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Outline: RT Advances = Less Toxicity

• New Fractionation Schemes (A Review)
– Early Stage Breast Cancer 
– PostMastectomy Radiation Therapy

• New(ish) Technology
– VMAT, Protons oh my!

Presenter Notes
Presentation Notes
Here is my outline

I will be reviewing newer dose-fractionation schedules mostly for patients with early stage breast cancer
I will also touch on postmastectomy briefly as well as how we are applying some newer technology in designing radiation therapy plans

The general theme that I am hoping to convey today is Advancements in Radiation Therapy are resulting in Less Toxicity for our patients.



EARLY STAGE BREAST CANCER
T1-2, N0

Presenter Notes
Presentation Notes
Start off this review on the MANY treatment options available for radiotherapy in the adjuvant setting for the management of patients with early-stage breast cancer



Shah et al JCO Oncol Practice, 2021: 17(12)

Presenter Notes
Presentation Notes
Following a breast-conserving surgery for node-negative disease, the options have evolved well beyond the now-outdated whole breast irradiation using conventional 2Gy per fraction over 5 weeks. 

I’m going to touch on several of these today – 

Hypofractionated Whole breast irradiation, with or without a boost to the lumpectomy cavity. 
There are newer partial breast irradiation options beyond brachytherapy catheters, using external beam irradiation with IMRT. 
There is intraoperative radiation or IORT
And for well-selected low-risk patients, omission of radiation therapy is possible, and we will talk about how to select these patients.



Presenter Notes
Presentation Notes
This is a San-Antonio Review after all, and during the Symposium, Dr. Krug presented a nice review of Radiotherapy Fractionation Schedules



Krug SABCS 2022

Presenter Notes
Presentation Notes
Dr. Krug’s review centered many of the recently published results on very short radiotherapy courses in just 5 fractions!



Hypofractionated Whole Breast Irrad. (H-WBI)

Shah et al JCO Oncol Practice, 2021: 17(12)

Presenter Notes
Presentation Notes
For context and background, hypofractionation is established as the standard of care when treating the whole breast. 

These are the 3 seminal trials that established this, once published around 2010-2013. 
The experimental arms in these trials targeted the whole breast using shorter courses, over approximately 3 weeks or 15-15 fractions
To achieve this radiation was delivered at approximately 2.6 to 3.0 Gy per fraction



Ontario Oncology Group

Whelan et al, NEJM 2010

Presenter Notes
Presentation Notes
Briefly, the Ontario Oncology Group trial, or simply the Canadian study by Dr. Whelan demonstrated

No significant difference in local recurrence or survival between standard and hypofractionated regimens



UK START: Meta-Analysis Local-Regional Relapse

Hypofractionation is 
equivalent to Standard 
Fractionation in women 
with high-risk features

Haviland et al, Lancet Oncol 2013

Presenter Notes
Presentation Notes
One of the critiques of the Canadian study was that patients were carefully selected and a very low-risk / favorable population. 

The Meta/Analysis of the START A/B trials showed that there was no difference even in populations of women with high-risk features, including
Young age
Women with positive lymph nodes
High grade tumors
Or the receipt of chemotherapy



UK START: Marked/Moderate Normal Tissue Effects

Hypofractionation is 
associated with similar or 
less Marked / Moderate 
normal tissue effects than 
Standard Fractionation

Haviland et al, Lancet Oncol 2013

Presenter Notes
Presentation Notes
Furthermore, there was no difference in late toxicity between the two radiation schedules, in patients with factors associated with greater risk of toxicity including
Younger patients
Women with larger breast size
The receipt of a lumpectomy cavity RT boost
The receipt of chemotherapy or tamoxifen





Moderate Hypofractionation – Std of Care

• ABIM Choosing Wisely (2013)
– Don’t initiate whole breast radiotherapy as a part of breast conservation therapy in women 

with early stage invasive breast cancer without considering shorter treatment schedules.

• ASTRO Guideline RT for Whole Breast (2018)

Presenter Notes
Presentation Notes
Based on these data, Whole Breast Irradiation was included in the Choosing Wisely list for Radiotherapy, and the ASTRO Guideline update in 2018 supports the use of hypo-fractionated whole breast irradiation, for women of any age, stage when targeted the whole breast alone, regardless of the receipt of chemotherapy

Note is made that when using these shorter courses of treatment, a greater emphasis must be placed on ensuring dose homogeneity – by limiting the volume of the breast receiving greater than 105% of the prescription dose



FAST(er): Is 5 fractions all we need?

Krug et al, Strahlenther Onkol 2021; 197:269-280

Presenter Notes
Presentation Notes
In 2020, VERY early in the COVID-19 Pandemic, the FAST and FAST-Forward trials were published from the UK. 

These courses delivered whole breast irradiation in just 5 fractions, still 10-15 minutes in duration. 
FAST – delivered one fraction per week, maintaining the overall 5 week treatment duration
FAST-Forward, the later trial, delivered all 5 fractions in a single week.



Moderate ULTRA- Hypofrationated WBI

FAST FAST-Forward
Timeframe 2004-2007 2011-2014

Sample Size 915 4096

Dose / 
Fractionation

50 Gy / 2Gy / 5 weeks
30 Gy / 6 Gy / 5 weeks

28.5 Gy / 5.7 Gy / 5 weeks

40 Gy / 2.67 Gy / 3 weeks
27 Gy / 5.4 Gy / 1 weeks
26 Gy / 5.2 Gy / 1 weeks

Median Follow up 119.8 months 71.5 months

Primary endpoint Change in photographic breast appearance Ipsilateral breast tumor recurrence

Inclusion Criteria pT1-2 (< 3 cm) pN0
Age ≥ 50 years

Breast conserving surgery
No chemotherapy

pT1-3 pN0-1
Age ≥ 18 years

Breast-conserving surgery or mastectomy
Approx. 25% adj. chemotherapy

Boost No Approx. 25%, 5-8 x 2Gy

Brunt et al, JCO 2020 (FAST), Lancet Oncol 2020 (FAST-Forward)

Presenter Notes
Presentation Notes
FAST was the predecessor study to FAST-Forward

3-way randomization of 915 patients to either standard fractionation or 5 once-weekly fractions of two variants of either 5.7 OR 6.0 Gy per fraction

The primary endpoint was change in photographic evidence, not powered for local recurrence – the inclusion criteria were limited to generally favorable-risk patients


FAST-Forward was the later study, 
Again 3 way randomization, of almost 4100 patients as this study was powered for non-inferiority of ipsilateral breast tumor recurrence
In 2011, the standard arm was moved to moderate hypofractionation over 3 weeks
The two randomization arms, 5 fractions all in a single week. 
Inclusion criteria were now low/intermediate and included a substudy population of N1 disease (these patients are being analyzed separately and are not reported in this paper)
Approximately 1/4 of patients received chemotherapy, and 1/4 of patients were prescribed a lumpectomy cavity boost




Moderate ULTRA- Hypofrationated WBI

FAST (10 Year Data) FAST-Forward (5 Year Data)
Dose Frequency Hazard Ratio 

(95% CI)
Dose Frequency Hazard Ratio 

(95% CI)

Ipsilateral In-Breast 
Recurrence

50 Gy 0.7% - 40 Gy 2.1% -

30 Gy 1.4% HR 1.36 
(0.3-6.06)

27 Gy 1.7% HR 0.86 
(0.51-1.44)

28.5 Gy 1.7% HR 1.35 
(0.3-6.05)

26 Gy 1.4% HR 0.67 
(0.38-1.16)

Brunt et al, JCO 2020 (FAST), Lancet Oncol 2020 (FAST-Forward)

Presenter Notes
Presentation Notes
In 2020, FAST reported long term data, FAST-Forward has had less follow up of approximately 5 years
-- In all arm, standard and experimental the in-breast tumor recurrence rates were very low. 

FAST-Forward trial, 26 Gy in 5 fractions met the non-inferiority criteria, compared to the standard 40 Gy in 15 fractions

Graph is intentionally small – the Y axis hashmarks are 1, 2, and 3 % ipsilateral breast recurrence (40 Gy –RED, 27 Gy –GREEN, 26 Gy –BLUE)



Moderate ULTRA- Hypofrationated WBI

FAST (10 Year Data) FAST-Forward (5 Year Data)
Dose Frequency Hazard Ratio 

(95% CI)
Dose Frequency Hazard Ratio 

(95% CI)

Ipsilateral In-Breast 
Recurrence

50 Gy 0.7% - 40 Gy 2.1% -

30 Gy 1.4% HR 1.36 
(0.3-6.06)

27 Gy 1.7% HR 0.86 
(0.51-1.44)

28.5 Gy 1.7% HR 1.35 
(0.3-6.05)

26 Gy 1.4% HR 0.67 
(0.38-1.16)

Moderate/Marked 
Normal Tissue 

Effects
Of Breast / 
Chestwall

50 Gy 33.6% - 40 Gy 26.8%

30 Gy 50.4% HR 1.79 
(1.37-2.34)

27 Gy 35.1% HR 1.41 
(1.23-1.61)

28.5 Gy 47.6% HR 1.79 
(1.37-2.34)

26 Gy 28.5% HR 1.09 
(0.95-1.27)

Brunt et al, JCO 2020 (FAST), Lancet Oncol 2020 (FAST-Forward)

Presenter Notes
Presentation Notes
In the FAST 10 year data, 

Cumulative incidence rates of any moderate or marked normal tissue effects were significantly higher for 30Gy compared with 50 Gy – based on breast shrinkage, breast induration and breast edema. 

Similarly, cumulative incidence rates of any moderate / marked normal tissue effects were also significantly higher for 28.5Gy versus 50 Gy. 

In the FAST-Forward data, 

Again the intermediate dose level, 27 Gy was found to have higher moderate/marked normal tissue effects compared with 40 Gy
HOWEVER, the low dose level, 26 Gy did not have statistically higher effects. 



Moderate or Ultra Hypofrationated WBI
• Moderate Hypofractionated Whole Breast Irradiation 

– Remains SOC in the United States
• Ultra-Hypofractionated Whole Breast Irradiation 

– Appears to have non-inferior in-breast tumor control
– Some concerns for late toxicity (induration/edema) –FAST fx
– Longer follow up required (toxicity) –FAST-Forward fx
– Can be used as an alternative in select circumstances

Presenter Notes
Presentation Notes
Moderately Hypofractionated Whole Breast Irradiation remains the standard of care in the United States

Ultrahypofractionated Whole Breast Irradiation appears to be non-inferior for local recurrence

However there are some concerns regarding long-term toxicity with breast induration and edema with intermediate 5 fraction dose levels that are not yet seen in the lowest (26Gy) dose level. 

Longer term follow up is needed on FAST-Forward to see if this holds true at 10 years. In the meanwhile, this 5 fraction regimen CAN be used alternatively in select cases and is described in the NCCN Guidelines as such. 

With any course of radiotherapy given in high doses per fraction, care must be taken to limit exposure to surrounding normal tissues. 

Dose-limiting structures that would affect the use of the 5 fraction regimen would including the underlying ipsilateral lung and heart (for left-sided disease). 

Additional care to manage dose homogeneity and limit the volume of the ipsilateral breast receiving greater than 105% of the prescription dose.



What’s New With the Boost?
• Usually Sequential (10 Gy in 4-5 fractions)
• OnGoing Trials – Simultaneous Integrated Boost (SIB) vs Sequential

• RTOG 1005 (ASTRO 2022); IMPORT-HIGH (ESTRO 2021)
– Non-inferiority for ipsilateral in-breast recurrence
– Toxicity (NS diff in RTOG; Increased marked/mod AE in IMPORT-HIGH)
– Await publications…

Presenter Notes
Presentation Notes
A “Boost” or additional dose targeting the lumpectomy cavity can be prescribed for non-low risk or intermediate-to-high risk disease. 

Factors that would influence the use of boost would be patients with young age, high-grade or ER negative disease, large tumor size, or close/ concerning surgical margins. 

A standard or typical lumpectomy cavity boost is prescribed SEQUENTIALLY following the whole breast irradiation for an additional 10 Gy in 4-5 fractions. 

Two trials have very recently been published at notable Radiation Meetings, RTOG 10-05 this past fall at ASTRO and IMPORT-HIGH at the European ESTRO meeting in 2021
Both trials randomized patients to either a standard sequential boost, to a simultaneous-integrated boost or SIB, delivering the lumpectomy boost during the same visit / fraction as the whole breast fraction. 
Both trials delivered an additional 8 Gy to a total of 48 Gy over the same 15 fractions at 3.2 Gy per fraction

Both trials appears to be non-inferior for ipsilateral in-breast recurrence at EARLY 5 year follow up 
Data is mixed based on how the adverse events / toxicity were measured, non-significant in the RTOG study, but increased in IMPORT-HIGH
We await the publications to better understand when and how to used this integrated boost.



Partial Breast Irradiation (PBI)

Course Technique Schedule Trial(s) Comments

EBRT-3D 15 fractions / 3 weeks
Daily

IMPORT-LOW No long-term followup

EBRT-IMRT 5 fractions / 1.5 weeks 
QOD

Florence Non-inferior to WBI
IMRT mandated

EBRT /
Brachytherapy

10 fractions / 1 week 
BID

RAPID,
NSABP B39

Worse cosmesis 3D

IORT photons
IORT electrons

1 day TARGIT
ELIOT

Higher LRR than WBI

Presenter Notes
Presentation Notes
Partial Breast Irradiation is not necessarily new per se, but has evolved somewhat recently in terms of how it is being delivered. 

In the early-to-mid 2000s, PBI was being delivered via Brachytherapy – either single or multi-channel catheters placed at the time of the lumpectomy. Treatment was delivered in the adjuvant setting over 10 fractions BID. This was appealing to many patients when the alternative was 5 weeks of conventional radiation followed by a 1 week lumpectomy boost. 

Two large trials randomized women to Accelerated PBI vs WBI with the 1 week BID fractionation. The RAPID trial delivered the APBI using external beam radiotherapy and reported significantly worse cosmetic outcomes with APBI compared to WBI. This was not seen in the NSABP trial which allowed APBI to be delivered by either EBRT or Brachytherapy

IMPORT-LOW was an important trial for its simplicity. It asked a simple question regarding the size of the target partial vs whole breast, and did not alter the technique of delivery (3D conformal external beam irradiation) or the dose/fractionation 
Both were delivered at 40Gy in 15 fractions, so not MORE convenient for the patient. 
5 year follow up only showed non-inferior tumor control and similar if not less acute and late toxicity within the breast. 

IORT or Intraoperative Radiotherapy is the pinnacle of convenience for the patient – literally “one stop shop” with the radiation being delivered during the lumpectomy operation. To bring radiation into the operating room, the portable device can be one that delivers either electrons as in the ELIOT trial or a low-energy photon as in the TARGIT trial. Both trials saw statistically higher local recurrence rates in the breast compared to whole breast irradiation, though overall rates were still low. 

The newest iteration of APBI is delivered using external beam radiotherapy, with an IMRT technique
IMRT stands for Intensity Modulated Radiation Therapy – this technique allows a greater conformality of the dose, better limiting it to the area surrounding the lumpectomy site. 
5 once-daily fractions eliminated the inconvenience of returning twice a day, and treatment was delivered every-other-day 
With long term follow up of the Florence phase III trial, APBI in this manner was non-inferior to WBI+ Boost and acute and late toxicities as judged by both patients and physicians were similar or better in the APBI arm. 





Partial Breast Irradiation (PBI)

Course Technique Schedule Trial(s) Comments

EBRT-3D 15 fractions / 3 weeks
Daily

IMPORT-LOW No long-term followup

EBRT-IMRT 5 fractions / 1.5 weeks 
QOD

Florence Non-inferior to WBI
IMRT mandated

EBRT /
Brachytherapy

10 fractions / 1 week 
BID

RAPID,
NSABP B39

Worse cosmesis 3D

IORT photons
IORT electrons

1 day TARGIT
ELIOT

Higher LRR than WBI

Differences: A function of Volume, Treatment Technique, Schedule or Radiation Biology? 

Presenter Notes
Presentation Notes
Based on the level and quality of evidence, APBI is best delivered via EBRT/IMRT per the Florence trial

Alternatively the PBI can be delivered over the same 15 fractions with no greater convenience to the patient over WBI, or APBI via intraluminal brachytherapy BID is viable. 

IORT is not currently recommended as a standard of care option and should not be delivered outside of a clinical trial or prospective registry.

Not all APBI regimens are the same, yet to be further illicited is whether these difference are a matter of volume irradiated, treatment modality, treatment schedule, or plain radiation biology?



Omission of Radiotherapy
• CALGB 9343

– 70+ years old T1N0, ER+ 
– Tam alone vs TamRT

• At 10 years
– LRR 9% vs 2%
– No difference in OS, BCaSS
– No difference in Time to DM or 

Mastectomy 

Hughes, et al. JCO 2013

Presenter Notes
Presentation Notes
One option gaining traction lately is also omission of radiotherapy entirely. 

We are all very familiar with the long-ago published results of CALGB 9343, randomizing women over the age of 70 with T1 ER+ tumors to tamoxifen alone vs tamoxifen plus RT

10 year results show a small difference in local recurrence rate at 10 years, 2% vs 9%, with and without radiotherapy respectively.

So what’s new with this?



PRIME II: Omission
• 65 or older
• T1-2, ≤ 3cm
• pN0 surgical axillary staging
• ER+ or PR+
• G3 or LVI allowed (~5%)
• Margins ≥ 1mm
• Tamoxifen recommended
• Randomized: 

– WBI vs Omission
– LRR 0.9% vs 9.5%
– OS, DRS, BCS no difference

Kunkler et al, NEJM 2023, 388;7

10YR LRR: 9.5% vs 0.9%

Presenter Notes
Presentation Notes
Earlier this month, long-term results of PRIME II were published in the NEJM, these results were first reported at the 2020 San Antonio Breast Cancer Symposium

Similarly to the CALGB, a low risk population, this time 65 years and older, grade 3 tumors or LVI (but not both) were allowed. These patients only made up 5% of the patients enrolled. 

Results, completely matched CALGB, with low rates of in-breast recurrence, and exceedingly low rates (less than 1%) of recurrence in the RT arm without any impact on survival outcomes



PRIME II: Omission
• RT could be omitted safely in 

– Women over 65, grade 1-2, ER+(high)

– AND can take ET for 5 years

• BUT

– ET adherence an issue 

• Higher LRR in pts unable to complete 5 y

– ER-low?

• Few numbers, but perhaps RT has a 
greater benefit (LRR 0% vs 19.1%)

• Is 5 fractions RT worth omitting?

Kunkler et al, NEJM 2023, 388;7

Presenter Notes
Presentation Notes
These data show that based on low-risk clinicopathologic features, women over the age of 65, who can take 5 years of endocrine therapy, could omit radiotherapy safely. 

However, we all know that adherence to those 5 years of endocrine therapy is difficult. The authors of PRIME II estimated that approximately 60-70% reached the 5 years, but adherence data was not kept. We would expect a higher locoregional recurrence rate in the patients who are unable to complete this portion of treatment. 

Additionally, there was a small signal with regard to tumor biology with ER-low breast cancers. ER-high was defined as Allred 7 or 8 SCORES, or more than 50% of cells staining positive for ER, or when the only information available was ER 3+, “strongly positive”, or “ER-positive”. Tumors without these characteristics were defined as ER-low.

Despite low patient numbers, these patients appeared to be at greater risk for locoregional recurrence and perhaps RT should not be omitted in patients with weak ER positive staining.

As one of the few radiation oncologists in the room, I’d have to get on my SOAP box and ask whether a 5 fraction radiotherapy course is truly worth omitting?



Ongoing Trials

• NRG Oncology BR-007 (aka DEBRA trial)

– 50-69 years old, </= 2cm, N0, ER+

– With OncotypeDX RS </= 18

– Endocrine Therapy +/- Radiotherapy (WBI+Boost or PBI-IMRT)

• EUROPA

– 70+ years old, pT1N0 G1-2, non-lobular, ER+ 

– Endocrine Therapy alone vs Radiotherapy alone

• There is not yet a biomarker to PREDICT benefit of RT…

Presenter Notes
Presentation Notes
Ongoing studies, include the DEBRA trial – studying radiation omission, but utilizing the OncotypeDX assay to identify favorable biology with eligible patients having a score less than or equal to 18 in addition to other favorable pathologic features. 

EUROPA is a trial not available in the United States, but one of great interest to Radiation Oncologists. It is randomizing older patients with favorable tumors, to exclusive endocrine therapy versus exclusive radiotherapy, comparing not only disease-control rates but also patient reported outcomes / quality of life. 

Ultimately, we radiation oncologists are jealous of our medical oncology colleagues. We have no biomarker or molecular assay to guide our use of radiotherapy based on a predicted benefit of radiotherapy…. But maybe there is hope on the horizon.



Presenter Notes
Presentation Notes
But maybe there is hope on the horizon…



Presenter Notes
Presentation Notes
Presented at San Antonio is a validation study of POLAR, a genomic assay to predict the benefit of radiotherapy, for potential omission. 



Courtesy of Dr. Karlsson

Presenter Notes
Presentation Notes
POLAR is a 16-gene MRNA signature

The gene-discovery and algorithm was developed from patients enrolled on the SweBCG91RT study



Courtesy of Dr. Karlsson

Presenter Notes
Presentation Notes
This Patient-level meta-analysis validation was performed on patients from 3 clinical trials who were randomized to PLUS or MINUS radiotherapy following breast conserving surgery. 




Courtesy of Dr. Karlsson

Presenter Notes
Presentation Notes
Patients with either POLAR-low or POLAR-high were stratified by treatment arm (RT vs No RT)

It appears that patients with POLAR-low did not benefit from the addition of radiotherapy. With the 10 year risk of locoregional recurrence of about 5%

Patients with POLAR-high who did not receive radiotherapy, had what we would consideran unacceptably high rate of locoregional recurrence at 10 years of 20%



Courtesy of Dr. Karlsson

Presenter Notes
Presentation Notes
As a continuous variable, POLAR was statistically significant to prognosticate for risk of locoregional recurrence on both univariate and multivariate analyses



Courtesy of Dr. Karlsson

Presenter Notes
Presentation Notes
On an interaction analysis, with a p-value of 0.022, POLAR was predictive of benefit of radiotherapy. Patients with a LOW POLAR score showed no apparent benefit from RT. 



Summary: POLAR Signature
• Patient-level Meta-Analysis Validation of Genomic Signature

• POLAR is Prognostic

– Significant Factor for Local Recurrence Risk on Uni- & Multi-variate Analysis

• POLAR is Predictive

– Test for interaction between POLAR and RT as a predictive classifier of benefit from 
RT was positive, p = 0.022

• BUT

– About half (354/623) of patients from SweBCG91-RT trial that developed POLAR

– Need Contemporary patients (8% SweBCG91-RT received HT or CT)

– Need Prospective trials 

Presenter Notes
Presentation Notes
In Summary, this was a patient-level meta-analysis validation of a new genomic signature. 

It appears to be prognostic for local recurrence on both univariate and multivariate analyses

It appears to be predictive as a classifier of benefit from RT or not, with a p-value of 0.022

However, more than half of the patients in this meta-analysis were from the original SweBCG91-RT trial that was used to discover and train the POLAR algorithm 

What’s needed for prime-time, more contemporary patients, as only 8% of the SweBCG91RT patients received either hormonal therapy or chemotherapy.

As well as a prospective trial to demonstrate the predictive benefit of the Signature.



Advances in RT- NEW(ish) Technology

• VMAT
– APBI
– LABC / Difficult anatomy

• Proton Therapy
– TBD

Presenter Notes
Presentation Notes
Finally, I’d like to end my presentation with a bit of show and tell. There was a Radiotherapy talk on the final day on some of the advanced technology in Radiation Therapy and how and when this is used for our Breast Cancer patients.

Some technology that is available in all of our clinics and some that’s not, none of this is in routine use, but can or should be considered in special circumstances



From 3D to IMRT / VMAT

• Volumetric Modulated Arc Therapy
– Better conforms HIGH dose(s)
– Worse low dose(s) distribution

Hossain et al,AIP Conf Proc 2016 Ranger, et al Clinical Oncol 2018

VMAT3D

Presenter Notes
Presentation Notes
Most patients in 2023 are treated using 3D conformal radiotherapy

VMAT or Volumetric Modulated Arc Therapy is an advanced form of IMRT. 
Unlike both 3D or IMRT, where the gantry or the machine arm is static. VMAT delivers radiotherapy using dynamic arcs, with the gantry arm moving around the patient as the beam is being delivered. 

For what a 1-slide summary can show, one of the benefits of VMAT is far greater conformality or limiting the high-dose regions. This allows sparing nearby normal tissues of acute and late toxicity from the higher doses. This technique is widely used across a number of other disease sites such as lung, prostate and head & neck, sparing tissues like the esophagus, rectum or salivary glands from higher doses. 

The catch or downside of this technique is the INCREASE in low-dose “spray” or scatter to more tissues. This is perhaps the primary reason why VMAT is not standard for most breast cases and instead only used selectively.

As shown in the middle and right pictures, the 3D plan, to treat the breast and the internal mammary lymph node chain, the high dose regions (depicted in red) are crossing midline onto the contralateral breast. The VMAT plan on the right conforms the high-dose mostly to the left breast, but more of the lower doses (blue/green) are going to the ipsilateral lung



VMAT

• Not Routine!
• Roles: APBI, Difficult anatomy,LABC, Re-RT
• Art of Tradeoffs – More low-dose to heart, contralat breast, lung

Dumane et al, Radiat Oncol 2018Riou et al, Radiat Oncol 2015

Presenter Notes
Presentation Notes
As noted again VMAT is not routine for breast cancer, except where high-dose conformalitiy is the name of the game

Currently I see a role for this technique in APBI as delivered with external photons as in the Florence trial mentioned earlier. Using IMRT or VMAT conforms the dose to the tissues surrounding the lumpectomy cavity and “spares” much of the uninvolved ipsilateral breast. This technique is likely what was responsible for the lower acute and late toxicities seen in the Florence trial compared to Whole breast irradiation

In challenging cases, such as patients with a pectus deformity, bilateral breast reconstruction with expanders, or locally advanced breast cancer or re-irradiation cases, VMAT can prove to be beneficial to keep higher doses out of uninvolved tissues or where a target such as an involved internal mammary lymph node is exquisitely close to the heart as demonstrated in the picture on the right



Proton Therapy

• Dose deposit at Bragg Peak
– Sharp fall-off distally
– Depth a function of energy
– Reduces “exit dose” to 

normal tissues

Larda et al, Cancers 2014

Ranger, et al Clinical Oncol 2018

VMAT Proton

Presenter Notes
Presentation Notes
Proton Therapy as opposed to photon therapy aka X-rays behaves differently in tissues with regard to how and where the dose is deposited. 

For Xrays or photons, there exists a surface dose buildup and then the dose attenuates as the beam passes through tissue before exiting all the way through. 

Protons have a very low entry dose and then a very sharp peak called a Bragg Peak where most of the dose is deposited with a very sharp fall off distally and NO exit dose. 
Protons have a higher linear energy transfer (LET) at the Bragg Peak, and the efficacy of the dose deposited at the Peak is estimated to be slightly higher than that of photons (greater radiation biological effectiveness of 1.1)
The location of the Bragg Peak is a function of the energy of the Proton Beam
Therefore modulation of this energy can created what is called the Spread-Out Bragg Peak to create a uniform dose throughout  the depth of the tumor-target

We try to take advantage of the lower entrance and exit doses to normal tissues to reduce the low dose spread to surrounding tissues. 
-- See the plan in the right box, not only does it have highly conformal prescription dose (red), but also very conformal low dose spread (little blue green) to the ipsilateral lung, heart or contralateral breast. 

What happens in the real world?



Ph II Study – Protons for BrCa + RNI
• 69 patients treated with RNI (63 left breast)

• 1^ endpoint: gr3+ pneumonitis or any gr4 toxicity

• Median age 45 years old; 94% stage II-III / 93% mastectomy / 99% chemotherapy

Jiminez et al, JCO 2019

Presenter Notes
Presentation Notes
An example of Protons comes from a single-arm phase II study by Dr. Rachel Jiminez at MGH of Proton therapy to deliver chestwall + regional lymph node irradiation for patients with breast cancer. 

69 Patients with mostly left breast cancer, relatively young patients, with non-low risk disease. Mostly stage II-III, most were treated with mastectomy and received chemotherapy.
-- my aim is only to point out the very low doses achieved to the heart (with a VERY low mean heart dose of 0.5 Gy), and a low mean dose to the left anterior descending artery as well as low doses to the ipsilateral lung



Ph II Study – Protons for BrCa + RNI

• Rate of grade 3 radiation pneumonitis was 0%

• Overall toxicity was limited, BUT notable is the rate of rib fracture (7%)!

Jiminez et al, JCO 2019

Presenter Notes
Presentation Notes
The primary endpoint was rate of grade 3 or higher radiation pneumonitis and the reported rate was 0%

Overall the toxicity was limited, but notable and concerning was a much higher than expected rate of rib fracture. 7% in a generally pre or perimenopausal population, this is usually less than 1%. This is worth further study and the theory is the in the planning or underestimation of the high energy transfer of the bragg peak, stopping the beam at the chestwall / rib cage is delivering a much higher dose than anticipated, resulting in subsequent weaking of the ribs.



Presenter Notes
Presentation Notes
Completing my wrap up of the Radiation at San Antonio, a brief mention as we are talking about Protons was a randomized phase II trial of conventional vs hypofractionated postmastectomy PROTON radiotherapy.



Ph II Study: PMRT Dose with Protons
• 88 Patients, randomized

– PMRT with Protons
– 50 Gy /25 vs 40 Gy / 15

• 1^ Endpoint: 24 month complication rate of 15 fraction proton 
PMRT is acceptable (non-inferior) to 25 fractions

• Results: No significant difference in complication rates
– Non-inferiority could not be established; Sample size?

Mutter et al, SABCS 2022

Presenter Notes
Presentation Notes
It was a small study 88 patients were randomized. All were treated with proton therapy, and were randomized to conventional fractionated radiotherapy 50 Gy in 25 fractions (which is still standard of care for PMRT) versus moderately hypofractionated 40 Gy in 15 fractions PMRT. 
-- Must like the MGH study, very low doses to the heart and ipsilateral lung were achieved. 

Although no significant difference were seen in the complication rate, the primary endpoint, non-inferiority could not be established, which is likely a function of small sample size. 



ClinicalTrials.gov Identifier: NCT03414970

Ongoing Trials
• RadCOMP

– Ph III: Protons vs Photons
– Target accrual ~1300 pts (90% accrued)

• RT-CHARM (Alliance A221505)
– PMRT With Breast Reconstruction
– Ph III: Standard (25 fractions) vs Hypofractionation (16)
– Completed accrual 900 pts 

ClinicalTrials.gov Identifier: NCT02603341

Presenter Notes
Presentation Notes
Where are we going with all of this? 

The RadCOMP study open at many Proton Centers across the country is a phase III randomized clinical trial on the use of protons vs photons for treatment of breast cancer, the trial is accruing very well patients are very interested, the largest hindrance to enrollment is generally the cost and insurance approval / denial. 

RT-CHARM has completed accrual, as I mentioned very briefly in the postmastectomy setting conventional fractionation is still standard. We believe hypofractionation to be safe long-term for normal tissues based on data for intact-breast. What is not known is the impact of hypofractionation on breast reconstruction. This trial seeks to inform us on that. 



Conclusions

• Advances in Radiotherapy
– Dose / fractionation (Less!)
– Target (Partial Breast)
– Personalized Biomarker (POLAR)
– Technology (VMAT, Proton)

• Less Toxicity
– Improved Therapeutic Ratio!

Presenter Notes
Presentation Notes
My conclusions, we are making advances in radiotherapy for women with breast cancer. 
We talked about changes in dose fractionation which is trending to less and less. Not many women nowadays are receiving 5 weeks or more
Changes in the target with partial breast irradiation coming more online for women with low-risk early stage breast cancer
Biomarkers are coming as seen in the POLAR validation study 
We are exploring technology advances for our patients with breast cancer and trying to determine when to use them to reduce radiation to uninvolved surrounding normal tissues

The common thread through of this is to lower the toxicity of radiotherapy, and by doing so improve the therapeutic ratio for Breast Cancer patients



QuestionsThank you!
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