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Visual Abstract
IMPORTANCE Malignant spinal canal compression, a major complication of metastatic cancer,

is managed with radiotherapy to maintain mobility and relieve pain, although there is no

standard radiotherapy regimen. CME Quiz at _
jamanetwork.com/learning

Supplemental content

OBJECTIVE To evaluate whether single-fraction radiotherapy is noninferior to 5 fractions
of radiotherapy.

DESIGN, SETTING, AND PARTICIPANTS Multicenter noninferiority randomized clinical trial
conducted in 42 UK and 5 Australian radiotherapy centers. Eligible patients (n = 686) had
metastatic cancer with spinal cord or cauda equina compression, life expectancy greater than
8 weeks, and no previous radiotherapy to the same area. Patients were recruited between
February 2008 and April 2016, with final follow-up in September 2017.

INTERVENTIONS Patients were randomized to receive external beam single-fraction 8-Gy
radiotherapy (n = 345) or 20 Gy of radiotherapy in 5 fractions over 5 consecutive days (n = 341).

MAIN OUTCOMES AND MEASURES The primary end point was ambulatory status at week 8,
based on a 4-point scale and classified as grade 1 (ambulatory without the use of aids and
grade 5 of 5 muscle power) or grade 2 (ambulatory using aids or grade 4 of 5 muscle power).
The noninferiority margin for the difference in ambulatory status was -11%. Secondary end
points included ambulatory status at weeks 1, 4, and 12 and overall survival.

RESULTS Among 686 randomized patients (median [interquartile range] age, 70 [64-77]
years; 503 (73%) men; 44% had prostate cancer, 19% had lung cancer, and 12% had breast
cancer), 342 (49.8%) were analyzed for the primary end point (255 patients died before the
8-week assessment). Ambulatory status grade 1or 2 at week 8 was achieved by 115 of 166
(69.3%) patients in the single-fraction group vs 128 of 176 (72.7%) in the multifraction group
(difference, -3.5% [1-sided 95% Cl, -11.5% to «]; P value for noninferiority = .06). The
difference in ambulatory status grade 1or 2 in the single-fraction vs multifraction group was
-0.4% (63.9% vs 64.3%; [1-sided 95% Cl, -6.9 to «]; P value for noninferiority = .004) at
week 1, -0.7% (66.8% vs 67.6%; [1-sided 95% Cl, -8.1 to «]; P value for noninferiority = .01)
at week 4, and 4.1% (71.8% vs 67.7%; [1-sided 95% Cl, 4.6 to «]; P value for

noninferiority = .002) at week 12. Overall survival rates at 12 weeks were 50% in the
single-fraction group vs 55% in the multifraction group (stratified hazard ratio, 1.02 [95% Cl,
0.74-1.41]). Of the 11 other secondary end points that were analyzed, the between-group
differences were not statistically significant or did not meet noninferiority criterion.

CONCLUSIONS AND RELEVANCE Among patients with malignant metastatic solid tumors and
spinal canal compression, a single radiotherapy dose, compared with a multifraction dose
delivered over 5 days, did not meet the criterion for noninferiority for the primary outcome
(ambulatory at 8 weeks). However, the extent to which the lower bound of the Cl overlapped
with the noninferiority margin should be considered when interpreting the clinical
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pinal canal compression is a common complication of

metastatic cancer and affected an estimated 4000 pa-

tients in the United Kingdom in 2008 and 25 000 in the
United States in 2005.%-2 Most patients are treated with radio-
therapy, and common practice has been to deliver 20 to 30 Gy
in 5 to 10 fractions,** with longer fractionation schedules for
patients with a better prognosis. However, the evidence for
using single-fraction radiotherapy comes from trials based on
patients with bone pain from metastatic disease (eg, pelvis, long
bones, skull) after excluding metastatic spinal canal compres-
sion at diagnosis.>® A systematic review” on spinal canal com-
pression consisting of only retrospective studies (which tend
to be affected by bias and confounding), aside from 1 random-
ized clinical trial,® reported similar outcomes between single-
fraction and multifraction radiotherapy.

Guidelines from the National Institute of Health and Clini-
cal Excellence in England® indicate that radiotherapy may be
delivered as a single treatment or several consecutive smaller
treatments. The American Society for Radiation Oncology
guidelines recommend a single 8-Gy radiation dose for pa-
tients with painful spinal sites, particularly if they have lim-
ited life expectancy, focusing on pain relief.!° The US Na-
tional Comprehensive Cancer Network guidelines refer to
radiotherapy to manage spinal canal compression, but do not
indicate or recommend any schedule.!

The objective of this study was to evaluate whether single-
fraction radiotherapy was noninferior to multifraction radio-
therapy for managing spinal canal compression, using mobil-
ity as the clinically relevant outcome for patients.

Methods

Study Oversight and Patients
The single-fraction radiotherapy compared to multifraction ra-
diotherapy (SCORAD) trial was approved in the United King-
dom by a single national ethics review board and in Australia
by individual review boards for each institution. All patients gave
written informed consent. The protocol and statistical analy-
sis plan can be found in Supplement 1 and Supplement 2.
Eligible patients were aged at least 18 years with an estimated
life expectancy greater than 8 weeks and proven diagnosis of spi-
nal canal or cauda equina (C1-S2) compression on magnetic reso-
nance imaging or computed tomographic scan, with single or
multiple sites of compression. Histological or cytological confir-
mation of malignancy was required, but not for patients with
clinical evidence of prostate cancer, who had to have a serum
prostate-specific antigen level greater than 100 pg/L. Patients
were excluded if they were able to undergo surgery or chemo-
therapy orif they had hematological malignancies or glioma, pro-
phylactic treatment in the absence of radiological spinal canal
compression, or previous radiotherapy targeting the spine.

Intervention and Randomization Procedure

Patients were randomized in a 1:1 ratio to receive either 20 Gy
of external beam radiotherapy in 5 fractions over 5 consecutive
days (daily from Monday to Friday) or 8 Gy of radiotherapy in a
single fraction. Randomization was performed centrally by the
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Key Points

Question Is treatment with a single dose of radiotherapy
noninferior to multifraction radiotherapy delivered over 5 days
among patients with metastatic cancer who have spinal canal
compression?

Findings In a clinical trial of 686 patients, the percentage who
were ambulatory at 8 weeks was 69.3% in the single-fraction
group vs 72.7% in the multifraction radiotherapy group. The lower
Cl limit for the risk difference (-11.5%) did not meet the predefined
noninferiority margin of -11.0%.

Meaning Treatment with single-fraction radiotherapy did not
meet the criterion for noninferiority compared with multifraction
radiotherapy for ambulatory response rate at 8 weeks, but
consideration should be given to the extent to which the lower
bound of the Cl overlapped with the noninferiority margin.

University College London Cancer Trials Centre using minimi-
zation (with a random element), stratified by center, ambula-
tory status, primary tumor type, and presence or absence of non-
skeletal metastases. Megavoltage radiotherapy was delivered to
the compression site with a margin of at least 1 vertebral level
above and below. The dose was prescribed at cord depth, using
magnetic resonance imaging or imaging at simulation. It was
mandated that treatment began within 48 hours of a decision
to treat based on diagnostic imaging up to 7 days prior to com-
mencement of treatment. Supportive care was given according
to local practice, including steroids and analgesics.

End Points

Patients were assessed in clinicat about 1, 4, 8,12, and 52 weeks
after randomization, unless they were unable or unwilling to
attend physically, in which case a health professional from the
local hospital contacted them by telephone at these time points.
Information about whether outcomes were ascertained in per-
son or by telephone was not collected. These assessments in-
cluded gathering information regarding ambulatory status, ad-
verse events, and additional treatments received. Information
about additional therapies and date of death were also ob-
tained from medical records by research staff.

The primary end point was ambulatory response rate in
patients alive at 8 weeks, which was considered a clinically
meaningful time point in this population by consensus among
the clinical investigators. Ambulatory status was assessed on
a 4-point scale, consistent with the World Health Organiza-
tion performance status, based on the validated Medical Re-
search Council muscle power criteria,'?in which 1 indicates am-
bulatory without the use of walking aids and grade 5 of 5 muscle
power in all muscle groups; 2, ambulatory with assistance of
walking aids or grade 4 of 5 muscle power in any muscle group;
3, unable to walk with no worse than grade 2 of 5 power in all
muscle groups or grade 2 of 5 power in any muscle group; and
4, absence (0/5 muscle power) or flicker (1/5 muscle power) of
motor power in any muscle group. The ambulatory response
rate was defined as the percentage of patients who achieved
ambulatory status grade 1 or 2 at 8 weeks (which could be a
result of an improvement from a grade 3 or 4 or maintenance
of grade 1 or 2 from baseline) using a window of 49 to 62 days.
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A secondary end point was ambulatory status assessed at
1,4, and 12 weeks after randomization (ie, between 7-13, 21-34,
and 70-97 days). Other prespecified secondary end points were
(1) time to loss of ambulation among patients with ambulatory
status1or 2 at baseline, measured from randomization until the
first occurrence of grade 3 or 4 ambulatory status (those who
did not lose ambulation were censored at their last assessment
date); (2) time to recovery of ambulation among patients with
ambulatory status 3 or 4 at baseline, measured from random-
ization until the first reported status of grade 1 or 2 (those with-
outimprovement were censored at their last assessment date);
(3) overall survival at 12 weeks and 12 months and hazard ratio
(HR) measured from randomization to death from any cause,
with patients censored at the last date seen alive; (4) adverse
events classified according to the Common Terminology Crite-
ria for Adverse Events: Version 4; (5) adverse events of special
interest, which were abnormal bladder function, defined as sig-
nificant urinary incontinence or urinary retention requiring cath-
eterization, or abnormal bowel function, defined as the occur-
rence of constipation, diarrhea, or incontinence at 1, 4, 8, and
12 weeks; (6) additional therapies after randomization, which
included treatments for spinal canal compression (chemo-
therapy, hormone therapy, radiotherapy, and surgery) and sup-
portive care for spinal canal compression (analgesics, antiemet-
ics, corticosteroids, physiotherapy, and bisphosphonates); and
(7) patient-reported quality of life, including pain (an impor-
tant measure in spinal canal compression and specifically re-
ferred to in guidelines), assessed at baseline and week 1, 4, 8,
and 12 using the European Organization for Research and Treat-
ment of Cancer (EORTC) Quality of Life Questionnaire-Core
Questionnaire (QLQ-C30).* Each quality of life scale ranges from
0 to 100, with higher scores for global health status and func-
tional scales reflecting better performance, but worse perfor-
mance for symptom scales. Prespecified secondary end points
not reported in this article included place and duration of care.
We collected the drug names and doses of the steroids and an-
algesics used as supportive care therapies, and how these
changed from baseline to during follow-up, and these were also
not analyzed for this article.

Deterioration-free survival was the only post hoc end point,
measured among patients who had ambulatory status grade 1
or 2 at baseline until they worsened to grade 3 or 4 during the
trial or died, whichever occurred first. Patients whose ambu-
latory status did not deteriorate to grade 3 or 4 and did not die
were censored at the date last seen alive.

Statistical Analysis

Sample Size

The primary trial objective was to show that ambulatory re-
sponse rate using a single 8-Gy fraction of radiotherapy was
noninferior to a total of 20 Gy of radiotherapy over 5 consecu-
tive days (1 fraction per day) at 8 weeks. Assuming an ambu-
latory response rate (grade 1 or 2) of 75% of participants in both
groups and a noninferiority margin of -11% (defined by con-
sensus among the investigators, approved by the grant funder
and the funder’s external reviewers, and similar to or less than
noninferiority margins used in other trials),'*"® the trial re-
quired 386 patients (193 per group) assessable at 8 weeks with
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80% power and 1-sided 5% statistical significance. The sample
size was inflated to 580 allowing for 33% of participants to die
before 8 weeks and later increased to 700 by the indepen-
dent data monitoring committee because of a higher than an-
ticipated death rate. Investigators remained blinded to the out-
comes throughout the study.

Data Analysis

The primary analysis was based on eligible patients who re-
ceived their randomly assigned treatment and were assessed at
8 weeks. The 8-week ambulatory response rate was compared
between groups using the difference in proportions test. A post
hoc per-protocol analysis of the primary outcome was done in-
cluding only patients who received and completed radio-
therapy as randomized (Figure 1). A post hoc analysis (logistic
regression) of the primary outcome involved adjustment by the
randomization factors (baseline ambulatory status, primary tu-
mor, and extent of metastases). Logistic regression was also used
to evaluate whether the effect of treatment at 8 weeks varied
across subgroups with interaction tests. In this analysis, only
baseline ambulatory status, primary tumor type, and extent of
metastases were prespecified. Ambulatory response was ex-
amined among patients who were alive beyond 48 weeks (long-
term survivors) in a post hoc analysis.

To evaluate the effect of missing data on the primary analy-
sis, several post hoc sensitivity analyses were performed by
(1) extending the definition of the 8-week window from 49 to
62 days to 49 to 69 days by imputing data of patients with a
missing assessment at week 8 but with assessments at 1, 4, and
12 weeks; (2) assuming missing data as positive or negative re-
sponses; and (3) performing multiple imputation using logis-
tic regression.!”® Details and assumptions used in these sen-
sitivity analyses are outlined in eTable 4 in Supplement 3.

Other post hoc sensitivity analyses were completed. To
evaluate the effect of center (one of the stratification factors),
the ambulatory response risk difference CIs were derived from
alogistic regression with specified standard errors allowing for
intrahospital correlation (clustered sandwich estimator), and
to evaluate the effect of individuals who died on the ambula-
tory response risk difference, we made various assumptions:
all assumed to be nonresponders, all assumed to be respond-
ers, half were assumed to be responders, or the same re-
sponse rate was assumed as observed in each group.

Post hoc analyses were performed for the primary end
point, overall survival, and impaired bladder and bowel func-
tion to address concerns associated with the sensitivity of the
bladder to radiation. Patients were classified in the following
categories in terms of the location of their spinal cord com-
pression: treatment exclusively directed at the spinal cord
(C1to T12), treatment exclusively directed at the cauda equina
(L1to S2), and treatment directed at both the spinal cord and
the cauda equina (T6 to L5).

The analysis of time-to-event outcomes was done using the
Kaplan-Meier method and Cox regression. These time-to-
event analyses included time to loss of ambulation, time to
recovery of ambulation, and overall survival. Stratified Cox
regression (stratification factors were center, ambulatory sta-
tus, primary tumor, and presence or absence of nonskeletal
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Figure 1. Flow of Participants in a Study of the Effect of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status Among Patients

With Spinal Canal Compression From Metastatic Cancer (SCORAD Trial)

5552 Patients assessed for eligibility

|

p

(694 Randomized

345 Patients randomized to the single-fraction group ‘ ‘

349 Patients randomized to the multifraction group

8 Not eligible to undergo radiotherapy

3 Did not have cancer or spinal canal
compression at randomization

2 Had myeloma

1 Spinal canal compression site treated
previously with radiotherapy

1 No treatment field planning

1 Two radiotherapy treatment fields

344 Patients received radiotherapy
337 Received radiotherapy according
to protocol
7 Received radiotherapy not according

to protocol

5 Received 20 Gy of radiotherapy
in 5 fractions

1 Clinician choice

1 Received nonprotocol radiotherapy
treatment

1 Patient did not receive radiotherapy

339 Patients received radiotherapy

2 Patients had unknown status of whether they

318 Received radiotherapy according
to protocol
21 Received radiotherapy not according

to protocol

10 Clinical deterioration
3 Died
3 Patient choice
3 Treatment duration more than 8 d
1 Received nonprotocol radiotherapy

treatment

1 Administrative error

received radiotherapy

}

179 Patients did not complete
the 8-wk assessment
130 Died
46 Not assessed
3 Lost to follow-up

165 Patients did not complete
the 8-wk assessment
125 Died
34 Not assessed
6 Lost to follow-up

}

}

166 Patients included in the intention-to-treat analysis

164 Patients included in the per-protocol analysis
2 Patients not included in the per-protocol analysis

176 Patients included in the intention-to-treat analysis

173 Patients included in the per-protocol analysis
3 Patients not included in the per-protocol analysis

received 20 Gy of radiotherapy in 5 fractions

1 Treatment delay
1 Treatment field change
1 Withdrew

Atotal of 635 patients (93%) started radiotherapy on the day of randomization and all but 1 patient started radiotherapy within 24 hours of randomization.

metastases) was carried out and the proportional hazards as-
sumption was tested based on Schoenfeld residuals.

Bowel and bladder function were analyzed using logistic
regression. Quality of life assessment scale results, including
pain scale results, were analyzed using linear regression and
mixed modeling. When SCORAD was designed, there were no
recommended or clinically relevant noninferiority margins for
the EORTC quality of life measures. A prespecified margin of
0.28 was crudely estimated as what would be a statistically sig-
nificant difference (at a 1-sided 2.5% level of statistical signifi-
cance) given a trial of 400 patients.

Post hoc analyses also were conducted to confirm the find-
ings from a large trial of patients with any bone metastases who
received single-fraction radiotherapy,'® in which individuals with
ambulatory status grade 1 or 2 had improved quality of life com-
pared with individuals with ambulatory status grade 3 or 4.

jama.com

All comparative effect sizes are for single-fraction vs mul-
tifraction radiotherapy. The CIs are 1-sided for the risk differ-
ence for ambulatory response and are 2-sided for all other
analyses. Noninferiority Pvalues are 1-sided and all other P val-

ues are 2-sided. There was no formal statistical adjustment of

Pvalues for having multiple secondary outcomes, and there-
fore these results should be considered exploratory. Data analy-
ses were performed using STATA version 15.1 (StataCorp).

. |
Results

A total of 694 patients were randomized from 42 UK and 5
Australian sites from February 2008 to April 2016, of whom
686 were eligible for inclusion (Figure 1). Baseline character-
istics in the total population were balanced (Table 1; eTable 1
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Table 1. Baseline Characteristics of Participants in a Study of the Effect
of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status
Among Patients With Spinal Canal Compression From Metastatic Cancer

No. (%)

Multifraction
Radiotherapy Group

Single-Fraction
Radiotherapy Group

Characteristic (n = 345) (n=341)
Age
Median (range), y 70 (23-96) 70 (33-95)
275y 106 (31) 119 (35)
Sex
Men 255(74) 248 (73)
Women 90 (26) 93 (27)
Site of primary cancer
Prostate 152 (44) 152 (45)
Lung 66 (19) 66 (19)
Breast 39(11) 40 (12)
Gastrointestinal 35(10) 38(11)
Kidney 11 (3) 12 (4)
Skin 9(3) 6(2)
Bladder 7(2) 4(1)
Other (ie, gynecologic, 26 (8) 23(7)
head and neck, sarcoma,
unspecified)
Nonskeletal 159 (46) 156 (46)
metastases
No. of spinal ct_)rd
compression sites
Single 303 (88) 311(91)
Multiple 42(12) 30(9)
Location of spinal
metastases
Thoracic 232 (67) 230(67)
Lumbar 72 (21) 65 (19)
Thoracic and lumbar 17 (5) 16 (5)
Sacrum (S1 and S2) 9(3) 6(2)
Cervical vertebrae 7() 10 (3)
Cervical and thoracic 5(1) 8(2)
Lumbar and sacrum 3(1) 4(1)
Not reported 0 2(1)
WHO performance (n=343) (n=337)
status®
0-1 (Best) 97 (28) 94 (28)
2 88 (26) 81(24)
3 114 (33) 121 (36)
4 (Worst) 44(13) 41(12)
Ambulatory status
Grade 1 (ambulatory 76 (22) 77 (23)
without the use
of walking aids)
Grade 2 (ambulatory 152 (44) 146 (43)
with walking aids)
Grade 3 91 (26) 90 (26)
(unable to walk)
Grade 4 (absence 26 (8) 28 (8)
or flicker of motor power
in any muscle group)
(continued)
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Table 1. Baseline Characteristics of Participants in a Study of the Effect
of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status
Among Patients With Spinal Canal Compression From Metastatic Cancer
(continued)

No. (%)

Single-Fraction
Radiotherapy Group

Multifraction
Radiotherapy Group

Characteristic (n = 345) (n = 341)
Treatment at baseline (n=344) (n=341)
None 156 (45) 141 (41)
Hormone therapy 96 (28) 97 (28)
within 4 weeks
of randomization
Radiotherapy 36 (10) 39(11)
within 6 mo
of randomization
Chemotherapy 20 (6) 32(9)
within 4 weeks
of randomization
Combination 36 (10) 32(9)
of the above
treatments

@ WHO performance status of O indicates able to carry out all normal activity
without restriction; 1, restricted in strenuous activity but ambulatory and able
to carry out light work; 2, ambulatory and capable of all self-care but unable to
carry out any work activities and are up and about for greater than 50% of
waking hours; 3, symptomatic and in a chair or in bed for greater than 50% of
the day but not bedridden; and 4, completely disabled, cannot carry out any
self-care, and totally confined to bed or chair.

in Supplement 3) (median [interquartile range] age, 70 [64-
771 years; 503 (73%) men; 304 (44%) had prostate cancer).
Thoracic spine only (462 of 686 patients [67%]) and lumbar
spine only (137 of 686 patients [20%]) were the most com-
mon compression sites, and only 4% of compressions in-
volved the cervical spine. Baseline characteristics among pa-
tients who were evaluated at 8 weeks were also well balanced
(eTable 2 in Supplement 3). Of the 344 patients who were not
evaluated at 8 weeks, 255 (74.1%) died before or during the
8-week assessment and the other 89 (25.9%) only had assess-
ments before or after 8 weeks (eTable 3 in Supplement 3). The
date of final follow-up was September 8, 2017.

Primary End Point

The primary end point (8-week ambulatory response rate) was
available for 342 of 686 (49.9%) patients, and was not signifi-
cantly different between groups (Table 2). At week 8, ambu-
latory status grade 1 or 2 was achieved by 115 of 166 patients
(69.3%) in the single-fraction group vs 128 of 176 (72.7%) in the
multifraction group (difference, -3.5% [1-sided 95% CI, -11.5%
to «o]; P value for noninferiority = .06; Table 2 and Figure 2).
In the per-protocol analysis, the 8-week ambulatory re-
sponse rate was 114 of 164 patients (69.5%) in the single-
fraction group and 127 0f 173 (73.4%) in the multifraction group
(difference, -3.9% [1-sided 95% CI, -12.0% to «]; P value for
noninferiority = .07). Post hoc results adjusted for the ran-
domization stratification factors are shown in eTable 4 in
Supplement 3.

Prespecified Secondary Outcomes
The differences in ambulatory response rate between the
single-fraction and multifraction groups were -0.4% (63.9%

jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/27/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.17913?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.17913
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.17913?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.17913
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.17913?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.17913
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2019.17913?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.17913
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.17913

Single-Fraction vs Multifraction Radiotherapy and Ambulatory Status in Patients With Spinal Canal Compression

Original Investigation Research

Table 2. Ambulatory Response Rate at 8 Weeks of Participants in a Study of the Effect of Single-Fraction
vs Multifraction Radiotherapy on Ambulatory Status Among Patients With Spinal Canal Compression

From Metastatic Cancer

No. (%)
Single-Fraction Multifraction Absolute
Group Group Difference 1-Sided P Value
Outcome (n = 345) (n=341) (1-Sided 95% ClI)? for Noninferiority 21.Sided 95% Cl is reported because
8-Week outcome known (n = 166) (n=176) the noninferiority hypothesis is
Ambulatory status 1-2 115 (69.3) 128 (72.7) -3.45(-11.5t0) .06 basedon-sided a = .05.
Single-fraction radiotherapy is not
No change iE baseline status 103 (62.1) 110 (62.5) cor;gsidered noninferior topy
(grade 1-2) . ) ) .
. multifraction radiotherapy if the
Improved from baseline 12(7.2) 18(10.2) lower bound ofthe1-sidz§ 95% Clis
3-4to1-2
( _) - less than -11%.
No change in baseline status 22 (13.3) 26 (14.8) . o
(3-4)° b patients with either grade 1or 2 at
Worsened from baseline 29 (17.5) 22 (12.5) baseline who rem.am atgradelor2
(1-2 to 3-4) at 8 weeks (a patient whose status
8-Week outcome unknown*® (n=179) (n=165) chapged fr_om 1to2 or vice versa) or
patients with grade 3 to 4 who
Died before week 8 130 125 remain at 3 to 4.
8-Week assessment 49 40

not available®

¢ See eTable 3 in Supplement 3 for
more information.

Figure 2. Ambulatory Status of Participants in a Study of the Effect of Single-Fraction vs Multifraction Radiotherapy on Ambulatory Status

Among Patients With Spinal Canal Compression From Metastatic Cancer

Single-Fraction Group Multifraction Group

Patients With Patients With
Ambulatory Ambulatory
No. of Status Grade No. of Status Grade % Difference 1-Sided P Value

Follow-up, wk Patients 1-2, No. (%) Patients 1-2, No. (%) (1-Sided 95% CI) for Noninferiority
1 294 188 (63.9) 300 193 (64.3) -0.4(-6.9 to ») | .004
4 214 143 (66.8) 225 152 (67.6) -0.7 (-8.1to =) i & .01
8 166 115 (69.3) 176 128(72.7) -3.5(-11.5to =) : & .06
12 142 102 (71.8) 158 107 (67.7) 4.1(-4.6to») i o .002

-15  -10 -5 0 5 10 15
% Difference (1-Sided 95% Cl)

If the lower boundary of any 1-sided 95% Cl is lower than -11% (blue dotted line), single-fraction radiotherapy would not be considered noninferior

to multifraction radiotherapy.

Vs 64.3%; [1-sided 95% CI, -6.9% to «]; P value for noninferi-
ority = .004) at 1 week, -0.7% (66.8% vs 67.6%; [1-sided 95%
CI, -8.1to «]; P value for noninferiority = .01) at 4 weeks, and
4.1% (71.8% Vs 67.7%; [1-sided 95% CI, —4.6 to «]; P value for
noninferiority = .002) at 12 weeks (Figure 2 and eFigure 1 in
Supplement 3).

The difference in 8-week ambulatory response rate did
not vary across subgroups, including patients who had good
or poor WHO performance status at baseline (all interaction
P values were not statistically significant P > .05) (eFigure 2
in Supplement 3).

Among patients with ambulatory status 1 or 2 at base-
line, there was no statistically significant difference in the
time to loss of ambulation between the single-fraction and
multifraction group (HR, 1.22 [95% CI, 0.88-1.71]; P = .24;
eFigure 3 in Supplement 3). The 8-week loss of ambulation
rate was 28% (95% CI, 22%-35%) for the single-fraction
group and 23% (95% CI, 17%-29%) for the multifraction
group. Among patients with ambulatory status 3 or 4 at
baseline, there was also no evidence of a statistically signifi-
cant between-group difference for time to recovery of

jama.com

ambulation (HR, 1.15 [95% CI, 0.71-1.85]; P = .58; eFigure 4
in Supplement 3). The 8-week recovery of ambulation rate
was 41% (95% CI, 31%-53%) in the single-fraction group and
36% (95% CI, 26%-49%) in the multifraction group.

Rates of any additional treatment for cancer within 12
months were not significantly different between the single-
fraction and multifraction group (104 of 345 patients [30.1%]
in the single-fraction group vs 110 of 341 [32.3%] in the mul-
tifraction group; risk difference, -2.1% [95% CI, -9.0% t0 4.8%];
P = .55). The additional treatments included chemotherapy in
41 of 345 patients (11.9%) in the single-fraction group vs 47 of
341(13.8%) in the multifraction group (difference, -1.9% [95%
CI, -6.9% t0 3.1%]; P = .46), hormone therapy in 44 of 345 pa-
tients (12.8%) in the single-fraction group vs 45 of 341 (13.2%)
in the multifraction group (difference, -0.4% [95% CI, -5.5%
to 4.6%]; P = .86), radiotherapy in 43 of 345 patients (12.5%)
in the single-fraction group vs 34 of 341 (10.0%) in the multi-
fraction group (difference, 2.5% [95% CI, -2.2% to 7.2%];
P =.30), and surgical procedure in 7 of 345 patients (2.0%) in
the single-fraction group vs 4 of 341 (1.2%) in the multifrac-
tion group (difference, 0.9% [95% CI, -1.0% to 2.7%]; P = .37).
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Figure 3. Overall Survival of Participants in a Study of the Effect of Single-Fraction vs Multifraction
Radiotherapy on Ambulatory Status Among Patients With Spinal Canal Compression From Metastatic Cancer

The median (interquartile range
[IQR]) survival time was 12.4 (4.6 to
41.0) weeks in the single-fraction
group and 13.6 (5.9-40.9) weeks in
the multifraction group. The median
(IQR) observation time was 13.7
(12.0-52.7) weeks in the
single-fraction group and 12.9 (12 to
48.7) weeks in the multifraction
group. The hazard ratio (HR) was

100
\ HR (unadjusted), 1.02 (95% Cl, 0.86-1.21); P=.80
HR (stratified), 1.02 (95% Cl, 0.74-1.41); P=.91
80
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g 604
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n
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No. at risk
Multifractiongroup 341 247 173 105 94 79 67 57
Single-fractiongroup 345 233 160 111 91 81 72 61

48 54 60 66 72
Weeks After Randomization
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stratified on baseline ambulatory
status, primary tumor, extension of
metastases, and hospital. Shared
frailty Cox model HR with hospital as
arandom effect, 1.02 ([95% Cl,
0.86-1.21]; P=.85).

The date when supportive care therapies started was col-
lected for 604 patients. The rate of postrandomization sup-
portive care therapies was not significantly different be-
tween the single-fraction and multifraction group (210 of 304
patients [69.1%] vs 225 of 300 [75%]; risk difference, -5.9%
[95% CI, -13.1% t0 1.2%]; P = .11). Supportive care therapiesin-
cluded analgesics in 146 of 304 patients (48.0%) in the single-
fraction group vs 153 of 300 (51%) in the multifraction group
(difference, -3.0% [95% CI, -10.9% to 5.0%]; P = .47), anti-
emeticsin 52 of 304 patients (17.1%) in the single-fraction group
vs 49 of 300 (16.3%) in the multifraction group (difference,
0.8% [95% CI, -5.2% t0 6.7%]; P = .80); corticosteroids in 110
of 304 patients (36.2%) in the single-fraction group vs 116 of
300 (38.7%) in the multifraction group (difference, -2.5% [95%
CI, -10.2% t0 5.2%]; P = .53), physiotherapy in 76 of 304 pa-
tients (25%) in the single-fraction group vs 97 of 300 (32.3%)
in the multifraction group (difference, -7.3% [95% CI, -14.5%
to -0.1%]; P = .046), and bisphosphonates in 14 of 304 pa-
tients (4.6%) in the single-fraction group vs 11 of 300 (3.7%)
in the multifraction group (difference, 0.9% [95% CI, -2.2%
to 4.1%]; P = .56).

At week 8, the standardized mean differences in the EORTC
QLQ-C30 domains (single-fraction scores minus multifrac-
tion scores) adjusted for the baseline values were —0.13 ([1-sided
97.5% CI, -0.38 to «]; Pvalue for noninferiority = .12) for global
health, -0.12 ([1-sided 97.5% CI, -0.35 to «]; P value for non-
inferiority = .09) for physical functioning, and -0.18 ([1-sided
97.5% CI, —0.41 to »]; P value for noninferiority = .19) for emo-
tional functioning. Noninferiority was not met using the pre-
specified margin of —0.28 for the lower limit. Pain improved
from baseline in both groups after starting radiotherapy. Pain
scores were not significantly different between the single-
fraction and multifraction groups at each time point (eFig-
ure 5 in Supplement 3), with a standardized mean difference
of 0.12 at week 8 ([1-sided 97.5% CI, « to 0.38]; P value for non-
inferiority = .11), but noninferiority was not met because the
upper limit exceeded the prespecified margin of 0.28.
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The median (interquartile range) follow-up was 13.3 (12-50)
weeks and the median overall survival was 13.1 weeks, with a
total of 529 deaths at the end of follow-up on September 8, 2017
(84.3% were cancer-related deaths; eTable 5 in Supple-
ment 3). The median (interquartile range) survival time was
12.4 (4.6-41.0) weeks in the single-fraction group vs 13.6
(5.9-40.9) weeks in the multifraction group.

The survival rate was 50% (95% CI, 45%-55%) at 12 weeks
and 21% (95% CI, 16%-26%) at 12 months for the single frac-
tion group and 55% (95% CI, 49%-60%) at 12 weeks and 18%
(95% CI, 13%-23%) at 12 months for the multifraction group.
There was no statistically significant difference in survival be-
tween the groups (stratified HR, 1.02 [95% CI, 0.74-1.41]; P = .91;
Figure 3). The proportionality hazards assumption was met
(P = .35). Also, overall survival was not significantly different
across subgroups analyzed (eFigure 6 in Supplement 3).

Adverse Events
The percentage of patients with grade 3 or 4 adverse events
was 20.6% in the single-fraction group vs 20.5% in the mul-
tifraction group, and the percentages were similar between the
groups for each of the adverse events (eTable 6 in Supple-
ment 3). Therates of grade 1 or 2 radiation reactions were 11.6%
in the single-fraction group vs 19.4% in the multifraction group,
and fatigue was reported by 48.7% of patients in the single-
fraction group vs 55.4% in the multifraction group.
Impaired bladder function occurred in 42% of patients in
the single-fraction group and 34% in the multifraction group
(cumulative risk difference, 7.3% [95% CI, -14.8% to 0.2%];
eTable 7in Supplement 3). At 8 weeks, 47 of 151 patients (31.1%)
in the single-fraction group vs 34 of 166 (20.0%) in the mul-
tifraction group experienced abnormal bladder function (risk
difference, 10.6% [95% CI, 1.0%-20.2%]; unadjusted odds ra-
tio [OR], 1.75 [95% CI, 1.05-2.92]; P = .03) (adjusted OR, 1.78
[95% CI, 0.93-3.39]; P = .08; adjusted for bladder function at
baseline, sex, age, baseline ambulatory status, primary tu-
mor, number of spinal canal compression sites, and the extent
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of metastases at baseline). Impaired bowel function rates were
not significantly different between the groups at any time point,
and at week 8 the rates were 59 of 151 patients (39%) in the
single-fraction group and 61 of 166 (37%) in the multifraction
group, with arisk difference of 2.3% (95% CI, -8.4 t0 13.0) and
unadjusted OR of 1.10 ([95% CI, 0.70-1.74]; P = .67).

Post Hoc Analyses

Across several sensitivity analyses for the primary end point,
including multiple imputation, the point estimate for the am-
bulatory response rate was not significantly different. The dif-
ferences ranged from -1.50 to —-5.80 in the intention-to-treat
population and -2.10 to -5.60 in the per-protocol population
(eTable 4 in Supplement 3). The risk difference was -3.45
(1-sided 95% CI, -10.3% to «) when estimated from logisticre-
gression with standard errors allowing for intrahospital cor-
relation (eTable 4 in Supplement 3).

The primary analysis excluded patients who died before
8 weeks. However, assuming those patients survived to 8 weeks
and all were nonresponders, then the response rate was 39%
in the single-fraction group and 43% in the multifraction group
(risk difference, -3.7% [1-sided 95% CI, —10.3 to «]; P value for
noninferiority = .03). Assuming that 50% of the patients who
died could have been responders had they survived, the dif-
ference was -2.3% ([1-sided 95% CI, -8.9% to «]; P value for
noninferiority = .01), and assuming that the patients who died
would have had the same response rate as observed in each
group, the difference was -3.5% ([1-sided 95% CI, -9.6% to «];
P value for noninferiority = .02).

Deterioration-free survival was not statistically signifi-
cantly different between the groups (HR, 0.99 [95% CI, 0.80-
1.22]; P = .93; eFigure 7 in Supplement 3).

Among the subgroup of patients who were alive after 48
weeks (n = 77), the baseline characteristics were not signifi-
cantly different between the groups (eTable 8 in Supple-
ment 3). The 8-week ambulatory response rates were 94.9%
in the single-fraction group vs 89.5% in the multifraction group
(risk difference, 5.4% [1-sided 95% CI, -6.6 to «]). After ad-
justing for baseline characteristics (ambulatory status, the ex-
tent of metastases, and primary tumor type), the risk differ-
ence was 0.7% (1-sided 95% CI, —=10.0 to ).

Atotal of 232 patients (108 in the single-fraction group and
124 in the multifraction group) received treatment exclu-
sively to the spinal cord, defined as C1 to T12, and 88 patients
(47 in the single-fraction group and 41 in the multifraction
group) received treatment to the cauda equina, defined as L1
to S2. Twenty patients (11 in the single-fraction group and 9
in the multifraction group) received treatment to both the spi-
nal cord and the cauda equina (T6 to L5). There was no statis-
tically significant between-group difference in ambulatory re-
sponse rate in the treatment location subgroups, although
observed ambulatory response rates for patients whose treat-
ment was directed at the cauda equina were 76.6% in the single-
fraction group and 85.4% in the multifraction group (differ-
ence, -8.8 [95% CI, -25.0% to 7.5%]; P = .30; P value for
interaction = 0.65; eTable 9in Supplement 3). The risk of blad-
der symptoms in patients receiving radiotherapy to the cauda
equina was 34% in the single-dose group vs 10% in the mul-
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tifraction group (OR, 4.53 [95% CI, 1.4-15.1); P = .014; P value
forinteraction = 0.15). No significant difference was found in
overall median survival between sites of treatment (13 weeks
for C1-T12, 16 weeks for L1-L5, and 13 weeks for T6-L5) or be-
tween single-fraction and multifraction groups in each cat-
egory of spinal canal compression site (P value for interac-
tion = .68).

Patients who were ambulatory responders at 4 or 8 weeks
had better quality of life than nonresponders (eTable 10 in
Supplement 3).'° For the single-fraction group, the mean dif-
ference in scores at 4 weeks, adjusted for baseline scores, be-
tween ambulant versus nonambulant patients was 15.2 (95%
ClI, 7.5-22.9) for global health, 29.6 (95% CI, 20.9-38.4) for physi-
cal functioning, 25.6 (95% CI, 15.2-36.0) for role functioning,
and 16.0 (95% CI, 5.3-26.7) for social functioning (all P values
<.004). Similar differences in scores were seen in patients in
the multifraction radiotherapy group.

|
Discussion

In this international noninferiority trial involving patients with
metastatic spinal canal compression, treatment with single-
fraction radiotherapy, compared with multifraction radio-
therapy, did not meet the criterion for noninferiority for achiev-
ing ambulatory response status grade 1 or 2 at 8 weeks. The
lower bound of the CI (-11.5%) overlapped the noninferiority
margin of -11%.

However, for all other time points, the CI limits were
within the noninferiority margin, and the observed risk dif-
ferences between single-fraction and multifraction radio-
therapy groups in ambulatory status were small and unlikely
to be of clinical importance.

This trial evaluated 15 prespecified secondary end points:
ambulatory status at 1, 4, and 12 weeks; loss of ambulation; am-
bulatory recovery; additional treatment; supportive care; qual-
ity of life (global, physical, emotional, and pain dimensions);
grade 3 or 4 adverse events; bladder and bowel functioning;
and overall survival. None of these outcomes were signifi-
cantly different between treatment groups.

The EORTC QLQ-C30 outcomes also did not meet the pre-
specified noninferiority margins (0.28), but this margin had
no scientific basis when the trial was designed, and it lacked
external validity. However, the EORTC later published bound-
aries of what values constitute a small clinical standardized
mean difference (-0.4 for global health, -0.6 for physical func-
tioning, and 0.5 for pain), which can now be used as indepen-
dently derived noninferiority margins.2°

Only 2 other randomized studies have compared
single-fraction radiotherapy with multifraction radiotherapy
specifically for managing spinal canal compression, and both
were small trials. One single-center 3-group randomized
trial from Egypt with 285 patients compared single-fraction ra-
diotherapy with 10 or 20 fractions of radiotherapy, but was
not designed for noninferiority.® The other study was de-
signed for noninferiority and compared single-fraction radio-
therapy with 5 fractions of radiotherapy, but failed to reach its
target accrual.'*'>2! Two trials have shown noninferiority of
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short-course radiotherapy; 1 trial compared 8 Gy of radio-
therapy in 1 fraction with nonstandard 16 Gy of radiotherapy
in 2 fractions'® and the other compared 16 Gy in 2 fractions vs
30 Gy in 8 fractions with a split-course schedule.*!

The median survival time of 3 months in the current trial
is similar to that observed in other studies, specifically stud-
ies examining spinal canal compression,®1°:1>16:21in contrast
to the median survival time for individuals with any bone me-
tastases of 7 to 9 months. The findings of the current trial are
consistent with observational studies of spinal canal
compression”!41®:2! and the ICORG-05-03 trial,'*'> in which
79% of patients who received single-fraction radiotherapy
achieved mobility compared with 68% who received multi-
fraction radiotherapy, but with only 38 patients per group.
Among longer-surviving patients, mobility was not signifi-
cantly different between patients who received single-
fraction or multifraction radiotherapy, which is consistent with
studies of any bone metastases®?+22 and in contrast to the pro-
posal that such patients should receive multiple fractions of
radiotherapy.?* However, this subgroup was defined using a
clinical outcome occurring after randomization, so the re-
sults should be interpreted with care.

Use of single-fraction radiotherapy, specifically for
patients with spinal canal compression, was low in 2010
(<18% of clinicians reported using it in an international sur-
vey; 8%-11% of US and Canadian clinicians and 17% of
European clinicians), which is unlikely to be much higher
now.2> A 2013 US study of Surveillance, Epidemiology, and
End Results (SEER) Program data and Medicare claims
showed a much lower treatment cost per patient for single-
fraction radiotherapy ($1873) than for multifraction radio-
therapy ($4967) for management of bone metastases from
prostate cancer.?®

Single-fraction radiotherapy has benefits both in terms of
patient convenience and reduced costs. In a patient popula-
tion that has a median survival time of less than 6 months,
the opportunity to reduce treatment burden is particularly
relevant for patients who have to make multiple hospital vis-
its and pay for travel or hotel costs. Radiotherapy access is
often limited, so reducing the number of fractions allows bet-
ter allocation of resources.?”2° Patients and their caregivers
sometimes have to travel significant distances to their near-
est radiotherapy center, and travel can be a barrier to radio-
therapy adherence.3%:3!

A greater percentage of patients in this study had bladder
problems in the single-fraction group than the multifraction
group, but this largely occurred when radiotherapy was given
for cauda equina compression, which is likely due to its close
proximity to the bladder (bladder and bowel function are
regulated by the sacral nerves within the cauda equina). The
test for interaction between treatment and location of spinal
cord compression and their effect on bladder impairment
was not statistically significant, but the trial lacked statistical
power for subgroup analyses. Taking into account that
patients with metastases in the distal spine or cauda equina
receiving single-fraction vs multifraction radiation may have
higher rates of bladder toxicity, 5 fractions may be preferred
for this subgroup.
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Limitations

This study has several limitations. First, ambulatory status
was assessed either in the clinic or by telephone when
patients were unable or unwilling to attend in-person visits.
This approach was intended to minimize missing data and
categorized mobility based on a 4-point scale. However, no
information about which mode was used to ascertain ambu-
latory status was recorded and it is conceivable that reporting
bias influenced assessment of the primary outcome. Second,
a substantial percentage of patients died before the 8-week
point, with only half of the randomized patients available for
the primary end point assessment at 8 weeks, despite an
expected survival of greater than 8 weeks being an inclusion
criterion. This higher than expected death rate may have led
to a slight reduction in study power. However, this early
death rate was similar to the rate in other spinal canal com-
pression trials.'®?! Furthermore, the observed ambulatory
response rate (73%) matched the expected rate for the target
patient population (75%), so trial participants included in the
analysis at 8 weeks are unlikely to be a biased subgroup with
regard to the primary end point. Although the death rate was
high, there was no significant difference in the secondary
outcomes of ambulatory status at either 1 or 4 weeks after
randomization, when the majority of patients were still alive.
Third, only 12% of patients had breast cancer, suggesting
some potential selection bias, with younger patients who had
better prognosis being more likely referred for surgery®® or
longer fractionation schedules instead of this trial; hence, the
generalizability of these findings is limited for these patients.
Subgroup analysis by tumor type showed no clear evidence
that the treatment effect differed significantly between
tumor type, although these analyses were not sufficiently
powered. No other overt selection criteria were apparent,
with 66% of the population being physically mobile at pre-
sentation and WHO performance status 1 or 2. Fourth, the
assessments of bladder and bowel function were dichoto-
mized as “normal” and “abnormal,” instead of having a finer
grading to indicate severity, and they were not blinded. Fifth,
the multifraction group chosen reflects standard practice in
the United Kingdom and several other countries, although in
the United States and some European countries 30 Gy of
radiotherapy in 10 fractions is more often used.* However, a
clinical trial that compared 20 Gy of radiotherapy in 5 frac-
tions with 30 Gy in 10 fractions found no significant differ-
ence between them in terms of overall motor response at 1, 3,
and 6 months and in overall survivall.??33

. |
Conclusions

Among patients with metastatic solid tumors causing spinal
canal compression, treatment with a single radiotherapy frac-
tion, compared with multifraction radiotherapy delivered over
5days, did not meet the criterion for noninferiority for the pri-
mary outcome of being ambulatory at 8 weeks. However, the
extent to which the lower bound of the CI overlapped with the
noninferiority margin should be taken into account when in-
terpreting the clinical importance of these findings.
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