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Purpose
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talk about the problems involved in generating
normal tissue constraints for external beam
treatment planning.

A Current guidance for treatment planning is
not based on guantitative analysis of clinical
outcome data.

A Is there any way to remedy that?



Context

A SBRT has made tightly targeted irradiation of
metastases feasible in multiple body sites.

A The Comet Trial showed that irradiation of
Ydzf GALX S YSul adl asa ¢
survival, and this is likely to raise the number
of re-irradiation treatments going forward.

A Thus, it is more urgent than ever to
understand how much additional dose may
safely be given after an initial course.



Context

A Constraints for conventional irradiation were
generated by QUANTEC* (201€)nthesizing
results from published articles

A QUANTEGoted that, generally speaking,
there were three areas that it did not deal
with:

I hypo-fractionation (SBRT)
| pediatric cases
I re-irradiation

*QUANTEC special issue of the Red Journal , IJREEBPO10 L E



Context

A Since 2010, two effortsave beerunderway to remedy
the first two deficits of QUANTEEBoth synthesizing
results of published articles.

A HyTEE€Complications and local control for treatments
AYy@d2t oAy 3 FEBYOGAZ2Y aAl Sa

I 8 organ and disease specific papers are currently available
at the Red Journal & AAPM web sites*; 8 pending.

I Full[HyTEGssue will be finished and published this year.

A PENTEC: Complications of treatments of pediatric
cancers.

I Initial abstracts/talks have been appearing at ASTRO and
AAPM over the past two years.

I First papers will be published #me at the Red Journal
this year.The dedicatedPENTEC issigeexpected to follow

next yeatr.
*https://www.aapm.org/pubs/hytec/ L E




Limitations of Efforts t&ynthesize
Data from Published Articles

A QUANTEC was chiefly limited by*
I Poor reporting standards of dose volume data
I Poor reporting standards of complication endpoints
I Inconsistent organ definitions

QUANTEC: VISION PAPER

THE LESSONS OF QUANTEC: RECOMMENDATIONS FOR REPORTING AND
GATHERING DATA ON DOSE-VOLUME DEPENDENCIES OF TREATMENT OUTCOME

ANDREW JACKSON, PH.D..* L."\__‘_WRENCE B. MARKS, M.D..i_ S@reN M. BEnTZEN, PH.D.. L)\L
AvrAHAM E1sBrucH, M.D..* ELLEN D. Yorke, Pu.D..* RanpaL K. Ten Haken, Pu.D..*
Louis S. CONSTINE, M.D..' AND JosepH . DEasy. PuD.9

A These limitations apply to all subsequent

efforts
*Jackson et al. IJROBP 2016;S155160: Deasy et al. IJROBP 2(8):S151154 "



Limitations of Efforts t&ynthesize
Data from Published Articles

A HyTE®ad additional limitations:
I Lack of standardized way to calculate biologically
equivalent doses

A PENTEC has yet more limitations:

I Lack of granular data dealing with patient
age/developmental status at treatment time

I Very long follow up times requiring actuarial
modelling methods



Could we generate tolerance doses for
re-irradiation by synthesizing
published outcome data
(?ReNTEZ?)

A To answer this question, we must understand
what we are trying to determine when we
seek tolerance doses for4gadiation.

A Crucially: How much residual effect does the
initial irradiation have, and how might this
fade away as time goes on?

A Clearly we need to know the time between
Irradiations




Two Kinds of Ré&radiation

A The classic example of-igadiation occurs when we
directly reirradiate the site of previougeatment, as
may happen after local failure in head and neck
patients.

I Accumulation of dose

I Creation of a local lesion
A A second kind of reradiation occurs when a patient
receives a second course to a different part of the san
organ, as may happen when irradiating metastases in
lung.
I Accumulation of damaged volumes
I Inadequate global organ function

A In both cases we need to know the dose to the same
pieces of tissue from both courses ~
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A Reports of outcome of r@radiation do not
contain:

I the time between irradiations for individual
patients.

I The doses from both courses to the same pieces
of tissue.

A Some contain dosimetric analysis of
complications based on plasums, giving the
range of times between irradiations.

I There are nomanysuch reports.



Table 2
) 0se reporting ledian p ange) Median prescribed d

patients structure 1ber of fractio (range) / number of ns (range)
Thecal sac NS
Cord 35) Gy / ; 50.4 Gy (30-50.4) Gy/ 28 (10-28)
Thecal sac 24 (3-30) G 36 Gy / 14
Thecal sac 24 (1 3 -_j EQD2, = 3¢
Cord PRV (+1.5 mm) 30 (20-35) Gy j S
Cord PRV (+1.5 mm) 30 (24-35) Gy / ¢ j cEBRT: 22.5 (20
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Median spinal Median spinal cord Median cumulative spinal cord ML.dmn

cord Diay, Gy Dy EQD2; for SBRT, Gy Dinax EQD2; of all RT, Gy follow-up, mo
NS Mean 46.19 + 35.21 Mean 83.37 Mean 21.8
9-3: 60.457 S 24
18 (10-49) 41.5 1
' 24 (39.1-111.2) 12
: 6.8
6.8
- : equivalent dose in 2
): NS = not specified; PRV = planning organ-at-nsk volume;
radiation therapy.

! The dat X g '
' The same study was hrnltn nto 2 thnrt\ and rcpnrtcd on I.I!ﬁtrt'n[ TOWSs.

A From Sahgal et aHyTEGpinal NTCP paper)

I https://www.redjournal.org/article/S03668016(19)33863/pdf
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Literature searclg Bo (David) McClatchy
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Literature searclt Bo (David) McClatchy

Methodology

1376 Abstracts from PubMed:
[reirradiation OR previously irradiated] AND
toxicity OR injury OR tolerance OR morbidity OR complication

309 Abstracts Contain “head and neck”

106 Abstracts Report Reirradiation
Dose and Toxicity Endpoints

10 Abstracts Reporting Dosimetric

Endpoints to Organs at Risk 1 Study Only Reports Cumulative OAR Constraints, Not Dose

1 Study Doesn't Report Cumulative OAR Dose

1 Study Doesn’t Report Actual Toxicities (only NTCP based
on Cumulative OAR dose)

1 Review Paper

6 Studies with Cumulative Dosimetric

e From Review Paper: Found 11 Additional Studies with

Dosimetric Endpoints to Organs at Risk
1 Study Only Reports Cumulative OAR Constraints
5 Studies Don’t Report Cumulative OAR Dose
3 Only Report Dose for Patients with Events
2 Studies Cumulative Dosimetric Endpoints and Toxicity
Endpoints

8 Studies with Cumulative Dosimetric
Endpoints and Toxicity Endpoints

7 Photon & 1 Carbon lon

*Slide from Bo McClatchy, AAPM SCAMP mentee




Literature searclt Bo (David) McC

Median Time Endpoint Cumulative Dosimetric Values to OAR
Between Radiation P EQD2

Systemic
Therapy

Number of
Patients

NTCP / Rate

Late G3+ Optic Nerve

3.4 yrs
(rng 0.3-13.3 yrs)

Optic Chiasm, Optic Nerve

Brainstem, Spinal Cord

| Disorder |
I Late G3+ CNS necrosis I

Median Dmax 51.4Gy, 63.3Gy

Median Dmax 56.8Gy 28.8 Gy

24 mo
(rng 3-144)

Brachial Plexus

1 yr Freedom From Brachial
Plexopathy

Dmax<95 Gy
Dmax>95Gy

Dmax<95 Gy & ElapsedTime>2yrs

Dmax>95 Gy & ElapsedTime>2yrs OR
Dmax<95 Gy & ElapsedTime<2yrs

Dmax>95 Gy & ElapsedTime<2yrs

137 pts

108 pts

23 mo
(rng 6-296 mo)

G4+ Osteonecrosis

Median Dmax 114 Gy

5.8%

38 pts

0 pts

4.2 yrs
(rng 1.0-16.3 yrs)

Temporal Lobe

G3+ temporal lobe necrosis
(TLN)

Range D1cc 133.4-249.5 Gy

D1cc<150 Gy

10%

0%

11 mo
(rng 3-39)

Oral Mucosa

G2-3 Mucositis

D50 55.6 Gy
D50 86.5 Gy

25%
30%

D50 105.5 Gy
D50 190.8 Gy

33%
50%

50 pts (21 pts with
dosimetry
information)

28 mo
(rng 6-356 mo)

Carotid Arteries

Carotid Blowout

Median D0.1cc 106 Gy

DO0.1cc < 120Gy

D0.1cc > 120Gy

5%
4.6%@6mo,
5.9%@1yr
13.3%@6mo,
25% @1yr

Esophagus

Late G3+ Esophageal
Stricture

n.r, but median DVH Reported

14%

Pharyngeal Constrictors

Spinal Cord

Late G3+ Dysphagia

l Spinal Myelopathy I

Median Dmean 73 Gy

Median DO0.1cc 50 Gy

10%

0%

Spinal Cord, Brainstem

|  Spinal Myelopathy |

Median Dmax 53.4 Gy, 62.7 Gy

0%

L&R Parotids

Mean Dmean <45 Gy

G1-3 Xerostomia

Mean Dmean >45 Gy

60.5 mo
(rng 3-324 mo)

Spinal Cord

Spinal Myelopathy

Median Dmax 49 Gy

*Slide from Bo McClatchy, AAPM SCAMP mentee

Mean Dmax 50.2 Gy




Literature searclt Bo (David) McClatchy

Number of Systemic Median Time . Cumulative Dosimetric Values to OAR
Endpoint

Patients Therapy Between Radiation EQD2 NTCP / Rate

Late G3+ Optic Nerve

Disorder Median Dmax 51.4Gy, 63.3Gy

3.4yrs Optic Chiasm, Optic Nerve - .
(rng 0.3-13.3 yrs) Brainstem, Spinal Cord Late G3+ CNS necrosis Median Dmax 56.8Gy 28.8 Gy

Dmax<95 Gy
Dmax>95Gy

24 mo Brachial Plexus 1 yr Freedom From Brachial Dmax<95 Gy & ElapsedTime>2yrs
(rng 3-144) Plexopathy

Dmax>95 Gy & ElapsedTime>2yrs OR
Dmax<95 Gy & ElapsedTime<2yrs

Dmax>95 Gy & ElapsedTime<2yrs

23 mo

(rng 6-296 mo) G4+ Osteonecrosis Median Dmax 114 Gy 5.8%

137 pts 108 pts

G3+ temporal lobe necrosis Range D1cc 133.4-249.5 Gy 10%
(TLN)

4.2 yrs

(g 1.0-16.3 yrs) Temporal Lobe

38 pts 0 pts
D1cc<150 Gy 0%

D50 55.6 Gy 25%

Ll Oral Mucosa G2-3 Mucositis D) B
(rng 3-39) ' D50 105.5 Gy 33%

D50 190.8 Gy 50%
Median D0.1cc 106 Gy 5%
4.6%@6mo,

5.9%@1yr
13.3%@6mo,
25% @1yr

Carotid Arteries Carotid Blowout DO-1cc < 120Gy

50 pts (21 pts with DO.1cc > 120Gy
dosimetry
information)

28 mo

(rng 6-356 mo) Esophagus Rae Gg;i:ts:r;;hageal n.r, but median DVH Reported 14%

Pharyngeal Constrictors Late G3+ Dysphagia Median Dmean 73 Gy 10%

Spinal Cord Spinal Myelopathy Median DO0.1cc 50 Gy 0%

Spinal Cord, Brainstem Spinal Myelopathy Median Dmax 53.4 Gy, 62.7 Gy 0%

Mean Dmean <45 Gy
Mean Dmean >45 Gy

L&R Parotids G1-3 Xerostomia

Median Dmax 49 G
60.5 mo Spinal Cord Spinal Myelopathy Y
(rng 3-324 mo)

Mean Dmax 50.2 Gy

*Slide from Bo McClatchy, AAPM SCAMP mentee



Literature searclt Bo (David) McC

Median Time Endpoint Cumulative Dosimetric Values to OAR
Between Radiation P EQD2

Number of Systemic
Patients Therapy

NTCP / Rate

Late G3+ Optic Nerve
Disorder

Late G3+ CNS necrosis

Optic Chiasm, Optic Nerve Median Dmax 51.4Gy, 63.3Gy

3.4 yrs

s Brainstem, Spinal Cord Median Dmax 56.8Gy 28.8 Gy

Dmax<95 Gy
Dmax>95Gy

24 mo 1 yr Freedom From Brachial Dmax<95 Gy & ElapsedTime>2yrs

(g 3-144) Brachial Plexus Plexopathy
Dmax>95 Gy & ElapsedTime>2yrs OR
Dmax<95 Gy & ElapsedTime<2yrs

Dmax>95 Gy & ElapsedTime<2yrs

23 mo . .
137 pts 108 pts (rng 6-296 mo) G4+ Osteonecrosis Median Dmax 114 Gy 5.8%

G3+ temporal lobe necrosis Range D1cc 133.4-249.5 Gy 10%

(TLN)

4.2 yrs

(g 1.0-16.3 yrs) Temporal Lobe

38 pts 0 pts
D1cc<150 Gy 0%
[ D50 55.6 Gy 25%
! Oral Mucosa G2-3 Mucositis Sl il
(rng 3-39) D50 105.5 Gy 33%
D50 190.8 Gy 50%
Median D0.1cc 106 Gy 5%
4.6%@6mo,
5.9%@1yr
13.3%@6mo,
25% @1yr

DO0.1cc < 120Gy

Carotid Arteries Carotid Blowout

50 pts (21 pts with DO.1cc > 120Gy

28 mo

dosimetry
information)

(rng 6-356 mo)

Esophagus

Late G3+ Esophageal
Stricture

n.r, but median DVH Reported

14%

Pharyngeal Constrictors

Spinal Cord

Late G3+ Dysphagia

Spinal Myelopathy

Median Dmean 73 Gy

Median DO0.1cc 50 Gy

10%

0%

Spinal Cord, Brainstem

Spinal Myelopathy

Median Dmax 53.4 Gy, 62.7 Gy

0%

L&R Parotids

G1-3 Xerostomia

Mean Dmean <45 Gy

Mean Dmean >45 Gy

60.5 mo
(rng 3-324 mo)

Spinal Cord

Spinal Myelopathy

*Slide from Bo McClatchy, AAPM SCAMP mentee

Median Dmax 49 Gy

Mean Dmax 50.2 Gy
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Number of Systemic Median Time . Cumulative Dosimetric Values to OAR
Surgey Endpoint

Therapy Between Radiation EQD2 NTCP / Rate

Patients

Late G3+ Optic Nerve

Disorder Median Dmax 51.4Gy, 63.3Gy

3.4yrs Optic Chiasm, Optic Nerve - .
(rng 0.3-13.3 yrs) Brainstem, Spinal Cord Late G3+ CNS necrosis Median Dmax 56.8Gy 28.8 Gy

Dmax<95 Gy
Dmax>95Gy

24 mo Brachial Plexus 1 yr Freedom From Brachial Dmax<95 Gy & ElapsedTime>2yrs
(rng 3-144) Plexopathy

Dmax>95 Gy & ElapsedTime>2yrs OR
Dmax<95 Gy & ElapsedTime<2yrs

Dmax>95 Gy & ElapsedTime<2yrs

23 mo

(rng 6-296 mo) G4+ Osteonecrosis Median Dmax 114 Gy 5.8%

137 pts 108 pts

G3+ temporal lobe necrosis Range D1cc 133.4-249.5 Gy 10%
(TLN)

4.2 yrs

(g 1.0-16.3 yrs) Temporal Lobe

38 pts 0 pts
D1cc<150 Gy 0%

D50 55.6 Gy 25%

Ll Oral Mucosa G2-3 Mucositis D) B
(rng 3-39) ' D50 105.5 Gy 33%

D50 190.8 Gy 50%
Median D0.1cc 106 Gy 5%
4.6%@6mo,

5.9%@1yr
13.3%@6mo,
25% @1yr

Carotid Arteries Carotid Blowout DO-1cc < 120Gy

50 pts (21 pts with DO.1cc > 120Gy
dosimetry
information)

28 mo

(rng 6-356 mo) Esophagus Rae Gg;i:ts:r;;hageal n.r, but median DVH Reported 14%

Pharyngeal Constrictors Late G3+ Dysphagia Median Dmean 73 Gy 10%

Spinal Cord Spinal Myelopathy Median DO0.1cc 50 Gy 0%

Spinal Cord, Brainstem Spinal Myelopathy Median Dmax 53.4 Gy, 62.7 Gy 0%

Mean Dmean <45 Gy
Mean Dmean >45 Gy

L&R Parotids G1-3 Xerostomia

Median Dmax 49 G
60.5 mo Spinal Cord Spinal Myelopathy Y
(rng 3-324 mo)

Mean Dmax 50.2 Gy

*Slide from Bo McClatchy, AAPM SCAMP mentee



Literature searclt Bo (David) McC

Number of Systemic Median Time . Cumulative Dosimetric Values to OAR
Endpoint

Patients Therapy Between Radiation EQD2 NTCP / Rate

Late G3+ Optic Nerve

Disorder Median Dmax 51.4Gy, 63.3Gy

3.4yrs Optic Chiasm, Optic Nerve - .
(rng 0.3-13.3 yrs) Brainstem, Spinal Cord Late G3+ CNS necrosis Median Dmax 56.8Gy 28.8 Gy

Dmax<95 Gy
Dmax>95Gy

24 mo Brachial Plexus 1 yr Freedom From Brachial Dmax<95 Gy & ElapsedTime>2yrs
(rng 3-144) Plexopathy

Dmax>95 Gy & ElapsedTime>2yrs OR
Dmax<95 Gy & ElapsedTime<2yrs

Dmax>95 Gy & ElapsedTime<2yrs

23 mo

(rng 6-296 mo) G4+ Osteonecrosis Median Dmax 114 Gy 5.8%

137 pts 108 pts

G3+ temporal lobe necrosis Range D1cc 133.4-249.5 Gy 10%
(TLN)

4.2 yrs

(g 1.0-16.3 yrs) Temporal Lobe

38 pts 0 pts
D1cc<150 Gy 0%

D50 55.6 Gy 25%

Ll Oral Mucosa G2-3 Mucositis D) B
(rng 3-39) ' D50 105.5 Gy 33%

D50 190.8 Gy 50%
Median D0.1cc 106 Gy 5%
4.6%@6mo,

5.9%@1yr
13.3%@6mo,
25% @1yr

Carotid Arteries Carotid Blowout DO-1cc < 120Gy

50 pts (21 pts with DO.1cc > 120Gy
dosimetry
information)

28 mo

(rng 6-356 mo) Esophagus Rae Gg;i:ts:r;;hageal n.r, but median DVH Reported 14%

Pharyngeal Constrictors Late G3+ Dysphagia Median Dmean 73 Gy 10%

Spinal Cord Spinal Myelopathy Median DO0.1cc 50 Gy 0%

Spinal Cord, Brainstem Spinal Myelopathy Median Dmax 53.4 Gy, 62.7 Gy 0%

Mean Dmean <45 Gy
Mean Dmean >45 Gy

L&R Parotids G1-3 Xerostomia

Median Dmax 49 G
60.5 mo Spinal Cord Spinal Myelopathy Y
(rng 3-324 mo)

Mean Dmax 50.2 Gy

*Slide from Bo McClatchy, AAPM SCAMP mentee



Can Major Institutions Go It Alone~

A Can we deal with the heterogeneity of
circumstances leading to fieradiation?

I Reirradiation patients have varied clinical
histories (surgery, systemic therapy)

I Sites of rarradiation vary

I Complication numbers are usually low and
scattered among different endpoint

I Large range of raradiation times
AThis is an advantage given enough patients



Proposak A Reqistry

A Accumulate patient datéor particular
complications fromacross the major institutions

A Higher numbers let us cover the major sources of
heterogeneity in the patient data
I Variety of timedetweenirradiations
I Variety of reirradiation locations

I Variety of additional treatments between irradiations
A Surgery, Chemo/immunotherapy



Conditions of entry to the re
Irradiation reqistry

A The following data items are required:
I Planning scans for initial and final treatments

I Treatment plans (dose distributions, prescription
doses and number of fractions)

I Time between treatments
I Relevant clinical variables

I Commitment to provide ongoing standardized
follow up concerning the relevant involved normal

tissues



Data Analysis (preliminaries)

A For each patient:
I Deformably Register the initial to the final scan

I Determine the dose to the same voxels In the fine
scan from both the initial and final irradiation:

A (useful to create a bivariate LQ corrected DVid;,ak))
I Gather time between irradiations
I Gather possibly relevant clinical-gariates

I Gather outcome data

AEndpoint diagnosis and time, or follow up time since
second irradiation

L E
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AEndpoint diagnosis and time, or follow up time since
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Reqistration of Initial and Final Scans

A During the time between the scans, the
anatomy may have changed

I tumor shrinkage
I new tumor grows
I normal tissue reactions to the Initidkeatment

A Possibledifferences in scanningrotocols
I DIBHvs free breathing



Mixed Scanning Protocols

- Transversal - CT_RLDIBH_021119

First scanFB Second Scan DIBH Rigid registration (spirpﬁ)



