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Abstract

Background—The purpose of this study was to evaluate predictors of early distant brain failure
(DBF) and salvage whole brain radiotherapy (WBRT) after treatment with stereotactic
radiosurgery (SRS) for brain metastases and create a clinically relevant risk score in order to
stratify patients’ risk of these events.

Methods—We reviewed records of 270 patients with brain metastases treated with SRS between
2003-2012. Pre-treatment patient and tumor characteristics were analyzed by univariate and
multivariable analyses. Cumulative incidence (CI) of first DBF and salvage WBRT were
calculated. Significant factors were used to create a score for stratifying early (6-month) DBF risk.

Results—No prior WBRT, total lesion volume <1.3 cm3, primary breast cancer or malignant
melanoma histology, and multiple metastases (=2) were found to be significant predictors for early
DBF. Each factor was ascribed one point due to similar hazard ratios. Scores of 0-1, 2, and 3-4
were considered low, intermediate, and high risk, respectively. This correlated with 6-month CI of
DBF of 16.6%, 28.8%, and 54.4%, respectively (p<0.001). For patients without prior WBRT, the
6-month CI of salvage WBRT by 6-months was 2%, 17.7%, and 25.7%, respectively (p<0.001).

Conclusion—Early DBF after SRS requiring salvage WBRT remains a significant clinical
problem. Patient stratification for early DBF can better inform the decision for initial treatment
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strategy for brain metastases. The provided risk score may help predict for early DBF and
subsequent salvage WBRT if initial SRS is used. External validation is needed prior to clinical
implementation.
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Introduction

Brain metastases are a common cause of morbidity and mortality in the adult cancer
population, occurring in up to 30% of patients.! Traditionally, whole brain radiation therapy
(WBRT) has been the predominant treatment of choice for multiple lesions and the
predominant adjuvant therapy after surgical resection for a limited numbers of metastases.
Use of WBRT can provide rapid attenuation of neurologic symptoms and reduce the risk of
neurologic death.2 However, WBRT is associated with increased risk of significant
neurocognitive side effects, such as memory loss, as early as 4 months post-treatment.3

The increasing use of stereotactic radiosurgery (SRS) either alone or combination with
WBRT is supported by several randomized trials.4-6 Due to the consistent lack of survival
benefit associated with the addition of WBRT, as well as its detrimental effects on quality of
life and neurocognitive function3: 7, there has been a treatment paradigm shift in favor of
initial treatment with SRS alone. This strategy requires close surveillance and is associated
with significant increased risk of distant brain failure (DBF). While most DBF events can be
effectively salvaged with additional SRS8 9, WBRT is used as salvage in cases of multiple,
large volume, or extensive distant brain failures.

The ideal candidate for initial SRS would not only have a limited number of brain
metastases, low volume extracranial disease, and good performance status, but would also
have a low risk of early DBF that would necessitate salvage WBRT. Patients that require
short interval salvage WBRT are less likely to experience the neurocognitive benefit of SRS
alone, resulting in two successive modalities of cranial radiotherapy. Alternatively, patients
at low-risk for DBF have a higher likelihood of being controlled with SRS alone, and would
be expected to maintain a higher quality of life by prolonging the time to WBRT.” In order
to maximize the benefits of each modality, it is necessary to improve stratification of
patients based on risk of early DBF. The purpose of this study was to develop a quantitative
risk stratification score to predict the risk of short interval (6-month) DBF and salvage
WBRT use using pretreatment clinical patient and tumor characteristics for patients with
brain metastases treated with SRS alone.

Methods

Patient Selection

Institutional review board approval was obtained for this study. We reviewed the medical
records of consecutive patients treated with single fraction linear accelerator (LINAC)-based
framed SRS alone between January 2003 and June 2012. Additional eligibility criteria
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included age at least 18 years, pathologic diagnosis of cancer, radiographic evidence of at
least one brain metastasis if an intact lesion, primary SRS or post-operative SRS to the
resection cavity, and at least 4 months of imaging follow-up. Patients were excluded if they
had classically radiosensitive histologies (e.g. lymphoma, germ cell tumors), had previous
cranial SRS, or were planned for combination WBRT and SRS therapy for the current brain
lesion(s). Prior WBRT was allowed in order to determine the effect of previous WBRT on
subsequent DBF risk after initial DBF. This left 270 patients with 480 individual lesions
eligible for analysis.

Radiation Therapy

Details on SRS planning and delivery have been previously published.1? In brief, patients
were treated with single-fraction LINAC-based framed SRS and planned using either
Brainscan or iPlan treatment-planning software (Brainlab, Feldkirchen, Germany). All
patients underwent a high-resolution treatment-planning MRI scan with and without contrast
before CT simulation. The treatment-planning MRI scan was registered to the CT simulation
using Brainlab software. The gross target volume (GTV) was defined as the entire
enhancing lesion or resection cavity, including any residual enhancing disease. The GTV
was then expanded from 0 to 2 mm in all directions to create a planning target volume
(PTV). Typical expansions were 1 mm to PTV for intact lesions and 1 mm clinical target
volume (CTV) and 1 mm PTV expansion (for a total of 2 mm) for resection cavities.
Prescribed dose varied according to lesion size and was consistent with the findings from
Radiation Therapy Oncology Group (RTOG) protocol 90-05.11 Targets up to 20 mm in
diameter were typically dosed to 21 Gy, 21-30 mm to 18 Gy, and 31-40 mm to 15 Gy.

Follow Up and Assessment of Progression

Follow-up with MRI was at 1 month after treatment, then every 3 months thereafter, unless
clinically indicated at an earlier time point. DBF was defined as the occurrence of at least
one new enhancing intracranial metastatic lesion occurring outside of the 80% isodose line
of the previously treated lesion(s). Cases where imaging was equivocal between local tumor
progression and radiation necrosis were adjudicated using consensus from the
multidisciplinary brain tumor board. When necessary, advanced techniques including MRI
SPECT, MRI perfusion, brain positron emission tomography (PET), and/or surgical
resection were used to differentiate radiographic changes. Patients with a limited number of
distant brain failure lesions or who had received previous WBRT were first considered for
salvage with local therapy (generally SRS). Salvage WBRT was used for patients with
diffuse or significant number of brain metastases not amenable to local therapy. This
decision was left to the discretion of the treating physician and patient.

Statistical Analysis

Primary outcomes for this analysis included (1) time to first DBF from the first SRS
treatment session and (2) time to salvage WBRT from first SRS session for patients without
previous WBRT. DBF within 6 months of first SRS was deemed an early event based on
clinical experience prior to analysis and was the main time point of interest. Pre-treatment
patient and tumor characteristics were analyzed in relation to these outcomes in order to
stratify risk as low, intermediate, and high and to generate a clinically usable score for risk

Cancer. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Press et al.

Results

Page 4

stratification. Secondary outcomes included overall survival (OS), which was the time to
death from any cause following first SRS session.

Statistical analysis was conducted using SAS Version 9.3 and R Version 2.15.3. Competing
risk analysis was conducted and cumulative incidence was estimated for DBF and WBRT.
For both, death without the event of interest was considered a competing risk. For analysis
of DBF, if patients did not experience DBF or death, they were censored at the time of last
brain imaging or salvage WBRT. For analysis of WBRT, only patients without previous
WBRT were included and patients without WBRT or death were censored at the time of last
brain imaging. OS rates were estimated using the Kaplan-Meier method.

In order to determine which factors should be incorporated into a DBF risk score, a
multivariable competing risk analysis was conducted using a proportional subdistribution
hazards’ regression model as described by Fine and Gray.12 13 The following variables were
considered: gender, primary cancer, ECOG performance status, active systemic disease,
extracranial metastatic sites, previous WBRT, number of lesions treated, age at treatment,
and total volume of lesions (cm3). Continuous variables were categorized using quintiles
and all categorical variables were dummy coded. Best subset selection was used to choose
the final set of variables. The number of parameters to include in the final model was
determined based on tenfold cross validation.1# To measure model performance, a cause-
specific concordance index (c-index) for competing risk models was used, measured at the
time point of interest, 6 months.1> The smallest number of parameters with a cross-validated
performance estimate within one standard error of the best model was chosen.14 Once the
number of parameters to include in the model was chosen, best subset selection was run on
the full sample.

To create DBF risk scores, parameter estimates from the resulting model were divided by
the natural log of 2. This way, each one point increase in the risk score can be interpreted as
a 2-fold increase in the risk of DBF. To simplify the scoring system, points were rounded to
the nearest integer since this did not make a substantial difference in the results. To assess
the association of the DBF risk groups with the outcomes, both cumulative incidence
functions with Gray's test and univariate proportional subdistribution hazards’ regression
models were used. The bootstrap cross-validation c-index was reported at 6 months.

Patient and Tumor Characteristics

Two hundred and seventy patients with a total of 480 brain metastases were eligible for
analysis, with a median imaging follow-up period of 26.2 months (range 4-112 months) for
patients without DBF, WBRT, or death. Non-small cell lung cancer (37%), breast cancer
(23%), and malignant melanoma (21%) were the most common primary histologies. Eighty-
five patients (31%) had received previous WBRT, with median dose of 35 Gy (range 24-45

Gy).
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All patients received single fraction LINAC-based SRS. Most patients (59%) had a single
brain metastasis, with 61 patients (22%) treated for 2, and 49 patients (18%) treated for =3
lesions. See Table 1 for additional patient and treatment characteristics.

Recurrence and salvage WBRT use

The 6 and 12-month cumulative incidence of DBF in all 270 patients was 30.6% (95%
confidence interval [CI] 25.2-36.2%) and 46.2% (95% ClI 40.1-52.1%), respectively (Figure
1). DBF occurred in 164 patients. Ninety-one (55%) were salvaged with SRS, 42 (26%) with
WBRT, 21 (13%) received no therapy, 8 (5%) with surgery, and 2 (1%) with fractionated
partial brain radiation.

The 6 and 12-month cumulative incidence of salvage WBRT in the 185 patients without
previous WBRT was 15.3% (95% CI 10.5-20.9%) and 24.2% (95% CI 18.2-30.6%),
respectively (Supplemental Figure 1). Six and 12-month cumulative incidence of DBF in
this cohort was 33.9% (95% CI 27.1-40.8%) and 48.6% (95% CI 41-55.6%), respectively.

In the multivariable analysis of prognostic factors, the following parameters were found to
be significant predictors of increased risk of DBF: no previous WBRT (p=0.025), total
volume of treated lesions <0.3 cm?3 (p=0.007) and 0.3-1.3cm?3 (p=0.034), total number of
lesions treated =2 (p=0.012), and breast cancer (p=<0.001) or malignant melanoma
(p=0.015) histology (Table 2).

To calculate the DBF risk score, one point is added for each of the following risk factors: no
previous WBRT, total lesion volume for initial SRS <1.3 cm3, primary breast cancer or
malignant melanoma, and multiple lesions (=2) treated with SRS. The score was calculated
for the 256 patients (95%) with complete data available. The resulting scores ranged from
0-4. Both the lowest and highest scores occurred infrequently (<5.1%). Consequently, scores
of 0 and 1 were grouped together into the low risk group. A score of 2 was considered
intermediate risk, and 3-4 was considered high risk (Table 3). Ninety-one patients (36%)
were low risk, 98 (38%) were intermediate risk, and 67 (26%) were high risk.

There were significant univariate associations between risk group and DBF. The 6-month
cumulative incidence of DBF for the low, intermediate, and high-risk groups was 16.6%
(95% CI 9.8-25.1%), 28.8% (95% CI 20.2-38.1%), and 54.4% (95% CI 41.4-65.6%),
respectively (p<0.001, Figure 2). The hazard ratios (HR) for the high and intermediate risk
groups versus the low risk group were 3.04 (95% CI 2.01-4.61, p<0.001) and 1.64 (95% CI
1.11-2.44, p=0.013), respectively. The c-index of this model was 0.657 (Supplemental
Tablel).

These risk groups were assessed in relation to the endpoint of salvage WBRT use in the 179
patients without previous WBRT and the necessary data available to calculate the score.
Fifty-two patients (29%) were low risk, 68 (38%) were intermediate risk, and 59 (33%) were
high risk. The 6-month cumulative incidence of salvage WBRT for the low, intermediate,
and high-risk groups was 2% (95% CI 0.2— 9.2%), 17.7% (95% CI 9.7-27.7%), and 25.7%
(95% CI 15.2-37.4%), respectively (p<0.001, Figure 3). The hazard of salvage WBRT for
the high-risk group was 4 times the hazard for the low risk group (HR 4.15, 95% CI 2.03-
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8.48, p<0.001) and the hazard for the intermediate risk group was twice that of the low risk
group (HR 2.28, 95% CI 1.08-4.81, p=0.03). The c-index of this model, measured at 6
months was 0.673 (Supplemental Table 2).

The median overall survival (OS) for all patients was 17.8 months (95% CI 15.6-21.1
months), with a 1-year OS rate of 66.6%. The OS rates did not differ significantly between
risk groups (p=0.84, Supplemental Figure 2). Of note, DBF event and male gender were
significantly associated with worse OS in multivariate analysis, while absence of active
systemic disease was protective (Supplemental Table 3).

Discussion

There is significant controversy concerning the use and timing of WBRT and/or SRS for
management of brain metastases. For patients with 1-4 lesions and reasonable expectation of
systemic control, therapy options include surgical resection followed by RT, WBRT plus
SRS for single metastasis, SRS alone, or WBRT alone. For patients with >4 lesions, WBRT
is generally preferred, however additional consideration may be made for SRS in patients
with good performance status and low overall tumor volume.16

To better define the standard of care, there have been several investigations into risk
stratification of DBF after SRS.17-22 Sawrie et al (2008) retrospectively investigated a
cohort of 100 patients with newly diagnosed brain metastases, revealing >3 metastases,
presence of extracranial metastases, and melanoma histology as significant predictors of
DBF.17 One-year freedom from DBF for patients without any risk factors was 83%
compared with 26% for all others. Limitations of this study include the small patient
numbers, lack of a reported median imaging follow-up period, substantially higher rates of
DBF than other similar published reports, and the lack of a competing risk analysis for the 1-
year endpoint.

Rodrigues et al (2014) published results of 361 patients treated with LINAC-based SRS for
oligometastatic disease to the brain.22 They designed a recursive partitioning analysis (RPA)
that stratifies patients based on risk of DBF at 1-year. Factors including age, number of
lesions, maximum gross tumor volume, and performance status were significant. Our study
confirmed several of their findings, including the prognostic value of number of lesions,
histology, and smaller total tumor volume. While clinically useful, this study did not relate
the risk of DBF with the need for salvage WBRT.

Avyala-Peakcock et al (2014) reviewed 464 patients without prior WBRT treated with
Gamma Knife.2! The study designed a nomogram predicting for DBF at 6 and 9 months and
examined time to salvage WBRT. Significant predictors of DBF included progressive
systemic disease, number of metastases, discovery of new metastases at time of SRS
planning scan, and melanoma and squamous cell lung cancer histologies. Earlier
requirement of WBRT was significantly predicted by progressive systemic disease, number
of brain metastases, minimum SRS dose, and widespread metastatic disease. Our study
confirmed several of these predictive factors including number of metastases and high-risk

Cancer. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Press et al.

Page 7

primary histologies. Lesion volume was not included in their analysis. Differences between
studies include our use of cumulative incidence analysis with competing risk compared to
the Kaplan-Meier method, which minimizes the risk of overestimation when there is
substantial hazard for the competing risk. We expanded on time to salvage WBRT by
applying our scoring system towards this endpoint and demonstrated significant and
clinically relevant stratification.

Absence of prior WBRT significantly increases the risk of subsequent DBF in this study.
We included patients with prior WBRT in order to determine and quantify if there was a
persistent effect on subsequent DBF even after an initial DBF event. Our study shows that
WBRT does have a protective effect on subsequent DBF after initial DBF. We hypothesize
that WBRT may effectively control the vast majority of microscopic disease in the brain, but
there may be a small resistant population that manifests as DBF without being the product of
systemic reseeding of the CNS. Subsequent local therapy with SRS would then sterilize this
resistant population.

It is known from multiple phase Il randomized trials that the omission of WBRT after local
therapy (surgery or SRS) for brain metastases leads to higher intracranial failure rates, but
without detriment in 0S.3: 4 6. 23 However, in this study, DBF event was associated with
worse OS in multivariate analysis. This discrepancy is likely due to the fact that our study
patient population is significantly higher risk in terms of both CNS and non-CNS
progression than the phase 111 trial study populations. A higher proportion of patients (20%)
had melanoma histology, a significant proportion of patients (18%) had = 3 brain metastases
treated, and patients with previous WBRT were included, meaning that a distant brain
failure event in that subset was actually a second brain relapse event. All of these factors
serve to increase the mortality risk of DBF versus the published trials. Although most
patients did receive salvage therapy for DBF, 13% did not and this may have also
contributed to the increased risk of death with DBF.

Of interest, smaller cumulative volumes of metastases predicted for a greater risk of DBF.
This result reinforces a similar finding by Rodrigues et al (2014), who reported smaller GTV
size was related to a greater distant brain failure risk at 1-year.22 Higher risk of DBF in
patients with smaller metastases may theoretically be indicative of primaries with greater
propensity to seed micro-metastases. Additionally, small lesions may have the potential to
be missed by initial MRI and manifest as the early development of multiple small foci.

Initial SRS with observation compared to SRS with WBRT for patients with 1-3 brain
metastases has been reported to result in improved neurocognitive outcomes and acceptable
cost-effectiveness in Quality Adjusted Life Years/Expectancy (QALY/QALE) without a
difference in 0S.24 25 Despite a decrease in the risk of DBF with WBRT, the associated
reduction in quality of life makes this risk and subsequent cost of salvage therapies
justifiable for this particular population.” While initial WBRT has been losing popularity, it
is still a useful and acceptable standard of care in the setting of multiple initial brain
metastases and may be considered in a patient with high-risk of early DBF and salvage
WBRT.
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In addition, several recent advances have been made which significantly reduce the
neurocognitive detriment of traditional WBRT, including the use of neuro-protectant drugs
and hippocampal avoidance techniques.25: 27 Alternatively, the inclusion of central nervous
system (CNS) active systemic therapies could be emphasized if initial SRS was used in
order to reduce the risk of early DBF. Several biologic and immunologic agents have shown
CNS activity in patients with brain metastases, including erlotinib in lung cancer?®, lapatinib
and capecitibine in HER-2 positive breast cancer??, and dabrafenib and ipilimumab in
malignant melanoma.30: 31 Although initial or salvage SRS of large numbers of brain
metastases is technically feasible32, whether the neurocognitive preservation benefits of SRS
apply when so many lesions are treated is not yet known.

Strengths of this study include its large patient population, homogenous treatment paradigm
and salvage WBRT indications, long median imaging follow-up period, and use of
competing risk analyses. The primary limitation of the risk score is its unproven nature. To
be fully incorporated into practice, it will require further validation in independent cohorts.
Other limitations of this study include its retrospective nature, single institution experience,
extended treatment period, and lack of neurocognitive and quality of life metrics. The latter
two factors are critical for decision making between using local and regional brain
radiotherapy and are areas of active research.

Conclusion

Early DBF after SRS requiring salvage WBRT remains a significant clinical problem.
Patient stratification for early DBF can better inform the decision for initial treatment
strategy for brain metastases. No prior WBRT, total lesion volume treated with SRS <1.3
cm3, primary breast cancer or malignant melanoma histology, and multiple lesions (=2) are
associated with increased risk of early (6-month) DBF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Patient and Tumor Characteristics
N=270 %
Male 127 a7
Gender
Female 143 53
Non-small cell lung cancer 99 36.7
Breast cancer 63 23.3
Primary Cancer
Melanoma 56 20.7
Other 52 19.3

0 137 50.9
1 109 40.5

ECOG PS
20r3 23 8.6
Missing 1 -
No 140 52
Active Systemic Disease Yes 129 48
Missing 1 -
No 133 49.4
Extracranial Metastatic Sites Yes 136 50.6
Missing 1 -
No 185 68.5
Previous WBRT
Yes 85 315
No 213 79.2
CTX During SRS (<30 Days) Yes 56 20.8
Missing 1 -
Intact 406 85.5
Intact and Resected Metastases
Resected 86 14.5
1 160 59.3
2 61 22.6
Number of Metastases Treated at First Session
>3 49 18.1

Median if =23 (Range) 4 (3-7)

18-44 53 19.6

45-54 68 25.2

Age (years) 55-59 48 17.8
260 101 37.4

Median (Range) 56 (18-87) -

0-<0.3 45 17.6

Total Volume from First Session (cm”3) 03-<13 56 219
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N=270 %
1.3-<3.3 54 21.1
3.3-<7.6 50 195
>7.6 51 19.9

Mean (SD)  4.02 (4.76)

Median (Range)

2.21 (0.032-22.3)

Mean (SD)
Median (Range)

Number of Metastases Treated at First Session

1.78 (1.27)
1(1-7)

PS = Performance Status, WBRT = Whole Brain Radiation Therapy, CTX = Chemotherapy, SRS = Stereotactic Radiosurgery, SD = Standard

Deviation
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Multivariate Competing Risk Analysis of Distant Brain Failure

Table 2

Covariate

Previous WBRT: No

Total Volume from First Session (cm”3): 0-<0.3
Total Volume from First Session (cm”3): 0.3-<1.3
Total Volume from First Session (cm”3): >1.3
Primary Cancer: Breast cancer

Primary Cancer: Melanoma

Primary Cancer: Non-breast cancer or melanoma
Number of Metastases Treated at First Session: 2
Number of Metastases Treated at First Session: >=3

Number of Metastases Treated at First Session: 1

Distant Brain Failure

Hazard Ratio
1.59 (1.06-2.38)
1.79 (1.17-2.75)
1.53 (1.03-2.28)

Reference
1.85 (1.28-2.67)
1.77 (1.12-2.79)

Reference
1.68 (1.12-2.52)
1.88 (1.15-3.08)

Reference

WBRT = Whole Brain Radiation Therapy, HR = Hazard Ratio
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Table 3

Risk Score predicting Early (6-month) Distant Brain Failure

Page 17

Points Characteristic
1 No previous WBRT
1 Total volume of disease <1.3cm®
1 Primary Breast or Melanoma
1 >2 brain metastases
Points Risk Group 6-month DBF | HR (95% Cl) and p-value | 6-month Salvage WBRT | HR (95% Cl) and p-value
>3 points High Risk 54.4% 3.04 (2.01 - 4.61), p<0.001 25.7% 4.15 (2.03 - 8.48), p<0.001
2points | Intermediate Risk 28.8% 1.64 (1.11 - 2.44), p=0.013 17.7% 2.28 (1.08 - 4.81), p=0.03
0-1 points Low Risk 16.6% Reference 2% Reference

DBF = Distant Brain Failure, WBRT = Whole Brain Radiation Therapy, HR = Hazard Ratio, Cl = Confidence Interval
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