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Objectives

* Describe how radiation therapy works, when it is used, and understand
the treatment planning and delivery processes.

» Understand current evidence-based strategies of integrating radiation
therapy into the care of patients with breast cancer.

* Recognize modern radiation therapy techniques that maximize the
therapeutic ratio by minimizing treatment-related toxicities.

Introduction

Radiation therapy is the use of various forms of radiation to
safely and effectively treat cancer and other diseases.

About two-thirds of all cancer patients will receive radiation
therapy as part of their treatment.

The first patient was treated with radiation therapy in 1896,
just two months after the discovery of the X-ray.

Rapid technological advances began in the early 1950s,
with the invention of the linear accelerator.

Planning and treatment delivery advances have enabled
radiation therapy to be more effective and precise, while
decreasing the severity of side effects.




How Does Radiation Therapy Work?

* Radiation therapy works by damaging the DNA
within cancer cells, destroying their ability to
reproduce and causing the cells to die.

* When the damaged cancer cells are destroyed
by radiation, the body naturally eliminates them.

* Normal cells can be affected by radiation, but
they can repair themselves in a way cancer
cells cannot.

When is Radiation Used?

. The best treatment plan for each patient is
frequently determined by a team of doctors,
including a radiation oncologist, a medical
oncologist, and a surgeon.

. Sometimes radiation therapy is the only
treatment a patient needs.

. Other times, it is combined with other
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Is Radiation Therapy Safe?

* New advances in technology and treatment delivery continue to make
radiation safe and effective.

» A team of medical professionals develop and review the treatment plan
for each patient to minimize side effects and ensure that the area
where the cancer is located is receiving the dose of radiation needed.

* The treatment plan and equipment are constantly reviewed to ensure
the proper treatment is being given.

Why Use Radiation Therapy?

* To cure cancer:
» Destroy tumors that have not spread to other body parts.
* Reduce the risk that cancer will return after surgery or chemotherapy.
» Shrink the cancer before surgery.

. For palliation (to reduce symptoms):

» Shrink tumors affecting quality of life, like a lung tumor that is causing shortness
of breath.

* Alleviate pain or neurologic symptoms by reducing the size of a tumor.




How is Radiation Therapy Delivered?

* Radiation therapy can be delivered either externally or internally.
» External beam radiation therapy typically delivers radiation using a linear accelerator.

« Internal radiation therapy, called brachytherapy, involves placing radioactive sources
into or near the tumor.

» The modern unit of radiation is the Gray (Gy)
* 1 Gy = 100 centigray (cGy)
* 1cGy=1rad

Types of External Radiation Therapy

« The type of equipment used will depend on the location, size, and type of cancer.

Th i i conformal radiation therapy (3D-CRT)
CT-based planning technique which generates 3D volumes of internal anatomy. Using multiple
shaped beams from different angles, a high-dose region is generated which encompasses the
target in 3D with considerable sparing of surrounding normal tissues.

Intensity-modulated radiation therapy (IMRT)
Energy fluence, and subsequent dose, varied across a radiation therapy treatment field.
The intersection of the nonuniform dose distributions from multiple treatment fields allows for a
higher degree of dose conformity around the intended target and increased normal structure
sparing as compared to conventional 3D-CRT.
Computer software used to develop a treatment plan based on prescription dose-volume
constraints of target and normal tissues defined by the user which produces optimal intensity
modulated profiles. The generated plans can account for convexity and concavity in target
volume, thus sparing normal tissue.

A multileaf collimator is used to shape the
radiation beam to match the tumor, sparing
surrounding healthy tissue

Enables dose escalation and/or reduction in toxicity




Types of External Radiation Therapy

Types of External Radiation Therapy

* Proton Beam Therapy
« A type of radiation therapy that uses protons (heavy charged
particles) rather than X-rays (photons) to treat certain types of cancer.

« Most commonly used in the treatment of pediatric, CNS, and
intraocular cancers.

. Stereotactic Body Radiotherapy or Stereotactic
Radiosurgery (e.g., Gamma Knife}
« A specialized form of radiation therapy that focuses high energy

radiation on a small area of the body. Despite its name, radiosurgery
is a treatment, not a surgical procedure.

« Radiosurgery generally implies a single high dose or just a few high
dose treatments.




Internal Radiation Therapy

» Radioactive material is placed into tumor or surrounding tissue.
» Also called brachytherapy.

» Radiation sources are placed close to the tumor so large doses can
damage the cancer cells.

* Allows minimal radiation exposure to normal tissue.
» Radioactive sources used are thin wires, ribbons, capsules or seeds.
* These can be either permanently or temporarily placed in the body

Permanent vs. Temporary Implants

Permanent implants release small amounts of radiation over a period
of several months

» Example: low-dose-rate prostate implants ("seeds")

* Patients receiving permanent implants may be minimally radioactive and should
temporarily avoid close contact with children or pregnant women.

Temporary implants are left in the body for several hours to several
days
 Patient may require hospitalization during the implant depending on the treatment site.

» Examples include low-dose-rate gynecologic implants and high-dose-rate prostate or
breast implants.




Radiopharmaceuticals

. Radiopharmaceuticals are radioactive
medications (radioisotopes) that are used
to diagnose or treat cancer.

. These medications can be delivered orally
(in pill form), intravenously (injected into a
patient's vein), or interstitially (inserted into
a cavity in the body).
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. Every radiopharmaceutical is designed to
travel to a different part of the body. Once
it has arrived at its destination, it will
release radioactive agents to destroy the
tumor cells.

Side Effects of Therapy

Most side effects begin during the second or
third week of treatment. Doctors, APPs, and
nurses may prescribe medications to help with
these side effects.

Side effects, like skin redness, are generally
limited to the area receiving radiation.

Fatigue is a common side effect for all cancer
patients.

Side effects vary based on apatient's medical profile or
Side effects may last for several weeks after diagnosis

the final day of treatment.




General Breast Cancer Treatment Paradigms

Ductal carcinoma in situ [DCIS] (Tis)

« BCS RT endocrine therapy for ER/PR+

« Adjuvant RT results in 50% relative reduction in LR (with approximately half of recurrences being invasive cancers).

+ Whole breast radiation therapy+/- boost to tumor bed.
« Conventionally fractionated: 45-50.4 Gy in 25-28 fractions+/- 10-16 Gy boost in 4-8 fractions.
* Hypofractionated: 40-42.5 Gy in 15-16 fractions+/- 10-16 Gy boost in 4-8 fractions.
Accelerated partial breast irradiation (APBI)
« Low/intermediate nuclear grade, screening-detected DCIS :s2.5 cm with negative margin widths of 23 mm.
« 30 Gy in 5 fractions with IMRT.
* 34 Gy in 10 fractions BID with Saloon/Interstitial Brachytherapy (e.g., SAVI).

» Consider mastectomy+ sentinel lymph node biopsy (SLNB) for multicentric disease, persistently positive
margins, large volume DCIS relative to breast size ~ endocrine therapy for ER/PR+

General Breast Cancer Treatment Paradigms

Ductal carcinoma in situ [DCIS] {Tis): Example
» 55 yo lady with a left-sided high grade DCIS s/p lumpectomy

« Technique: Adjuvant whole breast RT using opposed tangential fields (6 MV) followed by a boost
to the tumor bed using en face electrons. A "heart block" (multi-leaf collimators in the tangent
field) was used to further minimize cardiac dose.

» Dose: She received hypofractionation with 40.05 Gy in 15 fractions to the whole breast followed
by 10 Gy in 5 fractions boost to the tumor bed.




General Breast Cancer Treatment Paradigms

. Clinically lymph node negative invasive breast cancer (cT1-T3, NO)

*« BCS and SLNB  chemotherapy if high risk disease (e.g., TNBC/HER2+/0ncotype high
risk) RT  endocrine therapy if ER/PR+

NSABP B-06 showed that 20-year LR rates were reduced from 39% to 14% with the addition of RT.
The EBCTCG meta-analysis was the first study large enough to demonstrate that adjuvant WBI
improves survival. RT decreased 15-year risk of death from breast cancer from 31% to 26% for LN
patients and 55% to 48% for LN+.

The EBCTCG meta-analysis suggested a "4:1 ratio" - one breast cancer death was avoided by year 15
for every four local recurrences prevented by year 5 and for every four overall recurrences prevented by
year 10.

There has been no subgroup (age, grade, size, hormone status), which has not been shown to benefit
from RT.

General Breast Cancer Treatment Paradigms

Clinically lymph node negative invasive breast cancer (cT1-T3, NO)

+ BCS and SLNB chemotherapy if high risk disease (e.g., TNBC/HER2+/Oncotype highrisk) RT  endocrine therapy if ER/PR+
Whole breast radiation therapy+/- boost to tumor bed.
« Conventionally fractionated: 45-50.4 Gy in 25-28 fractions +/- 10-16 Gy boost in 4-8 fractions.
+ Hypofractionated: 40-42.5 Gy in 15-16 fractions +/-10-16 Gy boost in 4-8 fractions.
Accelerated partial breast irradiation (APBI)
+ IDC s2 cm (pT1) with negative margin widths of .:2 mm, no LVI, and ER-positive.
+ 30 Gy in 5 fractions with IMRT or 34 Gy in 10 fractions BID with Baloon/Interstitial (e.g., SAVI).
Omission of RT: ;;:70 years of age, pT1, ER-positive, negative margins, negative lymph nodes, who commit to 5 years of endocrine therapy.
Patients who decline adjuvant RT must be willing to accept a higher risk of IBTR and commit to taking endocrine therapy for at least 5 years.

Given the concern for low compliance rate of endocrine therapy, the ongoing EUROPA trial is examining PBI vs. endocrine therapy on quality of life and IBTR among
patients aged .::70 years following BCS

Mastectomy and SLNB chemotherapy if high risk disease endocrine therapy if ER/PR+

« If positive axillary lymph node found on SLNB, completion ALND is not necessary if characteristics similar to accrued patients on ACOSOG
20011 are met (T1/T2, <2 positive lymph nodes, WBI planned, no chemotherapy given, favorable biological subtype)  RT with inclusion
of undissected axilla at risk +/- regional nodal irradiation (RNI)

AC0S0GZ11 1BTR Nodal Recurrence | Lymphedema AMAROS os Axilary Recurrence | Lymphedema
BOS+ALND+RT  6.2% (104)  0.5% (10n) 13% BCS*ALND+RT  93% (5y)  043% (5n) 2%
BCS+SINB+RT  53% (1091 1.5% (101 2% BOS+SINB+RT  93% (5y1)  1.19% (591 14%

Consider neoadjuvant chemotherapy for downsizing larger tumors or in the setting of HER2+ disease and TNBC.
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General Breast Cancer Treatment Paradigms

. Clinically lymph node negative invasive breast cancer {cT1-T3, NO): Example

* 64 yo lady with a 1.5 cm ER+ right-sided IDC s/p lumpectomy and SLNB
» Technique: Adjuvant APBI using IMRT.

» Dose: She received 30 Gy in 5 fractions every other day to partial breast.

High definition, low leakage MLC

General Breast Cancer Treatment Paradigms

Clinically lymph node positive invasive breast cancer (cT1-T3, =::N1)

» US-guided biopsy of suspicious lymph node upfront with clip placement.
« Consider neoadjuvant chemotherapy, especially if TNBC or HER2+ disease.

* Neoadjuvant chemotherapy surgery

« Complete clinical staging, neoadjuvant chemotherapy (NAC) regimen, assess clinical/radiographic response.
. BCS vs. mastectomy

« ALND if clinically/radiographically positive nodes after NAC

« Can perform SLNB if upfront+ axillary LN(s) becomes clinically negative (exam and imaging). Must use dual tracer, >2 sentinel LNs
and remove upfront involved LN(s) with clip(s). Completion axillary dissection recommended if positive SLN.

RT in the setting of BCS

« Conventionally fractionated or hypofractionated whole breast RT+ RNI +/- boost

PMRT recommended if upfront T3 disease and/or involved LN (pre- or post-chemotherapy) and/or margin+

+ At least three randomized trials have demonstrated a survival benefit to PMRT for high-risk patients, particularly those with LN+
disease.

+ Conventionally fractionated or hypofractionated chest wall RT+ RNI +/- boost
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General Breast Cancer Treatment Paradigms

. Clinically lymph node positive invasive breast cancer {cT1-T3, N1)

» Upfront surgery
« Mastectomy+ ALND in clinically node positive
* SLNB can be performed if axillary LN biopsy at initial workup is negative and if low tumor burden (1 or 2 non-palpable LN
suspicious by imaging only). Completion ALND should be performed if SLNB is positive  chemotherapy if high risk
disease (e.g., TNBC, HER2+, Oncotype high risk) ~PMRT recommended if >T3 disease, LNs+, margins+.

« Conventionally fractionated or hypofractionated chest wall RT + RNI +/- boost
+ BCS + ALND
« SLNB can be performed if axillary LN biopsy at initial workup is negative and if low tumor burden (1 or 2 non-palpable LN

suspicious by imaging only). Completion ALND should be performed if ACOSOG Z0011 criteria are not met
chemotherapy if high risk disease RT

« Conventionally fractionated or hypofractionated whole breast RT+ RNI +/- boost

General Breast Cancer Treatment Paradigms

. Clinically lymph node positive invasive breast cancer {cT1-T3, N1): Example
» 51 yo lady with ER-/PR-/HER2+ multifocal invasive ductal carcinoma in the left breast and
PET+ level 1-2 and IMN nodes underwent neoadjuvant chemotherapy followed by
mastectomy with ALND showing complete response.
» Technique: A 3-field technique was used to cover high axillary and supraclavicular nodes.
Partially wide tangents were employed to treat IMNSs.

» Dose: She received 50 Gy in 25 fractions to the chest wall and regional nodes.
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General Breast Cancer Treatment Paradigms

Inflammatory Breast Cancer {cT4d)

* Chemotherapy response modified radical mastectomy PMRT
« Conventionally fractionated chest wall RT+ RNI + boost

* Chemotherapy no response  additional chemotherapy or RT

modified radical mastectomy
RT if not given pre-op

General Breast Cancer Treatment Paradigms

. Metastatic (Stage IV)

» Palliative systemic therapy including endocrine therapy +/- CDK4/6 inhibitors, targeted agents
(anti-HERZ2, etc.), chemotherapy, immunotherapy

» Anti-osteoporosis therapy if bone metastases present
» RT targeting symptomatic sites requiring palliation
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WHAT TO EXPECT

Referral
Consultation

Simulation

Treatment Process ;‘ ‘ -
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Referral

. A cancer is diagnosed.

. The diagnosing or referring physician
reviews potential treatment options with
patient.

. Treatment options may include radiation

therapy, surgery, chemotherapy, or a
combination.

It is important for apatients to ask their referring
physician about all possible treatment options available
tothem
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Consultation

» Radiation oncologist discusses the
radiation therapy treatment options with
patient.

* A treatment plan is developed.

e Care is coordinated with other members
of patient's oncology team.

Simulation

» A CT scan of the area of the body to be treated with
radiation. The CT images are reconstructed and used to
design the best and most precise treatment plan.

+ Patient is set up in treatment position on a dedicated CT
scanner.

» Immobilization devices may be created to ensure patient
comfort and daily reproducibility.

» Reference marks or "tattoos" may be placed on patient.

-
o |
s

» CT simulation images are often fused with other scans
such at MRI or PET scans to create a treatment plan.
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Treatment Planning

» The radiation oncologist works with the
medical physicists and dosimetrists to
create an individualized treatment plan
for the patient.

* The treatment is mapped out in detail
including the type of machine to be
used, the amount of radiation that is
needed, and the number of treatments
that will be given.

Treatment Process

« Each day the patient will check in at the cancer center for
treatment.

* They will then be verified as the correct patient and be set
up for their treatment.

* The radiation oncologist will monitor the treatments and
the patient will meet with them weekly to discuss their
treatment.

16



Treatment Process

for radiation|

. Duration: 15.45
minutes

. The firt treatment
is usually the longest

. Youwll visit your
nurse and doctor weekly
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There is 2 2-3 week defay in feefing
effects.

I soeesrects
Tell your nurse and doctor i you see
changesin your skin or in your overall
health. They will give you insirucions.
on skin care.

may receive extra targeted radiation
reatments called a 'boost"Another
planning session may be needed before.
these treatments.

Stoying otive i mportant o heoling.

Follow Up

. History and physical examinations
(clinic visits)

. Labs

. Imaging studies

Radiation's offects aro FOLLOW UP
body 46 weeks after her last
treatment, the doctor
checks Beths sids effects

still at work in your

Side effects (skin
iritation, tendemess, fatigue) begin to subside
23 weeks after treatment

Changes ta her skin havo

Contact the dinic if your become less noficable.

side effects worsen

CONTINUING CARE

Doctors continue to monitor Both long term. They watch for any side of
Beth continues to have mammograms. Sho exercises to maintain her wellbeing and hoalth
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Skinirritation,
redness, peeling

Muscle
9 tightening Shortness of |
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itchiness, pain, N

tenderness uSore
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Questions?

Gabriel Axelrud, MD

Medical Director, Radiation Oncology
Chairman, Cancer Committee
Joe Arrington Cancer Research & Treatment Center, Covenant Health
Co-Chairman, Radiation Oncology Clinical Specialty Committee
Cancer & Digestive Health Institute, Providence
4101 2279 Place, Lubbock, Texas 79410
Gabriel. Axelrud@stjoe.org It: 806-725-8000 If: 806-723-6038
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