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All the techniques are the same?

IBTR 4.4% vs 0.4% (HR 9.3)

True 2.5% vs 0.4% (p=0.00003)

OS 96.8% vs 96.9% (p=0.59)

Veronesi U, et al. Lancet Oncol, 2013

Intraoperative electrons radiation therapy – ELIOT trial

IOeRT single fraction 21 Gy  

1305 patients (654 WBI vs. 651 IOeRT)

Equivalence trial 5-year difference (𝚫): 7.5%

ELIOT vs WBI @5 years



5-year IBTR >10% (High risk factors)

Tumors >2 cm (10.9%)
>4 positive nodes (15.0%)
Grade 3 tumors (11.9%)
ER negative (14.9%)
TN tumors (18.9%)

Patients with >1 factors (ELIOT high risk) vs patients with none fact

5-year IBTR → 11.3% vs 1.5

ors (ELIOT low risk, 69.4%)

%

ASTRO guidelines
Suitable 295/1822 (16%) 5-year rate 1.5%
Luminal A 118/295 (40%) 5-year rate 2.3%

ESTRO guidelines

Suitable 572/1822 (31%) 5-year rate 1.9%
Luminal A 206/572 (36%) 5-year rate 0%

All the techniques are the same?
Intraoperative electrons radiation therapy – ELIOT trial

@ Multivariate analysis

Veronesi U, et al. Lancet Oncol, 2013  
Silverstein MJ, et al. Ann Surg Oncol, 2014



50 kV energy x-rays IORT single fraction 20 Gy

Randomized either before (pre-pathology) or after lumpectomy
(post-pathology by reopening the wound)

TARGIT received supplemental EBRT in case of unforeseen  
adverse features (risk-adapted RT)

1721 TARGIT vs 1730 EBRT

Supplemental WBI after TARGIT in 15.2%
(21.6% pre-pathology, 3.6% post-pathology)

Median follow up: 2.5 years (3451 patients)

Median follow up: 5 years (1222 patients)

All the techniques are the same?
Intraoperative radiation therapy – TARGIT-A trial

Vaidya JS, et al. Lancet 2014

TARGIT vs EBRT @5 years (cumulative risk)

Local Recurrence 3.3% vs 1.3% (p=0.042)

Pre-pathology (n=2298) 2.1% vs 1.1% (p=0.31)

Post-pathology (n=1153) 5.4% vs 1.7% (p=0.069)

Breast cancer mortality 2.6% vs 1.9% (p=0.56)



All the techniques are the same?
Brachytherapy – GEC/ESTRO trial

stage 0, I, IIA breast cancer

1184 patients HDR 7-8 fractions
633 brachy vs. 551 WBI

Strnad V, et al. Lancet 2016

APBI brachy vs WBI @5 years

IBTR 1.44% vs 0.92% p=0.42

DM 0.80% vs 0.93% p=0.81

OS 96.0% vs 94.0% p=0.84



All the techniques are the same?
Brachytherapy – GEC/ESTRO trial

stage 0, I, IIA breast cancer

1184 patients HDR 7-8 fractions
633 brachy vs. 551 WBI

Polgar C, et al. Lancet Oncol 2017



All the techniques are the same?
External beam radiation therapy - IMPORT LOW trial

>90% T1N0 HR+/HER2-

40 Gy in 15 fractions to the partial breast  

669 PBI vs. 674 WBI

PBI EBRT 40/15 vs WBI @5 years

IBTR 0.5% vs 1.1% p=0.42

DM 1.6% vs 1.4% p=0.83

OS 96.3% vs 95% p=0.69

Coles CE, et al. Lancet 2017



All the techniques are the same?
External beam radiation therapy - IMPORT LOW trial

>90% T1N0 HR+/HER2-

40 Gy in 15 fractions to the partial breast  

669 PBI vs. 674 WBI

Analysis by treatment group showed average number of AEs per  
person was lower in PBI (95% CI, 0.71 to 0.84; P< .001) and
reduced-dose (95% CI, 0.76 to 0.90; P< .001) versus WBI and

decreased over time in all groups

Bhattacharya I, et al. JCO 2018



APBI-IMRT 30 Gy in 5 fractions vs. WBI 50 Gy+10 Gy boost

520 patients (1:1 randomized)

APBI-IMRT EBRT vs WBI @5 years

IBTR 1.5% vs 1.4% p=0.86

DM 1.5% vs 1.8% p=0.87

OS 99.4% vs 96.6% p=0.057

Livi L, et al. IJROBP 2010; Livi L, et al. EJC 2015; Meattini I, et al. JCO 2020

All the techniques are the same?
External beam radiation therapy – APBI-IMRT Florence trial



Livi L, et al. EJC 2015; Livi L, et al. IJROBP 2010
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All the techniques are the same?
External beam radiation therapy – APBI-IMRT Florence trial

Luminal-A patients (n=320)  

61% of the whole series  
151 WBI vs 169 APBI

IBTR rate @5 years
0.9% vs 1.7% p=0.53

Endocrine therapy (around 70%)

No impact on:
- IBTR p=0.11

- LRR p=0.28

- DM p=0.55

Subgroup IBTR % DM % OS %

Luminal A (n:169) 2 1.7 0 0 0 100

ASTRO suitable (n:133) 0 0 1 1.0 1 98.9

ESTRO low risk (n:190) 1 0.8 1 0.7 0 100

APBI-IMRT

30 Gy in 5 fractions vs. WBI 50 Gy+10 Gy boost



Meattini I, et al. JCO 2020

All the techniques are the same?
External beam radiation therapy – APBI-IMRT Florence trial

APBI-IMRT

30 Gy in 5 fractions vs. WBI 50 Gy+10 Gy boost



HRQoL Analysis Assessments: QLQ C30

• Fatigue

• Pain

• Dyspnea

• Insomnia/Appetite loss

• Nausea and vomiting

• Constipation

• Diarrhea

• Financial difficulties

• Physical

• Role

• Social

• Emotional

• Cognitive

• Overall Health

• HRQoL Scale

Global Health  

Status

Functional  

Scores

Symptom  

Scores
Single Items



HRQoL Analysis Assessments: QLQ BR23

• Arm

• Breast

• Systemic Therapy

• Hair Loss

• Body Image

• Future perspective

• Sexual enjoyment

• Sexual functioning

• Overall Health

• HRQoL Scale

• Functional scores

• Symptom scores

QLQ C30
Functional  

Scores

Symptom  

Scores
Single Items



HRQoL QLQ C30 functional scales

Significance testing was at the 0.01 level due to adjustment for multiplicity
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HRQoL QLQ C30 symptom scales

Significance testing was at the 0.01 level due to adjustment for multiplicity
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HRQoL QLQ BR23 symptom scales

Significance testing was at the 0.01 level due to adjustment for multiplicity
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APBI 0.32 0.0001 0.0001

WBI 0.0001 0.92 0.0001

Wilcoxon signed rank test

T0-T1

P-value

T0-T2

P-value

T1-T2

P-value

GHS trend over time

Significance testing was at the 0.01 level due to adjustment for multiplicity
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All the techniques are the same?
External beam radiation therapy – RAPID and NSABP B-39 trials

Vicini F, et al. Lancet 2019

RAPID trial

2135 patients – 38.5 Gy in 10 td fractions

EBRT-APBI (3DCRT and IMRT)

5-year IBTR events: 2.3% (APBI) vs. 1.7% (WBI)

APBI not inferior to WBI (HR=1.27, 90%CI, 0.84-1.91)

Whelan T, et al. Lancet 2019

NSABP B-39/RTOG 0413 trial

4216 patients – 38.5 Gy in 10 td fractions

APBI (71% 3DCRT / 23.3% balloon-single entry device / 6% brachytherapy)

10-year difference IBTR: 0.7%

(4.6% PBI vs 3.9% WBI) (HR 1.22; 90%CI 0.94-1.58)



NSABP B39/RTOG 0413

IBTR 90 (4%) vs 71 (3%)

(HR 1·22, 90% CI 0·94–1·58)

[equivalency test on the basis of a 50% margin  
increase in the HR (90% CI for the observed HR  

between 0.667 and 1.5 for equivalence)]

4216 patients (2109 WBI vs 2107 APBI)

APBI vs WBI

10-year cumulative incidence of IBTR was 3.9% (95% CI 3.1–5.0) in the  
WBI group and 4.6% (3.7–5.7) in the APBI group for an absolute  

difference of 0.7%
Vicini FA et al. 2019, The Lancet



NSABP B39/RTOG 0413

APBI vs WBI

DFS 96.7% vs 97.1%
OS 90.6% vs 91.3%

No significant differences between APBI and WBI

Vicini FA et al. 2019, The Lancet



Adverse events (highest toxicity)
available for 4109 (97%) of all enrolled patients

APBI

CTCAE toxicity Grade 1 in 845 (40%), grade 2 in 921 (44%), and grade 3 in 201 (10%) patients  

WBI

CTCAE toxicity Grade 1 in 626 (31%), grade 2 in 1193 (59%), and grade 3 in 143 (7%) patients

NSABP B39/RTOG 0413

Grades 4 and 5 toxicities were low: 10 (<1%) patients in the APBI and 6 (<1%) in the WBI group

There were no significant differences in the number of patients with second primary cancers reported between the two  

groups

Vicini FA et al. 2019, The Lancet



RAPID trial

Whelan TJ, et al. Lancet 2019

APBI vs WBI @8-year

IBTR 3.0% vs 2.8%

Rates of IBTR over time



RAPID trial

For all subjects, factors associated with adverse cosmesis at 3 years were older age, central/inner tumor location, breast 
infection, smoking, seroma volume, breast volume, and use of APBI

Factors associated with cosmetic deterioration were smoking, seroma volume, and use of APBI (P<.05)

For APBI subjects, tumor location, smoking, age, and seroma volume were associated with adverse cosmesis (P<.05), and  
smoking was associated with cosmetic deterioration (P .02)

Peterson D, et al. Int J Radiation Oncol 2015

V95/whole-breast volume ratio <0.15 was  
associated with a lower risk of cosmetic  
deterioration (p .04), but this accounted  

for only 11% of patients



APBI vs WBI @8-year

Acute radiation toxicity (grade ≥2) 28% vs 45%

(p<0.0001)

Late radiation toxicity (grade ≥2) 32% vs 13%

(p<0.0001)

RAPID trial

Whelan TJ, et al. Lancet 2019



Adverse cosmesis (defined as fair or poor) @3 years

absolute difference
11.3%, 95% CI 7.5–15

5 years (16.5%, 12.5–20.4)
7 years (17.7%, 12.9–22.3)

RAPID trial

Whelan TJ, et al. Lancet 2019



0,0% 3,0% 3,5% 4,0%

GEC-ESTRO 2016

Florence IMRT-APBI 2015

ELIOT 2013

TARGITˆ 2013

IMPORT LOW° 2017

Danish PBI* 2017

5-year IBTR rate stratified by low risk-groups

0,5% 1,0%

ASTRO suitable

1,5% 2,0%

ESTRO low

2,5%

Luminal A

RAPID trial  
8-year IBTR
3.0% vs 2.8%

NSABP B39/RTOG 0413 trial
10-year IBTR 
4.6% vs 3.9%

- Very low long-term IBTR rates
- Safety concerns on twice-daily  

schedule (RAPID)

Vicini F, et al. Lancet 2019  
Whelan T, et al. Lancet 2019

IBTR rate reduction  
over time

Adapted from  
Meattini I, et al. Breast 2018

* 3-year IBTR rate
° 5-year estimated rate
ˆ Pre-pathology group

All the techniques are the same? Yes, in case of adequate selection of patients.



Maybe at a longer follow up these difference will change?

Median follow-up: 10.7 years

10-year cumulative IBTR incidence: 2.5% (WBI) vs. 3.7% (APBI) (HR 1.56;  

P = 0.40)

10-year BCSS: 96.7% (WBI) vs. 97.8% (APBI) (HR 0.65; P = 0.45)

Meattini I, et al. JCO 2020



Median follow-up: 12.4 years

IBTR 11% (ELIOT) vs. 2% (WBI) (HR 4.62, p<0.0001)

10-year rate 8.1% (ELIOT) vs. 1.1% (WBI)

15-year rate 12.6% (ELIOT) vs. 2.4% (WBI)

Orecchia R, et al. Lancet Oncol 2021

Maybe at a longer follow up these difference will change?



Vaidya JS, et al. JAMA Oncol 2020

At 5-year complete follow-up the  

LR rates were:

TARGIT-IORT 3.96% vs EBRT  

1.05%

difference of 2.9% which crossed  
the non inferiority margin of 2.5%

Effect of Delayed Targeted Intraoperative Radiotherapy vs  
Whole-Breast Radiotherapy on Local Recurrence and  

Survival: Long-term Results from the TARGIT-A Randomized  
Clinical Trial in Early Breast Cancer

Maybe at a longer follow up these difference will change?



Maybe at a longer follow up these difference will change?  
Long-term results – TARGIT-A trial

Delayed targeted IORT is not non-inferior and actually significantly inferior compared to EBRT
(5-years LR rates reported of 3.96% vs 1.05%)

Delayed targeted IORT showed 5-years local recurrence rates comparable to the no-RT arm in
PRIME trial (3.96% vs 4.1%) as comparable were results from the respective EBRT arms in both
trials

Bentzen SM, Haviland JS, Yarnold JR. JAMA Oncol 2020



Maybe at a longer follow up these difference will change? Maybe not.

Patients selection at baseline is the key

Patients selection is a not-modifiable feature over time

Pathology parameters are crucial for PBI patient selection



Tumors >2 cm

>4 positive nodes

Grade 3 tumors  

ER negative

TN tumors

(10.9%)
(15.0%)

(11.9%)
(14.9%)
(18.9%)

Patients with >1 factors (ELIOT high risk) vs patients with none factors (ELIOT low risk, 69.4%)

5-year IBTR → 11.3% vs 1.5%

ASTRO guidelines
Suitable 295/1822 (16%) 5-year rate 1.5%
Luminal A 118/295 (40%) 5-year rate 2.3%

ESTRO guidelines
Suitable 572/1822 (31%) 5-year rate 1.9%
Luminal A 206/572 (36%) 5-year rate 0% Veronesi U, et al. Lancet Oncol, 2013  

Silverstein MJ, et al. Ann Surg Oncol, 2014

Patient selection
Intraoperative electrons radiation therapy – ELIOT trial

@ Multivariate analysis

5-year IBTR >10% (High risk factors)



50 kV energy x-rays IORT single fraction 20 Gy

Randomized either before (pre-pathology) or after lumpectomy
(post-pathology by reopening the wound)

TARGIT received supplemental EBRT in case of unforeseen  
adverse features (risk-adapted RT)

1721 TARGIT vs 1730 EBRT

Supplemental WBI after TARGIT in 15.2%
(21.6% pre-pathology, 3.6% post-pathology)

Median follow up: 2.5 years (3451 patients)

Median follow up: 5 years (1222 patients)

Vaidya JS, et al. Lancet 2014

TARGIT vs EBRT @5 years (cumulative risk)

Local Recurrence 3.3% vs 1.3% (p=0.042)

Pre-pathology (n=2298) 2.1% vs 1.1% (p=0.31)

Post-pathology (n=1153) 5.4% vs 1.7% (p=0.069)

Breast cancer mortality 2.6% vs 1.9% (p=0.56)

Patient selection
Intraoperative radiation therapy – TARGIT-A trial



Patient selection
Brachytherapy – GEC/ESTRO trial

stage 0, I, IIA breast  
cancer
1184 patients HDR 7-8 fractions

633 brachy vs. 551 WBI

Strnad V, et al. Lancet 2016

APBI brachy vs WBI @5 y

IBTR 1.44

DM 0.80

OS 96.0

ears

% vs 0.92%
p=0.42

% vs 0.93%
p=0.81

% vs 94.0%
p=0.84



Patient selection
External beam radiation therapy - IMPORT LOW trial

PBI EBRT 40/15 vs WBI @5 years

IBTR 0.5% vs 1.1%
p=0.42

DM 1.6% vs 1.4%
p=0.83

OS 96.3% vs 95%
p=0.69

>90% T1N0 HR+/HER2-
40 Gy in 15 fractions to the partial breast  

669 PBI vs. 674 WBI

Coles CE, et al. Lancet 2017



Livi L, et al. EJC 2015; Livi L, et al. IJROBP 2010
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Patient selection
External beam radiation therapy – APBI-IMRT Florence trial

Subgroup IBTR % DM % OS %

Luminal A (n:169) 2 1.7 0 0 0 100

ASTRO suitable (n:133) 0 0 1 1.0 1 98.9

ESTRO low risk (n:190) 1 0.8 1 0.7 0 100

Luminal-A patients (n=320)  

61% of the whole series  
151 WBI vs 169 APBI

IBTR rate @5 years
0.9% vs 1.7% p=0.53

Endocrine therapy (around 70%)

No impact on:
- IBTR p=0.11

- LRR p=0.28

- DM p=0.55

APBI-IMRT

30 Gy in 5 fractions vs. WBI 50 Gy+10 Gy boost



Patient selection  
NSABP B39/RTOG 0413

APBI vs WBI

Subgroups defined by invasive  
tumour size and risk group

There were no differences in the  
treatment effects between any  
of the subgroups except invasive  
pathological tumour size, for  
which APBI was favourable in  
patients with invasive tumours  
sized 10 mm or smaller

Vicini FA, et al. Lancet 2019



0,0% 3,0% 3,5% 4,0%

GEC-ESTRO 2016

Florence IMRT-APBI 2015

ELIOT 2013

TARGITˆ 2013

IMPORT LOW° 2017

Danish PBI* 2017

5-year IBTR rate stratified by low risk-groups

0,5% 1,0%

ASTRO suitable

1,5% 2,0%

ESTRO low

2,5%

Luminal A

RAPID trial  
8-year IBTR
3.0% vs 2.8%

NSABP B39/RTOG 0413 trial
10-year IBTR 
4.6% vs 3.9%

- Very low long-term IBTR rates
- Safety concerns on twice-daily  

schedule (RAPID)

Vicini F, et al. Lancet 2019  
Whelan T, et al. Lancet 2019

IBTR rate reduction  
over time

Adapted from  
Meattini I, et al. Breast 2018

* 3-year IBTR rate
° 5-year estimated rate
ˆ Pre-pathology group

All the techniques are the same? Yes, in case of adequate selection of patients.



All the techniques are the same? Yes, although not all  
studies were the same.

ESTRO and ASTRO recommendations identified suitable patients for PBI outside clinical trials

Polgar C, et al. R&O 2010  
Smith BD, et al. IROBP 2009  

Correa C, et al. PRO 2016

Patient Group Risk Factor 2009 2016 Update

ASTRO

Suitable

Age ≥60 ≥50

Margins ≥2 mm ≥2 mm

Nodal status pN0 pN0

T stage T1 Tis or T1

ER/PgR Positive

DCIS

Lobular invasive

Not allowed  

Not allowed
G1-2; ≤2.5 cm

Patient Group Risk Factor 2010

ESTRO Age

Low Risk

≥50

Margins ≥2 mm

Nodal status pN0

T stage T1-2

ER/PgR Any

DCIS Not allowed

Lobular Invasive Not allowed



Royal College of Radiologists online  
repository of clinical advisory  
documents recommending strategies

Lewis P, et al. Clin Oncol (R CollRadiol)



ESTRO-ACROP EBRT consensus statements 2022  
PBI selection criteria

Meattini I, Becherini C, Poortmans P, Coles C, et al. Lancet Oncol 2022



Statement 4. Low risk-features suitable for partial breast irradiation are:

• luminal-like subtypes small tumour (≤3 cm)
• absence of lymph vascular space invasion
• non-lobular invasive carcinoma
• tumour grade 1-2
• low to intermediate grade DCIS (sized ≤2.5 cm with clear surgical margins ≥3 mm)

• age at diagnosis 50 years or more
• unicentric/unifocal lesion
• clear surgical margins (>2 mm)
• node negative (including isolated tumour cells)
• no use of primary systemic therapy/neoadjuvant chemotherapy

Meattini I, Becherini C, Poortmans P, Coles C, et al. Lancet Oncol 2022



Statement 5. Partial breast irradiation–dose and fractionation:

a. Moderate hypofractionation (40 Gy in 15 fractions) and ultrahypofractionation (26–30 Gy in  five 
fractions) represent acceptable schedules for external beam partial breast irradiation

b. Twice a day external beam partial breast irradiation dose and fractionations similar to those  
used in the RAPID trial should not be offered

Meattini I, Becherini C, Poortmans P, Coles C, et al. Lancet Oncol 2022



Conclusions

• Every patient should be assessed individually:

- tumour characteristics

-comorbidity/frail scores (i.e., Charlson score, G8)

-patient’s choice

- assessment of benefits and risks of treatments (i.e., PROMS, HRQoL)

• Patient selection for partial breast irradiation is crucial and should follow ESTRO, ESTRO-

ACROP and ASTRO recommendations

• Multidisciplinary discussion

• Where available strongly consider an optimisation (former de-escalation) ongoing clinical trial



Thank you!
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