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Evolution of breast conservation

1882

William Halsted performed the first 
radical mastectomy. This surgery 
will remain the standard operation 
to treat breast cancer until into the 
20th century.

1895

The first X-ray is taken. Eventually, 
low-dose X-rays 
called mammograms will be used 
to detect breast cancer.

1898

Marie and Pierre Curie discover the 
radioactive elements radium and 
polonium. Shortly after, radium is 
used in cancer treatment.

1932

A new approach to mastectomy is 
developed. The surgical procedure 
is not as disfiguring, and becomes 
the new standard.

1937

Radiation therapy is used in 
addition to surgery to spare the 
breast. After removing the tumor, 
needles with radium are placed in 
the breast and near lymph nodes.

1985

Researchers discover that women 
with early-stage breast cancer who 
were treated with 
a lumpectomy and radiation have 
similar survival rates to women 
treated with only a mastectomy.



SEER data

• From 1989 to 2016—
coincident with widespread 
uptake of mammography—
mortality from breast cancer 
fell by 40% in the United 
States

• Among women over age 
40 years, the death rate 
stayed constant from the 
late 1960s until 1989, when 
it began a steady decline

Clinical Imaging 2020 60265-270DOI: (10.1016/j.clinimag.2019.03.011) 



Surgical trends in women 
with early breast cancer

JAMA Surg. 2015;150(1):9-16. doi:10.1001/jamasurg.2014.2895

Temporal Trends in Surgical Treatment of Early Breast CancerProportion of 

women with early breast cancer who underwent mastectomy (orange line) 

and breast conservation surgery (blue line) by year of diagnosis in the 

National Cancer Data Base. All trends are significant (P < .001).



Breast conservation

• Reduces local recurrence and 
breast cancer mortality

• Trials evaluating omission of 
radiation result in increased 
rates of IBTR

• Improved cosmetic results for 
early-stage breast cancer

• WBRT can be time consuming
• Historically 6 weeks of treatment
• 3 weeks have become standard 

more recently
• Europe and Canada have largely 

pioneered hypofx radiation 
treatment of the breast

• Toxicity
• WBRT associated with fatigue, skin 

irritation, fibrosis, cardiac and 
pulmonary toxicity

• Improved with advancements in 
equipment and technique



Definitions

• Whole breast radiation
• Conventional fractionation 

delivered in 25-28 fractions 
followed by boost in 5-8 fractions 
to the lumpectomy cavity

• Hypofractionation can be 
delivered in 5 fractions(FAST 
forward trial) but more typically 
15-16 fractions

• Accelerated partial breast 
irradiation
• Most delivered in 1-2 weeks using 

higher dose per fraction than 
whole breast techniques

• Single fraction (intraoperative 
radiation)



Why Partial 
Breast 
Irradiation 
(PBI)

• WBI→3-6 weeks of daily radiation
• Distance, transportation, work

• COVID19 pandemic

• Most local recurrences (80%) occur at or 
near the tumor bed

• PBI allows delivery of a large dose per 
fraction in shorter period with comparable 
toxicity to WBRT



Problems with APBI of yesterday

• Early trials of PBI utilized cumbersome multicatheter interstitial 
implants

• Randomized trials of 80s comparing PBI to WBRT have conflicting 
results→led to trials with more selective eligibility criteria

• Early trials conducted prior to understanding of influence of systemic 
therapy and tumor biology on local control

• Early techniques lacked technical ability to identify the tumor bed



Partial breast 
techniques

• Brachytherapy

• Multicatheter interstitial 

• Intraluminal (single vs multi-
channel)

• Intraoperative radiation 

• Electrons

• Kv Photons

• External beam radiation (LINAC based)



Multicatheter
interstitial 

APBI

Requires a high level of 
expertise



Intracavitary catheters for delivery of PBI

Single lumen device Multichannel device SAVI



NSABP B39/RTOG 0413

• Largest trial to date of APBI

• Randomized 4216 women to

• APBI using 3DCRT (73%) or brachytherapy (34 Gy in 10 fractions delivered BID) 
using multicatheter (6%) brachytherapy or single lumen techniques (21%)

• WBI (50 Gy in 25 fractions +/- 10-16 Gy boost)

• Designed to test equivalence of APBI—failed

• Trial was not powered to show a difference between APBI techniques

• 10 yr IBTR was 4.6% (APBI) and 3.9% (WBI)

• Problematic to consider because it included several partial breast techniques and 
included higher risk node positive patients



GEC-ESTRO 
trial

• Randomized 1184 women with T<3cm to 
• APBI using multicatheter brachytherapy (HDR or 

PDR) to a dose of 30-32 Gy in 7-8 fractions given 
BID for HDR

• WBI to a dose of 50 Gy in 25-28 fractions plus 
tumor bed boost of 10 Gy in 5 fractions

• 83% of patients were post-menopausal and 
had T1N0, hormone sensitive breast cancer

• Primary endpoint was met (APBI was non-
inferior to WBI)
• 5 yr LR 1.44% (APBI) vs 0.92 (WBI) ns

• No differences in regional recurrence, DM, 
breast cancer mortality, OS



Phase 3 RCT of APBI compared with WBI



IORT (Intraoperative 
radiation therapy)

• In early 90s mobile linacs and low energy kv machines 
were developed

• Radiation is delivered at the time of surgery

• Patient selection based on biopsy 

• Very attractive to patients

• De-escalation of treatment (delivering 20 Gy at surface of 
catheter, 7 Gy at 1 cm from device for kV photons)

• Major pitfalls of IORT is that final surgical pathology is not 
available

• Up to 20% of these patients require adjuvant whole 
breast radiation because they are no longer 
appropriate candidates



Intraoperative radiation approaches

kV photons

• Minimal shielding needed

• 20 Gy prescribed to the 
surface—5-7 Gy at 1 cm

• De-escalation of treatment

• 20% of patients require adjuvant 
whole breast radiation

• TARGIT trial

electrons

• Requires shielded operating 
room/chest wall shielded 
beneath lumpectomy

• Treats 21 Gy to lumpectomy + 1-
2 cm margin

• ELIOT trial



TARGIT trial

• UK trial recruited patient 2000-
2012, non-inferiority trial

• Inclusion criteria
• 45 y.o, T <3.5 cm

• Risk adapted therapy – if any 
high risk features on final path 
then WBI recommended
• Margin <1 mm, EIC, invasive 

lobular carcinoma, grade 3, node 
positive, LVI



TARGIT trial

• Pre-pathology group
• 2,298 patients randomized
• 21.6% required WBI due to high 

risk features on final pathology
• 5 yr IBR 2.11% (IORT) vs 0.95% 

(WBI)

• 4 years into the trial a post-
pathology group was created
• Delayed IORT group accrued 1,153 

patients
• Patients required a second 

procedure to re-open the cavity
• 3.6% of patients required WBI
• 2013 analysis found that delayed 

group crossed the 2.5% margin of 
non-inferiority—arm was closed

• 5 yr IBR was 5.4%(IORT) vs 
1.7%(WBI)



Jayant S Vaidya et al. BMJ 2020;370:bmj.m2836

TARGIT trial (pre-pathology)

Fewer deaths reported from other causes in 
the IORT arm.

Background risk factors for non-breast cancer 
causes of death were not collected outside of 
age and BMI.  Smoking history was not 
collected.

It is suspected that the increase in non-
breast cancer mortality related increases in 
cardiac and lung cancer mortality.

No difference seen in overall mortality



TARGIT (post-pathology)

• IORT in second procedure not recommended

• IORT delivered median of 37 days after first excision

• The post-path group had higher rate of local recurrence
• 5 yr IBR was 5.4%(IORT) vs 1.7%(WBI)

• Reasons:
• Geographic miss

• Treatment of smaller seroma cavity 

• Tumor microenvironment altered with delay



ELIOT trial

• Randomized 1,305 women between 48-75 yrs with tumors <2.5 cm
• IORT to a dose of 21 Gy at 2cm around lumpectomy cavity

• WBI

• IBR at 5 y was 4.4%(electron IORT) vs 0.4%(WBI)

• ASTRO suitable patients undergoing IORT 5y IBR 1.5%

• Less skin toxicity with electron IORT

• Increased late fat necrosis with IORT (5% vs 2%)

• Trial included high risk patients that would not be considered good 
candidates for IORT—low risk subset may benefit



Pitfalls of IORT

• Equipment is not widely available

• Prolongs OR Time

• Final pathology is not available (margin and lymph node status 
unknown)

• Accepting higher recurrence rate



Partial breast 
techniques

• Brachytherapy

• Multicatheter interstitial 

• Intraluminal (single vs multi-
channel)

• Intraoperative radiation 

• Electrons

• Kv Photons

• External beam radiation (LINAC 
based)



External beam radiation based APBI

• Most attractive option to deliver APBI

• Broadly accessible

• Utilizes equipment that every radiation center 
already has—LINAC

• Non-invasive

• Less resource intensive (COVID19 pandemic)

• Typically treats 2-2.5 cm of breast around lumpectomy

• Recent report from Milan trial using a dose 
fractionation of 30 Gy in 5 fractions over 2 weeks has 
become very popular



NSABP B39-
RTOG 0413

• Large trial of various APBI techniques

• Designed to test equivalence of APBI—failed
• Trial was not powered to show a difference 

between APBI techniques

• Mostly used 3D CRT to deliver APBI at 38.5 
Gy in 10 fractions BID

• 10 yr IBTR was 4.6% (APBI) and 3.9% (WBI)

• Problematic to consider because it included 
several partial breast techniques and 
included higher risk node positive patients



NSABP B39 patient characteristics

Characteristics

Age < 50 38%

ER/PR negative 19%

Invasive node positive 10%

Grade III 27%

Multifocal tumor 8%



NSABP B39



RAPID trial

• Randomized 2135 women to EBRT APBI 
versus whole breast radiation

• Non-inferiority design

• Inclusion criteria
• 40 years or older, DCIS or N0

• Randomized to EBRT 38.5 Gy in ten fx
delivered BID versus whole breast RT (42.56 
in 16 fx or 50 Gy in 25 fx)

• 8 yr IBTR was 3.0% (APBI) versus 2.8% 
(whole breast)

• Less acute toxicity in the APBI group

• More late toxicity in the APBI
• Increase in fibrosis and telangiectasias



Rapid trial 
toxicity



Conclusions 
from RAPID 
trial 

• Need for better fractionation scheme when 
delivering APBI via EBRT

• A 6-hour interval is not adequate for repair 
of radiation injury to heathy tissues

• Need at least 24 hours between fractions 

• Differences in results between NSABP B39 
and the RAPID trial were largely a result of 
statistical design



University of 
Florence

• Randomized 520 patients to APBI using IMRT 
technique and WBI
• APBI 30 Gy in 5 fractions over 2 weeks

• WBI 50 Gy in 25 fractions followed by boost to 
surgical bed of 10 Gy in 5 fractions

• Included women >40 yrs, T max 2.5 cm

• Excluded EIC, multifocal cancer and margins 
<5mm

• Surgeons required to place a minimum of 4 
clips at the borders of surgical bed



University of 
Florence: 
Patient 
characteristics



University of Florence

• More acute toxicity with WBI
• Grade 2 (brisk erythema/patchy 

moist desquamation) 31.2% vs 2%

• Better cosmetic outcome with 
APBI





ASTRO 
guidelines for 
APBI



Pending EBRT APBI trials

• IRMA trial has accrued 3,302 patients – 3D CRT dose of 38.5 Gy in 10 
fractions delivered BID

• SHARE trial – French trial using 3D CRT APBI dose of 40 Gy in 10  
fractions delivered BID



Role of APBI 
after prior 
BCT

• Current standard after in breast recurrence 
is mastectomy

• Recurrence rates after lumpectomy alone up 
to 20-30%

• Repeat whole breast radiation not feasible
• Toxicity and poor cosmetic outcome



NRG 
Oncology/RTOG 
1014

• Phase II trial, single arm prospective

• Included patients with a recurrence in 
ipsilateral breast <3 cm occurring >1 year 
after initial breast conservation

• APBI, 1.5 Gy BID over 15 days, total dose 45 
Gy



RTOG 1014

• Patient and Tumor 
Characteristics in the 58 
Study Patients

• 40% had DCIS

• Median tumor size 1 cm

• 7% of invasive tumors were 
Her2+ and 23% were triple 
negative

JAMA Oncol. 2020;6(1):75-82. doi:10.1001/jamaoncol.2019.4320



NRG Oncology/RTOG 1014
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NRG Oncology/RTOG 1014

• 7 patients underwent mastectomies
• 4 total second in breast recurrences

• 2 for non-healing wounds

• 1 patient underwent bilateral mastectomy for contralateral breast cancer
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EUROPA trial


