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Themes

• Breast RT reduces cancer mortality
• RT cannot be safely witheld 
• Reducing local relapse• Reducing local relapse
• Reducing adverse effects
• New strategies need careful testing



RT Effects After Breast Conservation 
Surgery in Node +/-ve Cancer (N= 7311)
Local recurrence Breast cancer mortality All mortality

EBCTCG Lancet, 2005, 366, 2087-2016

21.7 5.4 5.3



RT Benefit is a Major Effect

• Prevention of 4 local relapses 
prevents 1 breast cancer death 

• 2 breast cancer deaths avoided by 
RT if local relapse risk is 10-12% 
at 10 years after optimal surgery & 
systemic therapies

EBCTCG Lancet, 2005, 366, 2087-2016
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In ER+ Tumours,  5 Years Tamoxifen 
Reduces Local Relapse Risk by ~50%!

http://www.ctsu.ox.ac.uk/-ebctcg/



Is this Sufficient in Low Risk Disease?

• What does ‘sufficient’ mean?
–8 local recurrences prevented 

per 100 women treated (1-2 per 100 women treated (1-2 
fewer deaths)?

• Can a subgroup with a 10-year 
local relapse risk <10-12% be 
identified?



Results of No RTin Trials Testing 
Tumour Excision + 5 yr Tam ± RT

Age > 50 pT1 ER+ pN-

Randomised trial No RT
(N)

Loc. Rel. 
(%)

FU (yr)

NSABP B21 (Fisher 2002) 334 16.5 8
Canada  (Fyles 2006) 383 12.2 8
CALGB  (Hughes 2004) 319 4.0 5
GBSG (Winzer 2004) 80 2.8 6
ABCSG-8A (Gnant 2005) 416 3.2 4



Performance of a “Wound Response" 
Gene Expression Signature in 

Predicting Breast Cancer Progression

Chang, 2005, PNAS 102, 3738-3743

Signatures are needed to predict local relapse risk 
more accurately than current clinical criteria



Gene Expression Profiles Are Not Yet 
Superior to Conventional Indices

NPI

Neural

Eden EJC 2004 40, 1837-41

Neural
network
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Conclusion

• At present, it is not possible to 
reliably identify subgroups with 
10-year local relapse risk <10% 10-year local relapse risk <10% 
without RT
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Risk Factors for Local Relapse After 
Breast Conservation Surgery

• Total dose
• Age
• Grade (invasive and intraduct)• Grade (invasive and intraduct)
• Resection margins
• Extensive intraduct component
• Node status
• Geographical miss



Total Dose: 16Gy in 8 Fractions    
Boost Dose in EORTC Trial (N=4918)

Bartelink, NEJM, 2001, 345, 1378-87

50Gy

66Gy

HR = 0.59
(99% C.I.= 
0.43-0.81)



Young Age & Local Relapse Risk 
After Tumour Excision + RT

³

£40yr
>40yr

££££10%

Bartelink, NEJM, 2001, 345, 1378-87

³
³³³³ 30%



RT Dose Escalation After Tumour 
Excision in Young Women

• Netherlands trial tests 16Gy/8F 
vs 26Gy/13F sequential boostvs 26Gy/13F sequential boost

• UK IMPORT HIGH trial tests 
concomitant photon boost using 
accelerated hypofractionation
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Localisation of Boost CTV 
Must be More Accurate

Geographical
miss is easy!



Tumour Cavity Localised Tumour Cavity Localised 
with Gold Seedswith Gold Seeds

2mm gold 
seeds

Courtesy Charlotte Coles



Boost
CTV

Boost CTV Should be Orientated to 
Surgical Specimen!

TUMOUR!
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What are the Risks of Whole Breast RT?

• Non-stochastic
–Breast shrinkage, hardness, pain
–Muscle stiffness
–Rib fracture (rare)
–Lung fibrosis (not a major problem)
–Heart damage (must be avoided)

• Stochastic
–Second malignancies



What Factors Predispose To 
Non-Stochastic Effects?

• Exposure of heart and mediastinum
• Overlapping field junctions
• Sub-optimal breast dosimetry• Sub-optimal breast dosimetry
• Total dose
• Concurrent anthracyclines
• Co-morbidities
• Genetic factors



RT Dose Distribution in Sagittal 
(Longitudinal) Section of Breast
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Trial Results: Change in Breast 
Appearance 5 Years Post-RT
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3D Dosimetry Makes a Difference!

• 18% fewer women develop 
change in breast appearance 
after 3D compensationafter 3D compensation

• Benefit corresponds to a saving 
of £4Gy/2Fr whole breast dose 
in terms of late adverse effects 
compared to 2D dosimetry

Donovan, submitted



Randomised Boost of 16Gy/8Fr        
Doubles Risk of Fair/Poor Cosmesis

14.4% 29.1%

Vrieling, IJROB, 1999, 45, 677-85 

Cosmesis: 0 = excellent 1 = good 2 = fair 4 = poor

14.4% 29.1%



Therapeutic Ratio of Boost Dose

• Number of local relapses prevented per 
100 women given 16 Gy boost:-

20 if £40 years (5% OS benefit)20 if £40 years (5% OS benefit)
<5 if >60 years (1% OS benefit)

• ~15 additional women per 100 must 
accept fair/poor cosmesis



In Older Women with Completely 
Excised Favourable Tumours

• Boost - used selectively
• Dose reduction from 50 Gy to 46-48 Gy 

in 2.0 Gy equiv. may be worth testingin 2.0 Gy equiv. may be worth testing
–Risk of late adverse effects reduced 

by up to one-half
–Absolute risk of local relapse 

increased by £1%



In Low risk Patients, Stochastic 
Effects Are More Important

Up to 2 additional 
primary tumours 

EBCTCG 2006 unpublished

primary tumours 
at 20 years per 
100 women
given RT
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Whole Breast or Partial Breast RT?



The Case For Partial Breast RT (PBRT)

• PBRT targets 75% of local relapse risk
• PBRT will reduce complications

–partial exclusion of breast–partial exclusion of breast
– total exclusion of ribs, muscle, lung

• RT will not reduce risk of new primary 
tumour in other breast quadrants (which 
is most of the residual 25% relapse risk)



The Case Against PBRT 

• Censoring at local relapse 
introduces potential bias

• Foci of invasive cancer outside • Foci of invasive cancer outside 
PBRT volume are common

• RT may prevent some ipsilateral 
new primary tumours after all

• Perhaps no RT is needed!



Phase III Trials of Partial Breast RT

Trial Target 
accrual

Partial Breast 
Test Arms

Time

NSABP-39 9000 Multi-source 192Ir
Single source 192Ir 
External beam RT

5 d
5 d
5 d

TARGIT 2000 Intraoperative x-rays 1 d

ELIOT 
(Milan)

2000 Intraoperative electrons 1 d

UK IMPORT 
LOW

2000 External beam IMRT 3 w

GEC-
ESTRO

1170 Multi-source 192Ir (HDR)
Multi-source 192Ir (PDR)

3.5-4 d
2.5-3.5 d



Conclusions

• Whole breast RT is standard of care
• PBRT is an interesting concept for 

small unifocal breast cancerssmall unifocal breast cancers
–only justified in well-designed 

randomised trials
• Identification of low risk groups will 

allow selective avoidance of RT


