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The Rationale
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2192 pts treated in 
Tata Memorial a single 
year

 5 yr DFS
EBC: 85.5%

LABC 67.7%

Nair N et al. Breast cancer in 
India – An audit, with 
outcome analysis. Indian J 
Cancer 2018;55:16-22.

Breast cancer: Improvement in outcomes warrants attention to 
survivorship issues



Survivorship in Breast Cancer

• Cardiotoxicity after adjuvant treatment

• Ovarian failure and fertility preservation

• Distress, body image, self-esteem, and 
sexuality

• Osteoporosis and long-term survival

• Host metabolism and lifestyle in breast 
cancer survivors
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Cardiotoxicity of adjuvant systemic treatment
Drug Incidence Cardiotoxicity

Adriamycin / 
Epirubicin

4% @ 900mg/sqm, 
15% @ 1000mg/sqm

Cardiomyopathy leading to 
Congestive heart failure

Docetaxel 2.3 – 8 % Congestive heart failure

Cyclophosphamide 7-25% Myocarditis

Letrozole 1-2.5% Doubling of cardiac events

Traztuzumab 10-14% Decreased LVEF, Congestive heart 
failure

5FU 1.2-7.6% Myocardial ischemia, Arrhythmias
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2168 patients, 963 with major coronary event, 1205 controls

Rate of coronary event significantly higher in women treated for left sided lesions, prior diagnosis of 
IHD  (rate ratio 6.67.)

Higher when associated with Diabetes mellitus, COPD, smoking, high BMI ( rate ratio 1.9), 
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What does the 7.4% increase per Gy MHD mean

Study Type Event Outcome

Darby et al 2013 Population based 
case control study

Major coronary event ( MI, 
coronary  revascularization, 
death from IHD)

2 Gy, - 10% excess
2 to 4 Gy - 30%
5 to 9 Gy – 40%
≥ or 10 Gy – 116%
--------------------------------------------------------
0 to 4 years, 16.3% 
5 to 9 years, 15.5% 
10 to 19 years, 1.2% 
≥20 Yrs8.2%

Jacobse et al 2017 Nested case control 
study of MI in BC 
survivors

MI IMC RT – 2.45X 
HT and BMI > 30, significant factors
6.4% increase in risk for every 1 Gy. Max in 
women < 45 yrs @ 24.5 % @ 1 yr



Is the estimation by Darby et al valid  for modern day radiotherapy techniques?

Van den Bogaard et al, JCO 2017

910 patients

Best fit model incorporated LV-V5, age and ACE score

Risk of cardiac event 16.5 Gy per Gy in first 9 years after RT

17.2% any cardiac event @ MFU 127 
months

No cardiac risk 
factors

Cardiac risk 
factors present

21% increase per Gy increase in MHD in 
the first 6.5 years



William Beaumont hospital, 
375 consecutively patients 2012 -18 Left sided for intact 
breast and chest wall +/- RNI
19%recd IMC, 12.5 adriamycin, 7.5% herceptin 

LAD mean 2.8Gy EQD2
= 4.3Gy in 15 fr @ alpha 
/beta 2 

LAD Max  6.7 Gy EQD2
= 10 Gy in 15 fr @ alpha 
/beta 2 

MHD 0.8Gy EQD2
= 1.55 Gy in 15 fr @ alpha 
/beta 2 

Heart D Max  41Gy EQD2
= 35.8 Gy in 15 fr @ alpha 
/beta 2 

Any Cardiac Event

D mean heart dose 0.8Gy, Any cardiac disease, 6.1%, 
median follow up 48 m. 



Major  Cardiac Event

LAD mean 3 Gy EQD2
= 5.1 Gy in 15 fr @ alpha /beta 2 

MHD 1.3 Gy EQD2
= 2.4 Gy in 15 fr @ alpha /beta 2 
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How do protons help reduce risk of RIHD 
and who benefits the most?
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Proton therapy  compared with photon 
therapy

Depth

D
os

e

Dose 
escalate

Spare normal 
structures

Exploit 
radiobiology



Aim of Proton therapy 
MHD < 1Gy



Protons in breast cancer – Clinical  Studies – Bradley et al, 
2016

Target :=>95% breast receives =>47.5 Gy, nodes 
=>95% receives => 45 Gy
Dose constraint goals cardiac mean dose <5 Gy, 
cardiac V20 <10%, IL lung V20 <30%,  CL lung V5 
<20%. 
.



• 10 photon-VMAT
• 10 photon 3DCRT
• 14 pencil beam scanning 

proton

Protons  3DCRTVMAT

3DCRT vs Protons  VMAT vs Protons  

Life-time Attributable Risk (LAR) at 70 yrs age 

•The secondary malignancy risk in the contralateral lung and breast is less in protons as compared to VMAT, 3DCRT
•Ipsilateral lung, risks were lowest for protons, followed by 3DCRT and VMAT.



Pre-Proton 5 yrs post-Proton

Non-metastatic breast cancer pts requiring postoperative RT 
to the breast/chest wall and regional lymphatics
n= 70, Median Follow-up- 55 months

Loco-regional Failure Overall survival

1.5%

91%

Proton beam RT for breast cancer has low toxicity rates



Protocols worldwide

A mean heart dose of ≥4 Gy and/or ipsilateral lung 
V17Gy/V20Gy ≥ 37%

All patients who require nodal irradiation. 



Parameter Proton Photon 
(Tomothera

py)

Mean Heart dose (GyE) 1.12 13.54

Heart V5GyE(%) 5.95 91.43

LAD Dose (GyE), D0.03cc 4.0 14.05

LAD Dose (GyE),Mean 0.5 8.66

Mean Dose to LV (GyE) 0.07 10.07

Left Ventricle V5GyE(%) 0.01 92.61

Mean dose to Ipsilateral 
lung (GyE)

9.18 13.96

V5(%) 41 73

V20(%) 18.5 23.5

Mean dose to C/L Breast 
(GyE)

1.78 5.36

PRT  for breast cancer in 
pectus excavatum



Special situations: Bilateral breast cancer, reirradiation

Bilateral Breast Cancer

Reirradiation : Sternal metastasis/ IMC Recurrence



X Rays + DIBH Left side (n=36) 
Whole Breast -16,  Chest Wall -20; 

Mean

Mean Heart dose 3.92

`Heart V5GyE(%) 19.1

LAD Dose (GyE), D0.02cc 14.35

LAD Dose (GyE),Mean 6.93

Dose to LV (GyE) 3.67

Left Ventricle V5GyE(%) 15.60

Ipsilateral lung (GyE) 11.98

V4(%) 58.10

V17(%) 24.85

C/L Breast (GyE) 3.54

Comparison of Proton therapy  with  X-Rays + DIBH  for breast cancer 
@APCC- consecutive patients

79%

91%

74%

69%

45%

96%

LEFT SIDE Proton Therapy (n=37) 
Whole Breast -22,  Chest Wall -15. 

Mean 

Heart 0.81

Heart V5GyE(%) 4.24

LAD Dose (GyE), D0.02cc 7.89

LAD Dose (GyE),Mean 2.15

Dose to LV (GyE) 0.24

Left Ventricle V5GyE(%) 0.64

Ipsilateral lung (GyE) 3.11

V4(%) 18.07

V17(%) 5.60

C/L Breast (GyE) 0.33



Proton therapy planning
• Wingboard, vaclock

• Face variable

• Scan without contrast

• Create rind for skin and ribs

• Enface beams, two, occasionally one

• Treat implant and metal port thru and thru

• Cool skin and ribs

• Robustness not being applied for range in chest wall, 
reasoning 3.5 % of 2 cm is too small. 

• Use SGRT for positioning, followed by check kvkv CBCT.

• Hypofractionated SIB – 45.6Gy in 15 fr, 40Gy in 15 fr, 
37.5Gy in 15 fr

• AIM: Reduction of cardiac dose to 1 Gy, Reduction of 
second cancer risk

• APBI may also be performed – 7.3Gy X 3

• DIBH has a limited role - ~ 10-15% patients require 



Swelling

Exacting and labour intensive

Underdos
age in 
boost 

volume

Planning CT QACT Fusion

Boost coverage by 95% colour-wash Underdosage due to change in BPL Adaptive plan



Hypofractionated proton therapy with SIB

Grade 3 reactions   2 /48

No locoregional failure

Rib fractures   2/48

Radiation recall / inflammation 3/48



# HYPOFRACTIONATED PROTON THERAPY
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No locoregional failure

Rib fractures   2/48

Radiation recall / inflammation 3/48



Who benefits the most

• Left sided breast cancer

• Patients with cardiac risk factors: diabetes, 
hypertension, obesity, smoking, strong family 
history, COPD

• Patients who have received cardiotoxic 
chemotherapy- Adriamycin, trastuzumab

• Patients requiring internal mammary node 
irradiation

• Young patients, to reduce the integral dose. 

• Bilateral breast cancer

• ILD

RIAR-ACE-Life
RIAR-ACE-10



MHD DIBH Photon:  3.08 Gy
MHD PRT:                0.52 Gy 

Mean LAD  DIBH Photon:  4.96 Gy
Mean LAD PRT:  1.17 Gy 

83%

76%

Proton therapy advantage in a ”good” photon DIBH plan 

23%

3.9%



Dutch model for identifying  breast cancer patients 
benefiting from  proton therapy



Proton Therapy for Breast Cancer 
 @Apollo Proton Cancer Centre, Chennai, 

India 
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69 patients analysed , 80 treated

Oncoplasty: 46% BCS patients

Reconstruction : 29% PMRT 
patients

Regional Nodal Irradiation : 83%

Median Mean Heart Dose : 0.88Gy
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Increase in Breast Ca -1561%
Number treated in 2021- 1452

Increase in CNS tumours – 291%
Number treated in 2021- 1743



Future direction



Widening application

Access
Upright treatment
Ultrahypofractionation with sequential or 
simultaneous integrated boost



Thank you
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