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

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

standard radiotherapy regimen.

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

of radiotherapy.

DESIGN, SETTING, AND PARTICIPANTSMulticenter 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 Patientswere randomized to receive external beamsingle-fraction8-Gy

radiotherapy (n = 345) or 20Gyof radiotherapy in 5 fractionsover 5 consecutivedays (n = 341).

MAIN OUTCOMES ANDMEASURES 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 1 or 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 themultifraction group

(difference, −3.5% [1-sided 95% CI, −11.5% to �]; P value for noninferiority = .06). The

difference in ambulatory status grade 1 or 2 in the single-fraction vs multifraction group was

−0.4% (63.9% vs 64.3%; [1-sided 95% CI, −6.9 to �]; P value for noninferiority = .004) at

week 1, −0.7% (66.8% vs 67.6%; [1-sided 95% CI, −8.1 to �]; P value for noninferiority = .01)

at week 4, and 4.1% (71.8% vs 67.7%; [1-sided 95% CI, −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 themultifraction group (stratified hazard ratio, 1.02 [95% CI,

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 withmalignantmetastatic 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 CI overlapped

with the noninferiority margin should be considered when interpreting the clinical

importance of this finding.

TRIAL REGISTRATION ISRCTN Identifiers: ISRCTN97555949 and ISRCTN97108008

JAMA. 2019;322(21):2084-2094. doi:10.1001/jama.2019.17913

Visual Abstract

Supplemental content

CMEQuiz at

jamanetwork.com/learning

Author Affiliations:Author
affiliations are listed at the end of this
article.

Corresponding Author: Peter J.
Hoskin, BSc, MBBS, MD, Mount
Vernon Cancer Centre,
Rickmansworth Road, Northwood
HA6 2RN, United Kingdom
(peterhoskin@nhs.net).

Research

JAMA | Original Investigation

2084 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

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

http://www.isrctn.com/ISRCTN97555949
http://www.isrctn.com/ISRCTN97108008
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://jama.jamanetwork.com/learning/article-quiz/10.1001/jama.2019.17913/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.17913
mailto:peterhoskin@nhs.net
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.17913


S
pinal canal compression is a common complication of

metastatic cancer and affected an estimated 4000 pa-

tients in theUnitedKingdom in2008and25000 in the

United States in 2005.1,2Most patients are treatedwith radio-

therapy, and commonpractice has been todeliver 20 to 30Gy

in 5 to 10 fractions,3,4with longer fractionation schedules for

patients with a better prognosis. However, the evidence for

using single-fraction radiotherapy comes from trials basedon

patientswithbonepainfrommetastaticdisease (eg,pelvis, long

bones, skull) after excludingmetastatic spinal canal compres-

sionatdiagnosis.5,6Asystematic review7on spinal canal com-

pression consisting of only retrospective studies (which tend

tobe affectedbybias and confounding), aside from1 random-

ized clinical trial,8 reported similar outcomesbetween single-

fraction andmultifraction radiotherapy.

Guidelines fromtheNational InstituteofHealth andClini-

cal Excellence in England9 indicate that radiotherapymay 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.10 The US Na-

tional Comprehensive Cancer Network guidelines refer to

radiotherapy tomanage spinal canal compression, but donot

indicate or recommend any schedule.11

Theobjectiveof this studywas toevaluatewhether single-

fraction radiotherapywas noninferior tomultifraction radio-

therapy formanaging spinal canal compression, usingmobil-

ity as the clinically relevant outcome for patients.

Methods

Study Oversight and Patients

Thesingle-fraction radiotherapycompared tomultifraction ra-

diotherapy (SCORAD) trial was approved in the United King-

dom by a single national ethics review board and in Australia

byindividualreviewboardsforeachinstitution.Allpatientsgave

written informed consent. The protocol and statistical analy-

sis plan can be found in Supplement 1 and Supplement 2.

Eligiblepatientswereagedat least18yearswithanestimated

lifeexpectancygreaterthan8weeksandprovendiagnosisofspi-

nalcanalorcaudaequina(C1-S2)compressiononmagnetic reso-

nance imaging or computed tomographic scan, with single or

multiplesitesofcompression.Histologicalorcytological 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 μg/L. Patients

were excluded if theywere able to undergo surgery or chemo-

therapyorif theyhadhematologicalmalignanciesorglioma,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 beamradiotherapy in 5 fractionsover 5 consecutive

days (daily fromMonday to Friday) or 8Gyof radiotherapy in a

single fraction. Randomizationwas performed centrally by the

University College London Cancer Trials Centre usingminimi-

zation (with a random element), stratified by center, ambula-

torystatus,primarytumortype,andpresenceorabsenceofnon-

skeletalmetastases.Megavoltageradiotherapywasdeliveredto

the compression site with a margin of at least 1 vertebral level

above andbelow. Thedosewas 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 carewas given according

to local practice, including steroids and analgesics.

End Points

Patientswereassessed inclinicat about 1,4,8, 12, and52weeks

after randomization, unless they were unable or unwilling to

attendphysically, inwhich case ahealthprofessional fromthe

localhospital contactedthembytelephoneat thesetimepoints.

Informationaboutwhetheroutcomeswereascertained inper-

son or by telephonewas not collected. These assessments in-

cludedgathering information regardingambulatory status, ad-

verse events, andadditional treatments received. Information

about additional therapies and date of death were also ob-

tained frommedical records by research staff.

The primary end point was ambulatory response rate in

patients alive at 8 weeks, which was considered a clinically

meaningful timepoint in this populationby consensus among

the clinical investigators. Ambulatory statuswas assessed on

a 4-point scale, consistent with the World Health Organiza-

tion performance status, based on the validated Medical Re-

searchCouncilmusclepowercriteria,12 inwhich1 indicatesam-

bulatorywithout theuseofwalkingaidsandgrade5of5muscle

power in all muscle groups; 2, ambulatory with assistance of

walkingaidsorgrade4of5musclepower inanymusclegroup;

3, unable towalkwith noworse than grade 2 of 5 power in all

muscle groups or grade 2 of 5 power in anymuscle group; and

4, absence (0/5muscle power) or flicker (1/5muscle 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 ormaintenance

of grade 1 or 2 frombaseline) using awindowof 49 to 62days.

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 themultifraction radiotherapy group. The lower

CI 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 CI overlapped with the noninferiority margin.
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A secondary end point was ambulatory status assessed at

1, 4, and 12weeks after randomization (ie, between 7-13, 21-34,

and70-97days).Otherprespecifiedsecondaryendpointswere

(1) time to loss of ambulation amongpatientswith ambulatory

status 1or2atbaseline,measured fromrandomizationuntil the

first occurrence of grade 3 or 4 ambulatory status (those who

didnot lose ambulationwere censoredat their last assessment

date); (2) time to recovery of ambulation among patients with

ambulatory status 3 or 4 at baseline, measured from random-

izationuntil the first reported statusof grade 1or2 (thosewith-

out improvementwere censoredat their last assessmentdate);

(3) overall survival at 12weeks and 12months andhazard 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,whichwereabnormalbladder function,definedassig-

nificanturinaryincontinenceorurinaryretentionrequiringcath-

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, andsurgery) andsup-

portivecare for spinal canal compression (analgesics, antiemet-

ics, corticosteroids,physiotherapy, andbisphosphonates); 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,

and12using theEuropeanOrganization forResearchandTreat-

ment of Cancer (EORTC) Quality of Life Questionnaire-Core

Questionnaire(QLQ-C30).13Eachqualityof lifescalerangesfrom

0 to 100, with higher scores for global health status and func-

tional scales reflecting better performance, but worse perfor-

mance for symptomscales. Prespecified secondary endpoints

not reported in this article includedplace anddurationof care.

We collected the drug names and doses of the steroids and an-

algesics used as supportive care therapies, and how these

changed frombaseline toduring follow-up,andthesewerealso

not analyzed for this article.

Deterioration-freesurvivalwastheonlyposthocendpoint,

measured amongpatientswhohad ambulatory status grade 1

or 2 at baseline until theyworsened to grade 3 or 4 during the

trial or died, whichever occurred first. Patients whose ambu-

latory status didnot deteriorate to grade 3 or 4 anddidnot 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 20Gyof radiotherapyover 5 consecu-

tive days (1 fraction per day) at 8 weeks. Assuming an ambu-

latory response rate (grade 1or2) of 75%ofparticipants inboth

groups and a noninferiority margin of −11% (defined by con-

sensus among the investigators, approvedby the grant funder

and the funder’s external reviewers, and similar toor less than

noninferiority margins used in other trials),14-16 the trial re-

quired 386patients (193per group) assessable at 8weekswith

80%power and 1-sided5%statistical significance.The sample

sizewas inflated to 580allowing for 33%of participants to die

before 8 weeks and later increased to 700 by the indepen-

dent datamonitoring committee because of a higher than an-

ticipateddeath rate. Investigators remainedblinded to theout-

comes throughout the study.

Data Analysis

The primary analysis was based on eligible patients who re-

ceived their randomlyassigned treatmentandwereassessedat

8weeks. The 8-week ambulatory response ratewas compared

betweengroupsusing thedifference inproportions test.Apost

hocper-protocol analysis of theprimaryoutcomewasdone in-

cluding only patients who received and completed radio-

therapy as randomized (Figure 1). A post hoc analysis (logistic

regression)of theprimaryoutcome involvedadjustmentby the

randomization factors (baselineambulatorystatus,primary tu-

mor,andextentofmetastases).Logistic regressionwasalsoused

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, andextent of

metastases were prespecified. Ambulatory response was ex-

aminedamongpatientswhowerealivebeyond48weeks (long-

term survivors) in a post hoc analysis.

Toevaluate theeffectofmissingdataontheprimaryanaly-

sis, several post hoc sensitivity analyses were performed by

(1) extending the definition of the 8-weekwindow from49 to

62 days to 49 to 69 days by imputing data of patients with a

missingassessment atweek8butwithassessments at 1, 4, and

12weeks; (2) assumingmissingdata as positive or negative re-

sponses; and (3) performingmultiple imputation using logis-

tic regression.17,18Details 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),

theambulatory response riskdifferenceCIswerederived from

a logistic regressionwith specified standarderrors allowing for

intrahospital correlation (clustered sandwich estimator), and

to evaluate the effect of individuals who died on the ambula-

tory response risk difference, wemade 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 andbowel func-

tion to address concerns associatedwith 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

(C1 toT12), treatment exclusivelydirected at the caudaequina

(L1 to S2), and treatment directed at both the spinal cord and

the cauda equina (T6 to L5).

Theanalysisof time-to-eventoutcomeswasdoneusing 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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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

mixedmodeling.WhenSCORADwasdesigned, therewereno

recommendedor clinically relevantnoninferioritymargins for

the EORTC quality of life measures. A prespecified margin of

0.28wascrudelyestimatedaswhatwouldbeastatistically sig-

nificant difference (at a 1-sided2.5% level of statistical signifi-

cance) given a trial of 400 patients.

Posthocanalyses alsowere conducted toconfirmthe find-

ings froma large trial ofpatientswithanybonemetastaseswho

receivedsingle-fractionradiotherapy,19 inwhichindividualswith

ambulatorystatusgrade1or2had improvedqualityof life com-

paredwith individualswith ambulatory status grade 3 or 4.

All comparative effect sizes are for single-fractionvsmul-

tifraction radiotherapy. The CIs are 1-sided for the risk differ-

ence for ambulatory response and are 2-sided for all other

analyses.NoninferiorityPvaluesare 1-sidedandall otherPval-

ues are 2-sided. Therewas no formal statistical adjustment of

P values for havingmultiple secondary outcomes, and there-

fore these results shouldbeconsideredexploratory.Dataanaly-

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

Figure 1. Flow of Participants in a Study of the Effect of Single-Fraction vsMultifraction Radiotherapy on Ambulatory Status Among Patients

With Spinal Canal Compression FromMetastatic Cancer (SCORAD Trial)

5552 Patients assessed for eligibility

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

694 Randomized

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

1 Treatment delay

1 Treatment field change

1 Withdrew

349 Patients randomized to the multifraction group345 Patients randomized to the single-fraction group

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
received 20 Gy of radiotherapy in 5 fractions

165 Patients did not complete
the 8-wk assessment

125 Died

34 Not assessed

6 Lost to follow-up

179 Patients did not complete
the 8-wk assessment

130 Died

46 Not assessed

3 Lost to follow-up

339 Patients received radiotherapy

2 Patients had unknown status of whether they
received radiotherapy

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

344 Patients received radiotherapy

1 Patient did not receive 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

A total of 635 patients (93%) started radiotherapy on the day of randomization and all but 1 patient started radiotherapy within 24 hours of randomization.
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in Supplement 3) (median [interquartile range] age, 70 [64-

77] 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-

tientswhowere evaluated at 8weekswere alsowell balanced

(eTable 2 in Supplement 3). Of the 344 patients whowere 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 8weeks (eTable 3 in Supplement 3). The

date of final follow-up was September 8, 2017.

Primary End Point

Theprimaryendpoint (8-weekambulatory response rate)was

available for 342 of 686 (49.9%) patients, andwas 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-fractiongroupvs 128of 176 (72.7%) in the

multifractiongroup (difference, −3.5%[1-sided95%CI, −11.5%

to �]; 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-

fractiongroupand127of 173 (73.4%) in themultifractiongroup

(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%

Table 1. Baseline Characteristics of Participants in a Study of the Effect

of Single-Fraction vsMultifraction Radiotherapy on Ambulatory Status

Among PatientsWith Spinal Canal Compression FromMetastatic Cancer

Characteristic

No. (%)

Single-Fraction
Radiotherapy Group
(n = 345)

Multifraction
Radiotherapy Group
(n = 341)

Age

Median (range), y 70 (23-96) 70 (33-95)

≥75 y 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,
head and neck, sarcoma,
unspecified)

26 (8) 23 (7)

Nonskeletal
metastases

159 (46) 156 (46)

No. of spinal cord
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 (2) 10 (3)

Cervical and thoracic 5 (1) 8 (2)

Lumbar and sacrum 3 (1) 4 (1)

Not reported 0 2 (1)

WHO performance
statusa

(n = 343) (n = 337)

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
without the use
of walking aids)

76 (22) 77 (23)

Grade 2 (ambulatory
with walking aids)

152 (44) 146 (43)

Grade 3
(unable to walk)

91 (26) 90 (26)

Grade 4 (absence
or flicker of motor power
in any muscle group)

26 (8) 28 (8)

(continued)

Table 1. Baseline Characteristics of Participants in a Study of the Effect

of Single-Fraction vsMultifraction Radiotherapy on Ambulatory Status

Among PatientsWith Spinal Canal Compression FromMetastatic Cancer

(continued)

Characteristic

No. (%)

Single-Fraction
Radiotherapy Group
(n = 345)

Multifraction
Radiotherapy Group
(n = 341)

Treatment at baseline (n = 344) (n = 341)

None 156 (45) 141 (41)

Hormone therapy
within 4 weeks
of randomization

96 (28) 97 (28)

Radiotherapy
within 6 mo
of randomization

36 (10) 39 (11)

Chemotherapy
within 4 weeks
of randomization

20 (6) 32 (9)

Combination
of the above
treatments

36 (10) 32 (9)

aWHO performance status of 0 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.
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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, −8.1 to �]; P value for noninferiority = .01) at 4weeks, 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

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 andmultifraction group (104 of 345 patients [30.1%]

in the single-fraction group vs 110 of 341 [32.3%] in the mul-

tifractiongroup; riskdifference,−2.1%[95%CI,−9.0%to4.8%];

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 themultifractiongroup (difference, −1.9% [95%

CI, −6.9% to 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 themultifraction 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 themulti-

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% to2.7%];P = .37).

Table 2. Ambulatory Response Rate at 8Weeks of Participants in a Study of the Effect of Single-Fraction

vsMultifraction Radiotherapy on Ambulatory Status Among PatientsWith Spinal Canal Compression

FromMetastatic Cancer

Outcome

No. (%)

Absolute
Difference
(1-Sided 95% CI)a

1-Sided P Value
for Noninferiority

Single-Fraction
Group
(n = 345)

Multifraction
Group
(n = 341)

8-Week outcome known (n = 166) (n = 176)

Ambulatory status 1-2 115 (69.3) 128 (72.7) −3.45 (−11.5 to �) .06

No change in baseline status
(grade 1-2)b

103 (62.1) 110 (62.5)

Improved from baseline
(3-4 to 1-2)

12 (7.2) 18 (10.2)

No change in baseline status
(3-4)b

22 (13.3) 26 (14.8)

Worsened from baseline
(1-2 to 3-4)

29 (17.5) 22 (12.5)

8-Week outcome unknownc (n = 179) (n = 165)

Died before week 8 130 125

8-Week assessment
not availablec

49 40

a 1-Sided 95% CI is reported because
the noninferiority hypothesis is
based on 1-sided α = .05.
Single-fraction radiotherapy is not
considered noninferior to
multifraction radiotherapy if the
lower bound of the 1-sided 95% CI is
less than −11%.

bPatients with either grade 1 or 2 at
baseline who remain at grade 1 or 2
at 8 weeks (a patient whose status
changed from 1 to 2 or vice versa) or
patients with grade 3 to 4 who
remain at 3 to 4.

c See eTable 3 in Supplement 3 for
more information.

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

Among PatientsWith Spinal Canal Compression FromMetastatic Cancer
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.01214 225143 (66.8) 152 (67.6)4 –0.7 (–8.1 to ∞)

.06166 176115 (69.3) 128 (72.7)8 –3.5 (–11.5 to ∞)
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If the lower boundary of any 1-sided 95% CI is lower than −11% (blue dotted line), single-fraction radiotherapy would not be considered noninferior
to multifraction radiotherapy.
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The datewhen supportive care therapies startedwas col-

lected for 604 patients. The rate of postrandomization sup-

portive care therapies was not significantly different be-

tween the single-fraction andmultifraction group (210of 304

patients [69.1%] vs 225 of 300 [75%]; risk difference, −5.9%

[95%CI, −13.1% to 1.2%];P = .11). Supportive care therapies in-

cluded analgesics in 146of 304patients (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-

emetics in52of304patients (17.1%) in thesingle-fractiongroup

vs 49 of 300 (16.3%) in the multifraction group (difference,

0.8% [95%CI, −5.2% to 6.7%]; P = .80); corticosteroids in 110

of 304 patients (36.2%) in the single-fraction group vs 116 of

300(38.7%) in themultifractiongroup (difference,−2.5%[95%

CI, −10.2% to 5.2%]; P = .53), physiotherapy in 76 of 304 pa-

tients (25%) in the single-fraction group vs 97 of 300 (32.3%)

in themultifraction 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).

Atweek8, thestandardizedmeandifferences in theEORTC

QLQ-C30 domains (single-fraction scores minus multifrac-

tionscores)adjustedfor thebaselinevalueswere−0.13 ([1-sided

97.5%CI,−0.38 to�];Pvalue fornoninferiority = .12) forglobal

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�];Pvalue fornoninferiority = .19) for emo-

tional functioning. Noninferiority was notmet using the pre-

specified margin of −0.28 for the lower limit. Pain improved

frombaseline 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

of0.12 atweek8 ([1-sided97.5%CI,� to0.38];Pvalue fornon-

inferiority = .11), but noninferiority was not met because the

upper limit exceeded the prespecified margin of 0.28.

Themedian (interquartile range) follow-upwas13.3 (12-50)

weeks and themedian overall survival was 13.1 weeks, with a

totalof529deathsat theendof follow-uponSeptember8,2017

(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 ratewas 50% (95%CI, 45%-55%) at 12weeks

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.

Therewasno statistically significantdifference in survival be-

tweenthegroups (stratifiedHR,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-

tifractiongroup, and thepercentageswere similarbetween the

groups for each of the adverse events (eTable 6 in Supple-

ment3). The ratesof grade 1or2 radiation reactionswere 11.6%

inthesingle-fractiongroupvs19.4%inthemultifractiongroup,

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 themultifraction group

(cumulative risk difference, 7.3% [95% CI, −14.8% to 0.2%];

eTable7 inSupplement3).At8weeks,47of 151patients (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, numberof spinal canal compression sites, and the extent

Figure 3. Overall Survival of Participants in a Study of the Effect of Single-Fraction vsMultifraction

Radiotherapy on Ambulatory Status Among PatientsWith Spinal Canal Compression FromMetastatic Cancer
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Themedian (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
themultifraction group. Themedian
(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 themultifraction
group. The hazard ratio (HR) was
stratified on baseline ambulatory
status, primary tumor, extension of
metastases, and hospital. Shared
frailty Coxmodel HRwith hospital as
a random effect, 1.02 ([95% CI,
0.86-1.21]; P=.85).
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ofmetastases at baseline). Impairedbowel function rateswere

notsignificantlydifferentbetweenthegroupsatanytimepoint,

and at week 8 the rates were 59 of 151 patients (39%) in the

single-fraction group and 61 of 166 (37%) in themultifraction

group,with a riskdifferenceof 2.3% (95%CI, −8.4 to 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,

includingmultiple imputation, the point estimate for the am-

bulatory response ratewasnot significantlydifferent. Thedif-

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-sided95%CI, −10.3% to�)whenestimated from logistic re-

gression with standard errors allowing for intrahospital cor-

relation (eTable 4 in Supplement 3).

The primary analysis excluded patients who died before

8weeks.However,assumingthosepatientssurvivedto8weeks

and all were nonresponders, then the response rate was 39%

in thesingle-fractiongroupand43%in themultifractiongroup

(risk difference, −3.7% [1-sided95%CI, −10.3 to�];Pvalue for

noninferiority = .03). Assuming that 50%of the patientswho

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), andassuming that thepatientswhodied

would have had the same response rate as observed in each

group, thedifferencewas−3.5% ([1-sided95%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 thesingle-fractiongroupvs89.5%in themultifractiongroup

(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 �).

A total of 232patients (108 in the single-fractiongroupand

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 themultifractiongroup) received treatment toboth the spi-

nal cord and the cauda equina (T6 to L5). Therewas no statis-

tically significant between-groupdifference in ambulatory re-

sponse rate in the treatment location subgroups, although

observed ambulatory response rates for patientswhose treat-

mentwasdirectedat thecaudaequinawere76.6%inthesingle-

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; eTable9 inSupplement 3). The riskof blad-

der symptoms inpatients receiving radiotherapy to the cauda

equina was 34% in the single-dose group vs 10% in the mul-

tifraction group (OR, 4.53 [95% CI, 1.4-15.1); P = .014; P value

for interaction = 0.15). No significant differencewas 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).

Patientswhowere ambulatory responders at 4 or 8weeks

had better quality of life than nonresponders (eTable 10 in

Supplement 3).19 For the single-fraction group, themean dif-

ference in scores at 4 weeks, adjusted for baseline scores, be-

tween ambulant versus nonambulant patients was 15.2 (95%

CI,7.5-22.9) forglobalhealth,29.6 (95%CI,20.9-38.4) forphysi-

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 internationalnoninferiority trial involvingpatientswith

metastatic spinal canal compression, treatment with single-

fraction radiotherapy, compared with multifraction radio-

therapy,didnotmeet thecriterion fornoninferiority forachiev-

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 endpoints:

ambulatorystatusat 1,4, and12weeks; lossof ambulation; am-

bulatory recovery; additional treatment; supportivecare;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.

TheEORTCQLQ-C30outcomes alsodidnotmeet thepre-

specified noninferiority margins (0.28), but this margin had

no scientific basis when the trial was designed, and it lacked

external validity.However, theEORTC later publishedbound-

aries of what values constitute a small clinical standardized

meandifference (−0.4 forglobalhealth,−0.6 forphysical func-

tioning, and0.5 for pain),which cannowbeused as indepen-

dently derived noninferiority margins.20

Only 2 other randomized studies have compared

single-fraction radiotherapywithmultifraction radiotherapy

specifically formanaging spinal canal compression, and both

were small trials. One single-center 3-group randomized

trial fromEgyptwith285patients comparedsingle-fraction ra-

diotherapy with 10 or 20 fractions of radiotherapy, but was

not designed for noninferiority.8 The other study was de-

signed for noninferiority and compared single-fraction radio-

therapywith 5 fractions of radiotherapy, but failed to reach its

target accrual.14,15,21 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 fractions16 and the other compared 16Gy in 2 fractions vs

30 Gy in 8 fractions with a split-course schedule.21

Themedian survival time of 3months in the current trial

is similar to that observed in other studies, specifically stud-

ies examining spinal canal compression,9,10,13,16,21 in contrast

to themedian survival time for individualswith anyboneme-

tastases of 7 to 9months. The findings of the current trial are

consistent with observational studies of spinal canal

compression7,14-16,21 and the ICORG-05-03 trial,14,15 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-

fractionormultifraction radiotherapy,which is consistentwith

studies of anybonemetastases22,23 and in contrast to thepro-

posal that such patients should receive multiple fractions of

radiotherapy.24 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.25 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.26

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.27-29 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.30,31

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.

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.16,21 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 surgery23 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.4 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.32,33

Conclusions

Among patients with metastatic solid tumors causing spinal

canal compression, treatmentwith a single radiotherapy frac-

tion, comparedwithmultifraction radiotherapydeliveredover

5days, didnotmeet the criterion fornoninferiority for thepri-

mary outcome of being ambulatory at 8 weeks. However, the

extent towhich the lower boundof theCI overlappedwith the

noninferiority margin should be taken into account when in-

terpreting the clinical importance of these findings.
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