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Common Topics in Escalation

• RT for Breast Cancer

• NCCN

• RT DOSE: Lumpectomy Cavity Boost Dose and SIB

• Faster RT – UK Fastforward & Florence PBI Trials

• RT Volume for N1 Disease

Dose Escalation Talk Overview

Future/Challenging Topics

• Re-RT Considerations

• RT for Gross Residual or Recurrent Disease

• Radiation Guided Nanoparticles



Radiation Therapy for Breast Cancer

Acute effects: Radiation Dermatitis, Fatigue, Pain

Late effects: Lymphedema, Limited Shoulder / Arm ROM, Adverse Cosmesis, 

Cardiac Disease, Brachial Plexopathy, Secondary Cancers

Other: Inconvenience, stress (psychosocial & financial)

PBI WBI PMRT

Punglia et al, NEJM 2007



Early-stage breast cancer – locoregional management.

NCCN.org



EORTC 22881 Boost Trial

• 1989-1996. 5318pts, >18yr <70yr 

• Post lump/ALND, pT1-2N0-1, 

• plan for WBI (50/25fx)

• →randomized 16Gy Boost

Local Control

All Ages

< 40yr 40-50yr

50-60yr 60-70yr

Toxicity
Survival

Bartelink JCO 2007
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RTOG 1005:  Concurrent Boost trial 

TOTAL: 5-7 weeks RT TOTAL: 3 weeks RT
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ARM 1: Standard fractionation

 Whole Breast 50 Gy / 25 F or 42.7 Gy in 16 F 

Sequential Boost 12 Gy / 6 F or 14 Gy / 7 F

 ARM 2: Hypofractionation (15 F total)

 Whole Breast 40 Gy/15 F/2.67 Gy daily

 Concurrent boost 48.0 Gy/3.2 Gy daily

Protocol-specified High Risk pts post L stages 0, I & II breast cancer

NRG/RTOG 1005

RTOG 1005:  Concurrent Boost trial 



WBI

Sequential Boost

(n=1124)

H-WBI

Concurrent Boost

(n=1138)

Median Age 55 55

< 50 years 403 (36%) 400 (35%)

Pathologic Stage II 399 (35%) 376 (33%)

Gr 3 histology 589 (52%) 593 (52%)

ER (-) 335 (30%) 350 (31%)

Close/(+) margins 182 (16%) 196 (17%)

Adjuvant Chemo 678 (60%) 697 (61%)

Gr 3 DCIS and <50 years 32 (3%) 31 (3%)

NRG/RTOG 1005ASTRO 2022 Plenary Session 01

RTOG 1005: Patient and Tumor Characteristics



Results: Primary Endpoint - IBR
Median follow-up: 7.4 years

IBR events: 56

NRG/RTOG 1005

WBI

Sequential 

Boost

(n=1124)

H-WBI

Concurrent 

Boost

(n=1138) 

5-year 

estimate 

(90% CI)

2.0% 

(1.4%, 

2.9%)

1.9% 

(1.3%, 2.7%)

7-year 

estimate 

(90% CI)

2.2% 

(1.5%, 

3.0%)

2.6% 

(1.9%, 3.5%) 

Median 

time to 

IBR

2.05 years 3.04 years

HR (90% CI): 1.32 (0.84, 2.05); p=0.039

(HR <2.12 is defined as non-inferior)

 

ASTRO 2022 Plenary Session 01



Results: Treatment-Related Adverse Events 

NRG/RTOG 100539 patients excluded: 35 patients did not receive RT and 4 with no AE data submitted.

Highest Grade Adverse Event

Definitely, Probably, or Possibly Related to Protocol Treatment
WBI Sequential Boost 

(n=1100) 

H-WBI Concurrent Boost 

(n=1123) 
n and % of Patients by Grade n and % of Patients by Grade

Overall Highest Grade 1 2 3 4 5 1 2 3 4 5

All
427

39%

379

34%

34

3%

2

<1%

0

0%

554

49%

290

26%

35

3%

4

<1%

0

0%

50 Gy / 25 F
210

37%

224

39%

22

4%

1

<1%

0

0%
- - - - -

42.7 / 16 F
217

41%

155

30%

12

2%

1

<1%

0

0%
- - - - -

Grade ≥ 3 (p=0.79) 36 (3.3%) 39 (3.5%)

AEs were graded with NCI CTCAE version 4.

ASTRO 2022 Plenary Session 01



Week 1 Week 2 Week 3

Week 1 Fast-Forward RT – Brunt et al



Brunt AM et al. Lancet 2020

FAST-Forward hypofractionation: 

→ is 26 Gy / 5 fx  WBI  = 40 Gy / 15 fx WBI

2215 patients following breast conserving surgery randomized to 

40Gy in 15 fractions versus 27Gy in 5 fractions versus 26Gy in 5 

fractions

Local recurrence p=0.00019 

for non-inferiority 

(26Gy vs 40Gy)
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FAST-Forward Toxicities: 



APBI Patient and Tumor CharacteristicsWBI vs PBI: Trials for Partial Breast Irradiation

Enrollment 
PBI



ACCELERATED partial breast irradiation? 

RAPID and NSABP B-39 (38.5Gy in 10fx BID; 1week)

NSABP B-39; Vicini et al. Lancet 2019RAPID Whelan et al. Lancet 2019 



Florence Trial for 5 fraction APBI at 10 years
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Switching Gears…. INCREASING the Volume ??



Regional Nodal Irradiation

Treatment directed to:

Lumpectomy cavity/Chest wall AND 

Regional Nodal Basins (axilla, supraclavicular & internal mammary nodes)

3D CONFORMAL PLAN

IMRT      PLAN

IMRT   PLAN



• Risk factors to consider
– LVI (focal vs extensive)

– ENE (< 2mm vs >2mm)

– Young age (40-50 yo)

– Premenopausal

– Number of involved nodes

– Ratio of involved nodes

– Total number of nodes sampled

– ER negative

– Medial location

– Poorly differentiated

– Triple negative

– Large primary (>2 cm, >4 cm)

– Close/positive margins

– Multicentric disease

– Microscopic invovlement of skin, nipple, skeletal muscle, pec fascia

– Oncotype DX score 

RNI / PMRT for N1 disease



Locoregional recurrences <10% in both arms of MA20 and EORTC 22922…

However:

• Nodal recurrences have poor prognosis (25-50% OS)

• We do not image patients to detect nodal recurrences

• Nodal recurrences probably under-estimated

• The patients in EORTC and MA 20 were low risk

→ 3 large studies show decreased mets +- improved breast cancer survival 

for treating nodes and IMN chain

• Danish – IMN only

• MA20 – Axilla+SCV+IMN

• EORTC 22922 – SCV+IMN

RNI: including IMN coverage for earlier stage patients



Is treating the IMNs necessary? DBCG-IMN.

Basics

• Nationwide prospective cohort study (2003-2007)

• N+ (excluding micromets)

• All received ALND

• Mastectomy or lumpectomy

• Treated with

• Left breast: Whole-breast/CW/axilla/SCV w/o IMNs 

vs

• Right breast: Whole breast/CW/axilla/SCV w IMNs

Thorsen JCO 2015



Is treating the IMNs necessary? DBCG-IMN.

Results

• 3089 patients – IMN vs noIMN

• 8-year follow-up

• OS difference (75.9% vs 72.2%; p=0.005)

• BCSM benefit (20.9% vs 23.4%; p=0.03)

• Distance recurrence benefit (27.4% vs 29.7%; p=0.07)

• DMFS benefit (78.0% vs 75.0%)



MA.20: RNI primarily confers a DFS benefit.

WBI WBI + RNI

Isolated LRR 6.8% 4.3%

LR 4.1% 3.6%

RR 2.5% 0.5%

DFS 10-

years

77% 82%

Whelan T, NEJM 2015

• N+ or high risk node negative (>5cm; or >2cm w high risk features)

• N+ all got ALND

• All breast conserving surgery (no mastectomies)

• Randomized to 

• Whole-breast versus

• Whole breast + axilla + SCV + IMNs



EORTC 22922 – RNI improves distant recurrence and DFS.

WBI/CW WBI/CW + RNI

LR 5.3% 5.6%

RR 4.2% 2.7%

Distant 

recurrence

19.6% 15.9%

DDFS 10-years 75% 78%

DFS 10-years 69% 72%

Poortmans P, NEJM 2015

• N+ or High risk node negative (medial/central tumors)

• Almost all with ALND

• Mastectomy or lumpectomy

• Randomized to 

• Whole-breast/CW versus

• Whole breast/CW + axilla + SCV + IMNs



Risk factors in consideration of RNI for 0-3+ nodes.

Overall risk threshold for RNI to be determined by multidisciplinary consensus, 
and jointly between patient and physician.



Current MSKCC approach. 

• Micromets typically do not 
require an AXLND or PMRT

• Macromets on SLNB 
typically requires AXLND 
unless planned to get 
PMRT

• AMAROS used to obviate 
the need for both AXLND 
and PMRT in patients with 
1-2 + SLNs and risk factors 
for PMRT 



Common Topics in Escalation

• RT for Breast Cancer

• NCCN

• RT DOSE: Lumpectomy Cavity Boost Dose and SIB

• Faster RT – UK Fastforward & Florence PBI Trials

• RT Volume for N1 Disease

Dose Escalation Talk Overview

Future/Challenging Topics

• Re-RT Considerations

• RT for Gross Residual or Recurrent Disease

• Radiation Guided Nanoparticles
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Management of IBR with BCS + reRT
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Management of IBR with BCS + reRT



Re-RT BCS & Toxicity on 1014

Arthur et al, JAMA Onc 2020



Arthur et al, JAMA Onc 2020

Re-RT BCS &  Local Control



Re-RT PBI :  Alternative Fractionation



Re-RT → Patient Selection and Treatment Approach

Slide Courtesy of Dr. Isabelle Choi @ New York Proton Center

RTOG 1014



• Opened in 2019

• 1st and only proton center in the state of New York
• Partnership with MSKCC, Mt. Sinai Health System, and Montefiore Medical Center
• 5 in-house physicians

• 20 partner physicians

New York Proton Center (225 E 126th St, NY, NY)

MSK Breast Proton Therapy Lead

choij3@mskcc.org

(617) 833-5225

Plexus Tunneling with PBS-Proton
J. Choi et al, ADRO 2023

mailto:choij3@mskcc.org


Radiation Approach for Progressive/Unresectable or Residual / Recurrent disease

Concurrent Chemo Breast Ca Study Other Cancer 

experience

Cisplatin MSK #15-032 

Phase II for MBC 

Standard for H&N 

SqCC (70Gy)

Capecitabine Phase II, MDACC;  for 

IBC

Standard for Rectal 

Ca (55Gy) 

PARP-i MSK #18-002, Phase 

I, non-pCR post NAC

Phase II Prostate, 

Pancreas, Lung

POD & Unresectable on NET & CDK4/6(-) Residual/POD Nodes post NAC/Mtx Recurrent skin mets

Advanced Radiation Techniques

• Dose Painting IMRT (50 →54→58→60 Gy)

• Organ Sparing IMRT

• Expedited RT Planning

• Adaptive re-planning

Consideration of concurrent chemo?



Expedited Adaptive re-planning VMAT 
- 

Initial tumor blue (105cc)

IntraTx tumor pink (65cc)

(resim @ fx 15 of 25)

Plan: 50/54/60gy / 25fx

(60Gy only center of tumor)

Concurrent Capecitabine



Radiation Guided Nanoparticles: ICG based, P-Selectin targeting NERDs

WT

1 GyXRT

+ FiVis 10mg/kg

SHH-MB

+ FiVis 10mg/kg

1 GyXRT

SHH-MB

+ DexVis 10mg/kg

1 GyXRT

SHH-MB

+ FiVis 10mg/kg

0GyXRT

WT

0 GyXRT

+ FiVis10mg/kg

Ex: Medulloblastoma Mouse brain

ICG Fucoidan Nanoparticle 

Fulvestrant

NERDs: 
Nano ER Degraders

P-Selectin histology:

Recurrent ER+ IDCElectron Microscopy of NERDs



Common Topics in Escalation

• RT for Breast Cancer

• NCCN : Observation, WBI, PBI, RNI

• RT DOSE: 40 Gy / 15 fx with SIB to 48Gy

• Faster RT – 5fx RT !   WBI and PBI 

• RNI/PMRT for N1 Disease in well-selected pts

Dose Escalation Summary

Future/Challenging Topics

• Re-RT with BCT option!

• RT for Gross Residual or Recurrent Disease

• Look out for NERDs !! 
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Thank You!!
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