1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Cancer. Author manuscript; available in PMC 2017 July 01.

Published in final edited form as:
Cancer. 2016 July 1; 122(13): 2091-2100. doi:10.1002/cncr.30009.

Comparative Effectiveness of Stereotactic Radiosurgery versus
Whole Brain Radiation Therapy for Patients with Brain
Metastases from Breast or Non-Small Cell Lung Cancer

Lia M. Halasz, MD!, Hajime Uno, PhD!i, Melissa Hughes, MSci, Thomas D’Amico, MDli,
Elisabeth U. Dexter, MDVV, Stephen B. Edge, MDY, James A. Hayman, MD, MBAYi, Joyce C.
Niland, PhDVii, Gregory A. Otterson, MDViii, Katherine M.W. Pisters, MD*, Richard Theriault,

DO, Jane C. Weeks, MD, MScl, and Rinaa S. Punglia, MD, MPHX
iDepartment of Radiation Oncology, University of Washington, Seattle, WA

iDepartment of Medical Oncology, Dana-Farber Cancer Institute, Boston, MA

iDepartment of Surgery, Duke Cancer Institute, Durham, NC

VDepartment of Surgery, Roswell Park Cancer Institute and the University of Buffalo, Buffalo, NY
VBaptist Cancer Center, Memphis, TN and Vanderbilt University School of Medicine, Nashville TN
viUniversity of Michigan, Ann Arbor, MI

viilnformation Sciences, City of Hope, Duarte, CA

viiDepartment of Medicine, The Ohio State University Comprehensive Cancer Center, Columbus,
OH

*Department of Medical Oncology, The University of Texas, M.D. Anderson Cancer Center,
Houston, TX

*Department of Radiation Oncology, Dana-Farber Cancer Institute, Boston, MA

Abstract

Corresponding author: Lia M. Halasz, M.D.; 1959 NE Pacific St.; Seattle, WA 98195, Ihalasz@uw.edu; Phone: 206.598.4100; Fax:
206.598.3786.

Previous presentation: Oral presentation at the Annual Meeting of the American Society for Therapeutic Radiation Oncology.
September 23, 2013. Atlanta, Georgia.

Conflict of interest: Dr. D'Amico reports a consulting and advisory role for SCANLAN outside the submitted work. Drs. Dexter and
Theriault report royalties from UpToDate outside the submitted work.

Author Contributions: Lia M. Halasz: Conceptualization, methodology, software, validation, formal analysis, writing — original
draft, writing — review and editing, visualization, and supervision. Hajime Uno: Methodology, software, validation, formal analysis,
writing — original draft, writing — review and editing, and visualization. Melissa Hughes: Methodology, software, investigation,
resources, data curation, writing — original draft, writing — review and editing, and project administration. Thomas D’ Amico:
Conceptualization, formal analysis, investigation, writing — review and editing, and supervision. Elisabeth U. Dexter: Resources and
writing — review and editing. Stephen B. Edge: Conceptualization, formal analysis, resources, data curation, and writing — review and
editing. James A. Hayman: Formal analysis and writing — review and editing. Joyce C. Niland: Conceptualization, resources, data
curation, and writing — review and editing. Gregory A. Otterson: Investigation, resources, data curation, and writing — review and
editing. Katherine M.W. Pisters: Conceptualization, formal analysis, resources, data curation, and writing — review and editing.
Richard Theriault: Conceptualization, formal analysis, resources, data curation, and writing — review and editing. Jane C. Weeks:
Conceptualization, methodology, resources, writing — original draft, writing — review and editing, visualization, supervision, and
funding acquisition. Rinaa S. Punglia: Conceptualization, methodology, formal analysis, writing — review and editing, supervision,
and funding acquisition.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Halasz et al.

BACKGROUND—The optimal treatment for patients with brain metastases remains
controversial as the use of stereotactic radiosurgery (SRS) alone has increased, replacing whole
brain radiation therapy (WBRT). We determined the patterns of care at multiple institutions before
2010 and examined whether or not survival was different between patients treated with SRS versus
WBRT.

METHODS—We examined the overall survival of patients treated with radiation therapy for brain
metastases from non-small cell lung cancer (NSCLC) (initially diagnosed 2007-2009) or breast
cancer (initially diagnosed 1997-2009) in five centers. We performed propensity score analyses to
adjust for confounding factors, such as the number of metastases, extent of extracranial

metastases, and treatment center.

RESULTS—Owverall, 27.8% of 400 NSCLC patients and 13.4% of 387 breast cancer patients
received SRS alone for treatment of brain metastases. Few patients with > 3 brain metastases or =
4 cm lesions received SRS. Patients with < 4 brain metastases, < 4 cm in size (n = 189 for
NSCLC; n =117 for breast cancer) treated with SRS had longer survival (NSCLC: adjusted hazard
ratio [HR], 0.58, 95% Confidence Interval [CI] 0.38 to 0.87, p = 0.01; breast cancer: adjusted HR
0.54, 95% C1 0.33 t0 0.91, p = 0.02) than those treated with WBRT.

CONCLUSIONS—Patients treated for < 4 brain metastases from NSCLC or breast cancer with
SRS alone had longer survival than those treated with WBRT in this multi-institutional
retrospective study, even after adjustment for the propensity to receive SRS.

Condensed Abstract

We performed propensity score analyses utilizing data from a multi-institutional longitudinal
database of patients treated for brain metastases from non-small cell lung cancer or breast cancer.
We found that patients treated for < 4 brain metastases with stereotactic radiosurgery alone had
improved survival.

Keywords

Comparative effectiveness research; radiosurgery; neoplasm metastasis; breast neoplasms;
carcinoma; non-small-cell lung

INTRODUCTION

It is estimated that there are approximately 170,000 new patients diagnosed with brain
metastases in the United States each year.! The prognosis of patients with untreated brain
metastases is poor, with a median survival of one month.2 In the mid-1900s, the median
survival improved to four to six months with the introduction of whole brain radiation
therapy (WBRT)3 which quickly became the standard treatment for brain metastases.

However with technological advancement, surgical resection and stereotactic radiosurgery

(SRS) have become options for the treatment of brain metastases. SRS is a specialized
radiation technique that delivers highly collimated radiation to a precisely defined target
while minimizing the dose received by surrounding tissue.

While WBRT targets known brain metastases as well as microscopic disease throughout the

brain, SRS targets only the brain metastases detected on imaging. Advantages of WBRT
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include decreased likelihood of development of additional brain metastases, lower cost, and
greater availability. Advantages of SRS alone include avoidance of neurocognitive side
effects associated with WBRT# and a shorter treatment course.

Multiple randomized trials have shown that for patients with one to four brain metastases
treated with SRS, the addition of WBRT does not add survival benefit.#-6 Use of SRS for
brain metastases is variable across regions and centers in the United States’ and overall
management remains controversial with no randomized trials comparing SRS alone versus
WBRT alone.

In this study, we used the National Comprehensive Cancer Network (NCCN) Oncology
Outcomes Database for non-small cell lung cancer (NSCLC) and breast cancer first to
determine the treatment patterns for brain metastases at multiple centers. We then compared
the overall survival following the two most frequent strategies for patients with < 4 brain
metastases, SRS versus WBRT.

METHODS

Data source

The NCCN Oncology Outcomes Database collected comprehensive clinical,
histopathologic, treatment, and disease-status information on all patients treated at
participating NCCN institutions for NSCLC between 2007-2009, and for breast cancer
between 1997-2009.8: 9 Patients included in this study received their primary cancer care at
one of five institutions: Arthur G. James Cancer Hospital at the Ohio State University
(Columbus, OH), City of Hope Comprehensive Cancer Center (Duarte, CA), Dana Farber
Cancer Institute (Boston, MA), University of Texas M.D. Anderson Cancer Center
(Houston, TX) and Roswell Park Cancer Institute (Buffalo, NY).

The patients' individual medical records were abstracted by trained data managers at each
site. Data were abstracted for breast cancer patients at first visit; 4, 9, and 18 months; and
then annually. For NSCLC patients, data were abstracted at first visit; 6, 12, 18, and 24
months; and then annually. Reliability and validity of the abstracted data were assessed
through several processes, including real-time logic checks, monthly training
teleconferences, quarterly quality assurance testing, biannual in-person training, and annual
data audits wherein abstracted data are compared with source documentation. The study data
collection process, data transmission methods, and data storage protocols were approved by
the institutional review boards at each institution. At City of Hope and Dana Farber Cancer
Institute, the institutional review board required signed informed consent for data collection
and only patients who provided written consent were included.

Data collected included patient characteristics, disease characteristics at initial cancer
diagnosis, socioeconomic characteristics, and treatments. The date of diagnosis with brain
metastasis was determined by the date of the imaging providing the diagnosis. Number of
brain metastases and size of the largest lesion was determined by radiology report. Number
of body sites with extracranial metastases was calculated as a proxy for systemic disease
burden. Comorbidity at presentation to the center was assigned using either the Charlson
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Index1 determined by chart review or the modified version of this index using a patient
survey developed by Katz.1! The zip code of the patient’s residence was linked to 2000
Census data to estimate the median household income (U.S. Census 2000, Summary File 3).

From 2,880 potentially eligible NSCLC patients, we identified 672 patients with diagnosis
of brain metastases without leptomeningeal disease. Patients were excluded if a radiology
report confirming the diagnosis of brain metastases was not available or there was < 60 days
of follow-up. Patients who underwent surgical resection were excluded to avoid selection
bias since during the study time period, SRS to the tumor bed was uncommon. This resulted
in 413 patients who had radiation therapy as initial treatment, defined as within 60 days of
brain metastasis diagnosis. This was chosen as a reasonable time period for receiving initial
treatment for brain metastases. Since few patients received both WBRT and SRS within 60
days, these 13 patients were excluded. (Supplemental Figure). For diagnosis, 365/400
patients (91.3%) underwent brain MRI. If a patient did not have a brain MRI, a head CT was
the source of diagnosis.

From 24,295 potentially eligible breast cancer patients, we identified 614 (2.5%) patients
with brain metastases without leptomeningeal disease. Patients were excluded if the
radiology report was not available, there was < 60 days of follow-up, or they had undergone
surgical resection initially. This resulted in 419 patients who had radiation therapy as initial
treatment. For 21 (5.0%) of these patients, the type of radiation therapy was not known.
Eleven patients (2.8%) were excluded as they received both WBRT and SRS (Supplemental
Figure). For diagnosis, 279 (72.1%) out of 387 patients underwent brain MRI.

Statistical analysis

Univariate determination of factors associated with receiving SRS versus WBRT was
performed with chi-square analyses. Based on these results and & priori clinical hypothesis
that candidates for SRS during this time period were patients with < 4 brain metastases that
were < 4 cm, we performed further analyses within this subgroup. We used a propensity-
score approach to account for differences in patient characteristics to estimate the effect of
receiving SRS on overall survival versus WBRT.

The propensity score model included all available variables potentially associated with either
survival or treatment received.12 A stepwise variable selection procedure was used to
determine potential associations with the criterion of exclusion of p> 0.20. We grouped the
patients into 5 strata, determined by the propensity score. We then performed stratified Cox
regression analyses to estimate the effect of SRS on survival. We also applied a standardized
mortality ratio (SMR) propensity-score weight that equaled 1 for WBRT patients and the
propensity odds [p + (1 — p)] for SRS patients. The SMR method estimates the average
improvement in survival with SRS across the WBRT population.

Sensitivity Analyses

Because propensity score analyses can control only for observed characteristics, we
examined the robustness of estimated SRS improvement to unobserved confounders.13 We
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considered the potential unmeasured confounder of poor performance status at diagnosis
with brain metastases. Though performance status was available for patients at the initial
diagnosis with primary cancer, it was not at diagnosis with brain metastasis. We estimated
that the number of patients with Karnofsky Performance Status (KPS) < 70 was two to three
times greater in the WBRT cohort compared to the SRS cohort based on a subset analysis of
230 NSCLC patients with synchronous diagnosis of brain metastasis with known
performance status where patients treated with WBRT were 2.3 times more likely to have
ECOG performance status = 2. We estimated that the hazard ratio for overall survival
associated with KPS < 70 was 2.13 based on the Radiation Therapy Oncology Group
(RTOG) recursive partitioning analysis classification1413,

Predictors of receiving SRS in the full cohort

Overall, 111/400 (27.8%) patients with metastatic NSCLC (2007-2009) and 52/ 387
(13.4%) patients with metastatic breast cancer (1997-2009) received SRS. Patients who
received SRS were significantly more likely to have fewer brain metastases, size of the
largest metastasis < 4 cm, and fewer sites of extracranial metastases compared to those who
received WBRT. Among NSCLC patients, the specific NCCN institution was significantly
associated with SRS use, ranging from 10.7% to 40.2%. Among breast cancer patients, SRS
was more common in the later years compared to the earlier years (Table 1).

Characteristics of the subset population used in comparative effectiveness analysis

Among the subset of 189 NSCLC patients with <4 brain metastases that were < 4 cm, 90
(47.6%) received SRS as opposed to WBRT. Only the specific NCCN institution and fewer
brain metastases remained significant predictors for receiving SRS in this subgroup. Among
the subset of 117 breast cancer patients with < 4 brain metastases that were < 4 cm, 42
(35.9%) received SRS as opposed to WBRT. Only smaller size of largest brain metastasis
remained a significant predictor for receiving SRS in this subgroup (Table 2).

As expected, patients in the WBRT group had a lower propensity for receiving SRS than
those in the SRS group. Figure 1 displays the distribution among the cohorts of the
propensity score, which is the probability given baseline variables that any patient in either
group would be selected for SRS.

Outcomes of subset population used in comparative effectiveness analysis

NSCLC and breast cancer patients with < 4 brain metastases that were < 4 cm, had a median
overall survival of 5.8 and 8.8 months, respectively. At last follow up, 140/189 (74%)
NSCLC patients and 115/117 (98%) breast cancer patients had died.

Patients with < 4 brain metastases < 4 cm in size, who were treated with SRS, had better
survival than those treated with WBRT in both the NSCLC (adjusted HR, 0.58; 95% ClI,
0.38 t0 0.87; p = 0.01) and breast cancer (adjusted HR, 0.54; 95% CI, 0.33 to 0.91; p=0.02)
cohorts (Table 3). In the NSCLC cohort, age, brain metastasis at initial diagnosis, prior
chemotherapy, performance status at initial diagnosis, smoking history and extracranial
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disease extent were significantly associated with survival. In the breast cancer cohort,
number of brain metastases, race, insurance type, year of brain metastasis diagnosis, and
employment were significantly associated with survival.

Additional analyses performed using standardized mortality ratios also showed that SRS
improved survival for the average WBRT patient (Figure 2). The estimated treatment effect
of SRS on overall survival using this technique was found in both the NSCLC (adjusted HR,
0.26; 95% CI: 0.20, 0.34; p<0.001) and breast cancer (adjusted HR, 0.61; 95% CI: 0.45,
0.81; p<0.001) cohorts.

Sensitivity analyses to evaluate whether unmeasured variables such as performance status
which could confound survival differences between the two groups revealed our results to be
robust. Under the assumption that patients receiving WBRT were three times more likely to
have a KPS < 70 and that these patients would have increased hazard of dying of 2.13, we
found that treatment with SRS was still associated with a hazard ratio of 0.56 (95% CI: 0.36,
0.88, p =0.01) in the NSCLC cohort, and 0.54 (95% ClI: 0.32, 0.92, p =0.02) in the breast
cancer cohort.

Salvage treatment

Of the 90 NSCLC patients who received SRS, 12 underwent salvage SRS after a median 4.3
months (range, 1.0-8.4 months) and 11 underwent salvage WBRT after a median 7.5 months
(range, 1.8-30.4 months). Of the 12 patients who received salvage SRS, 5 later underwent
WBRT. Of the 42 breast cancer patients who received SRS, 9 underwent salvage SRS after a
median 7.5 months (range, 1.5-20.0 months) and 15 underwent salvage WBRT after a
median 9.0 months (range, 1.7-37.8 months). Of the 9 patients who received salvage SRS, 6
later underwent WBRT.

DISCUSSION

In this study analyzing a multi-institutional, longitudinal database of patients with brain
metastases, we found improved survival among patients who had < 4 brain metastases that
were < 4 cm and were treated with SRS versus WBRT. This advantage persisted when
accounting for the propensity score, the probability that any patient in either group would be
selected for SRS based on patient, clinical, and institutional variables. These included
significant predictors of receiving SRS, such as the number of brain metastases, size of the
largest brain metastasis, extent of extracranial metastases, year of diagnosis with brain
metastases and particular NCCN institution.

A strength of this study is the use of a prospectively collected longitudinal database, which
evaluates outcomes of actual practice patterns rather than clinical trials that enroll a select
group of patients. We first determined the treatment patterns for all patients treated initially
with radiation therapy. Surprisingly we found that though RTOG 9508 provided randomized
data for improved survival with the addition of SRS to WBRT for patients with a single
brain metastasis, 8 we found that few patients in NCCN centers received combined
treatment. Thus, we concentrated on those who received WBRT or SRS alone.
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Several interesting conclusions can be made from our initial patterns of care analysis
presented in Tablel. Multivariate analysis from RTOG 9508 showed that patients with
age<65, KPS=70, controlled primary and no extracranial metastases benefited from SRS.
Correspondingly, we found that patients were more likely to receive SRS if they had fewer
brain metastases, largest brain metastases < 4 cm, and fewer sites of extracranial metastases.
However, we did not find that younger age was associated with receiving SRS, supporting
the hypothesis that clinicians chose SRS to avoid neurocognitive side effects of WBRT that
may be especially impactful for the elderly. We detected an increase in the use of SRS for
breast cancer patients after 2004, corresponding with the publication of RTOG 9508. The
lack of correlation between year and treatment choice in the NSCLC cohort likely represents
the shorter time period this database spanned.

Importantly, one of the main determinants of treatment was the particular NCCN institution
for patients in the NSCLC cohort. This factor was not significant in the full breast cohort,
but was nearly significant in the subset with < 4 brain metastases < 4 cm (p=0.05). This
discrepancy could be explained by the long time period (1998-2009) when practice patterns
could change within a given institution given the introduction of technology or new
clinicians.

Next, we analyzed the subgroup with < 4 brain metastases < 4 cm in size since few patients
outside this group received SRS and thus we concluded were not candidates for either
treatment approach during the study period. As shown in table 2, the comparator groups
were well-matched for all covariates aside from number of brain metastases, size of largest
brain metastasis, and institution. Interestingly, other clinical factors associated with
prognosis, such as age, grade and histology (for NSCLC), hormone receptor and Her2neu
status (for breast cancer), and number of extracranial metastases were not predictive of the
treatment choice, perhaps highlighting that providers consider factors other than prognosis
when recommending treatment.

We chose the propensity score method for comparing the two groups for several reasons.
First, the diversity in practice patterns we found across institutions allowed for fairly
balanced groups in terms of clinical factors. In addition, given the relatively small number of
events for the final analysis, the regression approach is inadequate for eliminating selection
bias. The propensity score approach does not have limitations regarding the number of
confounding factors used for adjusting.

Though a prospective longitudinal database may collect more “real-world” outcomes, it does
have limitations regarding the available data. For instance, we were not able to record
performance status at brain metastasis diagnosis. Although adjustment with propensity score
strata resulted in balanced treatment groups, the potential remains for unmeasured
confounders, such as performance status or anatomical location of the brain metastasis, to
have influenced the results. Thus, we performed sensitivity analysis and showed that even if
those in the WBRT group were three times more likely to have poor performance status, our
results remained significant. It is conceivable that a single powerful variable could account
for the survival difference, but other confounders could also increase the difference.
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Our main finding that SRS is associated with improved survival is consistent with the
recently published meta-analysis of individual patient data from phase 3 trials, which
showed a survival benefit for patients <50 years of age who received SRS alone versus those
who received WBRT and SRS.17 However, it should also be noted that we compared slightly
different cohorts, SRS alone versus WBRT alone, because these were the most common
treatment regimens. Though treatment with SRS and WBRT could be similar to WBRT
alone, we cannot be certain. It may be that better local control associated with SRS improves
survival or the side effects of WBRT are detrimental. We cannot discern this as we do not
have data on local control nor cause of death. Alternatively, treatment with SRS may allow
for patients to start chemotherapy earlier, improving survival.

The generalizability of our findings is limited in that all patients were treated at large
specialized cancer centers and may not be reflective of clinical practice or patient
characteristics in community practices. In addition, propensity score matching analysis
excludes many to account for selection bias so that our findings pertain only to patients
without surgical resection and with < 4 brain metastases. Finally, it should be noted that
while we are interested in overall survival as an outcome, the advantage of an SRS alone
approach may also be in avoiding the neurocognitive side effects of WBRT that were not
captured in this database.

Because patients enrolled in clinical trials are from a highly selected subset of patients, we
believe that comparative analysis utilizing longitudinal databases are informative and
important despite the inherent biases of a retrospective study. As practice patterns are
currently changing to increase use of SRS, it would be difficult to compare the two most
commonly used treatment strategies for patients with < 4 brain metastases in a randomized
setting. Thus, our findings that patients receiving SRS had better overall survival than those
receiving WBRT are important to validating this approach. Given that the radiation therapy
costs associated with SRS are estimated to be at least twice that of the cost of WBRT (or
more with the added cost of more frequent MRI surveillance associated with an SRS alone
approach), comparative effectiveness research examining these treatments is important not
only to patients, but also to policy makers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Distribution of propensity score by treatment, whole brain radiation therapy (WBRT) versus
stereotactic radiosurgery (SRS) in patients with brain metastases from (a) non-small cell
lung cancer (n = 180) and (b) breast cancer (n = 112). The black bars represent the number
of WBRT patients and the grey bars represent the number of SRS patients. The propensity
score for SRS is the probability given baseline variables that any patient in either group
would be selected for SRS.
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Figure 2.

Unadjusted survival curves for (a) non-small cell lung cancer (n = 189) and (b) breast cancer
(N=117). Survival curves adjusted by standardized mortality ratio for (c) non-small cell lung
cancer (N=180) and (d) breast cancer (N=112).
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