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A Case To Start Off 
53 year-old woman underwent resection of a primary salivary gland lymphoepithelial-
like carcinoma of the left parotid.

Pathology: T2N2b, positive margins, 10/33 nodes positive. 

Received adjuvant RT, 64 Gy in 30 fractions, completed March 2022

Lowest slice of plan 
(arms down with shell)



A Case To Start Off 
March 2024, new stage III NSCLC left lower lobe (new primary) with high neck 
nodes.

Dilemma: Trachea, esophagus, and plexus in this area received ~52 Gy in 30 
fractions (EQD2 of 49 Gy). Giving another 60 Gy will exceed tolerance.

Do you forgive any dose to try for a curative-intent treatment?



The Re-Irradiation Tightrope

Dose Too High
Injury to normal structures
Can lead to morbidity and 

mortality

Dose Too Low
Local recurrence

Can lead to morbidity 
and mortality

A cancer that is 
uncontrolled because of 

undertreatment is a 
serious toxicity 

What is an acceptable toxicity risk?



Our Talk Today
• Overview of Re-Irradiation Patterns of Practice

• Review of Recent Guidelines and Approaches

• Our REPAIR trial

• How can MROQC Improve the Field?



The evolving role of reirradiation
• Growing interest in reirradiation, made feasible by technology

• Practice goes back to the 1920s!

• ESTRO-EORTC E2RADIatE platform

• ReCare cohort

• Patterns of practice



What do you treat with reirradiation?

brain H&N pelvis thorax breast abdomen

77% 63% 64% 60% 50% 39%

How do we improve access?

How can we improve care?



Toward consensus



Definitions



Select consensus statements
2 For patients with short life expectancy, reirradiation for symptom control 

might be considered without concerns for irreversible toxicity despite 
excessive cumulative doses

17 Prioritization of target volumes and the dose to organs at risk should be 
guided by the patient’s life expectancy, risk acceptance, and the general 
treatment goal

12 If high-dose reirradiation is considered, access to full information on 
previous treatments, including imaging, treatment plans, and dose 
distributions is strongly recommended for assessing cumulative dose 
summation



Site-specific guidance 
GLIOBLASTOMA – systematic review & evidence-based clinical practice guideline

NASOPHARYNGEAL CACINOMA – international recommendations using IMRT

NSCLC – international expert survey on indications and practice 

BREAST – practical guidelines from DEGRO from German expert panel

PELVIS – international Delphi consensus for using SBRT

PROSTATE – ASTRO ACROP Delphi consensus for prostate SBRT



What do they agree on?

Reirradiation is safe and generally well tolerated

More data is needed to reach consensus on the details
• Mostly small, retrospective, single institution studies

• Lacking details on dosimetry



How do we implement best practice?

TEAM PROCESS STANDARDIZE UPDATEREVIEW

1 2 43 5

Dose summation

Dose limits

Recovery

Review and improve

New literature

Multidisciplinary 
leadership

All stakeholders

Define roles

Peer review

Quality assurance

Policy & Procedures

Communication and 
information transfer



Improving process
identify reirradiation cases early
• to support record collection
• to facilitate time for planning and peer review
• to inform simulation possibilities

efficiencies offering impact
• consider feasibility analysis
• mitigate iterative/futile planning 

PROCESS

2

plan



Dose summation guidance
11 When assessing the risk for toxicity from cumulative doses, 

maximum doses need to be considered for serial organs (eg, the spinal cord), 
whereas the irradiated volume is relevant for parallel organs (eg, the lung or liver)

16 Biologically effective doses (eg, EQD2 or BED) should be calculated when 
doing dose summations of treatment plans, especially when different doses are 
used per fraction

STANDARDIZE
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Dose summation methodologies

increasing complexity

+
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Dose summation methodologies

increasing complexity

+ =
point sum

Cord
Dmax= 21.2 Gy

Cord
Dmax= 13.1 Gy

Cord
Dmax= 48.2 EQD2

STANDARDIZE
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Point sum process

+ =
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Dose summation methodologies

increasing complexity

registration

+ =
point sum
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Registration process
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What can the normal tissues tolerate?
• We don’t know this…yet!

• Exacerbated with conversion to equieffective dose

• Example: SABR conversions of bronchus

UK 2022 Consensus 38 Gy in 5 fx 80 EQD2
SABR-COMET10 40 Gy in 5 fx 88 EQD2

SUNSET 66 Gy in 15 fx 97 EQD2
SUNSET 64 Gy in 8 fx 140 EQD2

STANDARDIZE
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What dose constraints to use? 

D0.5cc < 70 EQD2 (no recovery)

D0.5cc < 90 EQD2 (assumes some recovery)

55% agreement

41% agreement

participants considered the constraint 
too high or too low

STANDARDIZE
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Can the previous dose be discounted?
• May be reported as higher constraint or as a recovery factor

• Evidence for recovery in spinal cord 

• Nieder et al: If >6 months, 120 BED to cord is safe (⍺/β=2)

• QUANTEC: tolerance increases at least 25% after 6 months

• Doi et al: MRI-defined cord, if >6 months, D0.1cc = 76 EQD2 

• For most other organs, recovery is unknown but commonly used

Nieder et al. (2005) IJROBP Nieder et al. (2006) IJROBP

Kirkpatrick et al. (2010) IJROBP Doi et al. (2021) Strahlenther Onkol

STANDARDIZE
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The REPAIR trial
• Goal: Identify the magnitude of radiation injury recovery in the thorax 

to enable safe reirradiation, balancing toxicity and tumor control

• Pragmatic approach that can be a starting point for future trials

• Start with some amount of “forgiveness” (e.g. 10% / year), then 
escalate/de-escalate that forgiveness based on toxicity



Phase I Design Options
• Old School: 3+3 design

• Enroll 3 patients, wait for some time for toxicity, then decide whether to 
de-escalate

• Doesn’t work for long observation periods

• A Better Approach: TiTE-CRM
• Uses toxicity outcomes from previously enrolled patients, weighted by 

length of follow-up, to assign a dose level
• SUNSET trial, RTOG 0813



TiTE-CRM: An Example
Patients

Time

t

t

t

RTOG 0813 (SBRT for central tumors)

Things to decide: 
• Allowable toxicity rate (<35% G3-5) 
• Follow-up period for the model to count toxicity (1 year)
• Total follow-up before you escalate (2 years)



What should the recovery curves look like?

Main Considerations
• Academic vs. pragmatic approach – keep it simple
• Dose levels need to be distinct



Our Approach: Very Simple
• Include an initial starting percentage of repair at 6 

months after previous RT (we call it a “cliff”)

• Beyond 6 months, add another small percentage 
per month

• No further repair after 5 years for this trial

• Same amount of forgiveness to all intrathoracic 
OARs

• Spinal cord not being escalated – fixed at 20% 
beyond 6 months

Time since RT
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Examples of Possible Levels
Conservative 
10% at 6 months, 0.5% per month thereafter

• Works out to 25% at 3 years and 37% at 5 years 

Very Aggressive
25% at 6 months, 1.4% per month thereafter

• Works out to 67% at 3 years and 100% at 5 years 



REPAIR Dose Levels
Level 6m +Rate/month

-1 3% 0.50%

0 10% 0.50%

1 10% 0.75%

2 15% 0.75%

3 15% 1.00%

4 20% 1.00%

5 20% 1.25%

6 25% 1.40%
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REPAIR Dose Levels
Level 6m +Rate/month

-1 3% 0.50%

0 10% 0.50%

1 10% 0.75%

2 15% 0.75%

3 15% 1.00%

4 20% 1.00%

5 20% 1.25%

6 25% 1.40%
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REPAIR Dose Levels
Level 6m +Rate/month 1y 3 y 5 y

-1 3% 0.50% 6% 18% 30%

0 10% 0.50% 13% 25% 37%

1 10% 0.75% 15% 33% 51%

2 15% 0.75% 20% 38% 56%

3 15% 1.00% 21% 45% 69%

4 20% 1.00% 26% 50% 74%

5 20% 1.25% 28% 58% 88%

6 25% 1.40% 33% 67% 100%



Patient selection
Inclusion Criteria:

✅Proven diagnosis of malignancy with 
disease in the thorax requiring reRT

✅Received prior thoracic radiotherapy with 
photons ≥ 6 months ago

✅Expected life expectancy >6 months

✅ECOG performance status 0-2

✅Age 18+

✅Your current re-irradiation plan needs 
some allowance for repair of previous 
doses to meet constraints

Exclusion criteria:

❌Persistent toxicity from previous RT

❌Prior development of pneumonitis

❌Prior RT delivered BID, or by brachytherapy, 
protons, electrons, radionuclides

❌Plans to receive other local therapy

❌Some limitations on systemic therapy

❌Surgery that has moved an OAR of concern

❌Pregnancy

❌Scleroderma, Lupus, ILD



What Do We Use As Constraints?
Organ α/β Metric Dose Limit 

Spinal cord* 2 D0.035cc 60 Gy EQD2

Brachial plexus 3 D0.1cc 66 Gy EQD2

Esophagus 3 D0.1cc 70 Gy EQD2

Heart 3 D0.1cc 80 Gy EQD2

Trachea 3 D0.1cc 80 Gy EQD2
Bronchus 3 D0.1cc 80 Gy EQD2

Great Vessels 3 D0.1cc 144 Gy EQD2

Chest wall 3 D0.1cc 180 Gy EQD2
Lung_eval 3 V14.7EQD2 37%

• There is more variation 
between different published 
baseline dose constraints than 
between some of our levels!

• We had to pick a set of 
baseline dose constraints

• Based mostly on 2022 UK 
SABR dose constraints



How Can MROQC Improve the Field?



How Can MROQC Improve the Field?

• MROQC is already very strong

• Can you add a few more outcomes, like survival? 
• This could be done manually or via linkages with other databases (e.g. 

SEER-Medicare)
• These other databases might allow you to get codes for other important 

interventions (e.g surgical procedures, certain prescriptions, admissions) 

• Since you have outcomes collected, doing trials becomes very 
easy and inexpensive



How Can MROQC Improve the Field?

• Re-irradiation:
• Could you look at outcomes based on amount of forgiveness 

used/cumulative dose constraints?
• Could you do a cohort study where different centers use different levels of 

forgiveness?
• Could you do in a randomized way?



Beyond Re-Irradiation 

• There are several important questions for which your group could 
generate evidence that could change the standard of care

• Lung Cancer:
• Should we prioritize heart dose vs. lung dose vs. balanced approach?

• Head and Neck Cancer
• Do we really need to cover our PTVs with the full 70 Gy, or could we compromise the 

PTV as long as CTVs are covered?



Take Home Messages
• Re-irradiation has become much more common

• There are numerous sources of uncertainty:
• De novo treatment dose constraints
• Registration/dose accumulation
• Amount of repair per organ
• Effects of fraction size, systemic therapy, and other biologic factors (e.g. diabetes)

• Consult the site-specific guidelines that can help. Allowing some repair 
makes sense biologically and is supported by literature

• High-quality prospective data from large datasets is needed!
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