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Postoperative stereotactic radiosurgery compared with whole
brain radiotherapy for resected metastatic brain disease (NCCTG
N107C/CEC-3): a multicentre, randomised, controlled, phase 3
trial

Prof Paul D Brown, MD, Prof Karla V Ballman, PhD, Jane H Cerhan, PhD, S Keith Anderson,
MS, Xiomara W Carrero, BS, Prof Anthony C Whitton, MD, Jeffrey Greenspoon, MD, Prof
lan F Parney, MD, Nadia N | Laack, MD, Jonathan B Ashman, MD, Prof Jean-Paul Bahary,
MD, Prof Costas G Hadjipanayis, MD, James J Urbanic, MD, Fred G Barker I, MD, Elana
Farace, PhD, Deepak Khuntia, MD, Prof Caterina Giannini, MD, Prof Jan C Buckner, MD,
Prof Evanthia Galanis, MD, and David Roberge, MD

Mayo Clinic, Rochester, MN, USA (Prof P D Brown MD, J H Cerhan PhD, Prof | F Parney MD, N N
| Laack MD, Prof C Giannini MD, Prof J C Buckner MD, Prof E Galanis MD); MD Anderson
Cancer Center, Houston, TX, USA (Prof P D Brown); Alliance Statistics and Data Center, Mayo
Clinic, Rochester, MN, USA (Prof K V Ballman PhD, S K Anderson MS, X W Carrero BS); Weill
Medical College of Cornell University, New York, NY, USA (Prof K V Ballman); Juravinski Cancer
Centre, Hamilton, ON, Canada (Prof A C Whitton MD, J Greenspoon MD); Mayo Clinic, Phoenix/
Scottsdale, AZ, USA (J B Ashman MD); CHUM—Notre Dame, Montreal, QC, Canada (Prof J-P
Bahary MD, D Roberge MD); Mount Sinai Beth Israel, New York, NY, USA (Prof C G Hadjipanayis
MD); University of California San Diego, Moores Cancer Center, La Jolla, CA, USA (J J Urbanic
MD); Massachusetts General Hospital Cancer Center, Boston, MA, USA (F G Barker Il MD);
Penn State University College of Medicine, Hershey, PA, USA (E Farace PhD); and Precision
Cancer Specialists and Varian Medical Systems, Palo Alto, CA, USA (D Khuntia MD)

Summary

Background—Whole brain radiotherapy (WBRT) is the standard of care to improve intracranial
control following resection of brain metastasis. However, stereotactic radiosurgery (SRS) to the
surgical cavity is widely used in an attempt to reduce cognitive toxicity, despite the absence of
high-level comparative data substantiating efficacy in the postoperative setting. We aimed to
establish the effect of SRS on survival and cognitive outcomes compared with WBRT in patients
with resected brain metastasis.
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Methods—In this randomised, controlled, phase 3 trial, adult patients (aged 18 years or older)
from 48 institutions in the USA and Canada with one resected brain metastasis and a resection
cavity less than 5-0 cm in maximal extent were randomly assigned (1:1) to either postoperative
SRS (12-20 Gy single fraction with dose determined by surgical cavity volume) or WBRT (30 Gy
in ten daily fractions or 37-5 Gy in 15 daily fractions of 2.5 Gy; fractionation schedule
predetermined for all patients at treating centre). We randomised patients using a dynamic
allocation strategy with stratification factors of age, duration of extracranial disease control,
number of brain metastases, histology, maximal resection cavity diameter, and treatment centre.
Patients and investigators were not masked to treatment allocation. The co-primary endpoints were
cognitive-deterioration-free survival and overall survival, and analyses were done by intention to
treat. We report the final analysis. This trial is registered with ClinicalTrials.gov, number
NCT01372774.

Findings—Between Nov 10, 2011, and Nov 16, 2015, 194 patients were enrolled and randomly
assigned to SRS (98 patients) or WBRT (96 patients). Median follow-up was 11-1 months (IQR
5-1-18-0). Cognitive-deterioration-free survival was longer in patients assigned to SRS (median
3-7 months [95% CI 3-45-5-06], 93 events) than in patients assigned to WBRT (median 3-0
months [2:86-3:25], 93 events; hazard ratio [HR] 0-47 [95% CI 0-35-0:63]; p<0:0001), and
cognitive deterioration at 6 months was less frequent in patients who received SRS than those who
received WBRT (28 [52%] of 54 evaluable patients assigned to SRS 1541 [85%] of 48 evaluable
patients assigned to WBRT; difference —33-6% [95% CI —45.3 to —21.-8], p<0-00031). Median
overall survival was 12-2 months (95% CI 9:7-16.:0, 69 deaths) for SRS and 11-6 months (9-9-
18-0, 67 deaths) for WBRT (HR 1-07 [95% CI 0-76-1-50]; p=0-70). The most common grade 3 or
4 adverse events reported with a relative frequency greater than 4% were hearing impairment
(three [3%] of 93 patients in the SRS group vseight [9%] of 92 patients in the WBRT group) and
cognitive disturbance (three [3%] vsfive [5%]). There were no treatment-related deaths.

Interpretation—Decline in cognitive function was more frequent with WBRT than with SRS
and there was no difference in overall survival between the treatment groups. After resection of a
brain metastasis, SRS radiosurgery should be considered one of the standards of care as a less
toxic alternative to WBRT for this patient population.

Introduction

20-40% of patients with cancer develop brain metastases, and therefore management of this
condition has a tremendous impact on health-care systems, patients, and their families.!
Brain metastases are often surgically resected, especially for large lesions with mass effect
(ie, a tumour can cause damage by pushing or shifting brain tissue), improving survival in
some patient populations.2 However, recurrence in the surgical bed is common following
resection alone.

Findings from prospective trials have shown that postoperative, adjuvant, whole brain
radiotherapy (WBRT) reduces the risk of recurrence in the surgical bed and also reduces the
incidence of new metastases.34 Although adjuvant WBRT improves intracranial control, it
has no substantiated survival benefit and has detrimental effects on quality of life and
cognitive function.® To avoid the toxic effects of WBRT, there is a growing practice to treat
the surgical bed with stereotactic radiosurgery (SRS): precise delivery of large, highly
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focused doses of radiation, which is an established and effective treatment for brain
metastases although its efficacy compared with WBRT in the postoperative setting is
unproven.® Findings from the only study to directly address comparative efficacy for
neurological or cognitive failure did not show non-inferiority of SRS compared with WBRT
in the postoperative setting, and showed worse survival in the SRS treatment group than in
the WBRT group.’

Research in context
Evidence before this study

Whole brain radiotherapy (WBRT) is the standard of care to improve intracranial control
after resection of brain metastasis. However, stereotactic radiosurgery (SRS) to the
surgical cavity is widely used in an attempt to reduce cognitive toxicity, despite the lack
of high-level comparative data substantiating efficacy in the postoperative setting. We
searched PubMed and the abstracts of major conferences (such as the American Society
of Clinical Oncology and American Society for Radiation Oncology) using the terms
“brain metastases”, “irradiation (or radiotherapy)”, “radiosurgery”, and “surgery (or
resection)”, with no language restrictions, and with no constraints imposed on the
timeframe for the search, for randomised evidence to support this practice. We found
only one relevant randomised clinical trial. The trial was underpowered and did not
demonstrate non-inferiority of SRS compared with WBRT for neurological or cognitive

failure in the postoperative setting.
Added value of this study

To our knowledge, this study is the only adequately powered randomised clinical trial
directly comparing SRS with WBRT, the standard of care in the postoperative setting.
Additionally, this trial assesses both quality of life and cognitive function, which are
especially important endpoints in this patient population given the absence of a
substantiated given the absence of a substantiated survival advantage with adjuvant
radiotherapy.

Implications of all the available evidence

The combined evidence suggests that SRS to the surgical cavity results in no significant
difference in survival and improved preservation of quality of life and cognitive outcomes
compared with WBRT. Taken in context with other phase 3 trials assessing SRS to the
surgical bed, the implication for clinical care is that SRS in the postoperative setting is a
viable treatment option to improve surgical bed control and should be considered a
standard of care and a less toxic alternative than WBRT. The implication for future
research is that continued refinement of the SRS technique, such as fractionated or
preoperative radiosurgery, is needed to further improve outcomes such as surgical bed
control.

To address these knowledge gaps, we investigated the role of adjuvant SRS compared with
WBRT in patients with one resected brain metastasis.
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Study design and participants

N107C/CEC-3 was a randomised, controlled, phase 3 trial enrolling patients from 48
institutions in the USA and Canada (appendix p 15). Adult patients (18 years of age or
older) with one resected metastatic brain lesion and a resection cavity measuring less than
5-0 cm in maximal extent were eligible for the trial. Up to three unresected metastases (each
<3 cm in maximal extent) were allowed. Eligibility criteria included Eastern Cooperative
Oncology Group performance status 0—2 and pathology from the resected brain metastasis
consistent with a non-CNS primary site. The estimated median overall survival of eligible
patients was 9—-11 months.134 Exclusion criteria included pregnant or nursing women, men
or women of childbearing potential unwilling to use adequate contraception, inability to
complete an MRI scan with contrast, planned chemotherapy during the radiation, previous
cranial radiotherapy, leptomeningeal metastases, lesion located within 5 mm of the optic
chiasm or within the brainstem, or metastases from primary germ-cell tumours, small-cell
carcinoma, or lymphoma. Previous treatment with systemic therapies (eg, chemotherapy)
was permitted. Cytotoxic chemotherapy was not allowed during SRS or WBRT, but could
start immediately afterwards. The full inclusion and exclusion criteria are given in the
protocol (appendix pp 30-122).

Before patient enrolment, each participating institution provided approval from institutional
review boards and each patient provided written informed consent. The North Central
Cancer Treatment Group (now part of the Alliance for Clinical Trials in Oncology) led the
trial in collaboration with other cooperative groups, including the Canadian Cancer Trials
Group and NRG Oncology Group. The trial was closed to enrolment on Dec 18, 2015, after
meeting accrual goals.

Randomisation and masking

Procedures

Patients were randomly assigned (1:1) to either SRS to the surgical cavity or WBRT. We
used a dynamic allocation strategy with stratification according to age (<60 years vs=60
years), duration of extracranial disease control (<3 months vs>3 months), number of brain
metastases (one vstwo to four), histology (lung vs radioresistant [defined as sarcoma,
melanoma, or renal-cell carcinoma] vs other), maximal diameter of the resection cavity (<3
cm vs>3 cm), and treatment centre. Randomisation group assignment was done
electronically via a web-based system. Due to electronic assignment and the use of a
dynamic allocation algorithm, users could not deduce the next assignment in the sequence.
Neither patients, clinicians, nor study statisticians were masked to treatment assignment,
although the neuropsychologists grading the cognitive assessments were masked to
treatment assignment.

For patients randomly assigned to SRS, the prescribed dose was determined by surgical
cavity volume: 20 Gy if cavity volume was less than 4.2 mL, 18 Gy if 4.2-7-9 mL, 17 Gy if
8:0-14-3 mL, 15 Gy if 14:4-19-9 mL, 14 Gy if 20-0-29-9 mL, and 12 Gy if 30:0 mL or more
up to the maximal surgical cavity extent of 5 cm.8 The surgical cavity was treated with a 2
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mm margin.® Patients randomly assigned to WBRT were treated with either 30 Gy in ten
fractions of 3-0 Gy, or 37-5 Gy in 15 fractions of 2.5 Gy, delivered 5 days a week. Sites
predetermined the fractionation schedule, based on institutional preference, that would be
used for all patients randomised at the site.

For patients randomly assigned to receive SRS to the surgical cavity, any unresected
metastases were treated with SRS with 24 Gy in a single fraction if lesions were less than
1-0 cm, 22 Gy if 1:0-2-0 cm, and 20 Gy if lesions were 2:1-2:9 cm in maximal diameter.>
For patients randomly assigned to receive WBRT, any unresected metastases were treated
with SRS with 22 Gy in a single fraction if lesions were less than 1.0 cm, 20 Gy if 1.0-2:0
cm, and 18 Gy if lesions were 2:1-2:9 cm in maximal diameter.> For both study groups, the
SRS dose was prescribed to the highest isodose line encompassing the target. To participate
in the trial, all centres were required to have their radiosurgery treatment device
credentialled and approved by the Imaging and Radiation Oncology Core Houston Quality
Assurance Center.

Before registration and randomisation, each patient had a baseline assessment consisting of
medical history and physical examination, neurological examination, MRI (volumetric MRI
scans and specific types of contrast were not required), assessment of cognitive function,
quality of life, performance status, and functional independence status. All baseline
evaluations along with assessment of adverse events were repeated at week 12, and months
6,9, 12, 16, and 24. Progression (local, distant, and leptomeningeal disease) was assessed by
the treating physician using MRI scans. Future analyses of patterns of failure will use central
review and dosimetric data. We defined surgical bed recurrence as the development of new
nodular contrast enhancement in the surgical bed compared with the baseline postoperative
MRI. Local failure for unresected metastases was defined as an increase of more than 25%
in the size of the treated lesion. Distant brain failure was defined as the development of new,
non-contiguous lesions. Leptomeningeal disease was diagnosed by imaging results
consistent with this condition (either local or diffuse leptomeningeal disease) or by
examination of spinal fluid positive for malignant cells.®

Quality of life was assessed by the Functional Assessment of Cancer Therapy-Brain (FACT-
Br), Fatigue/Uniscale Assessment, and the Linear Analog Self-Assessment (LASA).10.11
Functional independence was assessed by the Barthel Index of Activities of Daily Living
(ADL).12 We used well established cognitive tests to assess learning and immediate memory
(Hopkins Verbal Learning Test-Revised [HVLT-R] Immediate Recall), verbal fluency
(Controlled Oral Word Association Test [COWAT]), processing speed (Trail Making Test
part A [TMT-A]), executive function (Trail Making Test part B [TMT-B]), delayed memory
(HVLT-R Delayed Recall), and recognition (HVLT-R Recognition).1314 The cognitive
testing was administered by a trained, certified member of the site study team. All treatment-
related toxicities and adverse events were recorded according to National Cancer Institute
Common Terminology Criteria for Adverse Events version 4.0.

The co-primary endpoints were overall survival and cognitive-deterioration-free survival. We
defined overall survival as the time from randomisation to death from any cause and
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cognitive-deterioration-free survival as the time from randomisation to a drop of greater than
1 SD from baseline in at least one of the six cognitive tests (all tests are standardised on the
basis of published norms). For cognitive-deterioration-free survival, patients who died
before 6 months or were alive and did not complete all the neurocognitive tests were judged
as having cognitive deterioration at the time of death or at the time they missed their first
cognitive evaluation (if there were no subsequent cognitive evaluations).

Secondary endpoints were quality of life (change from baseline to 6 months in FACT-Br and
LASA), functional independence (assessed by the Barthel ADL index), local surgical bed
recurrence, local recurrence of unresected metastases, distant brain recurrence, development
of leptomeningeal disease, intracranial progression (time from randomisation to recurrence
in the local surgical bed, progression of unresected metastases, distant brain recurrence, or
development of leptomeningeal disease), long-term cognitive status, and toxicity. Cause-
specific survival was not assessed due to concerns regarding accuracy of assignment of
cause of death.15.16

Statistical analysis

The primary goals of the study were to detect whether there was less cognitive deterioration
after randomisation in patients who received SRS than in patients who received WBRT, and
whether overall survival with post-surgical SRS was marginally superior to WBRT. On the
basis of previously reported studies, we assumed the proportion of patients with cognitive-
deterioration-free survival at 6 months after randomisation would be 65% for patients
undergoing WBRT.17 Under a 1:1 randomisation, a sample size of 174 (87 patients in each
group) yields at least 85% power to detect a 20% (absolute) difference in cognitive-
deterioration-free survival at 6 months between the two treatment groups, assuming a one-
sided type I error rate of 0-05. We used a one-sided test because we assumed that WRBT
would result in greater cognitive deterioration than SRS, on the basis of evidence in other
patient populations.1819 There was a planned over-accrual of 18 patients (target accrual of
192 patients) to account for cancellations, withdrawal before treatment, or ineligible
patients.

The null hypothesis for overall survival was that SRS is inferior to WBRT in terms of overall
survival, versus the alternative hypothesis that SRS is marginally superior to WBRT. The
estimated median overall survival in patients with adjuvant WBRT was 9 months and the
median overall survival for patients with post-surgical SRS is approximately 11 months.1:34
With the design proposed by Freidlin and colleagues?® a sample size of 174 patients yields
at least 90% power at a 0-05 one-sided significance level for targeting a hazard ratio of 1.3
(in favour of WBRT) versus 0-8 (in favour of SRS), assuming an accrual period of 2-8 years
and a minimum follow-up of 10 months. In other words, the trial will have 95% probability
of rejecting the alternative hypothesis of marginal superiority of SRS with respect to overall
survival if the true hazard ratio is 1-3 (in favour of WBRT), and 90% probability of
concluding the marginal superiority of SRS if the true hazard ratio is 0-8 (in favour of SRS).

The trial had one planned interim analysis (which was accounted for in the sample size
calculations using O’Brien-Fleming boundaries). Interim analyses for cognitive-
deterioration-free survival were done after 50% of evaluable patients had been followed up
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for 6 months, and for overall survival when 50% of deaths had been observed. Each of the
two co-primary endpoints was tested independently at the interim analysis, and for each co-
primary endpoint, early rejection of the null hypothesis was considered.

Efficacy analyses were done on the intention-to-treat principle with all patients analysed on
the basis of the treatment group to which they were randomised. The safety population was
defined as all patients that began treatment and had at least one adverse event evaluation.
The alpha was not split for the analysis of the co-primary endpoints. Cognitive-deterioration-
free survival and overall survival for the treatment groups were summarised with the
Kaplan-Meier estimator and compared with a log-rank test. We also used stratified Cox
proportional hazards models, using trial stratification variables, to assess whether the
distributions of cognitive-deterioration-free survival and overall survival differed between
treatment groups. Proportional hazards were assessed with Schoenfeld residuals and visually
(appendix pp 16-29). We computed median follow-up using the patients who were censored
at the time of the analysis.

We analysed time until intracranial progression (including surgical bed recurrence, local
recurrence, development of leptomeningeal disease, and distant brain failure) using
competing risks with death counted as a competing risk.21:22 The quality-of-life scores (both
FACT-Br and LASA) were transformed to a 0-100 scale (with 100 being most favourable).
A 10-point change on this scale was considered clinically significant.23 We compared the
intergroup proportion of patients with significant deterioration in quality of life using an
exact binomial test, and intergroup changes in quality-of-life scores using a two-sample ¢
test. In addition to point estimates, we provide 95% Cls. The analysis of quality-of-life
(FACT-Br and LASA) outcomes at 3 months was a post-hoc analysis. We defined
categorical decline in functional independence, as assessed by the Barthel ADL index
(ADL), as a score that fell by at least 10% below the baseline level. Patients with baseline
values paired with 3-month or 6-month Barthel ADL index values were included in the 3-
month and 6-month analysis, respectively. The duration of stable or better function
independence was also analysed using Kaplan-Meier plots and log-rank tests for the time a
patient’s Barthel ADL index stayed at or above their baseline value. To assess long-term
cognitive status, we did a subset analysis for long-term survivors (defined as a patient who
had a cognitive evaluation 12 or more months from time of randomisation).> All secondary
analyses used a two-sided 0-05 level of significance. Post-hoc and sensitivity analyses use
the same statistical methods as the primary and secondary analyses unless otherwise noted.
A post-hoc sensitivity analysis of cognitive-deterioration-free survival was done removing
patients who had WBRT before cognitive deterioration. A post-hoc analysis of cognitive
deterioration was done using different definitions of cognitive deterioration. A post-hoc
analysis of the frequency of local salvage therapy was also done. There was no adjustment
for multiple comparisons for the secondary endpoint analyses, so these results should be
interpreted as exploratory. Missing data were handled with complete case analysis unless
otherwise specified (eg, patients missing a neurocognitive assessment were considered to
have had an event as described). All analyses were done in either SAS version 9.3 or R
version 3.2.3. The data for this analysis were frozen on Feb 18, 2017.

This trial is registered with ClinicalTrials.gov, number NCT01372774.
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Role of the funding source

Results

The funder provided peer-reviewed approval of the trial but had no other role in study
design, data collection, data analysis, data interpretation, or writing of the report. The
Alliance Statistics and Data Center was responsible for the collection, maintenance, and
analyses of the data. Data confidentiality was governed by National Institutes of Health
policy. The corresponding author and principal investigator of the study (PDB) had full
access to all the data in the study and had final responsibility for the decision to submit for
publication.

Between Nov 10, 2011, and Nov 16, 2015, 194 patients were enrolled and randomly
assigned to SRS to the surgical bed (98 patients; five patients did not receive treatment) or
WBRT (96 patients; 49 patients received 30 Gy in 10 fractions, 43 received 37-5 Gy in 15
fractions, and four patients did not receive treatment; figure 1). There was one major
protocol violation (one patient randomly assigned to the SRS group, whose treatment was
switched by the site, received WBRT). Median follow-up was 11-1 months (IQR 5-1-18-0)
for all patients and 22-6 months (13-8-34-6) for patients who had not died. Baseline
characteristics were well balanced between the study groups (table 1). Mean cognitive scores
at baseline were below population norms and ranged from mild to severe impairment. 66
(77%) of 86 patients in the SRS group and 60 (77%) of 78 patients in the WBRT group
completed cognitive testing at 3 months, and 54 (77%) of 70 patients in the SRS group and
48 (75%) of 64 patients in the WBRT group did so at 6 months, including only patients that
were alive at the timepoint and who had the baseline cognitive evaluation. No patients were
on memantine at enrolment; at week 12, no patients in the SRS group and four patients in
the WBRT group were receiving memantine.

Median cognitive-deterioration-free survival was longer after SRS to the surgical cavity (37
months [95% CI 3-45-5.06]) than after WBRT (3-0 months [2-86-3-25]; HR 0-47 [95% ClI
0-35-0-63], p<0-0001; figure 2). Of the 93 cognitive-deterioration-free survival events in the
SRS group, 49 patients (53%) had confirmed cognitive deterioration, 25 (27%) died before 6
months without confirmed cognitive deterioration, and 19 (20%) were presumed cognitive
deterioration. Of the 93 cognitive-deterioration-free survival events in the WBRT group, 63
patients (68%) had confirmed cognitive deterioration, 22 (24%) died before 6 months
without confirmed cognitive deterioration, and eight (9%) were presumed cognitive
deterioration. Stratified analysis (with the stratification factors of age, extracranial disease
control status, number of brain metastases, histology, and size resection cavity) showed a
similar difference in cognitive-deterioration-free survival between the treatment groups
(adjusted median 3:7 months for the SRS group and 3-1 months for the WBRT group;
adjusted HR 0-47 [95% CI 0-35-0-64], p<0-0001). 20 patients in the SRS group received
salvage WBRT, of whom 13 had cognitive deterioration before WBRT and seven had
cognitive deterioration after WBRT. A post-hoc sensitivity analysis removing the seven
patients who had cognitive deterioration after WBRT showed a similar difference in median
cognitive-deterioration-free survival compared with the primary analysis: 3-7 months (95%
Cl 3:45-5.16) in the SRS group (86 events) compared with 3-0 months (2:86-3:25) in the
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WBRT group (93 events; HR 0-46 [95% CI 0-34-0-63], p<0-0001). At 6 months, for patients
with a cognitive evaluation, cognitive deterioration was less frequent in the SRS group than
in the WBRT group (28 [52%] of 54 patients vs41 [85%] of 48 patients, difference —33-6%
[95% CI —45-3 to —21-8], p=0:00031) and was documented for all cognitive domains
evaluated (table 2). A post-hoc analysis with different definitions of cognitive deterioration
(ie, a 1.5 SD drop in at least two tests, 2 SD drop in one test, or 3 SD drop in one test), and
evaluation of cognitive function at 3 months, consistently revealed similar findings as the
primary analysis (appendix pp 2-5).14.17

After 69 deaths in the SRS group and 67 deaths in the WBRT group, median overall survival
was 12:2 months (95% CI 9-7-16-0) versus 11:-6 months (9-9-18.0; HR 1-07 [95% CI 0-76—
1.50]; p=0-70; figure 3). There was no evidence at the 0-05 one-sided significance level that
the HR was greater than 1-3 (in favour of WBRT) or 0-8 (in favour of SRS). SRS was not
found to be inferior to WBRT but neither was SRS marginally superior to WBRT.

SRS was associated with a shorter time to intracranial tumour progression than was WBRT
(median 6-4 months [95% CI 5-16-8-90], 66 events vs27-5 months [14-85-not reached], 34
events; HR 2-45 [95% CI 1-62—3-72]; p<0-0001; appendix p 6). 6-month surgical bed control
was 80-4% (95% CI 72-8-88-7) in the SRS group compared with 87-1% (80-5-94-2) in the
WBRT group (p=0-00068); 3-month and 12-month estimates are shown in the appendix (p
6). Local control and distant brain control were worse in the SRS group than the WBRT
group, but there was no difference in the development of leptomeningeal disease between
treatment groups (appendix p 6). There was no difference in frequency of local salvage
therapy after SRS compared with after WBRT (31 [32%] of 98 vs20 [21%] of 96; difference
10-8% [95% CI -2:5 to 24-1]; p=0-12). In the SRS group, 20 (20%) of the 98 patients
received WBRT as a component of their salvage therapy.

65 patients in the SRS group and 64 patients in the WBRT group completed quality-of-life
questionnaires at baseline and had at least one subsequent assessment (appendix p 9). For
FACT-Br scores at 6 months compared with baseline, a clinically significant improvement
was noted more frequently in the SRS group compared with the WBRT group for physical
well being, whereas there were no significant differences between treatment groups in
social, emotional, or functional wellbeing, brain-specific concerns, or overall FACT-Br
(appendix p 8). Analyses of LASA at 3 and 6 months are shown in the appendix (pp 10-11).

Functional independence change from baseline values were available for 70 patients at 3
months and 60 patients at 6 months in the SRS group and for 66 patients at 3 months and 48
patients at 6 months in the WBRT group. Functional independence at 3 months as assessed
with the Barthel ADL index was higher after SRS than after WBRT (of 70 patients receiving
SRS, four [6%] showed decline and eight [11%] showed improvement vseight [12%] and
one [2%] of 66 patients receiving WBRT; p=0-036). At 6 months, we noted no significant
difference in functional independence between patients who received SRS compared with
those who received WBRT (three [5%] of 60 patients in the SRS group showed decline and
five [8%] showed improvement vsseven [15%] and one [2%] of 48 patients in the WBRT
group; p=0-10). Median duration of stable or better functional independence was longer after
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SRS (median not yet reached [95% CI 17-6 to not yet reached]) than after WBRT (14-0
months [8:4-27-0]; HR 0-56 [95% CI 0-32-0-96], p=0-034).

There were 54 (28%) long-term survivors (patients who had a cognitive evaluation 12 or
more months from time of randomisation) out of 194 patients enrolled in our study (27
assigned to SRS and 27 assigned to WBRT). In these patients, cognitive deterioration was
less frequent after SRS than after WBRT (ten [37%] of 27 patients in the SRS group vs 24
[89%] of 27 patients in the WBRT group who had assessments at 3 months, p=0-00016; 12
[46%] of 26 vs23 [88%] of 26 at 6 months, p=0-0025; 12 [48%] of 25 vs21 [81%] of 26 at
9 months, p=0-020; and 15 [60%] of 25 vs21 [91%] of 23 at 12 months, p=0-0188). In these
patients, intracranial tumour control was 70-4% (95% CI 55-1-89-9; eight events) at 6
months and 40-7% (25-9-64-2; 16 events) at 12 months in the SRS group compared with
92:-6% (83-2-1-00; two events) at 6 months and 81-5% (68-1-97-5; five events) at 12 months
in the WBRT group (overall HR 3:12 [95% CI 1.40-6-94], p=0-0033).

93 patients in the SRS group and 92 patients in the WBRT group were evaluable for
treatment toxic effects. 220 individual toxicities of any grade (irrespective of attribution)
were reported by patients receiving SRS (71 [76%] patients reported at least one toxicity),
compared with 362 individual toxicities reported by patients receiving WBRT (79 [86%]
patients reported at least one toxicity). Of these, grade 3 or worse toxic effects were reported
in 36 (39%) patients in the SRS group and 37 (40%) patients in the WBRT group (table 3).
The most common grade 3 or 4 adverse events reported with a relative frequency greater
than 4% were hearing impairment (three [3%] patients in the SRS group vseight [9%] in the
WBRT group) and cognitive disturbance (three [3%] vs five [5%]).

Individual toxic effects of any grade that were at least possibly related to treatment were
reported as 78 toxic effects by 47 (51%) of 93 patients in the SRS group compared with 199
toxic effects reported by 65 (71%) or 92 patients in the WBRT group. Grade 3 or worse
toxic effects were reported by 11 (12%) patients in the SRS group compared with 17 (18%)
patients in the WBRT group. The most frequent grade 3 or worse toxic effects in the SRS
group were fatigue (two [2%] patients) and dyspnoea (two [2%] patients); and in the WBRT
group they were cognitive disturbance (five [5%)] patients), hearing impairment (four [4%]
patients), dehydration (three [3%] patients), and nausea (two [2%] patients). Four (4%) of 93
patients in the SRS group developed grade 2 or worse CNS necrosis compared with no
patients in the WBRT group. Additional adverse event data are provided in the appendix pp
12-14. Seven (7%) of the 93 patients in the SRS group and ten (11%) of 92 patients in the
WBRT group were reported to have died from adverse events (all deemed unrelated or
unlikely related to treatment after review). Specifically for the SRS group, the grade 5 events
were: four (4%) neoplasms benign, malignant, and unspecified; one (1%) multiorgan failure,
one (1%) respiratory failure, and one (1%) death not otherwise specified. For the WBRT
group the grade 5 events were: two (2%) neoplasms benign, malignant, and unspecified; two
(2%) respiratory failures, two (2%) deaths not otherwise specified, one (1%)
thromboembolic event, one (1%) stroke, one (1%) pancreas infection, and one (1%) sudden
death not otherwise specified.
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Discussion

In this multicentre, randomised, controlled, phase 3 study, patients receiving SRS to the
surgical cavity had improved cognitive function and quality of life compared with patients
receiving WBRT, with no difference in overall survival; intracranial tumour control was
better in patients receiving WBRT than SRS. To our knowledge, no large, randomised,
controlled trial has compared SRS with WBRT, the standard of care after resection of brain
metastases, and simultaneously assessed both quality of life and cognitive function.3
Findings from a previous randomised trial of 59 patients with resected brain metastases did
not show non-inferiority of SRS compared with WBRT for neurological or cognitive failure,
although the investigators stated that their trial was underpowered and that larger
randomised trials were needed.” Additionally, the trial did not assess quality of life and
measured cognitive function with an insensitive tool, the Mini—-Mental State
Examination.1324 Because adjuvant WBRT has not been shown to improve survival 3425 it
is essential to adequately assess both quality of life and cognitive function to thoroughly
understand the risks and benefits of the therapies to guide treatment decisions.

Potential limitations of the current trial include the fact that surgical bed control after SRS
was worse than reported in previous studies, including a single-institution clinical trial of
SRS to the surgical cavity compared with observation after complete resection of brain
metastases.28 In this single-institution trial, surgical bed control at 12 months was achieved
in 43% of patients for resection alone compared with 72% of patients for SRS. The surgical
bed control achieved with SRS in this single-institution trial was similar to that after WBRT
(81%) in our multicentre trial, and higher than that after SRS (61%) in our trial despite lower
SRS doses and smaller treatment margins in the single-institution study. The differences in
surgical bed control might have resulted from the inclusion of patients with subtotal
resection in our study. Additionally, surgical bed control was determined differently; in our
study, local control was determined by the treating physician rather than by central review.
Considering the higher SRS doses in our study, especially in patients with small surgical
cavity volumes, some of the declared surgical bed recurrences might simply have been post-
radiosurgery changes (ie, pseudoprogression), which could have falsely elevated the
frequency of recurrence in our trial.2” Finally, the patient populations differed substantially
between the trials, including primary tumour histology (eg, lung primary 59% in the current
multi-institutional trial vs20% in the single institutional trial), making comparisons very
difficult. However, taking these two randomised, controlled trials in context provides
evidence that more than half of patients will have recurrences in the surgical bed even after
gross total resection, that postoperative SRS substantially improves surgical bed control
compared with resection alone, and SRS did not result in a difference in overall survival,
suggesting resection cavity SRS is an effective strategy to delay WBRT and the associated
cognitive, functional, and quality of life decreases.

Another potential limitation is that memantine was not mandated for the patients receiving
WBRT on the current trial. Findings from a placebo-controlled, double-blind, phase 3 trial
for patients with brain metastases treated with WBRT did not show a significant
improvement in the primary endpoint, delayed memory, with memantine compared with
placebo (HVLT-R Delayed Recall at 24 weeks, median decline of 0 with WBRT vs0-9 with
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placebo; p=0-059).28 However, the memantine group had improvement on several cognitive
outcomes, including a significantly increased time to cognitive decline. The results of the
memantine trial were not reported at the time we designed the current study, and although
memantine might have improved cognitive outcomes for patients in the WBRT group of the
current trial, it probably would not have sufficiently improved cognitive outcomes to match
those achieved with SRS. Additionally, there is no evidence memantine would have
improved quality of life in these patients, arguably one of the more important outcomes in
this report. Although memantine is commonly used in clinical practice, its use with WBRT
is still not supported in the National Comprehensive Cancer Network guidelines so there is
no expert agreement on its efficacy based on randomised trial findings.2® Additionally,
findings from a phase 2 trial of hippocampal-avoidance WBRT showed favourable cognitive
outcomes compared with historical controls; decreased radiation dose to the hippocampal
region could therefore improve the therapeutic ratio.3? On the basis of these results, an
ongoing phase 3 trial of hippocampal-avoidance WBRT for patients with brain metastases
was launched (NRG CC001; NCT02360215). Until further evidence supports other
approaches, we believe that SRS is an effective treatment to reduce the risk of cognitive
decline and maintain quality of life in patients with brain metastases.

To better assess if the long-term improvement in surgical bed control with WBRT translated
into better patient outcomes, we analysed patients surviving at least 12 months from study
entry. In these long-term survivors, although intracranial control was better with WBRT than
with SRS, the negative cognitive effects of WBRT remained persistent over time. These
results—improved intracranial control yet worse cognitive outcomes even in long-term
survivors—are consistent with those from other phase 3 trials assessing the effects of WBRT
in patients with brain metastases.®

The frequency of radiation necrosis after SRS to the surgical cavity in the current trial (4%)
was similar to that reported in other studies.31:32 Future research to further refine the SRS
technique, such as fractionated SRS for large cavities or preoperative SRS, could potentially
improve outcomes such as surgical bed control while possibly maintaining or decreasing
SRS-related complications.33

In conclusion, SRS to the surgical cavity results in improved cognitive outcomes compared
with those for WBRT. Despite worse intracranial control, including surgical bed control, we
noted no significant difference in survival and better preservation of quality of life and
functional independence compared with WBRT. Therefore, SRS in the postoperative setting
is a viable treatment option to improve surgical bed control and should be considered one of
the standards of care as a less toxic alternative to WBRT.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Study profile
WBRT=whole brain radiotherapy. SRS=stereotactic radiosurgery.
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Figure 2. Cognitive-deterioration-free survival
WBRT=whole brain radiotherapy. SRS=stereotactic radiosurgery.
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Figure 3. Overall survival
WBRT=whole brain radiotherapy. SRS=stereotactic radiosurgery.
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Table 1
Baseline characteristics
SRS (n=98) WBRT (n=96)

Age (median [IQR]) 61 (54-66) 62 (54-68)

18-59 years 39 (40%) 37 (39%)

260 years 59 (60%) 59 (61%)
Sex

Male 46 (47%) 50 (52%)

Female 52 (53%) 46 (48%)
Period of systemic disease control

<3 months 54 (55%) 54 (56%)

>3 months 44 (45%) 42 (44%)
Resection cavity diameter

<3cm 59 (60%) 58 (60%)

>3cm 39 (40%) 38 (40%)
Extent of resection

Subtotal 8 (8%) 13 (14%)

Total (gross) 90 (92%) 83 (86%)
Surgical approach

En bloc 54 (55%) 61 (64%)

Piecemeal 43 (44%) 35 (36%)

Data missing 1 (1%) 0
Number of brain metastases

One 75 (77%) 74 (T7%)

Two to four 23 (23%) 22 (23%)
ECOG performance status

0 39 (40%) 33 (34%)

1 49 (50%) 56 (58%)

2 10 (10%) 7 (1%)
Primary tumour site

Lung 58 (59%) 56 (58%)

Other 29 (30%) 30 (31%)

Radioresistant 11 (11%) 10 (10%)
Cranial nerves

Normal 92 (94%) 91 (95%)

Abnormal 5 (5%) 4 (4%)

Data missing 1(1%) 1 (1%)
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SRS (n=98) WBRT (n=96)

Sensation

Normal 93 (95%) 94 (98%)

Abnormal 3 (3%) 1 (1%)
Motor

Normal 89 (91%) 81 (84%)

Abnormal 8 (8%) 14 (15%)

Data missing 1(1%) 1 (1%)
Cerebellar

Normal 90 (92%) 84 (88%)

Abnormal 5 (5%) 10 (10%)

Data missing 3 (3%) 2 (2%)
Baseline Barthel ADL index 958 (9-1) 98:2 (6-4)
Baseline total score FACT-Br (range 0-100)  72:2 (14-5) 71.8 (13-2)
Baseline cognitive tests

HVLT-R Immediate Recall -15(1-3) -14(12)

HVLT-R Delayed Recall -1.5(1-5) -1.6 (1.5)

HVLT-R Recognition -0-7 (1-4) -0:6 (1.5)

TMT-A time to complete -2:2(3:0) -1.7 (31)

TMT-B time to complete -3.0 (34) -2:8(3:3)

COWAT Total -11(1-2) -1.2(1.0)

Page 19

Data are n (%) or mean (SD) unless otherwise stated. Cognitive tests reported as standardized scores (Zscores). SRS=stereotactic radiosurgery.

WBRT=whole brain radiotherapy. ECOG=Eastern Cooperative Oncology Group. ADL=Activities of Daily Living. FACT-Br=Functional

Assessment of Cancer Therapy—Brain Cognitive. HVLT-R=Hopkins Verbal Learning Test—Revised. TMT-A=Trail Making Test part A. TMT-
B=Trail Making Test part B. COWAT=Controlled Oral Word Association Test.
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Cogpnitive deterioration at 6 months

Table 2

SRS (n=54) WBRT (n=48) Mean difference (95% CI) p value
HVLT-R Immediate Recall
Deterioration 9 (17%) 23 (49%)
Non-deterioration 45 (83%) 24 (51%) 32:3 (20 to 44-5) 0-00062
Test not attempted 0 1
HVLT-R Delayed Recall
Deterioration 14 (26%) 29 (62%)
Non-deterioration 39 (74%) 18 (38%) 35:3(22:5t048:1) 0-00054
Test not attempted 1 1
HVLT-R Recognition
Deterioration 10 (19%) 16 (36%)
Non-deterioration 43 (81%) 29 (64%) 167 (4:6 to 28-8) 0-0707
Test not attempted 1 3
TMT-A time to complete
Deterioration 9 (17%) 18 (38%)
Non-deterioration 45 (83%) 29 (62%) 21.6 (96 to 33:6) 0-0233
Test not attempted 0 1
TMT-B time to complete
Deterioration 10 (19%) 19 (42%)
Non-deterioration 43 (81%) 26 (58%) 234 (11t0 35:7) 0-0149
Test not attempted 1 3
COWAT total
Deterioration 4 (7%) 7 (15%)
Non-deterioration 50 (93%) 39 (85%) 7-8 (-0:9to 165) 0-3368
Test not attempted 0 2
Overall outcome for cognitive deterioration
Deterioration 28 (52%) 41 (85%) —33:6 (-45-3t0 -21-8)
Non-deterioration 26 (48%) 7 (15%) 0-00031

Page 20

We defined cognitive deterioration as a drop of 1 SD in score from baseline. There are missing values for some cognitive tests, as reflected by total
number of a particular test being less than the total number of patients. p values were calculated with Fisher’s exact test. WBRT=whole brain

radiotherapy. SRS=stereotactic radiosurgery. HVLT-R=Hopkins \Verbal Learning Test—Revised. TMT-A=Trail Making Test part A. TMT-B=Trail
Making Test part B. COWAT=Controlled Oral Word Association Test.
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