104

Neuro-Oncology Practice

5(2), 104-113, 2018 | doi:10.1093/nop/npx017 | Advance Access date 22 July 2017

Hybrid surgery-radiosurgery therapy for metastatic
epidural spinal cord compression: A prospective
evaluation using patient-reported outcomes

Ori Barzilai, Mary-Kate Amato, Lily McLaughlin, Anne S. Reiner, Shahiba Q. Ogilvie,
Eric Lis, Yoshiya Yamada, Mark H. Bilsky, and llya Laufer

Departments of Neurosurgery (O.B., M.K.A., L.M., S.Q.0., M.H.B., I.L.), Epidemiology and Biostatistics (A.S.R.)
Radiology (E.L.), Radiation Oncology, Memorial Sloan-Kettering Cancer Center, New York, New York, USA (Y.Y.);
Department of Neurological Surgery, Weill Cornell Medical College, New York, New York, USA (M.H.B., I.L.).

Corresponding Author: llya Laufer, MD, MS, Department of Neurosurgery, Memorial Sloan Kettering Cancer Center, 1275 York
Avenue, New York, New York 10065 (lauferi@mskcc.org).

Abstract

Background: Patient-reported outcomes (PRO) represent an important measure of cancer therapy effect. For
patients with metastatic epidural spinal cord compression (MESCC), hybrid therapy using separation surgery and
stereotactic radiosurgery preserves neurologic function and provides tumor control. There is currently a paucity of
data reporting PRO after such combined modality therapy for MESCC. Delineation of hybrid surgery-radiosurgery
therapy effect on PRO validates the hybrid approach as an effective therapy resulting in meaningful symptom relief.
Patients and Methods: Brief Pain Inventory (BPI) and MD Anderson Symptom Inventory—SpineTumor (MDASI-SP),
PROs validated in the cancer population, were prospectively collected. Patients with MESCC who underwent sep-
aration surgery followed by stereotactic radiosurgery were included. Separation surgery included a posterolateral
approach without extensive cytoreductive tumor excision. A median postoperative radiosurgery dose of 2700
cGy was delivered. The change in PRO 3 months after the hybrid therapy represented the primary study outcome.
Preoperative and postoperative evaluations were analyzed using the Wilcoxon signed-rank test for matched pairs.
Results: One hundred eleven patients were included. Hybrid therapy resulted in a significant reduction in the BPI
items “worst” and “right now” pain (P<.0001), and in all BPI constructs (severity, interference with daily activities,
and pain experience, P < .001). The MDASI-SP demonstrated reduction in spine-specific pain severity and interfer-
ence with general activity (P < .001), along with decreased symptom interference (P < .001).

Conclusions: Validated PRO instruments showed that in patients with MESCC, hybrid therapy with separation sur-
gery and radiosurgery results in a significant decrease in pain severity and symptom interference. These prospect-
ive data confirm the benefit of hybrid therapy for treatment of MESCC and should facilitate referral of patients with
MESCC for surgical evaluation.

HRQoL MESCC separation surgery spine tumor SRS

Malignant epidural spinal cord compression (MESCC) is due to MESCC.® As cancer treatments improve and life
a common complication of cancer.’ Ten to forty percent of  expectancy increases, this disease burden is likely to con-
cancer patients will suffer from spinal metastases.? A pop-  tinue to grow.

ulation-based study in 2011 revealed that in the United Therapy directed toward improved survival and local
States, 3.4% of all cancer patients required hospitalization ~ tumor control plays a paramount role in the treatment of

© The Author(s) 2017. Published by Oxford University Press on behalf of the Society for Neuro-Oncology and the European
Association of Neuro-Oncology. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.


mailto:lauferi@mskcc.org?subject=

Barzilai et al. Hybrid separation surgery-radiosurgery improves HRQoL for patients with MESCC

cancer patients. The effect of oncologic therapy on patient-
reported outcomes (PRO), such as the quality of life and
symptom burden of cancer patients, requires clear delin-
eation in order to provide a comprehensive understand-
ing of its benefit and to facilitate clinical decision-making.
Recommended therapy for patients with solid tumor
metastases causing MESCC includes the combination
of surgical decompression and stabilization followed by
radiotherapy.* Radiotherapy after surgery has been advo-
cated for regardless of the surgical extent as concerns
have been raised with the possible remainders of micro-
scopic tumor cells on the dura.’The current report provides
the first analysis of the effect of combination surgery-radi-
ation therapy, or hybrid MESCC therapy, on the symptoms
of patients with MESCC.

The combination therapy implemented in the current
study includes separation surgery followed by radiosur-
gery. Separation surgery provides circumferential decom-
pression of the spinal cord and spinal stabilization via a
posterior-only approach.6A major goal of this surgery is to
provide a separation between the tumor and spinal cord in
order to enable delivery of an ablative dose of radiation.
Separation surgery is designed to be accompanied by con-
comitant radiosurgical treatment, since there is no attempt
for complete tumor resection, unlike historical operative
strategies involving gross tumor excision. This approach
results in short operative time with low morbidity and the
combination of such conservative surgery with postopera-
tive radiosurgery has been shown to be a safe and effect-
ive strategy for establishing durable local tumor control
regardless of tumor histology and prior radiation history.”
The current analysis aims to show that hybrid therapy not
only favorably affects clinician-based measures (ie, sur-
vival, local control, and gross measures of function), but
also improves patient experience through pain relief and
improved mobility.

I
Methods

Design

This is a prospective, single-center, observational cohort
study involving a large tertiary cancer center. The local
institutional review board approved this study and
informed consent was obtained.The change in PRO, meas-
ured preoperatively and 3 months postoperatively, was
defined as the primary endpoint. Patients with PRO col-
lected 2 to 4.5 months postoperatively were included in the
primary endpoint analysis.The change in PRO at long-term
follow-up, defined as >4.5 to 12 months, represented the
secondary endpoint.

Population

Three hundred thirteen patients who were treated for
spinal tumors between October 2013 and July 2016 were
screened. Inclusion criteria were a diagnosis of can-
cer with involvement of the spine, imaging confirming
the spinal lesion, surgical treatment for a spinal lesion

and ability to use patient reporting tools. Patients who
underwent surgery other than separation surgery (ie,
percutaneous screw fixation, anterior approach, com-
bined anterior and posterior approaches) were excluded.
Patients with intradural tumors as well as those with non-
metastatic lesions were excluded. Patients whose pre-
operative evaluation was conducted more than 30 days
prior to surgery were also excluded. One hundred eleven
patients met inclusion criteria and were included in the
final analysis (Fig. 1).

Patient-Reported Variables

Data were mostly collected electronically. Patients were
given either a tablet when in clinic or an electronic link to
fill out surveys in the outpatient setting. Patients who pre-
ferred handwritten surveys were provided with surveys
during admission or in clinic and data were then manually
transferred to the electronic database. All data were kept in
accordance with HIPAA regulations.

Brief Pain Inventory (BPI) questionnaires included 12
individual items. Of these, 4 were related to pain and 8
were related to disease interference. Combining the 4
pain items generated a BPI pain construct, combining the
interference items generated a BPI interference construct,
and combining the BPI pain construct items with the BPI
interference construct items generated a BPI patient pain
experience construct (Supplementary Fig. 1).

MD Anderson Symptom Inventory (MDASI) question-
naires included 13 core symptom items. When combined
together they generated a MDASI core symptom construct.
MDASI questionnaires also included 6 disease interfer-
ence items that combined together generate a MDASI dis-
ease interference construct. Finally, MDASI questionnaires
included 5 spine-tumor-specific items and when these
individual items were combined they generated a MDASI
spine-tumor-specific construct (Supplementary Fig. 2).

Treatment

One hundred one patients underwent spinal separation
surgery with posterior instrumented fusion followed
by stereotactic radiosurgery (SRS) and an additional
10 patients had previously placed instrumentation and
therefore underwent salvage tumor separation with no
added instrumentation followed by SRS. The detailed
method for separation surgery has been previously
described.® Briefly, a posterior approach was used for
instrumented stabilization and to perform the decom-
pression. Laminectomy, facetectomy, and transpedicular
approach to the ventral epidural space were carried out
in order to provide circumferential access for circumfer-
ential decompression. The posterior longitudinal ligament
was resected to provide a margin on the anterior dura and
epidural tumor was excised until spinal cord decompres-
sion was achieved. Adequate tumor excision provided 2
to 3 mm of separation between the tumor and the spinal
cord, generally indicated by complete re-expansion of the
thecal sac. Radiosurgery was delivered in a single fraction
for 17 patients with a median dose of 2400 cGy (range,
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Patients who underwent spinal surgeries
and completed HRQoL surveys

N =316

Treatment other than
“Hybrid Therapy”

Patients who underwent “separation
surgery” followed by SBRT & completed
pre- and post-operative HRQoL surveys

N=118

Incomplete HRQoL
surveys

Pre-op HRQoL surveys

Patients who completed pre-operative
HRQoL surveys <30 days pre-operatively

N=113

completed >30 days
prior to surgery

Primary spine tumors

Final cohort for analysis

N=111

Fig.1
body radiation therapy.

900-2700 cGy), 3 fractions for 70 patients with a median
dose of 2700 cGy (range, 3600-2400 cGy), and 5 fractions
for 24 patients with a median dose of 3000 cGy (range,
2000-4000 cGy). All patients underwent simulation with
CT myelogram during the postoperative recovery period.
Radiosurgical contouring and planning was performed in
accordance with previously published guidelines.®® The
dura and the epidural space were included in the treat-
ment volume in order to account for microscopic tumor
spread.The gross tumor volume was defined as the entire
preoperative tumor volume, and the clinical target volume
was defined as the gross tumor volume with the expan-
sion to account for adjacent marrow compartments at risk
for microscopic tumor invasion. The presence and loca-
tion of spinal hardware did not alter the treatment plans
that were based entirely on the radiographic tumor vol-
ume. Maximum dose constraints for the spinal cord were
defined as 14 Gy to any point. All plans were reviewed by

(i.e. chordoma)

Flowchart of the study population inclusion criteria implementation. Abbreviations: HRQoL, health-related quality of life; SBRT, stereotactic

radiation oncology and neurosurgery teams. The median
time interval from surgery to radiation was 20 days and
the mean was 29.4 days.

Statistical Analysis

Descriptive statistics such as frequencies, medians, means,
and standard deviations (SD) were used to characterize the
cohort. Individual items from the BPI (n = 12) and MDASI
(n = 24) were compared preoperatively to postoperatively
using the Wilcoxon Signed-Rank test for matched pairs.
Three BPI and three MDASI constructs were composed as
described above using means for each individual. A major-
ity of each construct’s individual items must have been
answered; otherwise, the construct was not calculated for
that patient. Constructs were also compared preopera-
tively to postoperatively using the Wilcoxon signed rank
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test for matched pairs. All P values were 2-sided with an
alpha level of significance of < .05, with the exception of
the individual pain items. For the individual pain items
(n = 36), Bonferroni correction was used for statistical sig-
nificance ( <.001 considered statistically significant).

The primary endpoint was the comparison of preopera-
tive to postoperative PROs, where postoperative time
point was defined as 2 to 4.5 months following surgery.
The secondary endpoint was the comparison of preopera-
tive to postoperative delayed PROs, where the postopera-
tive time point was defined as >4.5 months to 12 months
following surgery.

Overall survival (OS) was calculated from the date of sur-
gery until death or last follow-up. Deaths were considered
events and all others were censored. Progression-free sur-
vival (PFS) was calculated from the date of surgery until
progression, death, or last follow-up. Progressions and
deaths were considered events and all others were cen-
sored. OS and PFS were graphically presented using the
method of Kaplan and Meier. All statistical analyses were
done in SAS (version 9.4, Cary, NC).

I
Results

Preoperative Evaluation

Of the 111 patients included, 67 (60%) were males and 44
were females, with a mean age of 61 (SD = 11.9).The most
common pathologies were non-small cell lung carcinoma
(26 patients, 23%) and renal cell carcinoma (25 patients,
23%). The remaining pathologies varied and are summa-
rized in Table 1. The majority of surgeries included a 2- to
3-level posterolateral bony decompression (75% of cases),
allowing ventral separation from the cord, along with
instrumented constructs consisting of pedicle screws with
connecting rods of 4 to 6 levels (67% of cases). Treatment
related variables are summarized inTable 2.

Twenty-two percent of patients had previous interven-
tions to the spine. Of these, 12 patients (11%) had been
previously treated at the current treatment level (9 open
surgeries and 3 kyphoplasties) and were re-operated for
progression. Twelve others (11%) were previously treated
at other spinal levels (7 open surgeries and 5 kyphoplas-
ties). Twenty-one patients (19%) had received, aside from
stereotactic body radiation therapy to the postoperative
target, concurrent radiation treatment to lesions at other
spinal levels.

Preoperatively, the majority (86%) of patients were eval-
uated as “E” on the American Spinal Injury Association
(ASIA) Impairment Scale (normal motor and sensory
exam) and had a median muscle strength grade of 5 (range,
2-5) on the Medical Research Council (MRC) Muscle Scale
(full strength in all muscle groups). The median Eastern
Cooperative Oncology Group (ECOG) Performance Status
was 1 (range, 0-4).The median Spinal Instability Neoplastic
Score (SINS) was 10 (range, 6-16), which indicates poten-
tial instability. SINS score of 0-6 suggests stability, 13-18
suggests instability, and 7-12 are intermediate and sug-
gest potentially unstable spines.’® The SINS score is dem-
onstrated in SupplementaryTable 1.

Brief Pain Inventory

Among BPI individual questionnaire items, “worst
pain” and “pain right now” were significantly reduced
at 3-month follow-up following hybrid MESCC therapy
(P < .0001) (Table 3). Every other single BPI item showed
decreased means (ie, a trend of improvement in pain and
pain interference) but did not achieve statistical signifi-
cance at the < .001 alpha level (Table 3). The 3 combined
BPI constructs, namely pain severity, pain interference
with daily life, and overall patient pain experience, were
significantly improved (P < .001) (Fig. 2).

MD Anderson Symptom Inventory

Analysis of the MDASI questionnaire showed that at the
3-month follow-up, spine pain severity was significantly
reduced after treatment (P < .001). General activity also
improved significantly at the 3-month follow-up (P < .001).
However, patients reported feeling more nauseated (P<.001).

The analysis from the MDASI constructs also yielded
symptomatic improvement. Cancer symptom interference
in daily life improved significantly following treatment
(P =.006) (Fig. 2). Both MDASI and BPI are validated PRO
measures to assess patient reported outcome measures in
cancer patients."-1°

Long-Term Follow-Up

Thirty-nine patients had fully completed PRO data at long-
term follow-up. There was a clinically significant trend
toward improvement in all constructs, but due to small
patient sample size, this did not reach statistical signifi-
cance. Ninety-five percent of patients did not require fur-
ther spinal surgery during the follow-up period.

Overall and Progression-Free Survival

Median survival for the cohort was 16.7 months (95% ClI,
8.7 months-no upper confidence limit). Median follow-up
of the cohort was 72 months (7.8 months for survivors).
At the time of data analysis, 41 patients had died (ie, per-
cent dead = 37%) and median time to death was 5 months
(Fig. 3). The 6- and 12-month cumulative incidence for
treatment-level progression was 2.1% and 4.3%, respect-
ively, and for death was 25.6% and 42.1%, respectively.
Five cases of progression at the treatment level were found
along with 2 at the adjacent level. Twenty patients had docu-
mented distal sites of progressive spinal metastases during
their follow-up. Median time to progression was 6 months
to treatment-level progression, 3.2 months to adjacent-level
progression, and 3.6 months to distant-level progression.

Postoperative Complications

Of the 111 patients included, only 2 patients required
revision surgery; 1 for wound revision and the other for
removal of a postoperative hematoma. Two other patients
had symptomatic vertebral compression fractures at
the previously operated level for which they underwent
kyphoplasty. Two more patients required kyphoplasty at a
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Table1 Patientand tumor characteristics

Variable Category \ %

Age — m 100
Median 63.9 years
Mean 61.4 years

Sex Female 44 40
Male 67 60

Surgical treatment level Cervical 12 1
Thoracic 75 67
Lumbar 24 22

Histology 26 23
RCC 25 23
Sarcoma 13 12
Thyroid 8 7
Prostate 7 6
Head and neck 6 5
Breast 4 8
Hepatocellular 3 3
Melanoma 3 3
Colorectal 3 3
Other 13 12

Preoperative SINS Stable 10 9
Intermediate 63 57
Unstable 19 17
n/a 19 17

Preoperative ECOG 0 10 9
1 88 79
2 2 2
3 7
4

Preoperative ASIA ©
D 12 1
E 96 86

Prior spinal procedure At surgical level 12 1
At other level 12 1
None 87 78

Abbreviations: NSCLC, non-small cell lung carcinoma; RCC, renal cell
carcinoma; SINS, Spinal Instability Neoplastic Score; ECOG, Eastern
Cooperative Oncology Group performance status; American Spinal
Injury Association Impairment Scale score.

nonoperated level for a symptomatic vertebral compres-
sion fracture and 6 other patients had documented verte-
bral fractures that did not require interventions.

I
Discussion

This study evaluated PROs for pain, disease interference,
and other cancer-related symptoms in patients undergoing

hybrid MESCC therapy consisting of separation surgery
and radiosurgery.This was achieved using 2 validated, can-
cer-specific outcome analysis instruments: the MDASI and
the BPI. Retrospective analyses have previously shown
that separation surgery complemented with radiosurgery
represents a safe and effective strategy for establishing
durable local tumor control regardless of tumor histology
and previous radiation.” Herein, we used prospectively col-
lected data to show that this treatment paradigm results
in significant reduction in spine-specific cancer symptoms
such as “overall pain,” “right now pain,” and “spine-specific
pain,” along with combined general pain constructs and
disease interference with activity.

With the improvement of cancer therapies, MESCC has
become a common occurrence.'® Early detection and
treatment of spinal metastases prevents development of
neurologic deficits and disability.'®'7 However, concern
about the inability of cancer patients to tolerate exten-
sive surgery, surgical complications, and interruption of
systemic therapy may prevent timely referral for surgi-
cal evaluation. Hybrid MESCC therapy was developed in
order to address these concerns and to capitalize on the
strengths of surgery and SRS. Reliance on SRS to provide
local tumor control has allowed surgeons to decrease the
extent of surgical intervention, thereby minimizing the
risk of complications and systemic therapy interruption.
Spinal SRS has been shown to be a tumor ablative treat-
ment'® and provide durable and consistent tumor control,
with reports of histology-independent 98% local control
at 4-year follow-up."® Separation surgery followed by SRS
has been previously shown to be an effective treatment
strategy providing a greater than 95% control rate, for pre-
viously considered radioresistant tumors in a retrospective
review of 186 cases.” With SRS providing such outstanding
tumor control, surgeons no longer need to maximize the
extent of tumor excision in order to optimize local control.
The role of surgery has shifted to providing optimal SRS
conditions through spinal cord decompression and spinal
stabilization. This combined, tailored therapy offers short
surgery with decreased hemodynamic stress, and the
entire surgery-SRS treatment can be completed within 3 to
4 weeks, allowing relatively quick return to systemic ther-
apy. Durable tumor control has been shown with this ther-
apy’ along with low risk of complications such as hardware
failure and wound infections.202!

The NOMS framework,?? which consists of neurologic,
oncologic, mechanical stability and systemic considera-
tions, provides evidence-based guidance for treatment
decisions in patients with spinal metastases. Patients with
high-grade MESCC? and radioresistant tumors (ie, tumors
that are known to be resistant to conventional external
beam radiotherapy) require separation of the tumor from
the thecal sac, in order to allow adequate SRS dosing to
include the entire volume, including the epidural mar-
gin, while conforming to safety constraints to the spinal
cord. Patients with low-grade cord compression undergo
upfront radiation therapy. Patients with tumor-related
spinal instability require stabilization, and determination
of instability can be facilitated by the Spinal Instability
Neoplastic Score'® (SupplementaryTable 1).

The role of surgery for patients with MESCC was sup-
ported by the clinical trial by Patchell et al,?* in which
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Table2 Treatmentvariables

Variable Category
Number of levels decompressed -

1

2

3

4

5

6
Number of levels instrumented —

0

3

4

5

6

7

>7
SRS dose (cGy) _

2700

2400

3000

Other
SRS treatment fractions —

1

3
Concurrent radiation therapy to other level Yes

No

Abbreviation: SRS, stereotactic radiosurgery.

patients with symptomatic MESCC were randomized to
undergo radiation therapy alone or decompressive surgery
plus radiation therapy. In this study patients in the surgical
arm had significant benefits in survival and ambulation,
and decreased steroid and opioid demand. These data sup-
port the utilization of surgery followed by radiation therapy
in the treatment of MESCC caused by solid tumor metas-
tases. However, since local recurrence rates after conven-
tionally fractionated radiation remain as high, especially
in patients with tumor histologies that show resistance to
conventional external beam radiotherapy,®?>2 we advo-
cate integration of stereotactic radiosurgery in the post-
operative treatment plan in order to decrease the risk of
postoperative tumor recurrence. Recent data suggest that
stereotactic body radiation therapy for spinal metastases is
associated with high rates of local control and a low risk of
marginal failure even in radioresistant histologies.”'92829
These results provide the foundation for hybrid therapy.
We collected PRO data in order to confirm that this ther-
apy confers a positive effect on the life of the patients
through providing pain relief, improved mobility, and
decreased interference of symptoms with daily life.

\ % Median
m 100 3
10 9
26 23
59 53
1 10
3 3
2 2
m 100 5 5.2 2.4
10 9
4 4
14 13
43 39
17 15
8 7
15 14
m 100 2700 2751.4 370.7
68 61
15 14
14 13
14 13
m 100 3] 3.1 1.2
17 15
70 63
24 22
15 14
96 86

The previously reported data about clinical outcomes of
metastatic spine patients largely focused on clinician-
based measures, including survival, local control, and
gross measures of function (ambulatory status, Frankel
Score),?-32 while PRO measure analyses of spine metas-
tases treatments are scarce. Disease-specific patient
self-assessment instruments permit direct measure-
ment of the value of care as perceived by the recipient.??
Examples of spine-cancer-specific tools are the MDASI
spine tumor module' and the BPI,"® which were used in
the current study, and the health-related quality of life
(HRQoL) Outcome Questionnaire334 developed by the
Spine Oncology Study Group. MDASI is a validated tool
to assess PRO measures in cancer patients.” Furthermore,
MDASI-SP provides a validated, spine-tumor-specific
symptom assessment module.'? Similarly, the BPI is a
validated'-"® patient-reported pain assessment tool. We
elected to use the MDASI-SP along with the BPI because
at the time of data collection these represented the only
validated instruments for spine tumor patients. Other
commonly used quality-of-life tools are the EuroQol 5D
(EQ-5D), Oswestry Disability Index, Visual Analog Scale,
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Table 3 Brief Pain Inventory (BPI) and MD Anderson Symptom Inventory (MIDASI) individual item results at baseline and 3-month follow-up
(primary end point)

Preoperative Survey
Mean Score SD

3-Month Postoperative Survey
Mean Score SD \ %

Wilcoxon matched
pairs test Pvalue

Individual Item

BPI Worst pain 6.3 3.1 1m 100 45 2.8 60 54 <.0001
Least pain 2.7 2.5 m 100 1.6 1.8 61 55 .0072
Average pain 4.3 2.6 m 100 3.1 2.1 61 55 .004
Right now pain 3.8 2.9 m 100 24 2.2 62 56 <.0001
General activity 5.4 3.8 110 99 3.7 3.2 62 56 .01
Mood 4.1 3.6 109 98 3.2 2.8 60 54 .02
Walking ability 4.7 3.6 109 98 35 2.9 61 55 .08
Normal work 5.7 4 109 98 4.2 3.3 62 56 .04
Relations 2.8 34 109 98 2.6 2.9 62 56 .95
Sleep 4.1 3.6 10 9 3 2.8 60 54 2
Enjoyment of life 5.2 3.7 108 97 4 3.2 61 55 .01
Relief 63.3% 27.7% 100 90 52.7% 32.7% 52 47 .06

MDASI Pain 6.6 3.2 107 9% 5 3.1 63 57 .06
Fatigue 5.1 3.2 108 97 5.2 3.4 61 55 .66
Nausea 1.2 24 106 95 2.2 2.7 62 56 .0001
Sleep 4.3 3.7 108 97 3.7 3.2 60 54 .68
Distress 4.3 3.7 105 95 3.2 3.1 61 55 .06
Shortness of breath 1.7 2.6 108 97 2.1 2.8 62 56 .23
Memory 1.5 2.3 108 97 2 2.6 62 56 .62
Appetite 25 3 108 97 29 3 61 55 .02
Drowsy 3.1 3.1 108 97 3.2 3 61 b5 13
Dry mouth 3.1 3.4 108 97 3 3 61 b5 .56
Sadness 3.2 3.5 105 95 2.8 3 61 55 .69
Vomiting 0.6 1.8 108 97 1 2 60 54 .007
Numbness 3 3.4 107 96 2.9 3.2 62 56 49
Spine pain 4.6 3.8 104 94 2.6 3 60 54 .0006
Limb weakness 3.2 3.6 105 b 3.2 3.2 60 b5 .16
Bowel/Bladder control 0.5 1.6 106 95 0.6 1.6 59 53 .84
Bowel pattern 2.4 3.3 105 95 2.3 2.9 59 53 .23
Sexual function 2.1 3.6 98 88 2.8 3.9 57 51 .81
General activity 59 3.7 104 94 4 3.2 61 55 .0002
Mood 4.2 3.4 103 93 33 2.8 61 55 .03
Work 5.8 4 102 92 45 3.6 59 53 .04
Relations 2.8 3.3 102 92 238 3 60 55 .97
Walking 5.1 3.6 95 86 4 3.8 55 50 .18
Enjoyment of life 5.2 3.7 104 94 4.1 3.5 61 55 .04

and Short Form Health Survey (SF-36), though these are
not cancer-specific instruments.3®

Previously reported spinal metastases treatment PRO
data consists of heterogenous surgical series employing
a wide range of surgical strategies.?®3” A small number
of studies have analyzed the effect of surgery or SRS on
patient symptoms. The individual benefit of surgery on

HRQoL and SRS on HRQoL has been previously shown.
Fehlings et al, in a prospective multicenter study, showed
that surgery as an adjunct to radiation and chemotherapy
provides improvement in HRQoL measures with accept-
able risks.?® In their study the BPI was used to assess pain
and HRQoL was measured using the Oswestry Disability
Index, SF-36, and EQ-5D forms.The surgical methods used
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Mean score
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Fig.2 Mean preoperative vs postoperative scores for Brief Pain Inventory (BPI) and MD Anderson Symptom Inventory (MDASI) constructs. * = P<.05.

100%
|

80%
]

— Patients with Treatment-Level Progression
---- Patients who Die

60%
1

Cumulative Incidence
40%
1

20%
1

0%
]

0 6 12 18 24 30

Months from Surgery

Fig. 3 Cumulative incidence of treatment-level progressions and
death as a competing event.

in their analysis were heterogenous, including anterior,
posterior, and combined approaches, and radiotherapy
information was not provided. Another prospective cohort
study,3® from the Global Spine Tumor Study Group data-
base, analyzed 922 consecutive patients with spinal metas-
tases who underwent surgery. Quality of life as measured
by the EQ-5D, along with Visual Analog Scale pain score
and Karnofsky physical functioning score, improved

rapidly after surgery and these improvements were sus-
tained in those patients who survived up to 2 years after
surgery.This series also included a large variety of surgical
techniques and, of note, almost a quarter of patients expe-
rienced postoperative systemic adverse events. The effects
of radiotherapy to spinal metastases on HRQoL have been
addressed previously.3®4 Wang et al conducted a pro-
spective trial demonstrating that stereotactic body radia-
tion therapy is an effective primary or salvage treatment
method for mechanically stable spine metastases.*' They
analyzed patient reported pain and other symptoms using
the MDASI and BPI and reported a significant and lasting
reduction in pain and other symptoms at 6 months after
stereotactic body radiation therapy.

The current study demonstrates the favorable impact
of hybrid MESCC therapy on the quality of life of cancer
patients. The combined use of separation surgery and
radiosurgery results in a low risk of complications, superb
local tumor control, pain relief, and improved general
activity. Our baseline disability as assessed by BPI con-
struct means appear lower than previous reports,?® sug-
gesting that patients with moderate symptom severity
from MESCC benefit from hybrid therapy. Early interven-
tion for MESCC prevents development of neurologic defi-
cits and progression of deformity and pain. Furthermore,
studies showed an increased risk of complications after
emergency surgery for MESCC,*2* supporting proactive
screening for MESCC and early intervention. These data
support active surveillance of cancer patients for develop-
ment of MESCC and referral for hybrid MESCC therapy for
the treatment of epidural tumor extension.

There are several limitations to this study. We report
the experience of a single tertiary cancer center. The
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generalizability of this approach has been demonstrated
through published work of other medical centers,?® but
more such reports are required. Further, while the benefit of
hybrid therapy was demonstrated at the primary end point
(improvement at 3 months following surgery), patient
loss to follow-up precluded demonstration of statistically
significant improvement at longer follow-up. As overall
survival in this patient population is expected to increase
with new treatments, long-term complications and HRQoL
will require further investigation. Future studies to deter-
mine the minimal clinically significant difference in HRQoL
measures in this patient population will be required. This
reported treatment strategy requires further testing in pro-
spective studies comparing it to current standards of care.

I
Conclusion

The data presented demonstrate that patients with MESCC
who underwent hybrid therapy with separation surgery
and stereotactic body radiation therapy experienced sig-
nificant improvement in both spine-specific symptoms
and overall cancer-related symptoms. When combined into
PRO constructs, this treatment significantly and durably
reduced the patients’ pain and disease interference. These
prospective data confirm that hybrid therapy for the treat-
ment of MESCC significantly and objectively improves pain
and HRQoL outcome measures, while providing durable
local tumor control. Early referral, multidisciplinary assess-
ment, and a consistent treatment paradigm with hybrid
separation surgery-SRS therapy provides durable local
control with low risk of complications, but also improves
the quality of life in patients with spinal metastases.

|
Supplementary Material

Supplementary data are available at Neuro-Oncology
Practice online.
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