%

-UTT (n=31) 6.7% [20.0%] 33.3% [46.7%] 33.3% [53.3%] 53.3% [66.7%] 40.0% [56.7%] 60.0% [73.3%] 30.0% [46.7%] 6.7% [10.0%] 16.7% [30.0%] 20.0% [23.3%] 6.7% [23.3%] 3.3% [13.3%] 74.2% [83.3%] 20.0% [10.0%] 60.0% [40.0%] 6.7%

Combined (n=124) 22.0% [32.5%] 36.4% [50.4%] 49.1% [63.2%] 17.8% [23.9%] 17.8% [29.9%] 25.4% [35.9%] 19.5% [35.9%] 3.4% [14.5%] 9.3% [23.1%] 8.5% [17.9%] 5.1% [16.2%] 5.9% [17.1%] 44.4% [63.7%] 41.5% [22.0%] 37.3% [23.7%] 13.6%
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Table S2 Univariable and multi-variable analyses for time to progression 

Clinical/patient characteristics UVA MVA 

Male sex (n=65) HR 1.642, P=0.012 HR 1.692, P=0.010

Age at BM diagnosis HR 1.014, P=0.159 -

Adenocarcinoma histology (n=86) HR 0.866, P=0.508 -

Thoracic stage HR 0.969, P=0.808 -

Upfront systemic therapy (n=80) HR 1.218, P=0.351 -

Synchronous timing (n=82) HR 1.455, P=0.077 -

Symptomatic presentation (n=92) HR 1.355, P=0.184 -

Solitary metastasis (n=77) HR 0.820, P=0.325 -

Maximal brain metastasis dimension (cm) HR 1.180, P=0.057 -

CITV (cc) HR 1.004, P=0.020 HR 1.004, P=0.032

CITV >10 cc (n=43) HR 1.393, P=0.120 -

SRS dose HR 1.007, P=0.890 -

Craniotomy at diagnosis (n=36) HR 0.718, P=0.142 -

WBRT + SRS upfront (n=53) HR 0.789, P=0.233 -

KPS HR 0.988, P=0.239 -

DS-GPA HR 0.668, P=0.022 HR 0.736, P=0.088

Table S3 Univariable and multi-variable analyses for intracranial for time to progression 

Clinical/patient characteristics UVA MVA 

Male sex (n=65) HR 1.332, P=0.214 -

Age at BM diagnosis HR 1.017, P=0.135 HR 1.014, P=0.238

Adenocarcinoma histology (n=86) HR 0.711, P=0.170 HR 0.584, P=0.038

Thoracic stage HR 0.901, P=0.481 -

Upfront systemic therapy (n=80) HR 0.880, P=0.595 -

Synchronous timing (n=82) HR 1.249, P=0.365 -

Symptomatic presentation (n=92) HR 1.402, P=0.209 -

Solitary metastasis (n=77) HR 0.683, P=0.105 HR 0.689, P=0.130

Maximal brain metastasis dimension (cm) HR 1.161, P=0.149 -

CITV (cc) HR 1.004, P=0.039 HR 1.003, P=0.186

CITV >10 cc (n=43) HR 1.350, P=0.224 -

SRS dose HR 1.010, P=0.856 -

Craniotomy at diagnosis (n=36) HR 0.842, P=0.506 -

WBRT + SRS upfront (n=53) HR 0.799, P=0.338 -

KPS HR 0.997, P=0.802 -

DS-GPA HR 0.612, P=0.018 -
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Table S4 Univariable and multi-variable analyses for extracranial time to progression 

Clinical/patient characteristics UVA MVA 

Male sex (n=65) HR 1.549, P=0.057 HR 1.493, P=0.086

Age at BM diagnosis HR 1.011, P=0.337 -

Adenocarcinoma histology (n=86) HR 0.983, P=0.946 -

T stage HR 1.183, P=0.107 HR 1.123, P=0.296

N stage HR 0.940, P=0.593 -

Thoracic stage HR 0.869, P=0.342 -

Upfront systemic therapy (n=80) HR 1.613, P=0.064 HR 1.211, P=0.515

Synchronous timing (n=82) HR 1.912, P=0.014 HR 1.637, P=0.103

Solitary metastasis (n=77) HR 0.857, P=0.519 -

KPS HR 0.982, P=0.153 -

DS-GPA HR 0.744, P=0.151 HR 0.707, P=0.089

PET-CT staging (n=88) HR 1.486, P=0.130 HR 1.131, P=0.652

Table S5 Univariable and multi-variable analyses for extracranial time to progression among 82 patients who developed synchronous brain 
metastases 

Clinical/patient characteristics
Synchronous patients in POR cohort (n=82)

Cox UVA for extracranial TTP Cox MVA for extracranial TTP

Male sex (n=44) HR 1.182, P=0.525 -

Age at BM diagnosis HR 1.011, P=0.433 -

Adenocarcinoma histology (n=55) HR 0.719, P=0.248 HR 0.583, P=0.080

T stage HR 1.130, P=0.281 -

N stage HR 1.061, P=0.687 -

Thoracic stage HR 0.806, P=0.198 HR 0.754, P=0.113

Upfront systemic therapy (n=63) HR 1.083, P=0.814 -

Upfront thoracic therapy (n=51) HR 0.447, P=0.003 HR 0.366, P=0.001

Solitary metastasis (n=50) HR 0.865, P=0.593 -

KPS HR 0.975, P=0.071 HR 0.973, P=0.066

DS-GPA HR 0.729, P=0.157 -

PET-CT staging (n=65) HR 1.165, P=0.640 -
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Table S6 Univariable and multi-variable analyses for overall survival 

Clinical/patient characteristics UVA MVA 

Male sex (n=73) HR 1.275, P=0.208 -

Age at BM diagnosis HR 1.022, P=0.029 HR 1.019, P=0.081

Adenocarcinoma histology (n=92) HR 0.676, P=0.054 HR 0.648, P=0.039

Thoracic stage HR 0.842, P=0.163 -

Upfront systemic therapy (n=85) HR 0.941, P=0.763 -

Synchronous timing (n=89) HR 0.899, P=0.587 -

Symptomatic presentation (n=103) HR 1.798, P=0.011 HR 1.532, P=0.079

Solitary metastasis (n=85) HR 0.738, P=0.126 -

Maximal brain metastasis dimension (cm) HR 1.185, P=0.032 -

CITV (cc) HR 1.002, P=0.078 -

CITV >10 cc (n=49) HR 1.543, P=0.028 HR 1.298, P=0.211

SRS dose HR 0.936, P=0.195 -

Craniotomy at diagnosis (n=39) HR 0.780, P=0.262 -

WBRT + SRS upfront (n=64) HR 1.269, P=0.215 -

KPS HR 0.960, P<0.001 HR 0.968, P=0.002

DS-GPA HR 0.483, P<0.0001 -

Figure S1 Extracranial (A) and overall TTP (B) among patients with synchronous brain metastases treated with vs. without upfront thoracic 
therapy.
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