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Overview
� Role of radiation in Cancer therapy
� Forms and frequency of radiation therapy
� Cancer types that benefit from radiation
� Radiation therapy and the typical 8-5 work schedule 
� Covid-19 hit - what does that mean for radiation 

therapy treatment 
� How employers can support employees undergoing 

radiation therapy treatment





History
� 1895- Roentgen Discovers Xrays
� 1896- Becquerel discovers natural radioactive decay.
� 1896-Marie and Pierre Curie further characterize 

radioactive compounds
� 1896- First patient with Cancer treated by Grubbe
� 1952- First Linear accelerator used for treatment
� 1968- Leksell invents the first Radiosurgery device
� 1980- Proton therapy
� 1988- IMRT
� 2000s- IGRT













First patient to be treated on a 
Linear accelerator





• DNA damage is the result of 
direct    and indirect effects of 
radiation

• Damage / Gy of X-rays:

• 40 DSBs

• 150 DNA crosslinks
• 1,000 SSB

• 2,500 base damages

• SSB correlates poorly 
with lethality

•DSB most important lesion

From: Hall, “Radiobiology for the Radiologist”

Radiation Biology:  
How does it work?





Evolution of understanding of Dose
� Complications and negative side effects were discovered quick
� Stenbeck- Smaller doses of radiation over longer period of time 

was effective for skin cancer
� Bergonie and Tribondeau, 1906- Experiments with Rays and Rat 

testicles. Xrays are most effective on cells having-
a. A high proliferative rate
b. a long-life span with many divisions
c. Unspecialized
� 1920s animal sterilization experiments in Rams- splitting 

radiation in smaller fractions allows sterilization with minimal 
necrosis to the scrotum



Evolution of understanding of Dose
� Conventional fractionation- 1.8-2.0 Gy/d 5 times a 

week over 3-7 weeks
� Hyperfractionated radiation- conventional doses into 

smaller doses without change in overall treatment 
time. 0.5-2.0 Gy/fr with two fractions/day 2-5 times a 
week over 2-4 weeks

� Accelerated Hyperfractionation- 1.0-1.6 Gy/fr in 5 or 
more fr/wk

� Hypofractionation- Higher dose in fewer fractions. 8-
30 Gy in 1-5 fr



Tumor Control 
Probability

� Clonogenic tumor 
cell survival 
decreases with 
increasing radiation 
dosages in most 
tumor systems

� As clonogenic tumor 
cell survival 
decreases, the 
probability of tumor 
control increases



Comparison of Hypo Fractionation 
and Standard Fractionated RT



BEDGy = TD  (1 + dose fraction)

a/b(10)•2Gy x 10f = 20Gy total  dose = 24Gy

3Gy x 10f = 30Gy total  dose = 39Gy

•7Gy x   3f = 21Gy total dose =  36Gy
(50% “more effective dose” which can translate 
into approx. 3 logs of additional cell killing)

15Gy x  2f = 30Gy total dose = 75Gy   
(92% “more effective dose” which can translate 
into approx. 5 logs of additional cell killing)

Radiobiological Effective 
Dose (BED)





And some benign tumors….



Why is it difficult?
� Organs at risk in the field with 

tolerance below prescription dose



Linac Based Systems

� Use of Linacs with the 
conventional beam and 
addition of a Micromini
leaf MLC to conform the 
shape of the target

� Additional devices for 
immobilization( with or 
without frame), 
imaging, target 
localization and 
accurate treatment 
delivery



SBRT patient set-up
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• Real time Fluoroscopy (Simulator, OBI, C-arm) 

• Acquire 4D CT scan (CT Sim)

• Assess the tumor motion 

• Motion control 

• Abdominal compression, gating, breath hold, tracking

Motion Management



� Small fields shaped by 
precisely machined 
circular cone inserts 
(diverging)

� Linear accelerator circles 
around target while 
radiation is being 
delivered

� Multiple non-coplanar 
arcs

Standard Beam Shaping
Circular Cones



PT
V

Critical 
Organ

3.0mm4.5mm 4.5mm

Intensity Modulated Radiosurgery
Micro Multileaf Collimator

Courtesy Kamil M Yenice, Ph.D



Micro MLC SRS



Helical SRS
TomoTherapy HiArt System

� IMRT delivered through continuous 360o 

rotations
� Uses binary multileaf collimator

� Patient couch moves continuously during 
treatment session

� Megavoltage CT capability



CyberKnife
Robotic Arm Mounted Accelerator

Synchrony™
camera  

Treatment couch

Synchrony™
camera  

Treatment couch

Linear
accelerator

Manipulator

Image
detectors

X-ray sources

Robotic Delivery System



Fiducial placement



Target Delineation



PET fusion

iliac 
lymph 
node

Sim CT CT –
PET/CT

PET -
PET/CT



MRI fusion



Respiratory Gating

Breathing monitor

Control workstation

On/off

Treatment machine

§ Infrared 
illuminator / CCD 
camera

§ Reflective 
external marker 
placed on 
abdomen or chest

§ Workstation to 
process signals & 
generate trigger 
(CT) or gate beam 



Image Guided 
Radiation Therapy

The patient is positioned on the table and image-
guidance is used to fine-tune the setup, online, before 
treatment begins.

•Option 1: Radiographs with radiopaque 
markers 

•Option 2: Cone Beam CT with soft-tissue 
anatomy



Techniques of radiation therapy-2D



Techniques of radiation therapy-3D



Intensity Modulated radiation 
therapy( IMRT)



Comparison of Dose Volume 
Histograms

3D Conformal 
Radiation

IMRT
Bladder
Rectum
Gross tumor volume
Planning tumor volume
Small bowel
Spinal cord
Left Kidney
Right 

Kidney





Radiosurgery/ Stereotactic Body Radiation 
Therapy (SBRT) / Stereotactic Body Ablative 
Radiotherapy( SABR)



Conventional radiotherapy Vs. 
Stereotactic radiation

� Conventional Radiotherapy:
� Exploits differences in radiation responses of 

normal tissue and the tumor tissue to effect 
eradication of tumor without unduly damaging 
normal tissue

� Fractionated therapeutic programs over few weeks

� Stereotactic Radiosurgery:
� Exploits differences in dose distribution to destroy 

effectively the tumor while sparing normal tissue
� Single fraction to a maximum of five fractions 

therapeutic regimens



Stereotactic Radiosurgery Vs. 
Stereotactic radiotherapy

Radiosurgery

� Single treatment

� Usually used for 
intracranial / intra-
spinal tumors with 
achievable dose 
distribution to spare 
close organs at risk

� Invasive (frame) 
immobilization

Stereotactic radiation

� Fractionated

� Used for small and well 
circumscribed tumors 
where fractionation is 
preferred and critical 
structures are close

� Requires target motion 
management 



Stereotactic Radiosurgery Vs. 
Stereotactic radiotherapy

Radiosurgery

� Single treatment

� Usually used for 
intracranial / intra-
spinal tumors with 
achievable dose 
distribution to spare 
close organs at risk

� Invasive (frame) 
immobilization

Stereotactic radiation

� Fractionated

� Used for small and well 
circumscribed tumors 
where fractionation is 
preferred and critical 
structures are close

� Requires target motion 
management 



Brachytherapy
� Low dose Rate brachytherapy

Radioactive seed implant

� High dose rate
After loading catheters with a remote radioactive 

source Ir-192.
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Brachytherapy
Breast Cancer

Indication

• Boost after EBRT, or as monotherapy in early stage breast cancer (NSABP B39)

Type of Implant/technique

• Mammosite/ Savi

• Interstitial Implant

Radioactive source/regimen

• 34 Gy in 3.4 Gy fractions given twice daily via HDR Brachytherapy



Lung Mesh Implant
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Civa Sheet

http://www.civatechoncology.com/civasheet.htm



Esophageal Brachytherapy



Endobiliary HDR



What will they do to my patient?

Anal Canal HDR



Anorectal Brachytherapy



Prostate brachytherapy



Skin Cancer
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Unsealed Sources-
radioactive Iodine
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Xofigo-Rn223
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Peptide Receptor Radionuclide 
Therapy



Proton beam Therapy





Indications for Radiation 
therapy
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Brain tumors
Head and Neck cancers

Sarcoma
Skin Cancers

Lung cancer
Esophagus Cancer

Prostate CancerGynecologic 
Malignancies

Liver Cancer

Hepatobiliary Cancers

Gastric Cancer

Lymphoma

Colorectal Cancers
Anal Cancers

Pancreatic Cancer

Breast 
Cancer

Thyroid Cancer



Local control at 3 years 98.6%
3 yr OS 55%
Median OS 48.1 months 



Pre Treatment Fiducial markers on CT

Post Treatment CT Scan



Pre treatment 
PET  

Post treatment PET



Eaton Lambert Syndrome



Dosimetry



Post treatment imaging

Clinically, Able to walk 2 months after radiation.





Indications
� Prostate cancer- LDR,HDR,SBRT,EBRT

Low risk Prostate Cancer 
Intermediate risk prostate cancer-

with hormone therapy
High Risk Prostate cancer

� Renal cell carcinoma
Post op
Medically Inoperable
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Prostate HDR



84 year old with RCC



Lymphoma
� TLI
� Consolidative radiation
� Low grade lymphoma
� MALT- gastric





Low dose radiation



Sarcoma
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Breast Cancer
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Early Stage Breast cancer-
Conventional radiation 5-6 weeks, 5 days/wk
UK FAST trial- 1 day/wk for 5 weeks
Hypofractionated- 3-4 weeks
APBI- brachytherapy- twice daily 5 days
EBRT partial breast- twice daily 5 days
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Breast Cancer



Post radiation changes



Endoscopy- bleeding ulcer



Radiation Colitis



Bone metastasis
� 20 Gy in 5 fractions

� 4 Gy per fraction
� 30 Gy in 10 fractions

� 3 Gy per fraction
� 37.5 Gy in 15 fractions

� 2.5 Gy per fraction



Bone metastasis
� RTOG 9714
� Randomized Controlled trial compared 8 Gy in 1 

fraction vs 30 Gy in 10 fractions
� 898 patients with breast and prostate cancer metastasis

� Pain relief similar in both arms
� Acute toxicity higher in 10 fraction arm
� Retreatment higher in single fraction arm

� Hartsell WF. J Natl Cancer Inst.  2005 Jun 1;97(11):798-
804.
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What’s new?





Covid-19 Hit -What did it mean for 
Radiation Oncology
� Oncology care was considered essential during the 

pandemic
� Social distancing, appropriate protective practices, and 

prioritization of patient needs
� Oncology care is multidisciplinary- everyone needed 

to learn Zoom, remote meetings
� Telemedicine- evaluation and consents
� Pretreat testing
� Staff Protection- PPE/ Scrreening



Covid 19 prioritization
� Level 1 (Continue radiation) Patients already on treatment at that onset 

of the COVID-19 pandemic will continue unless they become COVID-
19 positive (COVID+)/person under investigation (PUI). Patients who 
convert to COVID+/PUI will be placed on a treatment break unless 
they meet other criteria for urgent treatment. This level allows 
treatment for emergency and urgent patients where alternative 
management to radiotherapy is not possible. 

� Level 2 (Short delay of radiation acceptable if needed) Routine 
situations requiring radiotherapy. Within each disease site, specific 
recommendations have been made. Patients should be contacted at 
frequent intervals to ensure they have not progressed to Level 1. 

� Level 3 (Hold radiation) It may be possible to delay these cases until 
the pandemic is over or omit radiation all together. These are patients 
with benign disease or patients amenable to other therapy first 
(systemic therapy, surgery, etc., when appropriate)



How employers can help employees during 
radiation treatment?
� Understanding which cancers need treatment
� What are the side effects of the different treatments?
� Help to select sites that are cost effective and outcomes 

based( not all radiation is equal)
� Understand the limitations during radiation treatment
� Support the work scheduling around radiation 

treatment
� Cancer as an emotional challenge



Oncology is a team sport!!!



Questions?




