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Outline

▪Scope of the re-irradiation challenge

▪How do we determine whether re-irradiation 
would be safe?

• Real-world example
• Data

‒Data on safe and unsafe re-irradiation
‒Understanding error bars



▪Re-irradiation used to be uncommon

▪As systemic therapy improves, patients are living 
longer

▪Challenges:  

• For our field: Determining (relatively) safe limits for re-
treatment

• For individuals: Applying these limits to clinical practice

Scope of the re-RT challenge



Case

▪73 year old patient with uveal 
melanoma s/p plaque in 2000

▪12/2017 treated with 3600 cGy in 12 
fractions to peripancreatic nodes and 
left adrenal metastasis.

▪He comes for a consult, bringing a 
new scan showing a new right adrenal 
metastasis.



What do you do?

▪Obtain his prior treatment plan (ideally full DICOM)

• Confirm that there is still dose allowed to nearby 
normal tissues

▪Simulation

• Think about whether positioning will increase 
separation between target and OAR(s)

• Think about whether restrictive motion management 
(e.g. SDX or ABC breath hold) may spare OARs



Review of prior plan

▪How close are the old and new 
targets?

▪What normal tissues will be re-
treated?

20 Gy

30 Gy

36 Gy

Prior GTV

New GTV



What will you examine in the old plan?

▪How much dose did the closest 
OARs receive before?

▪Are these the same OARs
which will be hit this time?

▪Are the same regions of those 
OARs going to be hit this time?

• include changes in relative 
geometry

Duodenum

GTV

Set planning limits to specific portions of OAR

SA-CME



New plan

▪How do you approach a 
composite?

▪Considerations:  

• Quality of image registration

• Physical vs biologic dose

• What were the IGRT 
instructions before?

Double check composite doses including new plan

SA-CME



Several factors which could compromise the 
accuracy of dose accumulation 

▪ Image registration is not good in the area of interest 

▪Dose calculation algorithms did not use density 
corrections

▪Plans have different fractionations which was not 
accounted for 

Take composite plans with a grain of salt.

SA-CME



How certain will you be about dose?

▪Uncertainty about current dose:

• Variability of overall patient setup
• Variability of breath holds
• Variability of relative geometry

▪Uncertainty about prior dose:

• Also uncertainty about specific voxels previously 
radiated

▪Uncertainty about dose limits

How you bias 

estimates will 

depend on clinical 

scenario



General Scenarios

▪75yof with prior RT for 
pancreatic cancer is 
hospitalized with GI 
bleeding due to tumor 
invasion

▪45 year old with metastatic 
colorectal cancer treated 
with SBRT to a solitary liver 
metastasis abutting the 
stomach 3 years ago has a 
new tumor, also abutting 
the stomach

Benefits outweigh the risk 

Benefits may outweigh the risk

-Estimate higher stomach dose 

to be on the safe side



Dose limits for re-irradiation:  What guidance exists?

▪Types of experiences:

• Single institution retrospective reviews 

• Multi-institution retrospective reviews

• Few prospective trials

▪Detailed dosimetry studies:

• Sparse

• Wide error bars



As of 2018, the most comprehensive table for re-RT

Das, et al. 

J Current Oncology 2018



How do we advance?

We need a concerted effort to assess where we are now and 
collect data to improve our understanding

SEMINARS IN RAD ONC SPECIAL ISSUE?

AAPM TASK GROUP?

ASTRO PRACTICE GUIDELINE?

RE-TREATMENT REGISTRY?



Progress!  Special issue of SRO July 2020

▪ Medical Physics Consult

▪ Head & Neck

▪ GBM

▪ NSCLC

▪ GI

▪ GU

▪ Liver

▪ Protons



What are the most critical organs at risk?

Serial Organs Toxicity

Spinal Cord Paralysis

Blood vessel (Carotid) Rupture and death

Brain Brain damage

Bowel Bowel bleeding/perforation

Parallel Organs

Lungs Fibrosis/shortness of breath

Liver Liver failure

Kidneys Kidney failure



Spinal Cord: Animal data

Rule of thumb:  50% recovery 

after 1 year

Caveat:  Follow up is limited



Spinal Cord: Human patient data

-5 pts with radiation myelopathy

compared with 14 patients without

-All myelopathy pts had 10+ Gy fx

Sahgal, et al. IJROBP 2012
*and the EQD2 does not exceed 70 Gy



Head and Neck

▪Re-RT for H&N cancer has a long history

▪Multiple society guidelines, even UpToDate chapter

▪Severe toxicities include:

• Carotid blowout (3% risk, 76% fatal)

• Osteonecrosis

• Dysphagia

• Fibrosis

7/21/202019



Head and Neck

IJROBP 2018

-8 institutions

-505 pts

-17% Grade 3+ late toxicity



Head and Neck
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-8 institutions

-505 pts
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Head and Neck

IJROBP 2018

-8 institutions

-505 pts

-17% Grade 3+ late toxicity

Demonstrates the power of collaboration



Randomized trial!

7/21/202023

Radiother Oncol 2018

Loco-regional recurrences 

were still the main cause 

of death in the majority of 

patients



Brain:  Prospective trial

livescience.com



Brain:  Prospective trial
▪ Closed early due to poor accrual

▪ 31 patients enrolled 

▪ Overall 43% late toxicity

▪ 3 patients with serious toxicity

• Radionecrosis at 6 months, 
resected

• Balance and fine motor 
impairment with associated 
white matter changes

• Edema requiring hospitalization



Clarke, et al IJROBP 2017

Patients: 15 pts 

Treatment: Dose escalation 

9-11 Gy x 3 fx

Toxicity:

Brain prospective trial



Practical guidance

Great start.  Need agreement and validation



GI structures

▪Re-irradiation increasingly being considered for recurrent 
pancreatic and liver tumors

▪With improved chemo, patients are living longer and thus 
could benefit form additional local therapy

▪However, this promise must be balanced against toxicity

• GI bleed

• Bowel obstruction

• Fistula

• Stenosis



Stomach/small bowel

Pancreatic.org
Patients: 23 pts who received 

prior chemoRT to 30-60Gy

Median followup: 28 months

Treatment: 25 Gy in 1 or 5 fx

to recurrence mostly head or 

tumor bed

Toxicity: Gastric ulcer/fistula 

in 4 pts, 3 treated with 25 Gyx 1



Stomach/small bowel

Patients: 30 pts who received 

prior abdominal RT to 30-60Gy

Median followup:  14 months

Treatment: avg 25 Gy in 3 fx to 

recurrence, bowel max = rx

Toxicity: 1 GI bleed, 2 bowel 

obstructions



Lung re-irradiation

▪Variety of clinical scenarios for lung re-RT

• Re-treatment of same site (local advanced NSCLC)

• First treatment of new site ([oligo]metastases)

▪Repeat lung RT must be balanced against toxicity

• Esophageal toxicity

• Aortic rupture

• Bronchial stenosis

• Pneumonitis/fibrosis



SBRT after fractionated lung RT: pneumonitis
Patients: 62 pts who received 

prior thoracic RT 

Prior RT: 63 Gy, 21 months 

earlier

Median followup: 16 months

Treatment: 50 Gy in 4 fx

Toxicity: Pneumonitis in 20%

2012



Chest wall pain
Patients: 33 pts who received 

prior thoracic RT 

Fractionated RT: 66 Gy, 18 month 

interval

Median followup: 17 months

Treatment: 50 Gy in 5 fx

Toxicity: Chest wall pain in 20%

2012



Mortality 
Patients: 29 pts who received 

prior thoracic RT 

Prior RT: 15Gy x 2-3 , 14 months 

earlier

Median followup: 12 months

Treatment: 15Gy x 2-3 most 

common

Toxicity: 8 pts had grade 3-4 

tox, 3 pts (all central) died of 

massive bleeds at 6 weeks, 4 

mo, 11 mo



Aorta limits

Patients: 35 pts with NSCLC 

who received 2 courses of RT 

including the aorta

Prior RT: 30 months earlier

Median followup: 17 months

Treatment: 54-60 Gy, 28-30 Fx

Toxicity: 2 pts had died of 

massive bleeds, associated with 

dose to 1cc aorta (120 Gy)

Combined analysis would be helpful



Proton therapy for retreatment: still risky

Patients: 57 pts who received 

prior thoracic RT 

Prior RT: 19 months earlier

Median followup: 8 months

Treatment: 66.6 Gy

Toxicity: 40% Grade 3+ acute 

and late toxicity, higher with more 

central RT

Chao, et al. J Thorac Oncol 2017



Lung, bronchus, esophagus toxicity

6 deaths Days after 

RT

Bronchopulmonary 

hemorrhage

23

Sepsis 61

Anorexia 86

Pneumonitis 225

Pneumonitis and effusions 170

Tracheoesophageal fistula 211
Chao, et al. J Thorac Oncol 2017



Ho, et al. PRO 2018

IMPT

Is IMPT better or is this retrospective vs. prospective?



ACR Guidelines on Re-RT for NSCLC (in 
progress)

▪ Esophagus V60 < 40%, Dmax <100-110 Gy

▪ Lung V20 < 40% 

▪ Heart mean dose ALARA and V40 < 50%

▪ Aorta and Great Vessels Dmax < 120 Gy

▪ Trachea and proximal bronchial tree Dmax <110 Gy

▪ Spinal Cord Dmax < 57 Gy

▪ Brachial Plexus Dmax <85 Gy

7/21/2020
**In 2 Gy fractions39



Summary

▪Re-irradiation is increasingly common in everyday 
practice

▪Data on safety of re-irradiation is sparse

▪Must consider error bars and clinical scenario 

▪Must develop standard workflows

• Improved efficiency:  not re-inventing the wheel each time

• Improved safety:  not developing dose limits in a rush



Work to be done

▪Must comprehensively collect and analyze data 
to improve our understanding

▪Must devise easily consumable and actionable 
guidelines

▪Must continue the feedback loop to refine our 
knowledge and guidelines



Whew!  We’re done!  Thanks for hanging around!

Graduation, 2020 style

No ziplining  at 

Whistler after 

AAPM this time!


