Advanced Oncology
Certified Nurse
Practitioner

REVIEW COURSE 2024 S Andereon

CancerCenter
OCtﬂher 10'12, 2024 | H[IllStDll, Tx Making Cancer History’



vARTAN
AOCNP Review: I
Radiation Oncology

Cheryl Pfennig
MSN, RN, NP-C, AOCNP

Department of Gl
Radiation Oncology

MD Anderson Cancer
Center



What is radiation therapy

* High energy X-rays

 Damages DNA of all cells

* Healthy cells can repair, tumor cannot
* Focused target

* Dose constraints to healthy tissue



Presenter Notes
Presentation Notes
What is radiation therapy

One of the older treatment modalities, Has been used for over a century

Basically: High energy or xray beams focused with image guidance to a target. Often that target is tumor, or high risk anatomy such as a surgical bed or prophylactic cranial radiation with small cell lung cancer

Radiation beams can be shaped to match the target with varying intensities (also called intensity modulated RT). This allows the radiation to be delivered to the target at the correct dose while carefully calculating and avoiding as best we can radiation to structures outside of the target minimizing injury to healthy tissue. 

The specific target of radiation is the dna of cancer cells. The high energy xray beams cause breaks in the dna of ALL cells. In cancer cells, our goal is apoptosis and cell necrosis of those cancer cells. Normal cells are better able to repair themselves. Tumor cells when they become malignant lose the mechanism to repair.

Healthy tissues have dose constraints. These are industry wide accepted dose limits or constraints based on years of evidence. These constraints help drive maximum dose that can be delivered to the target safely. QANTEC quantitative analyses of normal tissue effects in the clinic

Improves treatment efficacy by allowing dose escalation without toxicity  which ultimately improves QOL

Part of why radiation may be fractionated or spread over multiple doses is it gives normal cells a chance to repair themselves and minimizes dose to healthy tissue while allowing safe dose escalation.

In radiation we call doses fractions, fractionate the total dose  



Treatment
planning

e Define the treatment
target

 Simulation
* Immobilization

* Imaging delineated target
volumes, dose and
schedule

e Conformal—when volumes
are defined on CT


Presenter Notes
Presentation Notes
We have to define the treatment target with precise anatomic location. In some cases this is easier or more obvious than others. At times this is based on anatomical landmarks or post surgical tumor beds. For diseases like pancreas it sometimes requires triphasic contrasted CT or MRI to visualize the tumor.  There are times we are called in to radiate the site of a previously visualized tumor liver metastasis that has resolved with chemotherapy for example, without visualization or a specific target it is hard to treat safely or know where the tumor was. There are times also when the target is hard to visualized we will have IR place fiducials 

When we have an identifiable target we set up a simulation which is a planning session for radiation. We literally simulate a dose of radiation, placing them in the position they will need to be in to receive radiation daily. 

With multiple fractions, the position needs to be reproducible. How we do this is uses devices to immobilize with vacu cradle, masks, markings on skin and pictures to reproduce set up

A fundamental concept in radiation oncology is considering risk benefit approach to treatment planning or more specifically acceptable risk level or probability of radiation induced sequelae in healthy tissues vs. expected tumor control. The more we minimize dose to healthy tissue, the more favorable the “therapeutic ratio” of risk to benefit.

Fractionation or dividing doses into more smaller individual doses vs. fewer high dose treatments can allow for healing and tissue repair to more sensitive healthy tissues. Healthy tissues major factor in fractionation

Conformal therapy is a term for conforming the radiation dose to the target volume minimizing the radiation dose to the normal tissues, usually with image guidance which reduces toxicity






Presenter Notes
Presentation Notes
Example of immobilizing mask used for head and neck treatments


'vpes of Radiation
‘herapy

External beam (EBRT)

IMRT

IGRT

Brachy

|ORT

Stereotactic radiosurgery SRS
Stereotactic body radiation SBRT
TBI

Proton

Electron


Presenter Notes
Presentation Notes
The most common radiation therapy modality is megavoltage photon therapy which involves high-energy radiation produced by a linear accelerator 

Also used: Proton therapy, uses positively charged particles, thought to penetrate deep and minimize damage to other tissues
Protons reach the target area they deliver their energy to that specific depth resulting in no further radiation exposure

Intraoperative, concurrent with systemic or brachy


PHILIPS

Who do we use it
on

e Radiosensitive—can be treated
with relatively low doses

* Lymphoma
 Head & neck
e Cervical
* Radioresistant require much
higher doses
* Melanoma
* Sarcoma
e Renal cell



Presenter Notes
Presentation Notes
Different tumors have different sensitivities to radiation and require different doses

Highly sensitive: lymphoma, can be treated with relatively low doses, seminomas, most head and neck cancers

Melanoma sarcoma however are pretty radioresistant and require much higher dose for eradication
Renal cell, thyroid also radioresistent

Normal tissues have different tolerances/sensitivities to radiation



How and when?

* Definitive/ablative

* Neoadjuvant

e Adjuvant

* Palliative

* Oligometastatic disease
* Prophylaxis: PCI

* Emergent

* Intraoperatively

* Brachytherapy
Reirradiation


Presenter Notes
Presentation Notes
Radiation has many uses or treatment goals and thus timing on when it is used. 

We will use radiation definitively for tumors that are treated completely with radiation (squamous cell carcinoma) or tumors that are otherwise unresectable (vascular involved pancreatic cancer). Often these will be to a higher dose

Radiation is used preoperatively to help with surgical margins and local control. Examples of this include rectal cancer and at MDACC pancreas and gastric cancers

Radiation is offered postoperatively for local control in cases like breast or sometimes when a surgical resection results in positive margin

Palliative is symptom relieving

In certain cancers with oligometastatic disease, local consolidative therapy with radiation improves progression free survival, NSCLC, pancreas

Prophylaxis: in SCLC prophylactic cranial irradiation has demonstrated incidence of brain mets (impact on overall survival?)

Emergent: GI bleed, spinal cord compression, symptomatic brain mets

IORT—single fraction radiation delivered intraoperatively

Brachytherapy—radiation source that is in or near target to deliver a precise dose

Reirradiation rare but possible in very select circumstances, ie operable recurrent rectal, special cases, palliative, preop and prior fields evaluated. If no access to prior records, not doable


EBRT/IMRT/IGRT

* External beam (EBRT)

* Most common radiation delivery
techniques

* Surface anatomy markers to infer b
internal anatomy in conjunction with i
immobilzatino device, not great for
mobile internal targets

e Kvimaging—nbuilt in xray on
treatment machine

. Cone beam, CT on rails MR



Presenter Notes
Presentation Notes
External beam, source is external to the body. “you will not be radioactive” It is the most common radiation delivery technique. 

This has been improved over the history of radiation with the use of intensity modulated radiation therapy IMRT and image guided radiation therapy IGRT

Basically: EBRT involves targeted radiation delivered via beams from a linear accelerator, therapists use surface markers and immobilization device placed at sim to infer internal structures

IMRT is a special form of EBRT involving many small radiation beams with different intensities entering the body at a focused target from several different angles. 
IMRT intensity modulated radiation is an advanced form of 3D radiation that changes the intensity of radiation in different parts of a single beam

The dose variation enables IMRT to simultaneously treat multiple areas within the target to different dose levels which has been shown to be associated with less toxicity in the short term

***IMRT results in a larger volume of normal tissue receiving lower doses of radiation compared with older techniques. important in children and other patients with a prolonged anticipated survival, where a even low-dose volume may result in a higher incidence of secondary malignancies, developmental issues 

IGRT--Real-time imaging of the treatment target and normal organs during each treatment allows for minimization of such additional margins and the reduction of irradiated volumes, as it decreases the chance of missing a target. 
�“CT on rails” and now MR linac  various methods for real-time imaging and treatment
Helps adjust for uncertainty such as imprecision in patient position (bowel/gas/bladder/constipation) or inherent organ motion (free breathing)


Brachytherapy

* Radioactive sources are place in
or near the target giving ablative
doses while sparing adjacent
uninvolved structures

* Prostate
e Cervical
* Breast

e Rectal?
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Prostate, gyn, breast future with endo-rectal brachytherapy—endorectal applicator, used in UK, being studied in US pending FDA approval

Brachytherapy treatment where radiation source is placed inside of or adjacent to the cancer with use of radioactive seeds in prostate, tandem and ovoid in cervical cancer, accelerated partial breast used in select hormone positive early stage breast cancers (SAVI catheter) to surgical cavity instead of whole breast with an intracavity catheter implanted at time of lumpectomy




Stereotactic
radiosurgery (SRS)

* SRS uses multiple means to give
high doses while sparing normal
tissue

* Gamma knife, Cyberknife
* Very good local control rates

* Image localization of structures
using mechanical frame


Presenter Notes
Presentation Notes
Delivers the full dose in one or less than 5 treatments to the brain
SRS—typically single fraction
Referred to many ways, similar treatment with slightly differing modalities, Gamma knife, cyberknife (robotic mobile linac)
Used on brain metastases
Stereotactic techniques administer the full calculated dose of radiation in one or a very limited number of treatments “fractions”
Used with high resolution image guidance to accurately distinguish tumor from normal structures
Critical brain structures may limit ability to get SRS


Stereotactic Body Radiation
Therapy
(SBRT)

“stereotactic ablative radiotherapy”

SRS technology in extracranial sites

Typically greater than 5Gy per fraction

Usually less than 5 fractions

unique radiobio considerations cause dramatic tumor
response


Presenter Notes
Presentation Notes
Like SRS, delivers the full dose in one or less than 5 treatments, uses with high resolution image guidance to accurately distinguish tumor from normal structures but SBRT is extracranial or “body”

Clinical efficacy in brain, liver, lungs, prostate
Do not have biologic advantages of fractionation so high res imaging, imobilization and reproducible position are critical

CT on rails, MR linac

Tumor motion control: 
--abdominal compression, breath hold, respiratory gating  uses a camera or abdominal marker to track the cycle and delivers radiation when only in a specific cycle of breathing; tumor tracking
Respiratory gating used for more than just SBRT

Be mindful of timing of systemic therapy, never used with concurrent chemo



Palliative

QOL over OS
Pain

Bleeding tumor



Presenter Notes
Presentation Notes
Palliative is symptom relieving, usually providing pain relief in bony metastases for example but can be other sites. It does not always lead to pain relief and often the doses are not definitive treatment doses but palliative or lower with life expectancy in mind

Most commonly bone mets, tumor nerve compression, bleeding tumor requiring frequent transfusion
Short course of radiation that alleviates symptoms without benefit to OS, but potential improvement of QOL
Pain with pancreas cancer and celiac nerve, bony mets
Bone met side effect is pain flare and may require steroids



|IORT

* Intraoperatively
e Single fraction
* Decision made intraoperatively

e Sites of high risk of recurrence,
local control, close or involved
margins



Presenter Notes
Presentation Notes
single fraction radiation delivered intraoperatively, allows exclusion of all or part of the dose limiting sensitive structures by mobilizing or blocking intraoperatively. Often used in recurrent rectal adenocarcinoma. Decision made intraoperatively based on surgeon assessment of tumor/tumor bed as well as intraoperative frozen section. IORT used for areas with high risk of recurrent disease, positive margins, not usually used alone, often follows preop EBRT




Superficial/electron

» Used for superficial targets, skin
involvement

* Mucoses fungoides

Basal cell carcinoma

* Better organ sparing


Presenter Notes
Presentation Notes
Electrons are often used for superficial targets such as the skin and breast, where the goal is to minimize radiation to deeper tissues and organs. Clinicians exploit the advantages of electrons over photons when internal organs are not in the treatment target and better organ sparing can be achieved with this treatment modality. Often photons and electrons can be carefully mixed to deliver the best possible tumor and normal tissue dose distribution.


Total Body Irradiation
(TBI)

* Preparation for stem cell transplant with
leukemias and lymphomas

* Eradicates tumor cells

* Immunosuppression to allow engraftment
* (Can be advantageous over chemo

* Ability to penetrate disease sites despite blood
supply

"



Presenter Notes
Presentation Notes
Preparation for stem cell transplantation.

There are two main purposes of TBI: 
immunosuppression to allow engraftment of donor stem cells and 
eradication of malignant cells. 

TBI has several advantages over chemotherapy: ability to penetrate sanctuary sites regardless of blood supply, no cross-resistance with other agents.

SCT for leukemias and lymphomas is the most common


Proton

 Particle therapy
e Special form of EBRT

 Reduces dose to normal tissues
with dose penetrating to
variable dpeths

* More precise dose delivery in
some sites

* More research ongoing



Presenter Notes
Presentation Notes
Proton radiation reduces the dose to normal tissues by allowing for more precise dose delivery because of the unique physical properties of heavy particles. Protons penetrate tissue to a variable depth, depending upon their energy, and then deposit that energy in the tissue in a sharp peak. Rapid dose drop off.

Rapid dose falloff in hteory at a depth that can be controlled by the energy of the protons which would allow for decreased radiation to adjoining normal tissue.

Useful in pediatrics like DIPG, skull base, uveal melanoma, sometimes prostate, challenging and ? effective in luminal structures like bowel

Trials ongoing with breast, esophageal, glioblastoma, NSCLC—however data so far shows proton is NOT clinically superior to photon, ongoing trials


Concurrent Chemotherapy

* Synergistic with radiation

* Gemcitabine
 Cisplatin

* Bleomycin

* 5-FU/capecitabine
e Bevacizumab

* Mitomycin

e Cetuximab

* Decarbazine

e Associated with earlier toxicities
e Not used with stereotactic
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Presentation Notes
Concurrent systemic therapy — higher risk of toxicities such as early and long term marrow suppression

Mindful of concurrent or recent therapies
SBRT too high of dose for concurrent systemic



Involved team

* Radiation oncologists
e Physicists

* Dosimetrists

* Therapists

* Nurses

 APRN

e SW

* Consult services
* Nutrition
* Gynecology/fertility
* Urology
* Dental
Body image counseling

[ TT——
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Collaborative team of physician, physics and dosimetry
QA of each radiation plan before treatment
Nurses teaching and assessing symptoms
Social work—helpful for housing resources over prolonged radiation treatments
Consult services necessary pending site radiated


APN role

e Patient selection
e Education

* Set expectations
* Benefits vs. potential risks
* Consent .

* Manage side effects

* Referrals 4

* Long term follow up ; i . U
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APN role Pre treatment education, during treatment symptom management

Is this appropriate  consult
Explain how radiation is used in this disease
We expect what outcome
What is the cost/benefits of doing this, we might get what outcome at what cost
If agreeable, informed consent
Side effect management and refer as needed short term and long term, supportive care, psychosocial counseling, fatigue management, gynecology, urology, nutrition to name a few



Consult to completion

Clinical evaluation
Establish reatment goals
Risks vs. benefits
Informed consent
Patient education
Simulation

Treatment planning
Physics

Quality assurance

Beam on

Weekly see

Treatment summary
Follow up



Presenter Notes
Presentation Notes
Is this patient appropriate (tumor in a place that can be safely treated)? Do we have a tissue diagnosis? Do they have something amenable to radiation without contraindications (no connective tissue diseases or prior radiation in the same site)
What does the patient want? Maximum treatment? Palliation? Time and resources (ability to stay in Houston for 6 weeks)
What can we do (radiate pelvis), what do we hope to achieve with this (CCR), what is possible (bowel changes, sexual dysfunction)



Side effects and
Adverse reactions

* Acute, subacute or late

» Side effects are site specific

e Can be worse with chemo

* Treatment breaks contraindicated
e Symptom management

Response to therapy



Presenter Notes
Presentation Notes
As general rule tissues swell during radiation  leading to acute side effects related to the swelling or edema in the tissue area

Long term sequelae are related to formation of scar tissue and are related to the organs and tissues exposed to radiation dose

When symptoms get bad its really contraindicated to stop therapy as it reduces the bioeffective dose received

When tissue responds it can cause worsening of symptoms despite effeictive treamtnet


Short term side effects >

e Radiation causes inflammation in the U
treatment field causing acute side side
effects related to swelling in the tissue
area

* Fatigue


Presenter Notes
Presentation Notes
Short term side effects are mostly isolated to the area being radiated. 
ieDiarrhea and cramping with pelvic radiation
Dysphagia with head and neck
Dysuria mimicking UTI with pelvic radiations
Fatigue, dermatitis are very common
Fatigue/malaise, sometimes nausea are outside of radiation field


Long term side effects

* Long term sequelae are related
to formation of scar tissue and
are related to the organs and
tissues exposed to radiation
dose


Presenter Notes
Presentation Notes
Radiation-induced fibrosis can develop as a late effect in skin, lungs, GI, GU, muscles, and other organs, dependant on treatment site. Radiation-induced fibrosis may cause both cosmetic and functional impairment, which can lead to significant deterioration in quality of life or even death

Fibrosis is influenced by multiple factors, radiation dose and fractionation schedule, previous or concurrent treatments, genetic susceptibility, and comorbidities such as DM, autoimmune, connective tissue diseases. 

Higher the dose/larger volume treated, higher risk for fibrosis. Different tissues respond idfferently

Research for prevention of fibrosis focused on treatment technique, higher doses, more focused treatments and radioprotectant

Infertility (ovaries/testes very radiosensitive), 
Sexual dysfunction
cardiac 
second cancers
Skin short and long term
Hair loss
Urinary and bowel issues
Fatigue 
Osteonecrosis/insufficiency fractures/marrow suppression



Dermatitis

* One of the most common
radiation associated side effects

* Acute and chronic stages

e “Sun burn” chafing, blistering,
desquamation

* Fibrosis, scarring, discoloration,
retraction

* Hair loss in field
* Usually temporary


Presenter Notes
Presentation Notes
Aquaphor, hydrogels, Silvadene, antifungal, sitz baths, zinc oxide
Erythema—mild cleansers, moisturizing protectant
Dry desquamation—tepid water, protective cream, cool showers/baths, analgesics prn, fungal infection?
Moist desquamation—sitz bath, cleans, protective cream, wound hydrogel, analgesics 
�Assess for infection


Radiation specific special
considerations

e Radiosensitizers

* Devices: Pacemaker, glucose monitor, nerve
stimulator

 Connective tissue disorders: autoimmune

e Prior radiation

NPO, cardiac, breathing, tumor or anatomy
changes, tumor or normal tissue response



Presenter Notes
Presentation Notes
Histology
Anatomy/location of target

Timing—interactions with dosage of systemic therapy and SBRT 
Radiosensitizing medications or other therapies that may impact efficacy
Antioxidents protect cancer, stop high dose vit c

Connective tissue diseases — Patients with connective tissue diseases, such as UC scleroderma, RA, lupus have increased risk of toxicities. Not an absolute contraindication but significant consideration

Fistulas possible, Crohn’s worse risk for fistulas

Osteopenia/bone loss and bone fractures in field which may be attributed to RT, follow bone health, vit d

Checkpoint inhibitor toxicities such as colitis or pneumonitis can be brought on or worse (anecdotally)

DM increases complications in normal tissues because of impact on microvasculature/perfusion/tissue repair. 

Panc radiation can cause DM and exocrine dysfunction

DM—NPO, can hold breath? Weight loss and alignment, response to therapy and alignment


The Future in Radiation

e Shorter courses
* More precision: more effective, less toxic

* Abscopal effect: radiation could elicit
immune mediated antitumor responses

 Combination radiation and immunotherapy


Presenter Notes
Presentation Notes
MR linac
Highter doses with protective drugs
Radiation can ilicit immune mediated response stimulating innate and adaptive immune responses and allowing for rules for cell therapy and vaccines
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