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Abstract

Purpose: Whole brain radiation therapy (WBRT) remains a commonly used cancer treatment, 

although controversy exists regarding the optimal dose/fractionation to optimize intracranial tumor 

control and minimize resultant cognitive deficits.

Methods and Materials: NCCTG N107C [Alliance]/CEC.3 randomized 194 patients with 

brain metastases to either stereotactic radiosurgery alone or WBRT after surgical resection. 

Among the 92 patients receiving WBRT, sites predetermined the dose/fractionation that would be 

used for all patients treated at that site (either 30 Gy in 10 fractions or 37.5 Gy in 15 fractions). 

Analyses were performed using Kaplan-Meier estimates, log rank tests, and Fisher’s exact tests.
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Results: Among 92 patients treated with surgical resection and adjuvant WBRT, 49 were treated 

with 30 Gy in 10 fractions (53%), and 43 were treated with 37.5 Gy in 15 fractions (47%). 

Baseline characteristics, including cognitive testing, were well balanced between groups with the 

exception of primary tumor type (lung cancer histology was more frequent with protracted WBRT: 

72% vs 45%, P = .01), and 93% of patients completed the full course of WBRT. A more protracted 

WBRT dose regimen (37.5 Gy in 15 fractions) did not significantly affect time to cognitive failure 

(hazard ratio [HR], 0.9; 95% confidence interval [CI], 0.6-1.39; P = .66), surgical bed control (HR, 

0.52 [95% CI, 0.22-1.25], P = .14), intracranial tumor control (HR, 0.56 [95% CI, 0.28-1.12], P = .

09), or overall survival (HR, 0.72 [95% CI, 0.45-1.16], P = .18). Although there was no reported 

radionecrosis, there is a statistically significant increase in the risk of at least 1 grade ≥3 adverse 

event with 37.5 Gy in 15 fractions versus 30 Gy in 10 fractions (54% vs 31%, respectively, P = .

03).

Conclusions: This post hoc analysis does not demonstrate that protracted WBRT courses reduce 

the risk of cognitive deficit, improve tumor control in the hypoxic surgical cavity, or otherwise 

improve the therapeutic ratio. Adverse events were significantly higher with the lengthened course 

of WBRT. For patients with brain metastases where WBRT is recommended, shorter course 

hypofractionated regimens remain the current standard of care.

Summary

This post hoc analysis of N107C does not demonstrate that protracted WBRT courses reduce the 

risk of cognitive deficit, improve tumor control, or otherwise improve the therapeutic ratio. 

Adverse events were significantly higher with the lengthened course of WBRT.

Introduction

Whole brain radiation therapy (WBRT) for patients with brain metastases remains a 

commonly used cancer treatment today, although it has been associated with cognitive 

decline after therapy.1,2 In recent years, several efforts have been explored to reduce the risk 

of cognitive decline after WBRT, including concurrent memantine and hippocampal 

avoidance,3,4 as well as the omission of WBRT altogether.5

Despite these advances, controversy has existed for decades regarding the optimal dose and 

fractionation to optimize intracranial tumor control and minimize resultant cognitive deficits. 

Several prior prospective trials demonstrated similar overall survival (OS) regardless of 

WBRT dose.6–9 There has since been a trend toward improved OS of patients with brain 

metastases, likely owing to a combination of more effective systemic therapies and more 

aggressive treatment.10 As a result of this improved patient survival and the fear of the 

cognitive toxicity of WBRT, the controversy as to the optimum dose and fractionation of 

WBRT remains relevant today.

There does exist radiobiologic rationale that a more prolonged WBRT course, with lower 

dose per treatment, could result in decreased neuronal injury and improved tumor control, 

particularly in a hypoxic tumor environment such as that of a surgical cavity.11 Presumably, 

this widening of the therapeutic ratio is the impetus for the continued utilization of 

prolonged WBRT courses in this patient population.
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Our primary aim was to use the recent results of N107C/CEC.3, a prospective clinical trial 

for patients with brain metastases,1 to evaluate the impact of WBRT dose and fractionation 

on postoperative bed tumor control, total intracranial tumor control, OS, cognitive outcomes, 

and other adverse events.

Methods and Materials

In brief, North Central Cancer Treatment Group N107C/CEC.3 was a prospective 

randomized trial that enrolled 194 patients across 48 institutions in the United States and 

Canada (XXXXX is now part of Alliance for Clinical Trials in Oncology). These patients 

were randomized to have their tumor bed managed with either stereotactic radiosurgery 

alone or WBRT.1 Before patient enrollment, each participating institution provided approval 

from institutional review boards, and each patient provided written informed consent 

(ClinicalTrials.gov identifier ). Patients with up to 3 unresected brain metastases (any 

nonbrain primary tumor histology aside from germ cell tumors, small cell lung cancer, and 

lymphoma) and a tumor cavity of less than 5.0 cm maximum dimension were permitted 

enrollment. The Consolidated Standards of Reporting Trials diagram for this study has been 

previously reported.1 Among the 92 patients receiving WBRT, sites predetermined the 

fractionation schedule that would be used for all patients treated at that site to be either 30 

Gy in 10 fractions or a more protracted course of 37.5 Gy in 15 fractions (protracted 

WBRT). Cytotoxic chemotherapy was not allowed concurrently with WBRT.

Cognitive failure after enrollment was defined as a decline of more than 1 standard deviation 

from baseline in 1 of the 6 cognitive tests performed during the follow-up period.1 All 

treatment-related toxicities and adverse events were recorded according to National Cancer 

Institute Common Terminology Criteria for Adverse Events version 4.0. OS was defined as 

the time from randomization to death. Surgical bed control was defined as time from 

randomization to recurrence in the local surgical bed. Intracranial tumor control was defined 

as time from randomization to recurrence in the local surgical bed, progression of unresected 

metastases, distant brain recurrence, or development of leptomeningeal disease. Analyses 

were performed using univariate analyses including Kaplan-Meier estimates,12 log rank 

tests,13 χ2 tests,14 and Fisher’s exact tests,15–17 as well as multivariate Cox regression 

analysis where appropriate to investigate the primary aim of this analysis. P < .05 was 

considered statistically significant. Data collection and statistical analyses were conducted 

by the Alliance Statistics and Data Center. Data quality was ensured by review of data by the 

Alliance Statistics and Data Center and by the study chairperson following Alliance policies. 

All analyses were based on the study database frozen on February 18, 2017.

Results

Patient cohort

The original reporting of XXXXX did not find significant differences when comparing 

stereotactic radiosurgery to the different WBRT fractionation schedules.1 Among 92 patients 

treated with surgical resection and adjuvant WBRT, 49 were treated with 30 Gy in 10 

fractions (53%), and 43 were treated with 37.5 Gy in 15 fractions (47%). Of these, 94% and 

93% of patients in each arm, respectively, completed their planned course of WBRT. 
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Baseline characteristics, including cognitive testing, were well balanced between groups 

with the exception of primary tumor type, perhaps owing to referral patterns at the 

institution level (Table 1). The median follow-up period for cognitive failure from 

enrollment was 10.2 and 12.6 months in the 30 Gy and 37.5 Gy WBRT groups, respectively, 

(P = .18).

Impact on clinical outcomes and adverse events

As demonstrated in Figure 1, protracted WBRT dose/fractions did not significantly affect 

time to cognitive failure (hazard ratio [HR], 0.91 [95% confidence interval {CI}, 0.6-1.39], 

P = .66), surgical bed control (HR, 0.52 [95% CI, 0.22-1.25], P = .14), intracranial tumor 

control (HR, 0.56 [95% CI, 0.28-1.12], P = .09), or OS (HR, 0.72 [95% CI, 0.45-1.16], P = .

18). On multivariate analysis, after controlling for age, systemic disease control duration, 

number of brain metastases, primary tumor histology, and surgical cavity size, WBRT 

fractionation did not affect OS (HR, 0.74 [95% CI, 0.43-1.27], P = .28 favoring 37.5 Gy). 

Although there were no reports of radionecrosis, there is a statistically significant increase in 

the risk of at least 1 grade 3 or higher adverse event with 37.5 Gy in 15 fractions versus 30 

Gy in 10 fractions (54% vs 31%, respectively, P = .03). Table 2 provides the reported results 

of adverse events during the follow-up period (Table E1 (available online at https://doi.org/

10.1016/j.ijrobp.2019.10.024) contains adverse events occurring with incidence of less than 

3%).

Discussion

These results provide modern evidence that protracted WBRT courses, beyond 30 Gy in 10 

fractions, are not associated with improved cognition, tumor control, or survival. Adverse 

events were significantly higher in patients treated to 37.5 Gy in 10 fractions. These results 

serve to support 30 Gy in 10 fractions as the preferred WBRT dose and fractionation among 

patients with brain metastases. In addition, these data provide further support for the 

fractionation schedule (30 Gy in 10 fractions) typically used in hippocampal avoidance.3

Using the linear quadratic formula, the biologically effective dose (BED), assuming an α/β 
of 10 for malignant cells, is 46.9 Gy and 39 Gy, a 20% increase, when using 37.5 Gy in 10 

fractions and 30 Gy in 10 fractions, respectively. This increase in BED could increase 

intracranial tumor control rates with relatively less cognitive injury (BED of 100 Gy and 90 

Gy, respectively, an 11% increase, assuming an α/β of 1.5 for normal brain). In contrast, 

these results suggest that further attempts to improve the therapeutic ratio of WBRT could 

have more impact through the development of novel radiosensitizers,18 novel 

radioprotectants,4 or other advances in WBRT delivery including hippocampal avoidance,3 

as opposed to changes in dose and fractionation schedules.

These data are limited in several ways, not the least of which is that this study was not 

designed or powered to evaluate the impact of WBRT dose and fractionation on these 

outcomes. It is possible that a study designed and powered to test this hypothesis could yield 

different results. Researchers at each institution chose their preferred WBRT schedule, and it 

is possible that baseline confounding across institutions could limit the applicability of these 

results. Moreover, although XXXXX was not powered to test WBRT fractionation, there is a 
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possible trend of improvement in intracranial control with the use of protracted WBRT 

courses. However, we urge caution in this interpretation, particularly in light of the 

demonstrated increase of grade 3+ adverse events in this cohort.

Additionally, this study did not compare alternative WBRT schedules, including further 

protracted courses (up to 50.4 Gy), further hypofractionated courses (ie, 20 Gy in 5 

fractions), the details of systemic therapies delivered over the study period, or even the 

omission of WBRT.5 Further research is needed to better define the optimum dose and 

technique for WBRT in patients with brain metastases.

Conclusions

This post hoc analysis does not demonstrate that protracted WBRT courses significantly 

reduce the risk of cognitive deficit, improve tumor control in the hypoxic surgical cavity, or 

otherwise improve the therapeutic ratio. Adverse events were significantly higher with the 

lengthened course of WBRT. For patients with brain metastases for whom WBRT is 

recommended, a shorter course of hypofractionated regimen remains the current standard of 

care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
The impact of whole brain radiation therapy dose and fractionation on subsequent time to 

cognitive failure (A), surgical bed control (B), intracranial tumor control (C), and overall 

survival (D).
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