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Our purpose was to report efficacy of hypofractionated cavity stereotactic radiotherapy (HCSRT)
in patients with and without prior whole brain radiotherapy (WBRT). 32 surgical cavities in 30
patients (20 patients/21 cavities had no prior WBRT and 10 patients/11 cavities had prior WBRT)
were treated with image-guided linac stereotactic radiotherapy. 7 of the 10 prior WBRT patients
had “resistant” local disease given prior surgery, post-operative WBRT and a re-operation, fol-
lowed by salvage HCSRT. The clinical target volume was the post-surgical cavity, and a 2-mm
margin applied as planning target volume. The median total dose was 30 Gy (range: 25-37.5Gy)
in 5 fractions. In the no prior and prior WBRT cohorts, the median follow-up was 9.7 months
(range: 3.0-23.6) and 15.3 months (range: 2.9-39.7), the median survival was 23.6 months and
39.7 months, and the 1-year cavity local recurrence progression-free survival (LRFS) was 79
and 100%, respectively. At 18 months the LRFS dropped to 29% in the prior WBRT cohort.
Grade 3 radiation necrosis occurred in 3 prior WBRT patients. We report favorable outcomes
with HCSRT, and well selected patients with prior WBRT and “resistant” disease may have an
extended survival favoring aggressive salvage HCSRT at a moderate risk of radiation necrosis.

Key words: Stereotactic radiotherapy; Cavity radiosurgery; Hyofractionation; Radiation
necrosis; Radiosurgery.

Introduction

The standard of care for years following surgical resection of brain metastases
has been post-operative whole brain radiotherapy (WBRT) (1-5). Randomized

®Department of Anatomic Pathology, Sunnybrook Health Sciences Centre,
University of Toronto, Toronto, Ontario, Canada

"Division of Neurology, Sunnybrook Health Sciences Centre, University

of Toronto, Toronto, Ontario, Canada

8Department of Radiation Oncology, Princess Margaret Hospital, University

of Toronto, Toronto, Ontario, Canada

Abbreviations: HCSRT: Hypofractionated Cavity Stereotactic Radiotherapy; WBRT: Whole Brain
Radiotherapy; RCTs: Randomized Controlled Trails; CTV: Clinical Target Volume; PTV: Planning
Target Volume; GTV: Gross Tumor Volume; LRFS: Local Recurrence Progression-free Survival;
SRS: Stereotactic Radiosurgery; CT: Computed Tomogram; CBCT: Cone-beam CT; OS: Overall
Survival; PFS: Progression-free Survival; DRFS: Distant Recurrence Progression-free Survival; MRI:
Magnetic Resonance Imaging; NSCLC: Non-small Cell Lung Cancer; RPA: Recursive Partioning
Analysis; RN: Radiation Necrosis; GPA: Graded Prognostic Index.

Ameen Al-Omair, M.D.!
Hany Soliman, M.D.!
Wei Xu, Ph.D.2
Aliaksandr Karotki, Ph.D.?
Todd Mainprize, M.D.*
Nicolas Phan, M.D.*
Sunit Das, M.D., Ph.D.5
Julia Keith, M.D.¢
Robert Yeung, M.D.’
James Perry, M.D.’
May Tsao, M.D.!

Arjun Sahgal, M.D.!3*

'Department of Radiation Oncology,
Sunnybrook Health Sciences Centre,
University of Toronto, Toronto,
Ontario, Canada

2Department of Biostatistics, University
Health Network, University of Toronto,
Toronto, Ontario, Canada

3Department of Medical Physics,
Sunnybrook Health Sciences Centre,
Toronto, Ontario, Canada

“Division of Neurosurgery, Sunnybrook
Health Sciences Centre, University of
Toronto, Toronto, Ontario, Canada
Division of Neurosurgery, St. Michaels
Hospital, University of Toronto,

Toronto, Ontario, Canada

*Corresponding author:

Dr. Arjun Sahgal, M.D.

Phone: 416-480-5329

Fax: 416-480-6002

E-mail: arjun.sahgal @sunnybrook.ca

493



494

controlled trials (RCTs) have proven benefit with respect
to local control and distant brain control as compared to
surgery alone, however, no impact on overall survival (OS)
(4, 5). Recently, we have observed based on formal neu-
rocognitive testing that WBRT results in an independent
adverse effect on memory function (6, 7). As a result, the
shift in the treatment paradigm for the post-operative patient
is to treat focally to the surgical cavity, and reserve WBRT
as a salvage therapy (8, 9). In particular, in those patients
who have already been treated with WBRT then post-
operative options are limited to either no further radia-
tion or re-treatment WBRT, neither of which are ideal.
In principle, cavity radiation is analogous to the well-
established practice of stereotactic radiosurgery (SRS)
alone for patients presenting with limited brain metastases,
and the use of SRS as a salvage treatment for WBRT
failures (2, 10).

Although some have adopted single fraction SRS to the
post-operative cavity (9), this approach is limited with
respect to the deliverable total dose given the large target
volumes associated with surgical cavities and the irregu-
larity of the surgical cavity shape (11). With recent tech-
nologic advances allowing for frameless hypofractionated
cavity stereotactic radiotherapy (HCSRT) (12), treatment
with few fractions rather than a single fraction is gaining
acceptance as routine clinical practice (8, 9, 13). The major
advantage of HCSRT is to deliver high total doses in only a
few fractions despite large treatment volumes, while min-
imizing the risk of radiation necrosis (RN). The latter is
largely due to the protective effects of fractionation on the
normal brain tissue (14). The purpose of this study is to
report our outcomes for post-surgical HCSRT in patients
with and without prior WBRT delivered in 5 daily fractions.
In particular, we describe outcomes for a unique cohort of
patients with resistant local disease who had undergone
multiple surgeries and prior radiation to the same tumor and
ultimately salvaged with HCSRT.

Methods and Materials
Patient Data

Institutional Research Board (IRB) approval was obtained
from the Sunnybrook Health Sciences Centre for this ret-
rospective review of a prospective database of patients
treated with HCSRT. Thirty-two cavities in 30 consecu-
tive patients treated with HCSRT were identified. All
patients were treated by a single radiation oncologist
(AS) between July 2009 and December 2011. The elec-
tronic medical records and treatment plans were retro-
spectively reviewed, toxicity was graded according to the
National Cancer Institute Common Terminology Crieria
for Adverse Events v. 4.0.
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Stereotactic Radiotherapy Technique

All patients were treated with a 4 mm multi-leaf collimator
image-guided linac system equipped with a robotic couch
(Elekta Axesse, Elekta AB, Stockholm, Sweden). Patients
were immobilized supine with an aquaplast mask, and simu-
lated with a 1 mm slice thickness computed tomogram (CT).
A volumetric 1.5mm slice thickness magnetic resonance
imaging (MRI) scan was acquired with gadolinium contrast
typically a few days prior to simulation for image-fusion to
the planning CT scan. The time from surgery to treatment
planning MRI was generally 2-3 weeks.

The surgical cavity was delineated based on the treatment
planning MRI as the clinical target volume (CTV). In cases
of a subtotal resection, the residual enhancing disease
was delineated as the gross tumor volume (GTV).
A 2mm volumetric margin expansion beyond the CTV
(and GTV) was used to define the planning target vol-
ume (PTV). The 2mm PTV was based on our in-house
published evaluation of precision in treatment delivery
specific to this unit and immobilization system (15). All
patients were treated with daily cone-beam CT (CBCT)
image-guided radiotherapy with online corrections for
any translation greater than 1 mm or rotations greater than
1 degree. A radiation oncologist verified the first day treat-
ment setup and CBCT. Figure 1 illustrates a typical patient
treated with HCSRT.

Figure 1:

HCSRT in a patient with cerebellar metastases from a primary
lung cancer. The left-most image is an axial T1 post-gadolinium MR illus-
trating the pre-operative tumor, and the subsequent images indicate the post-
op axial MRI (3 weeks post-op), the treatment plan with representative
isodose lines (CTV in blue color wash and PTV in green color wash), and the
right-most image is the patient’s axial MRI 1-year post-HCSRT illustrating
no evidence of disease.

Statistical Analysis

Local recurrence was defined as the presence of a new
enhancing mass within, or directly adjacent to, the resection
cavity. In cases where it was difficult to differentiate local
recurrence versus RN, surgery was undertaken for pathologic
confirmation. Distant recurrence was defined as the pres-
ence of new enhancing lesions consistent with brain metas-
tases beyond the resection cavity, along the dura or within
the leptomeninges. Time to progression was calculated from
the date of HCSRT to the first MRI that showed evidence of
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progression. Statistical analyses were performed using SAS
Version 9.2 (SAS Institute, Cary, NC). The Fisher’s exact
test and Pearson’s chi-square test were used to compare pro-
portions. The Wilcoxon rank-sum test was used to compare
continuous variables. OS, progression-free survival (PES),
local recurrence progression-free survival (LRFS) and dis-
tant recurrence progression-free survival (DRFS) were calcu-
lated using the Kaplan-Meier method. Differences between
survival curves were analyzed by the log-rank test. Results
were considered significant if the p-value was less <0.05. No
patient was lost to follow-up and all were meticulously fol-
lowed with MRI every 2-3 months post-HCSRT.

Results
Patient Characteristics

32 surgical cavities in 30 consecutive patients were iden-
tified. 20 patients (21 cavities) had no prior WBRT while
10 patients (11 cavities) had a history of prior WBRT. 7 of
these 10 patients had locally resistant disease having had
prior surgery and post-operative WBRT who subsequently
locally relapsed and were re-operated followed by salvage
HCSRT. Patient characteristics are listed in Table I. The
median age at diagnosis was 70 years (range: 41-90) in the
no prior WBRT cohort which was significantly older than 57
years (range: 24-71) in the prior WBRT cohort (p = 0.000).
In both groups, the most common primary site was non-
small cell lung cancer (NSCLC) and most patients had a
recursive partitioning analysis (RPA) class of 2 (66%). A
gross total resection was achieved in 17 cavities (81%) in
the no prior WBRT cohort, and 6 cavities (55%) in the prior
WBRT group.

Treatment Characteristics

Treatment characteristics are listed in Table II. The total dose
ranged from 25 to 37.5Gy (median 30Gy) in 5 fractions
in the prior WBRT group and 25-35Gy (median 30Gy) in
5 fractions in the no prior WBRT group. The median PTV
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was 34.5cc (range: 5.0-179.8) in the prior WBRT group and
23.6c¢c (range: 3.1-42.1) in the no prior WBRT.

Clinical Outcomes

In the no prior and prior WBRT cohorts, the median fol-
low-up was 9.7 months (range: 3-23.6) and 15.3 months
(range: 2.9-39.7), and the median survival was 23.6 months

Table I

A comparison of baseline patient and tumor characteristics
according to the treatment cohort.

No prior WBRT Prior WBRT
cohort cohort
20 patients/ 10 patients/
Characteristic 21 cavities 11 cavities p-value
Median age (range) 70 (41-90) 57 (24-71) 0.006
Male 7 3
Female 13 7 045
NSCLC 10 4
Breast 3 3 0.27
Other 8 4
Frontal 6 1
Temporal 2 3
Parietal 4 4 0.27
Occipital 1 1
Cerebellum 7 1
Pre-op median tumor 34cm 3.2cm 049
Diameter (range) (2.0-4.7) (2.5-6.2) '
GTR 17 6
STR 4 5 0-70
ECOG 0 3 2
ECOG 1 17 8 073
RPA Class I 7 3
RPA Class 1T 13 7 078
GPA 0-1 0 3
GPA 1.5-2.5 17 6 0.55
GPA 3-4 3 1

WBRT refers to whole brain radiotherapy, RPA refers to the brain metastases
recursive partioning analysis, GPA refers to the brain metastases graded
prognostic analysis, NSCLC refers to non-small cell lung cancer.

Table II

Tumor cavity dosimetric characteristics.

No prior WBRT cohort Prior WBRT cohort p-value
Median PTV volume (range) 23.6cc (3.1-42.1) 34.5¢cc (5.0-179.8) 0.10
Median PTV V95% (range) 99.9% (95.8-99.9) 99.3% (39.5-100) 0.09
Median PTV V90% (range) 100% (97.3-100) 99.9% (44.9-100) 0.22
Median PTV D95 (range) 30.3 Gy (24.22-35.6) 31.0Gy (6.7-36.1) 0.09
Median PTV D90 (range) 30.5Gy (25.2-35.8) 31.2Gy (8.2-36.6) 0.08
Mean PTV dose 30.9Gy (25.5-37.1) 31.6Gy (19.9-37.8) 0.20
Homogeneity index 0.05 (0.01-0.10) 0.06 (0.03-1.2) 0.36
Conformity index 1.6 (1.3-3.2) 1.4 (0.4-1.9) 0.02

PTV refers to planning target volume, V95% and V90% refers to the percent volume encompassed by 95% and 90% of the prescribed dose, respectively,
D95 and D90 refer to the absolute dose within 95% and 90% of the PTV volume, respectively.
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Figure 2: Overall survival (OS), local recurrence progression-free survival
(LRFS) and distant recurrence progression-free survival (DRFS) according
to the no prior WBRT (n = 20 patients and 21 cavities) and prior WBRT
(n = 10 patients and 11 cavities) cohorts.

Al-Omair et al.

and 39.7 months and the 1-year OS rate was 71 and 80%,
respectively. Figure 2 describe the OS, LRFS and the DRFS
according to cohort. In total, seven patients had local progres-
sion with 3 in the no prior and 4 in the prior WBRT groups.
3/4 failures in the prior WBRT cohort occurred in those
7 patients with “resistant” local disease. In the no prior
WBRT and prior WBRT cohorts, the 1-year cavity LRFS
was 79 and 100%, and at 18 months had not been reached
and 29%, respectively. The clinical details and salvage treat-
ments for each patient who failed within the treated cavity
are summarized in Table III. In the no prior WBRT and prior
WBRT cohorts, the DRFS at 12 months was 63 and 52%, and
the median time to distant failure had not been reached and
17 months, respectively. No statistically significant differ-
ences in outcomes were observed between the two cohorts.

Four patients (19%) died in the no prior WBRT cohort and
the median time to death was 8.5 months (range: 4.0-10.1).
Two out of the four patients died of neurologic progres-
sion and other two died of uncontrolled systemic disease.
Four patients (36%) in the prior WBRT group died and
the median time to death was 9.2 months (range: 3.3-24.5
months). Two out of the four patients died of neurologic
progression and the other two died of uncontrolled sys-
temic disease.

Toxicity

HCSRT was well tolerated with no treatment interruptions
or unexpected acute side effects. There were no grade 3 or 4
late toxicities in the no prior WBRT; however, three patients
(30%) developed grade 3 RN in the prior WBRT group, and

Table 111
Patient and treatment characteristics of local failures and outcomes following salvage therapy.

Tumor Time to failure
Patients Cohort size (cm) Pattern of failure (months) Salvage treatment Outcome
1 No prior 39 X 3.0 Local and 8.2 WBRT: 30 Gy/10 with Died 2 months post-salvage from
WBRT distant simultaneous boost to systemic disease, brain locally
GTV of 40Gy/10 controlled
2 No prior 34 X 3.6 Local 24 WBRT: 20 Gy/5 with Died 6 months post-salvage from
WBRT simultaneous boost to CNS disease progression
GTV of 25Gy/5
3 No prior 25X 25 Local 6.0 SRT: 30Gy/5 Locally controlled 1month
WBRT post-SRT
4% Prior 3.7 X 3.8 Local and 2.2 Surgery alone Died 3 months post-salvage from
WBRT distant CNS disease progression
5% Prior 35X29 Local 13.9 Surgery alone Locally controlled at 4 months
WBRT
6 Prior 25 X 24 Local 6.0 None Died from CNS disease progression
WBRT
7* Prior 43 X 29 Local 8.0 Surgery plus Locally controlled at 5 months
WBRT WBRT 25Gy/10

*Patients with resistant disease having had prior surgery followed by WBRT +/— further SRS and subsequently locally relapsed and treated with re-excision
and HCSRT, WBRT refers to whole brain radiotherapy, CNS refers to central nervous system, SRT refers to stereotactic radiotherapy.
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each patient underwent surgery to confirm the diagnosis.
Furthermore, a central pathology review was performed for
each case to confirm this diagnosis.

The first patient with RN had metastatic endometrial can-
cer and been initially treated with surgery followed by
WBRT (20Gy in 5 fractions), and following a local recur-
rence treated with salvage SRS (15Gy in 1 fraction). Ten
months later there was radiographic evidence of local dis-
ease progression and the patient was re-resected followed
by HCSRT to a 12.4cc PTV. Five months later the patient
developed symptomatic RN within the resection cavity
requiring surgical resection. The second patient with RN
had metastatic melanoma and been initially treated with
surgery followed by WBRT (30Gy in 10 fractions with
a simultaneous integrated boost to the cavity to 40Gy in
10 fractions). Five months later, the patient underwent re-
resection for local recurrence followed by HCSRT (30 Gy
in 5 fractions) to a 36.3cc PTV. Three months later the
patient developed symptomatic RN and required surgical
resection. The third patient with RN had metastatic NSCLC
and been initially treated with WBRT (20Gy in 5 frac-
tions) and progressed locally two months later. The patient
then underwent re-resection followed by HSCRT (30 Gy in
5 fractions) to a PTV of 17.8cc (3 months following the
initial WBRT). Symptomatic RN developed 13 months
later requiring surgical resection (Figure 3).

Figure 3: Radiation necrosis post-HCSRT in a patient previously treated
with WBRT. The top left is the pre-operative metastases secondary to lung
cancer followed by the post-operative MRI with the CTV (orange) and PTV
(blue) delineated. The subsequent top panel images illustrate the treatment
planning CT with representative isodose lines on the axial and coronal
images. The bottom panel left-most image shows the 12 month post-HCSRT
axial MRI and the 13 month MRI taken as a result of symptoms of increased
intra-cranial pressure that was surgically resected and proven to be RN. The
bottom right image is a low power H&E stained histology photomicrograph
showing well circumscribed areas of necrosis of the brain parenchyma (red
arrow) and vascular hyalinization (black arrow) with no evidence of residual
or recurrent tumor.
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Discussion

The aim of cavity radiation is to reduce the risk of local
relapse and reserve WBRT as a salvage therapy (8, 9). Fur-
thermore, cavity radiation has been developed with the intent
to improve local control by treating with doses consistent
with SRS (16) and HCSRT practice (13), as opposed to those
lower doses common to WBRT (1). Although we do not have
any RCT to prove equivalence or superiority for cavity radia-
tion as compared to WBRT, the literature is suggestive of
efficacy and randomized studies are ongoing (8).

There have been multiple studies reporting outcomes for sin-
gle fraction surgical cavity SRS (8, 9); however, no dedicated
series for five fraction HCSRT. The issue with single frac-
tion SRS is the practice of applying the same principles of
SRS dose selection to the cavity as would otherwise for intact
lesions and; therefore, as the target volume increases the dose
prescribed decreases (16). This dose-volume relationship is
based on respecting normal tissue tolerance to maintain an
acceptable risk of RN (16). In our series the median pre-oper-
ative tumor diameter and PTV in the no prior and prior WBRT
cohorts were 3.4cm and 3.2cm, and 23.6cc and 34.5cc,
respectively, which translates to a comparatively sub-optimal
SRS dose of 15Gy (10, 16). Our approach was developed
to treat cavities with 5 fraction HCSRT and deliver radical
doses while maintaining a low risk of RN due to the protec-
tive effects of fractionation. The dose of 30 Gy in 5 fractions
was most often chosen as the peripheral dose fall-off is rela-
tively steep such that the 20 Gy isodose line would typically
lie ~6-10mm beyond the PTV, and we are very comfortable
with large volumes of normal brain tissue receiving 20 Gy in
5 fractions (common WBRT dose schedule). Therefore, we
postulated a priori that this regimen would minimize the risk
of RN, despite the large volume of normal tissue irradiation.

With respect to cavity single fraction SRS outcomes in
patients with no prior WBRT (9), a recent review of 10 series
comprising a total of 380 patients estimated crude local con-
trol at 79% and a 1-year actuarial LRFS rate of 70%. The
estimated risk of RN was ~5% (9). We report comparable
crude local control at 76% (relapse in 3 of 21 cavities) and a
1-year actuarial LRFS rate of 79%. It is important to note that
our median pre-operative tumor diameter was 3.4cm (range:
2.0-4.7 cm) and PTV was 23.6cc (3.1-42.1), and we have yet
to have a single case of RN in this cohort. With further fol-
low-up we will see if our practice does in fact prove superior
to single fraction SRS as the rates of local control have been
recently reported to drop significantly beyond a year with
SRS (11). Hartford et al. reported on only 50% and 40% of
cavities free of relapse at 2-years for those pre-operative
tumors measuring >2cm and >3cm, respectively (11).
Lastly, the evidence is gathering to support hypofractionated
SRT in both patients with intact metastases (13) and cavities.
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For example, Kim et al. reported better outcomes for SRT
using 36 Gy in 6 fractions (daily over 1.5 weeks) as compared
to single fraction SRS (median dose 20Gy) despite those
tumors treated with SRT being of greater volume (5.0cc vs.
2.21cc, respectively) (13). Katz et al. reported in abstract
form better outcomes for 24 Gy in 3 fractions as HCSRT as
compared to single fraction SRS (median 18 Gy), and again
volumes were greater for the HCSRT cohort (8.9 cc vs 2.2 cc,
respectively) (17). Ultimately, a RCTs will be required to
determine optimal dosing.

When comparing the baseline characteristics of the no prior
WBRT cohort to the prior WBRT cohort, we observe a sta-
tistically significant difference in age. Patients were older in
the prior WBRT cohort, and this reflected our initial prac-
tice of offering older patients HCSRT to spare them from the
adverse memory effects inherent to WBRT. As our experience
matured we now offer HSCRT to all patients regardless of age.
Our prior WBRT cohort was also unique and well selected
for aggressive therapy, such that these patients had controlled
extra-cranial disease and an expected prolonged survival
(median survival of 39.7 months was observed). We deter-
mined “resistant disease” in 7 of the 10 prior WBRT patients
given that they had multiple prior treatments to the same brain
metastases that included combinations of prior surgery, post-
operative WBRT, some had salvage SRS, and ultimately sal-
vage surgery followed by post-operative HCSRT. There is also
some experimental literature to support the idea of treatment-
induced radiation resistance (18) and a lack of literature detail-
ing clinical outcomes in such a cohort. Although the small
number of patients in this cohort is a limitation to making firm
conclusions, the lack of outcomes in such a cohort of heavily
pre-treated patients is also a strength of our report.

In our prior WBRT cohort, the pre-operative diameter and
PTV were also large with a median of 3.2 cm (range: 2.5-6.2)
and 34.5cc (5.0-179.8), respectively. We report at one year a
100% LRFS rate. However, by 18 months this rate dropped to
29% (Figure 2). The drop in local control was driven by four
of the seven local failures observed within the prior WBRT
cohort. Three of the four prior WBRT failures occurred in
those with resistant disease (n = 7). These results suggest
that we have the ability with aggressive therapy to gain con-
trol of what could be considered as the uncontrollable brain
metastases, and remarkably for up to a year in all patients.

Importantly, three cases of RN were observed, and all in the
prior WBRT cohort. Two of these three patients were those
with highly resistant disease having had multiple courses of
radiation and surgery and, therefore, at greater baseline risk
of RN. The third patient was treated with HCSRT at only
3 months following prior WBRT and to a large volume
(17.8 cc). We suspect that both of these factors increased this
patients’ risk. No patient in the de novo group has developed
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RN; however, with long-term follow-up we may see this tox-
icity emerge.

The only other series with dedicated outcomes for patients
with prior WBRT and salvage cavity radiation was reported by
the Wake Forest group in 2006 (19). They treated 79 patients
with single fraction cavity SRS and reported crude local recur-
rence in 5.1% of patients and RN in 3.8%. These data indicate
efficacy, however, the cohort is not largely comparable to our
prior WBRT cohort given the “resistant disease” in the major-
ity of the 10 patients (prior WBRT and multiple surgeries for
the same tumor eventually treated with HCSRT).

Conclusion

We report favorable outcomes with HCSRT in patients with
and without prior WBRT. In patients with recurrent brain
metastases despite prior surgery and WBRT, further surgery
and salvage HCSRT yields prolonged local control at a mod-
erate risk of RN. Further follow-up and a greater sample size
is necessary to confirm our observations.
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