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Learning Objectives: Part I

Use of TCP and NTCP models in the clinic

• Briefly review TCP and NTCP models

• Discuss AAPM Task Group report No. 166: The Use and QA of
Biologically Related Models for Treatment Planning

• Discuss some benefits and challenges with using TCP and NTCP
models as a part of treatment planning (i.e., optimization) and
evaluation.

• Highlight the use of NTCP models for liver SBRT treatment planning
(RTOG trial)
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Radiation Therapy TreatmentProcess
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Treatment Planning: Plan Evaluation
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Part I: Use of 
Radiobiological models

• Probability of response as a function of dose

• Tumor control probability (TCP)

• Normal Tissue Complication Probability (NTCP)

• Models may be mechanistic (e.g., based on the LQ model) or 
empirical  (functional form)

• Model parameters  are fit from clinical/experimental data

• Can be used to compare different volumes of organs 
irradiated to  different doses

• Relevant for a specific organ and a specific end-point

• i.e., probability of ≥ grade 2 pneumonitis for partial lung irradiation
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Part I: TCP Models

Prob that a single clonogen is 

killed (= 1 – prob it survives)

Number of clonogens 

(at start of tx)

• When N0 ≫ 1 (typically assumed to be ~108 /cc of tumour),

• Need a model for the clonogen survival fraction to compute TCP.
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LQ model

Biological Mechanisms

• α Term (Linear): Single radiation tracks → lethal lesions

• β Term (Quadratic): Two independent radiation tracks misrepair → 
lethal lesions

• Repair Rate (λ): Determines how quickly DSBs are repaired

Type Dose Range (Gy) LQ Model Fit?

In vitro 0–7 Excellent

In vitro Up to ~15 Good

In vivo 2–18 Consistent

DNA damage from radiation

Double Strand Breaks (DSB)

DSB repair (linear term)

Misrepair (quadratic term)

Lethal chromosome aberrations

Lethal chromosome aberrations

Cell killing / Tumor control

Isoeffect equation:

𝛼/β ratio describes tissue repair capacity (tumour and late 

responding tissues) under the assumption of full repair
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LQ model validity at large 
doses/fraction

• Mechanistic and biologically based

• Simple: few parameters, practical to apply

• Predicts similar fractionation effects as other mechanistic models

• Strong predictive value for dose-rate and fractionation effects in lab 
studies

• Experimentally and theoretically validated up to ~10 Gy/fraction

• Reasonable use up to ~18 Gy/fraction

• No clinical evidence of major issues when used appropriately

Brenner et al. 2008, Semin Rdiat Oncol
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Basic Clinical Radiobiology, Fourth Edition, Joiner and Van der Kogel

ratios for human normal tissues and tumors

Mean Late 2.9 Gy
Mean Early 10.6 Gy

H&N, Lung tumors high
Breast , Prostate tumors low
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Part I: NTCP Models

• LKB model (Kutcher & Burman, 1989)
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Part I: AAPM TG-166
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Part I: Use of Biological Models in  
Treatment Planning
Input:

Output:

Heterogeneous 3D dose distribution or Dose-
volume histogram (DVH): Di

Single number representing the patient outcome 
(ideally, related to TCP):

Used in Radiotherapy
• Optimize treatment plans

• Evaluate treatment plans

• Compare different treatmentplans
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Part I: Use of Biological Models in  
Treatment Planning

Pros Cons
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Nonuniform dose to optimize TCP

• Ideally, deliver a spatially non-uniform dose Di to the i-th “voxel” to accommodate 

nonuniform clonogen density (N0,i /Vi) and radiosensitivity (⍺i, OERi ) to maximize 

TCP (“dose painting”).

• Can’t do while minimizing dose to OARs.

• More practically, “sub-volume” boosting. e.g., boost to hypoxia-PET avid regions of 

pancreatic tumours:

GTVp

hypoxic 

sub-

volumes
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Hedge against (large) radiobiological 
uncertainty

• Radbio-optimized planning must be ≥ SOC:
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NTCP Modeling for Liver
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(Lyman & Wolbarst,1987)
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TD50

More radiosensitive Less radiosensitive
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m

Shallower slopeSteeper slope
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n

More parallelMore serial
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(Dawson et al.,2002)
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(Pan et al., 2010)
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UM → PMH

• Started with UM parameters

• Made conservative radiobiological  
assumptions
–  = 2.5 Gy

• Used LQ model to approximatelyconvert  
TD50 from 1.5 Gy fractions

• Implemented “bioNTCP” approach

– LQ conversion of DVH prior tocalculation
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PMH Liver Study DoseAllocation

1. Plan is developed

2. Veff is calculated

3. Prescription is determined

4. Plan is modified

5. Repeat

6. Calculate NTCP

7. Modify prescription, if possible
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RTOG 1112
Veff Mean Liver  

Dose (Gy)

Planned  

Prescription Dose  

(Gy)

If Mean Liver Dose is Exceeded  

at this Prescription

< 25% 13.0 50 Reduce to 45 Gy and re-evaluate

25 – 29% 15.0 45 Reduce to 40 Gy and re-evaluate

30 – 34% 15.0 40 Reduce to 35 Gy and re-evaluate

35 – 44% 15.5 35 Reduce to 30 Gy and re-evaluate

45 – 54% 16.0 30 Reduce to 27.5 Gy and re-

evaluate

55 – 64% 17.0 27.5 Ineligible
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Example RTOG1112 Treatment Plan
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Predictors of Liver Toxicity
Parameter Odds ratio(95% CI) P value

Baseline CPscore  

(6 vs. 5) 4.9 (1.5-16.1) 0.01

Baseline platelet  

count 0.9 (0.8-1.0) 0.02

Mean liver dose 1.3 (1.0-1.7) 0.02

D800cc 1.1 (1.0-1.2) 0.02

Velec et al, IJROBP 2017; 97: 939-946
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Mean Liver Dose (Gy)

15 16 17 18 19 20 21

D
8

0
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5
0%  

(0/18)
0%  

(0/23)
0%  

(0/26)
3%  

(1/30)
6%  

(2/32)
6%  

(2/32)
6%  

(2/32)
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0 %  

(0/24)
0%  

(0/32)
0%  

(0/38)
4%  

(2/45)
6%  

(3/47)
6%  

(3/47)
6%  

(3/47)

15
0%  

(0/26)
3%  

(1/36)
2%  

(1/43)
6%  

(3/53)
7%  

(4/58)
7%  

(4/59)
7%  

(4/59)

20
0%  

(0/26)
3%  

(1/37)
4%  

(2/45)
7%  

(4/55)
10%  

(6/62)
11%  

(7/64)
12%  

(8/65)

25
0%  

(0/26)
3%  

(1/37)
6%  

(3/47)
9%  

(5/57)
11%  

(7/65)
12%  

(8/67)
16%  

(11/70)

30
0%  

(0/26)
3%  

(1/37)
6%  

(3/47)
9%  

(5/57)
11%  

(5/57)
13%  
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18%  

(13/73)

Velec et al, IJROBP 2017; 97: 939-946
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ReRT in Practice - PART II  
Bridging the Gap Between Art and Science

Monica Serban, PhD, MCCPM

April 11, 2025



Clinical and Experimental Radiobiology Course 2025

• As treatments improve and patients live longer, recurrences and 
second primaries are increasingly common.

• Re-irradiation is becoming a core part of modern radiation 
oncology

• Existing clinical and RT protocols are largely designed for de novo 
treatments and not reRT

• This shift introduces complex challenges we are not yet fully 
prepared to manage

• The radiation oncology community is actively working on 
developing guidelines

ReRT: A Growing Part of Clinical Practice
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• Definition of reRT

• Patient Selection and Clinical Decision Making for reRT

• Evaluating Cumulative Doses to Normal Tissues

• Current clinical practice for dose accumulation and assessment

• Limitations

• Challenges

• Validity of the LQ Model

• Case examples of reRT, manual calculations

Learning Objectives
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Courtesy of N. Andratschke

• Systematic review

• A lot of reRT publications in recent years

• Proportion of prospective data (in blue)

• Methodology for how to perform dose 
accumulation and report doses is limited

• Mixed cohorts, extremely heterogeneous 
populations

• Curative and palliative intent in the same series

• Changes is staging and normal tissue scoring

• No concise definition of reRT

systematic reviewretrospective

C
o

u
n

t

Year of Publication

ReRT – Hot Topic with Low Level of Evidence
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• 95% isodose lines (IDL) of 
the 1st and 2nd RT 
courses overlap

Clinical Scenarios for reRT

Full Overlap Partial Overlap No Overlap

• No direct overlap of target 
volumes between the 1st 
and 2nd RT courses

• Only 10% IDL of the 1st 
and 2nd RT courses 
overlap

Courtesy of J. Willman  - ReCare Initiative
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Time of recurrences is important

• Within 6 Months of Previous RT?

• Consider recovery from prior RT?

• Can we do high-dose reRT?

➢ Palliative intent still valid

Clinical Considerations for reRT

Irrespective of Time of Recurrence

• Assess for side effects from previous treatment

• Oncologic intent: palliative vs potentially curative

➢Risk-adapted high-dose reRT may be possible

Full Overlap Partial Overlap No Overlap
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Cumulative max dose to serial organs

Toxicity Considerations for reRT

Cumulative dose spread 
to parallel organs – 

volume-based constraints

Courtesy of J. Willman  - ReCare Initiative

Full Overlap Partial Overlap No Overlap
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Scope of the EORTC/ESTRO Delphi Consensus

• What is reRT: searching for an universal terminology

• How can we better learn from the data: improving the reporting quality

• When do we consider high-dose reRT: applying best practices for the assessment 
of reRT (in absence of high-level evidence)
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A Delphi Consensus Based Definition

“Re-irradiation is a new course of radiotherapy either 
to a previously irradiated volume (irrespective of 

concerns of toxicity) or where the cumulative dose 

raises concerns of toxicity.”

Andratschke et al. 2022, Lancet Oncol
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Types of ReRT

Andratschke et al. 2022, Lancet Oncol

Re-irradiation Type I Re-irradiation Type II Repeat Organ Irradiation
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Types of ReRT

Andratschke et al. 2022, Lancet Oncol

Re-irradiation Type I Re-irradiation Type II Repeat Irradiation
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Hierarchical question-based decision tree

Andratschke et al. 2022, Lancet Oncol

Q1. Is there a geometrical overlap of the irradiated volumes?

Q2. Is there a concern for toxicity from the cumulative doses?

Q3. Are the target volumes of current and previous radiotherapy 
located in the same organ?
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Recommendations for clinical decision making

Interdisciplinary Management & Shared Decision-Making

• Consider treatment alternatives

• Assess life expectancy

• Evaluate patient’s acceptance of risk

• Define treatment intent

Andratschke et al. 2022, Lancet Oncol

Patient & Tumour-Specific Factors

• Performance status

• Estimated survival

• Persistent toxicity from first RT

• Time interval since first RT

Radiobiological Aspects

• Primary histology and response to first RT

• α/β values and cumulative EQD2

• Organ type: serial vs parallel

Reirradiation-Specific Factors

• Availability of previous plans 

• Dose overlap and cumulative dose

• Dose constraints for critical OARs

• Prioritization of dose constraints

• Tolerance and recovery

• Follow-up: imaging and clinical

*

*
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Clinical decision Making for reRT

Radical --> Local Control

Palliative --> Symptoms Relief 

Armstrong and Hoskin 2020, Clinical Oncology
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Radical reRT

Optimize timing since initial treatment

• More time → better normal tissue recovery

• More time → higher risk of metastases

Minimize treated volume

Tailor dose fractionation:

• Smaller fractions → reduce late effects?

• Balance total dose: efficacy vs toxicity

Examples

• Prostate local recurrence

• Head and neck retreats

• Pelvic recurrence: uterus, cervix, rectum

• Metachronous oligometastases: liver, lung, brain

Considerations

• Choice of modality: EBRT vs SBRT vs BT

Armstrong and Hoskin 2020, Clinical Oncology
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Palliative reRT

No delay in symptom relief

Focus on acute and medium-term morbidity

Volume defined by site of symptoms

Dose fractionation:

• Hypofractionation preferred

• Balance total dose: efficacy vs toxicity

Examples

• Bone metastasis (for pain relief)

• Recurrent spinal cord compression

• Dysphagia from esophageal recurrence

• NSCLC with recurrent hemoptysis

• Hematuria from bladder or prostate recurrence

Considerations

• Modality: EBRT vs SBRT vs BT

Armstrong and Hoskin 2020, Clinical Oncology
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Evaluating Doses to Normal Tissue

• EQD2 Dose Summation based on Deformable Image Registration

• Physical Dose Transfer

• Isodose Line Transfer

• Sum of Maximum OAR doses

• Sum of Dose Prescriptions
Less 

Complex

More 
Complex

based on Rigid Image Registration

1st RecurrenceDiagnosis
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What is Considered Best Practice?

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

Biologically equieffective doses (eg, EQD2 or BED) should be 

calculated when doing dose summations of treatment plans”

Andratschke et al. 2022, Lancet Oncol
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Fraction size

week 1 week 2 week 3 week 4 week 5 week 6 week 7

EBRT - 1.8-2Gy/fx

BT - 7Gy/fx
Dose gradient

Tumour

Dose (%)
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Dose Accumulation Considerations
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To put variable fractionations onto equal footing, 

a biological dose correction is needed
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From Absorbed to Biologically Equieffective Dose 
Linear Quadratic Model

Practical Manual of Brachytherapy, Pierquin/Marinello

𝐵𝐸𝐷 = 𝑛𝑑 1 + 𝑔
𝑑

𝛼/𝛽

BED – virtual dose value that produces the same biological effect as the physical dose 
with an infinite low dose rate

n – number of equal fractions
d – dose per fraction
g – repair function depending on:
  - half time for cell repair T1/2

  - fractionation
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The Equieffective Absorbed Dose Concept – EQDX

• The “equieffective” absorbed dose: concept used for comparing the clinical effects 
of physical doses delivered to the PTV and OARs using two or more different 
fractionation schedules

.

• Equieffective doses are defined as absorbed doses that, when delivered under 
specified but different conditions produce the same probability of a specific 
radiation effect or endpoint.

• Why EQD2? – Because of the large body of clinical experience gathered with 
fractions of 2 Gy, it is common to assume a reference protocol using photons in 2 Gy 
fractions in the EQDX formula and define EQD2 as “EQuivalent Dose in 2 Gy 
fractions”. Bentzen et al., 2012 Radiotherapy and Oncology

α/β is an endpoint- and radiation quality-specific parameter 
that describes the effect of changes in dose per fraction
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2-Gy Fraction Conditions

• LQ model gives biological equivalence for

1. Classical LDR brachytherapy (50 cGy/h) with T1/2 = 1.5 h

2. Conventional external beam therapy with 2 Gy/fraction

• Calculated BED are normalized to conventional EBRT with 2 Gy fractions 

EQD2 = nd
1 +

d
α/β

1 +
2
α/β

= nd
d + α/β

2 + α/β
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LQ model validity at large doses/fraction

• Mechanistic and biologically based

• Simple: few parameters, practical to apply

• Predicts similar fractionation effects as other mechanistic models

• Strong predictive value for dose-rate and fractionation effects in lab 
studies

• Experimentally and theoretically validated up to ~10 Gy/fraction

• Reasonable use up to ~18 Gy/fraction

• No clinical evidence of major issues when used appropriately

Brenner et al. 2008, Semin Rdiat Oncol
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Basic Clinical Radiobiology, Fourth Edition, Joiner and Van der Kogel

ratios for human normal tissues and tumors

Mean Late 2.9 Gy
Mean Early 10.6 Gy

H&N, Lung tumors high
Breast , Prostate tumors low

𝛼/β ratio describes tissue repair capacity (tumour and 

late responding tissues) under the assumption of full 

repair
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Evaluating Doses to Normal Tissue

• EQD2 Dose Summation based on Deformable Image Registration

• Physical Dose Transfer

• Isodose Line Transfer

• Sum of Maximum OAR doses

• Sum of Dose Prescriptions
Less 

Complex

More 
Complex

based on Rigid Image Registration

1st Recurrence
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DVH Parameter Addition: Worst Case Scenario

Approximation: DVH Addition

Is adding a DVH parameter a correct assumption?
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EQD2 Direct Dose Summation – Does it work?

Worst Case Scenario: 

• Assumes hot spots in the organ are at the same location across fractions

• Limited to max doses, hot spot doses (e.g., D2cm3)

• Hotspots cannot explain the entire morbidity dose-effects

Courtesy of Dr. Kari Tanderup

Bladder D2cm3
Fx2

Fx1
Fx1

Mahantshetty et al., Brachytherapy 2017

Fx2
Sigmoid D2cm3
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EBRT+B

T

BT3BT2BT1EBRT

BLADDER D2cm3

BLADDER D2cm3

=

EQD2 Direct Dose Summation – Does it work?
RECTUM 

D2cm3

BLADDER D2cm3 BLADDER D2cm3

RECTUM 

D2cm3

RECTUM 

D2cm3

RECTUM 

D2cm3

BT Bladder and Rectum D2cm3

- typically contained within organ wall and 

at same location across BT fractions -

*Hybrid intensity/contour-based algorithm to deform images and map doses in RS

DIRECT DOSE SUMMATIONDIR*-based 3D DOSE SUMMATION

72Gy EQD23

51Gy EQD23

68Gy EQD23

71Gy EQD23

48Gy EQD23

68Gy EQD23

Bladder D2cm3

Rectum D2cm3

Sigmoid D2cm3
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BLADDER D2cm3RECTUM 

D2cm3

D2cm3

RECTUM 

D5cm3

D5cm3

BLADDER D5cm3
RECTUM 

D10cm3

D10cm3

BLADDER D10cm3

Organ volumes irradiated with intermediate doses

D5cm3 and D10cm3 tend to spread more into  
organ filling rather than the wall.

Need dosimetric parameters that reflect dose 

in the organ wall
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Evaluating Doses to Normal Tissue

• EQD2 Dose Summation based on Deformable Image Registration

• Physical Dose Transfer

• Isodose Line Transfer

• Sum of Maximum OAR doses

• Sum of Dose Prescriptions
Less 

Complex

More 
Complex

based on Rigid Image Registration

1st Recurrence
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Isodose Line Transfer

• Isodose lines (IDLs)  are converted to iso-contours representing clinically relevant doses

• Iso-contours are transferred to the current scan via rigid registration

• Prior dose is assessed only at contour locations—no full 3D dose distribution available
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Evaluating Doses to Normal Tissue

• EQD2 Dose Summation based on Deformable Image Registration

• Physical Dose Transfer

• Isodose Line Transfer

• Sum of Maximum OAR doses

• Sum of Dose Prescriptions
Less 

Complex

More 
Complex

based on Rigid Image Registration

1st Recurrence
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Dose Summation based on DIR

2022 scan  SUM dose2020 scan 2022 scan

• 3D dose distribution is converted to EQD2 on a voxel-
by-voxel basis

• DIR to align the previous and current scans

• DIR used to transfer the previous dose distribution 
onto the current scan
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Case Examples
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• Sept 2021: Submandibular Gland, Adenocarcinoma
• H&N VMAT 66Gy/33 fx

• May 2024: Mediastinum met
• Main bronchus IMRT 30Gy/10fx 

• June 2024: Pelvic bone met
• Pelvic VMAT 25Gy/5fx

• April 2025: Recurrence mediastinum met
• Main bronchus VMAT 25Gy/5fx  

May 2024

April 2025

Case – 177 y/o F, Submand Gland AdenoCa, T2N0

Intent to treat with
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• What reRT type is being performed?

• What are the radiobiology parameters and tolerance doses you are using?

• Are you considering tumour or organs at risk (if so, what organs)?

• What method/model are you using to compare and add dose from 
different fractionations?

Cases 1
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ReRT of Recurrent Non-Small Cell Lung Cancer
Tolerances

Hunter et al., 2021 Semin Radiat Oncol
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Isodose Line Transfer

• Isodose lines (IDLs)  are converted to iso-contours representing clinically relevant doses

• Iso-contours are transferred to the current scan via rigid registration

• Prior dose is assessed only at contour locations—no full 3D dose distribution available
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Organ Doses from Previous RT 
(30Gy/10fx)

Organ DVH Metirc Dose (Gy) # Fractions

Spinal Canal Dmax 21.5 10

Esophagus Dmax 31.8 10

Heart Dnax 30.0 10

Anything else?

• Remaining Dose Allowed in EQD2 = [OAR Dose Limit in EQD2] – [Dose to OAR from Prior Tx in EQD2]

• Then, convert back to physical dose so the dosimetrist can use in the treatment planning systems 
(very few planning systems allow planning input in EQD2)
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Current RT (25Gy/5fx)

Organ DVH Metric Dose (Gy 

EQD23)

Remaining Dose (Gy 

EQD23)

Dose (Gy)

Spinal Canal Dmax 22

Esophagus Dmax 39

Heart Dnax 38
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• Dec 2019: Primary malignancy and diagnosis

• Feb 2020: 1st course RT : 
• Pelvic IMRT 46Gy/23fx

• Concomitant chemo: Cisplatin 40 mg/m2 weekly, 4 cycles

• BT defaulted due to covid pandemic

• Feb 2022: 2nd course RT (local recurrence)
• Pelvic IMRT 40Gy/20fx and 

• 4fx of HDR BT, Venezia applicator

At diagnosis

At 1st recurrenceCourtesy of Dr. Supriya Chopra

Case 2 – 56 y/o F Ca Cervix IIIC1

Intent to treat with



Clinical and Experimental Radiobiology Course 2025

• What reRT type is being performed?

• What are the radiobiology parameters and tolerance doses you are using?

• Are you considering tumour or organs at risk (if so, what organs)?

• What method/model are you using to compare and add dose from 
different fractionations?

Cases 2

2022 scan  SUM dose2020 scan 2022 scan
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Abusaris et al., 2012 Technology in cancer research and Treatment

ReRT after SBRT in Abdominal or Pelvic Region
Tolerances
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Dose summation (EQD2)

EQD2 cumulative dose from 

1st and 2nd courses of RT

• Doses in EQD2 added by:
• Direct addition of D2ccc doses (“worst case scenario”)

• DIR-based 3D dose summation



Clinical and Experimental Radiobiology Course 2025

• No validated dose discounts to OARs to account for the 
time elapsed between irradiations

• Sparse data for OARs tolerances in the context of ReRT

• Target BT dose reporting to periphery (e.g., D90%, 
D98%)

• No understanding of the high dose volumes within the target

• LQ model validated up to 10Gy/fx

• Tumor shrinkage

Limitations 

When asked whether the 

panelists have a “rule of thumb” 

for how much dose they would 

forgive based on the duration of 

time that has passed from an 

initial course of radiation, there 

was no consensus with a wide 

range from not forgiving any dose 

to responses like 10% per year.

“

“
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Dose summation (EQD2)

EQD2 cumulative dose from 

1st and 2nd courses of RT

• Doses in EQD2 added by:
• Direct addition of D2ccc doses (“worst case scenario”)

• DIR-based 3D dose summation
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• Jul 2018 : 1st course RT Post-Op Adjuvant EBRT
• Pelvic VMAT 45Gy/25fx

• Feb 2020: 2nd course RT (upper-vagina recurrence)
• 4fx of HDR BT, cylinder applicator, 8.5Gy/fx

• Jun 2021: 3nd course RT (lower-vagina recurrence)
• 5fx of HDR BT, cylinder applicator, 7Gy/fx

Case 3 – 49 y/o F AdenoCa Cervix 1B1

2020

20

21

2021

2018

Intent to treat with
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• What reRT type is being performed?

• What are the radiobiology parameters and tolerance doses you are using?

• Are you considering tumour or organs at risk (if so, what organs)?

• What method/model are you using to compare and add dose from 
different fractionations?

Case 3
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EBRT 45Gy/25fx

1st Recurrence upper vagina Post-Op Adjuvant EBRT 2nd Recurrence lower vagina 

HDR IC/IS BT 8.5Gyx4fx
Courtesy of Dr. Michael Milosevic

HDR IC BT 7Gyx5fx

2018 2020 2021

HR-CTV D90% = 67Gy 

EQD210

2020 2021

HR-CTV D90% = 51Gy EQD210

2021 during her 4th BT fx patient 

experienced rectal urgency 

and developed significant 

mucosal and submucosal 

edema in the low vagina

Dose summation (EQD2)
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75Gy EQD23

RECTUM D2cm3 80Gy 

EQD23

BLADDER D2cm3 88Gy 

EQD23

Repair to OAR due to time elapsed 

between treatments not taken into 

account!!! No dose discounts!

EQD23

RECTUM D2cm3

BLADDER D2cm3

DIRECT DOSE ADDITION 

Direct addition vs DIR-based 3D dose summation

87Gy EQD23

78Gy EQD23

88Gy EQD23

80Gy EQD23

3D DIR-based DOSE ADDITION 

Clinically used
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Lecture Evaluation Program Evaluation

We’d love your feedback!
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