
1

24-12225

Title: Post-mastectomychestwallirradiationeffectson10-yearsurvivalinearlybreastcancer.

Authors:

I.H Kunkler,1 N. S. Russell,2 N. Anderson,3 R. Sainsbury,4 J. M. Dixon,5 D. A. Cameron,1 J.

Loncaster,6 M. Hatton,7 A. H. Westenberg,8 J. Clarke,9 H. McCarty,9R. Evans,9 K. Geropantas,10

V. Wolstenholme,11 A. Alhasso,12 P. Woodings,13 L. Barraclough,6 N. Bayman,6 R. Welch,14F.

Muturi,15 T. McEleney,15 J. Burns,56 K. Riddle,56 E. Macdonald,56 J. Dunlop,15 N. Sergenson,17

G. vanTienhoven,18 K. J. Taylor,1 J. M. S. Bartlett,1T. Piper1 G. Velikova,19 E. Aird,20 B. Chua,21

C. Hurkmans,22 K. Venables,20 L. J. Williams,23 J. S. Thomas,24 A. M. Hanby,19 M. Maclennan,1

S. Cleator,25 E. T. Verghese,19 Y. Li,26 S. Wang26, P. Canney12 onbehalf of theSUPREMO trial

investigators.

Drs. Kunkler andRussell contributed equally to thisarticle.

Corresponding author:

ProfessorIanKunkler

Institute of Geneticsand Cancer

Universityof Edinburgh,

WesternGeneralHospital

Edinburgh, EH4 2XU, UK

Author Information:



2

Ian H. Kunkler, FRCR1; Nicola S. Russell, M.D., Ph.D.2; Niall Anderson, Ph.D.3; Richard

Sainsbury, M.D.4; J. Michael DixonM.D.5; DavidCameronM.D.1; Juliette Loncaster, FRCR6;

Matthew Hatton, FRCR7; Helen Westenberg, M.D. (deceased)8; Jackie Clarke, FRCR9; Heather

McCarty, FRCR9;RhunEvans, FRCR9; KonstantinosGeropantas, FRCR10;Virginia

Wolstenholme, FRCR11; Abdulla Alhasso, FRCR12; Pamela Woodings, FRCR13; Lisa

Barraclough, FRCR6; Neil Bayman, FRCR6; RichardWelch, FRCR14; FidelisMuturi, M.Sc.15;

TracyMcEleney,B.Sc15 Jacqueline Burns,B.Sc.15KathleenRiddle,B.Sc.15 Eve

Macdonald,M.Sc15 Johanna Dunlop Ph.D.16; Nicole Sergenson, B.Sc.17; Geertjanvan

Tienhoven, M.D., Ph.D.18; KarenJ. Taylor, Ph.D.1; John M. S. Bartlett Ph.D.1;TammyPiper,

M.Sc.1; Galina Velikova, M.D. Ph.D.19; EdwinAird, Ph.D.20; BoonChua, Ph.D.21; Coen

Hurkmans, Ph.D.22; KarenVenables, Ph.D.20; Linda J. Williams, Ph.D.23;JeremyS. Thomas,

FRCPath24; Andrew M. Hanby, FRCPath19;Marjory MaclennanFRCR1, Susan Cleator, Ph.D.25;

Eldo T. Verghese, FRCPath19; YexiongLi, M.D.26; ShulianWang, M.D.26; Peter Canney M.D.12

1InstituteofGeneticsandCancer, UniversityofEdinburgh, UK;

2Dept. RadiationOncology, NetherlandsCancerInstitute, Amsterdam,Netherlands;

3UniversityofEdinburgh, Department ofPublicHealth,UK;

4UniversityCollegeLondon,UK;

5EdinburghBreast Unit, UniversityofEdinburghWesternGeneralHospital, UK;

6ClinicalOncology, TheChristieNHSFoundationTrust, Manchester, UK;

7ClinicalOncologySciences, WestonParkHospital, Sheffield, UK;

8RadiotherapieGroep, Arnhem, Netherlands;

9Belfast CityHospital,NorthernIreland, UK;

10NorfolkandNorwichUniversityHospitalNHSTrust, UK;



3

11BartsHealthNHSTrust, London,UK;

12BeatsonWest ofScotlandCancerCentre,Glasgow, UK;

13Department ofOncology, RoyalDerbyHospital, UK;

14RoyalBoltonHospitalNHSFoundationTrust, UK;

15PublicHealthScotland, UK;

16ScottishClinicalTrialsResearchUnit,Edinburgh,UK;

17UniversityofAberdeen, UK;

18RadiationOncology,AmsterdamUMCNetherlands;

19St James’UniversityHospital,Leeds, UK;

20Mount VernonHospital, Northwood,UK;

21UniversityofNewSouthWales, Sydney, Australia;

22Dept.RadiationOncologyCatharina Ziekenhuis,Eindhoven, Netherlands;

23UsherInstituteofPopulationSciencesandInformatics, Universityof Edinburgh,UK;

24Department ofPathology, WesternGeneralHospital,Edinburgh;

25ImperialCollege HealthcareNHSFoundationTrust, London,UK;

26ChineseAcademyofMedicalSciences, Beijing, China.



4



5

INTRODUCTION

MastectomyisstandardofcareforoveronethirdofpatientswithstageIandII breast cancer.(1)

Stage II disease includes tumors ≤ 5 cm with one to three axillary lymph node metastases (N1),

or tumors ≥ 2cm without nodal metastases (TNM stages T1-2N1M0 and T2-3N0M0). Stage II

patients with either N1 disease or N0 but with poor histological features (including larger size,

grade III histology or lymphovascular-invasion [LVI]) are considered at “intermediate-risk” of

recurrence.(2) Landmark Danish and Canadian randomized controlled trials (RCTs) reported in

1997-99 showed that post-mastectomy radiotherapy for stages II and III reduced the risk of

locoregional recurrence and improved 10-year survival in women with nodal metastases.(3-5)

The 2014 EBCTCG meta-analysis of trials of post-mastectomy radiotherapy,(6) which relies

heavily on the Danish and Canadian trials, showed a 16.5% reduction in ‘locoregional

recurrence first’ and a 7.9% gain in 20-year survival in patients with pN1 disease. Adjuvant

systemic therapy in these trials is now considered sub-optimal.(7, 8) Subsequently, major

improvements in systemic therapy and reductions in breast cancer mortality(9) challenge the

applicability of the evidence base for post-mastectomy radiotherapy to current practice.

Hence, the role of post-mastectomy radiotherapy in patients with 1-3 involved axillary nodes is

uncertain as reflected in differing guidelines(10-12) and practice.(13, 14) Post-mastectomy

radiotherapy in patients with 1-3 involved nodes became a research priority of the NIH in

2000.(15) Intermediate-risk pN0 patients might also benefit from post-mastectomy

radiotherapy.(16)

Most locoregional recurrences occur on the chest wall,(17, 18) so this is considered a critical

target for post-mastectomy radiotherapy. We present a more contemporary picture of the

impact of post-mastectomy radiotherapy selectively to the chest wall on overall survival in the

10-year results of the BIG 2.04 MRC/EORTC SUPREMO trial.
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METHODS

Oversight

TheBIG2-04MRC/EORTCSUPREMO(SelectiveUseof Postoperative Radiotherapyafter

Mastectomy)isamulticenter, phase3randomizedclinical trial.(19) The trial recruitedat 125UK

sites, 27sitesin9Europeancountriesandanadditional21internationalsites(tableS1.1, available

atNEJM.org).TheprotocolreceivedUKethicalapproval(MRECRef:05/S0501/106) and

equivalentapproval innon-UK jurisdictions. Allpatientsprovidedwritteninformedconsent.UK

patientscouldconsent toparticipationintheQualityofLife(QoL),CardiacandHealthEconomics

substudies.UK andEORTCpatientscouldparticipateinthetranslationalTRANS-SUPREMO

substudy. ISRCTNregistrationis61145589.TheTrialManagement Group(includingpatient

representation)designedthe trial (S1.2).TheScottishClinicalTrialResearchUnit inEdinburgh

providedthedata management andtheremote monitoringtoensureadherencewithGoodClinical

Practice.TheTrialSteeringCommitteeandDataMonitoringandEthicsCommitteeprovidedtrial

oversight(S1.3.andS1.4).NAperformedtheanalysis.IKwrotethefirstmanuscript draft. The

authorswrotethearticleandvouchfortheaccuracyandcompletenessofthedata andfortrial

protocolcompliance.Thefundershadnoroleinthedesign,analysisorpublicationofthedata.

Patienteligibilitycriteria

Eligiblewomenhadundergonea mastectomyforunilateralstageIIintermediate-riskbreast

cancerwithout distant metastases(specifiedaspT1-2N1;pT2N0ifalsogradeIII and/orLVI)and

hada minimumclearmarginof1mm,includingpatientsundergoingimmediatebreast
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reconstruction.Followingtheamendedv29protocol(2010), patientswerealsoeligiblewithstage

II breast cancer, withT3N0andafterneo-adjuvant chemotherapy.

Alevel IIaxillarynodalclearanceofa minimumof10nodes(protocolv.27)or8nodes(protocol

v.29)wasmandatoryforN1patients. ForpN0patients, axillarystagingwasbyfour-nodeaxillary

nodesample, asentinelnodebiopsyoraxillarynodeclearance.Full inclusionandexclusioncriteria

ofbothprotocolsaregiveninthesupplement S2.1.

Treatmentandtrialprocedures

Patientswererandomized1:1bypermutedblockswithblocklengthvariedtominimizetheeffects

ofentrybias,withstratificationbytreatingcenter.

Theprotocolspecifiedguidelinesforpathology,surgery, radiationandadjuvant systemictherapy.

Wereviewedthepathologyreportsofallpatientsinthetrial tocheckeligibility(S2.2).Two

pathologists(JT, AH)conducteda centralpathologyreviewofhistologyslidesfromUKand

EORTCpatients.(20)

PatientsrandomizedtoCWIreceiveddosesrangingfrom40Gyin15fractionsto50Gyin25

fractions.Theclinical target volumeencompassedthechest wallskinflapsandsoft tissuesfrom

5mmundertheskinsurfacedowntothedeepfascia.Axillaryradiationwasnotpermitted, but

centerscouldelect toirradiatethesupraclavicularfossa orinternalmammarychainforN1

patients(UKonly)orN0/N1fornon-UKsites, irrespectiveofallocationofCWI.Radiotherapy was

quality assured at institute and patient level. Forthefull radiotherapyandRT-QAprotocols, see

S2.3at NEJM.org.

Adjuvant orneoadjuvant chemotherapywithanthracyline-containingregimens±taxaneswas

recommended. Trastuzumabwasadministeredaccordingtolocalpolicy.PatientswithER
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positivetumorswererecommendeda minimumof5yearsof adjuvant endocrinetherapy.

Tamoxifen/aromataseinhibitorora sequentialcombinationwasadvisedforpostmenopausal

patients,andforpremenopausalwomentamoxifen, ovarianablationorboth.

Patientsattendedfollow-upclinicappointments3monthspost treatmentinthefirst year,

thereafterannuallyfromthedate ofmastectomyfor10years.Contralateralmammography,if

appropriate,wasrecommendedbiannuallyfor10years.Follow-upandtoxicityformswere

completedateachvisit.Toxicity, usingtheEORTC/RTOGRadiationMorbidityScale, wasassessed

annuallyfor10years.(21)Acutemorbiditywasassessedattheendofradiotherapy,orfor

non-irradiatedpatientsat 3monthsaftersurgeryiftheyhadnot receivedchemotherapy,orat 3

monthsafterchemotherapy.

Trialendpoints

Theprimaryoutcomewasoverallsurvival. Secondaryoutcomeswerechest wall recurrence(±

recurrenceelsewhere);regionalrecurrence;disease-free survival;distant metastasis-freesurvival;

causeofdeath;acuteandlateradiationmorbidity;qualityoflifeandcost effectiveness.Qualityof

lifeandcost-effectivenessanalyseswillbereportedseparately.

Statisticalanalysis

Thenullhypothesiswasthat thereisnoeffect ofCWIonoverallsurvivalinwomenwith

intermediate-riskbreast cancertreatedbymastectomy,axillarysurgeryandadjuvantsystemic

therapy.

Protocol(v.27)specifiedatarget samplesizeof3500patientstohave 80%powertodetect a

significant differenceat the 5%levelundera superioritydesignwhenthefive-yearsurvivalrates±

CWI were75%and79%withaccrualover4years. Asinitialaccrualwasslowerthanprojected,we
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reducedthesamplesize, extendedthefollow-uptoa 10-yearperiodandwidenedtheeligibility

criteria includingneoadjuvant systemictherapy(S2.1).Theextensionoffollow-upto10yearswas

supportedbya subgroupanalysisofnodepositivepatientsfromtheDanishtrialsthatshoweda

9%survivaladvantagetotheirradiatedgroupat 15years(57%vs48%) (p=0.003).Thissurvival

advantage onlyemergedafter5years.(22)

Revisedsamplesizeandpoweringwerebasedonanassumptionof adifferenceof7%inoverall

survival(56%without CWI vs63%withCWI)betweenthearmsofthetrial (correspondingtoa

hazardratioof 1.255)with80%powerat the 0.05levelofsignificance.Thesamplesizetodetect

thisdifferencewouldbe 1600patientsallowingfor5%losstofollowup(or609events).An

ethicallyandfunderapprovedmodificationtotheprotocol, v.29, wasmade.Allanalyseswere

basedontheintention-to-treat (ITT)principle, andtwo-tailedsignificancetestsandconfidence

intervalsusedthroughout.Nomultiplicityadjustmentsweremade–seeS4.3. Analysisofoverall

survivalandothertime-to-eventoutcomeswasbasedonthecalculationof95%confidence

intervalsforthehazardratiosfroma Coxproportionalhazardsmodel, adjustingforthree

geographicalclustersofcenter(UK, Europe, otherinternational).Proportionalhazardschecks

were madeforeverycovariatebySchoenfeldresidualsscoretests(S4.3).Kaplan-Meier

calculationsandplotswereusedforgraphicaldisplayandestimationof ratesofendpointsat 10

years. Wereport threeofthemost relevant pre-specifiedsubgroupanalyses–age-group, nodal

status,molecularsubtype, performedbyestimationofstrata-specificestimatesandconfidence

intervals.

RESULTS
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The consort diagram and patient characteristics in the ITT population are shown in Fig. 1 and

Table 1. Additional tumor and treatment details are provided in table S3.1. In the ITT

population, 808 patients were randomized to CWI and 799 to no CWI (August 4, 2006 - April 29,

2013). Supraclavicular fossa was irradiated in 97/808 patients with CWI and 12/799 patients

without CWI. Internal mammary chain was irradiated in 12/808 patients with CWI, and 7/799

patients without CWI. In total 85% of patients received chemotherapy (87% delivered per local

protocol), 79% endocrine therapy and 19% trastuzumab. Median follow up was 9.6 years. The

trial database was locked on June 19, 2024.

TheQoLsub-studyincluded78%oftheUKpatients.(19)TRANS-SUPREMOcollectedtumortissue

andbloodfrom1397(93.7%)UKandEORTCpatients.

Primary endpoint

We observed 295 primary endpoint events (150 in the irradiation group and 145 in the no

irradiation group). There was no evidence of a difference in overall survival with chest wall

irradiation: estimated at 10 years as 81.4% with irradiation, 81.9% without irradiation (Fig. 2);

hazard ratio [HR] 1.04, 95% confidence interval [CI], 0.82 to 1.30, p=0.80. Most deaths

(195/295, 65.8%) were due to breast cancer (S3.2).

Secondary endpoints

Only 29 chest wall recurrences occurred, 20 (2.5%) without and 9 (1.1%) with irradiation, an

absolute difference of <2%. A reduction in chest wall recurrence with irradiation (HR 0.45; 95%

CI, 0.20 to 0.99) was seen (Fig. 3A); the confidence interval is wide due to a low number of

events.

We observed 58 locoregional recurrences, 36 (4.5%) without irradiation and 22 (2.7%) with

irradiation; HR 0.61; 95% CI 0.36 to 1.03, Fig 3B.
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For distant metastasis-free survival we observed 176 metastatic events including death with

irradiation (23.8%) and 166 events (20.8%) without irradiation; HR 1.06; 95% CI, 0.86 to 1.31,

(Fig 3C).

For disease-free survival, 388 events of breast cancer recurrence or death were noted: 192

(23.8%) with irradiation, 196 (24.5%) without irradiation. Ten-year estimated disease-free

survival was 76.2% with CWI; 75.5% without CWI; HR 0.97, 95% CI, 0.79 to 1.18 (Fig.3D).

Pre-planned sub-group analyses

We observed no differential effect of irradiation on overall survival related to nodal status (fig

4). The number of events for pN0 patients: 191 with irradiation, 211 without irradiation; for pN1

patients: 614 with irradiation, 587 without irradiation; (HR 0.82, 95% CI, 0.63 to 1.05) for pN1

relative to pN0. Fig. S.3.4A gives the Kaplan-Meier plots for overall survival by nodal status.

We saw no differential effect of nodal status (N0 vs N1) on any of the secondary outcomes,

(see forest plots and hazard ratios in fig. S3.5A-D). Figure S3.4B-D gives the Kaplan-Meier plots

for local recurrence, distant metastasis-free survival, and disease-free survival by nodal status.

There was no differential effect of CWI on primary and secondary outcomes by age-group

(Fig. 4 and S3.5A-D). The Kaplan-Meier plots per age-group are given in S3.6.

From the subgroup analysis by molecular subtype, we observed no differential effect of CWI on

overall survival for ER+HER2-, ER+HER2+ or ER-HER2+ subtypes (fig. 4). The exception was

patients with triple negative breast cancer (TNBC), who appeared to have worse overall

survival with CWI (HR 2.05; 95% CI, 1.05 to 4.02), Fig. 4 and S3.7.

For chest wall recurrence, there was a paucity of events, but there seemed to be a reduced

hazard of chest wall recurrence with CWI, adjusted for center and subtype; HR 0.44, 95% CI

(0.19 to 1.02) but no reduction for TNBC patients, Fig. S3.5A and S3.8A-B.
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Other secondary endpoints in relation to molecular subtypes are shown in S3.5B-D.

Safety

Safety information on all 1607 patients in the ITT analysis is summarized in S3.3. Radiotoxicity

was mild. Lung toxicity of grade ≥2 was<2% overall but shows the greatest difference by

treatment arm (13 with CWI versus 5 without, OR = 2.59; 95% CI, 0.97 to 8.12). Heart and bone

toxicity show less difference by treatment arm. Causes of death are given in S3.2. Cardiac

deaths occurred in 8/799 (1%) patients in the no CWI group, and 6/808 (0.7%) in the CWI

group. Lung cancer caused death in 7/799 (0.9%) patients in the no CWI group and 7/808

(0.9%) in the CWI group.

DISCUSSION

Weshownoevidence ofaneffectofCWI in intermediate-risk breast cancer on overall survival,

disease-free survival, and distant metastasis-free survival and minimal impact (<2%) on chest

wall recurrence over a 10-year period.

We estimated that there would be sufficient chest wall recurrences prevented by adjuvant CWI

to lead to a clear gain (7%, HR = 1.225) in overall survival at 10 years, on a baseline survival

rate of 56%. However, we observed 10-year survival at approximately 82% and a very low local

recurrence rate – the trial results must therefore be interpreted in that context. The 95% CI for

the HR for the primary endpoint is compatible with an absolute difference in overall survival

(increase or decrease) of up to 3.8%. Although the pre-specified HR of 1.225 is contained

within this interval, it represents a far smaller absolute change relative to the observed survival

rates than originally estimated. We consider that the original power calculation is no longer

informative since breast cancer mortality has fallen considerably(9) since SUPREMO

started. Consequently, we consider that the trial provides robust data on the impact of

radiotherapy, despite the lower than planned number of events due to the improved survival.
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Whilst we cannot exclude small positive or negative effects on overall survival, it is biologically

implausible that an absolute reduction in chest wall recurrences of less than 2% would

translate into a meaningful survival benefit.

Our results contrast with those of the EBCTCG overview(6) (of trials that preceded modern

ER/HER2 status testing) showing 10-year reductions in ‘loco-regional recurrence first’ (3.8% vs

20.3%), any first recurrence (34.2% vs 45.7%) and 20-year breast cancer mortality (42.3% vs

50.2%) in 1314 patients with N1 disease, comparable to the 1201 N1 patients in our trial. A

likely explanation is higher breast cancer survival,(9) due to advances in multi-disciplinary

management, especially diagnostics and systemic therapy.(23-26) ACochranereviewof

post-mastectomyradiotherapyindicatedthat theevidence basefromolderstudiesisinapplicable

tocurrent practice.(27)Ourdata challengetheconcept thatchest wall irradiationshouldremaina

central tenet oflocoregionalpost-mastectomyradiotherapy.

Ourresultsfit withthehypothesisthat survivalbenefit fromlocaltherapyincreaseswithmore

effectivesystemictherapybut onlytoa thresholdandthendeclines(28) Wesuggest that

contemporarysystemictherapyhasbreachedthisthresholdandthereforeweareobservinga

declineinbenefit fromCWI.

Compliancewithsystemictherapyguidelineswashigh. The radiotherapyQAprogramand

observedrelativereductioninlocalrecurrence– albeita clinicallyinsignificant absolutereduction

of11patientsin10years– providesreassurancethatthelackofimpact ofCWIonoverallsurvival

isunlikelytobedueinadequateradiotherapy.Webelieveourpragmatic pathologyandtreatment

guidelineswiththebroadglobalspreadoftrialparticipantsreflectreal-worldexperienceand

underpinthegeneralizabilityofthefindings. SincetheinclusionperiodofSUPREMO,advancesin
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systemictherapyhavefurtherimprovedsurvival, strengtheningtherationaleforomitting CWIfor

intermediate-riskpatients.

Chest wall recurrenceat10yearswasrareinSUPREMO(<3%without CWI), muchlowerthanthe

5-15%estimate forintermediate-riskdiseaseatthetimeofthetrialdesign. Otherstudieshavealso

reportedsimilarlylowincidenceoflocalrecurrenceswithmodernmulti-modalitytherapy.(29, 30)

The5-yearlocalrecurrencerateintheNSABP-B51/RTOG-1304trial,(29)whichalsorecruited

patientswith1-3positivenodes, was<1%inunirradiatedpatients.ThisissimilartoSUPREMOat5

years. Ifveryfewpatientsexperienceloco-regionalrecurrenceasafirst event without

radiotherapy, CWI isunlikelytoreducemortality.(6)Theapparent lackofeffectofomissionofCWI

ondisease-freeandmetastatis-freesurvival isreassuring.

Theredidnotappeartobea differentialeffectofCWIonoverallsurvival inpatientswithpN0orpN1

disease.The10-yearoverallsurvivalforpatientswithpN0tumors, but withotherriskfactors, was

similartopN1patients,justifyinginclusionoftheseintermediate-riskpN0patients.Weconfirm

gradeIII,lymphovascularinvasion,andlargersize conferasimilarrisktostageN1disease.

SubgroupanalysisbymolecularsubtypesuggestedaworseoutcomeforTNBCpatientsfollowing

radiotherapy. Thisfindingcouldbe duetolownumbersbutisconsistentwithdatafrom

NSABP-B51/RTOG-1304, whichreportedaHRof2.3(1.00–5.25)forinvasivebreastcancer

recurrenceintheirradiatedgroupwithTNBC.(29) Wespeculatethat thismight bedue toa

detrimentaleffect ofradiationonimmunemodulation.

Werecognize the recentshift fromaxillarynodeclearancetoregionalnodalirradiationasprimary

treatment. The EBCTCGoverviewoftrialsof regionalnodal irradiationshowsit achievesamodest

reductioninbreast cancermortalityinpatientswithN1disease,(31) whereasSUPREMOshowsno
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evidenceof asurvivalbenefit fromtheCWIcomponent of post-mastectomyradiotherapy. If

regionalnodal irradiationisrequired,modernradiotherapytechniquescandeliverhomogeneous

dosetothelymphnodetarget volumeswhilst avoidingthe chest wallorreconstructedbreast.

Ourtrialhassomelimitations. First, SUPREMOwasinitiatednearlytwodecadesago. Therehave

beenmanyimprovementsinpracticesincethen, whichhaveledtolowerlocalrecurrence rates.

Second,manyintermediate riskpatientsarenowtreatedwithneo-adjuvantsystemictherapybut

thispracticewasverylimitedinSUPREMO.TheEBCTCGmeta-analysis(32) showednodifference

insurvivalbetweenpatientstreatedwithadjuvant orneoadjuvant chemotherapy. The

NSABP-B51/RTOG-1304trial(29) included patients with cN1 disease who converted to ypN0

after neo-adjuvant chemotherapy. There was no effect of post-mastectomy radiotherapy in the

mastectomy patients on the invasive breast cancer recurrence-free interval. Overall survival at

5 years (approximately 92%) is similar to the survival seen in SUPREMO at the same time point.

Third, considerablereductionsinaxillarysurgeryhavebecomestandardpractice. InSUPREMO

axillarynodeclearancewasmandatoryforN1disease.Sincethen,itisapparent that noparticular

axillarynodestagingprocedure influencesoverallsurvival inearlybreastcancer.(33) Published

trialsshowthataxillarynodeclearancehasbeenreplacedbySentinelNodeBiopsy,axillary

radiationornofurthertreatment, includingpatientstreatedbyneoadjuvant chemotherapy.(34)

Finally, theimportanceof identifyingthe numberofpathologicallyinvolvedaxillarynodesin

predictingprognosisisevolvingandsupersededbyamultimodalapproachtopredictriskof

recurrenceanddeathfrombreast cancerbasedona combinationoftumorcharacteristics, axillary

imagingandgeneexpressionprofiling.TheTAILORRTtrial(NCT03488693)forexampleis

utilizinggeneexpressionprofilingwithOncotypeDXinN1,ER+andHER2-diseasetotailor
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indicationsforadjuvantlocoregionalradiotherapy. The TRANS-SUPREMO tissue archive is

available for investigating prognostic and predictive biomarkers.

Thelowlevelsoftoxicitysuchasradiationpneumonitis, andpaucityofcardiacdeaths(≤1%)

probablyreflectstheapplicationofmodernradiotherapytechniques.Weareawarehoweverthat

radiation-induced cardiac disease and carcinogenesis(35, 36) can present beyond 10 years. If

CWI is no longer required in women at intermediate risk, these and other late effects including

fibrosis, bone necrosis, muscle and skin atrophy could all be avoided.Ourresultshave

implicationsforbreast reconstructionwhere itsuseiscontroversial(37) assomesurgeons

considerthat PMRTisarelativecontraindicationtoreconstructionsinceradiationincreases

complicationriskandpoorercosmesis.Ourfindingsarelikelytoreassuresurgeonswishingto

reconstruct thebreast,especiallyif implantsareutilized.

Wehopethatourresultsstimulateare-evaluationoftheevidence baseforCWIindications.

ContinuingtorecommendCWI,wherebenefit ismarginalandpotentiallydetrimental, maydivert

limitedresourcesfrommoreeffectivetreatments.(38)

In conclusion, SUPREMO provides no evidence to support continued use of adjuvant CWI in

most patients with intermediate-risk early breast cancer treated by mastectomy and

contemporary adjuvant systemic therapy.
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Figures and Legends

Figure1: CONSORT Diagram

Table1:Demographic andclinical characteristics

Figure2: Kaplan-Meierplotforunadjustedoverall survival in ITT population. Note that for

clarity, thehorizontalscalehas been truncatedat 10years(excludinga small proportion of

follow-up extendingbeyondthis time period).

Figure3: Kaplan-Meierplots forunadjustedsecondary endpoints inITTpopulation. Note

that for clarity, the horizontal scaleexcludes follow-uplonger than 10years. A:Chest wall

recurrence-freesurvival. B: Locoregional recurrence-freesurvival. C: Distant

metastasis-free survival. D: Disease-freesurvival.

Figure4: Forestplotforsubgroup analyses of primary endpointof overallsurvivalin ITT

population. Subgroups consideredareage groups,nodalstatusand molecular subtype.

For comparison, the HR for randomised treatment (stratifiedonlyby center) is providedat

the bottom of theplot.
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Table1:Demographic andclinical characteristics

Characteristic1 No Chest Wall
Irradiation N = 799

ChestWall
Irradiation N = 808

Randomizing center

UK 586 (73.3%) 582 (72.0%)

EORTC 158 (19.8%) 165 (20.4%)

International 55 (6.9%) 61 (7.5%)

Age (years)2 55.0 (48.0, 64.0) 54.0 (47.0, 64.0)

Age group

<45 years 121 (15.1%) 130 (16.1%)

45-54 years 267 (33.4%) 285 (35.3%)

55-69years 309 (38.7%) 283 (35.0%)

70+ years 102 (12.8%) 110 (13.6%)

Invasive tumor type

Ductal, no special type 669 (83.7%) 672 (83.2%)

Lobular carcinoma 78 (9.8%) 75 (9.3%)

Other 51 (6.4%) 57 (7.1%)

Not available 1 (0.1%) 4 (0.5%)

Histological grade

1 42 (5.3%) 57 (7.1%)

2 333 (41.7%) 323 (40.0%)

3 421 (52.7%) 416 (51.5%)

Not available 3 (0.4%) 12 (1.5%)

Molecular subtypes

ER+HER2- or ER+, HER2 unknown 520 (65.1%) 517 (64.0%)

ER+HER2+ 95 (11.9%) 110 (13.6%)

ER-HER2+ 64 (8.0%) 61 (7.5%)

Triple Negative 84 (10.5%) 91 (11.3%)

Other/ Missing 36 (4.5%) 29 (3.6%)

TN stage

T1N1 226 (28.3%) 246 (30.4%)

T2N0 205 (25.7%) 183 (22.6%)

T2N1 361 (45.2%) 368 (45.5%)

T3N0 3 (0.4%) 4 (0.5%)

T0 or T1, N0 (includes post-NACT) 3 (0.4%) 4 (0.5%)

Other/ missing 1 (0.1%) 3 (0.4%)
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1 All categorical data shownas Number (%). Percentages are rounded to 1 decimal place (whichmay not

permit exact summationto100%).

2 Continuousmeasurementssummarized asMedian(1st Quartile,3rd Quartile).

3 This number represents 28treatment crossoversand5 patientsfor whomdata were incomplete/early

withdrawals.

Total number of nodes examined2 14.0 (9.0, 18.0) 14.0 (10.0, 18.0)

Total number of nodes involved

0 211 (26.4%) 191 (23.6%)

1 312 (39.0%) 330 (40.8%)

2 171 (21.4%) 195 (24.1%)

3 104 (13.0%) 89 (11.0%)

Not available 1 (0.1%) 3 (0.4%)

Axillary surgery

Sentinel node biopsy only 118 (14.8%) 115 (14.2%)

Clearance only 349 (43.7%) 393 (48.6%)

Sentinel or Sample + Clearance 245 (30.7%) 239 (29.6%)

Sample only 40 (5.0%) 31 (3.8%)

Not available 47 (5.9%) 30 (3.7%)

Immediate breast reconstruction carried out 80 (10.0%) 95 (11.8%)

Chemotherapy delivered

No 131 (16.4%) 108 (13.4%)

Yes 666 (83.4%) 696 (86.1%)

Not available 2 (0.3%) 4 (0.5%)

Endocrine Therapy

Yes 624 (78.1%) 640 (79.2%)

No 152 (19.0%) 147 (18.2%)

Not available 23 (2.9%) 21 (2.6%)

Trastuzumab

Yes 150 (18.8%) 168 (20.8%)

No 582 (72.8%) 605 (74.9%)

Not available 67 (8.4%) 35 (4.3%)

Prescribed radiotherapy dose to chest wall

40Gy-15F/ 43Gy-16F 1 (0.1%) 444 (55.0%)

50Gy-25F 6 (0.8%) 230 (28.5%)

Other 3 (0.4%) 101 (12.5%)

Not applicable 789 (98.7%) 33 (4.0%)3


