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Qutline

AScope of the re-irradiation challenge

AHow do we determine whether re-irradiation
would be safe?

AReal-world example

AData
Data on safe and unsafe re-irradiation
Understanding error bars
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Scope of the re-RT challenge

ARe-irradiation used to be uncommon

AAs systemic therapy improves, patients are living
longer
AChallenges:

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

AFor individuals: Applying these limits to clinical practice

UCSF Medical Center



Case

A73 year old patient with uveal
melanoma s/p plaque in 2000

A12/2017 treated with 3600 cGy in 12
fractions to peripancreatic nhodes and
left adrenal metastasis.

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

UCSF Medical Center



What do you do?

AObtain his prior treatment plan (ideally full DICOM)

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

ASimulation
AThink about whether positioning will increase
separation between target and OAR(S)

AThink about whether restrictive motion management
(e.g. SDX or ABC breath hold) may spare OARS

UCSF Medical Center



Review of prior plan

AHow close are the old and new
targets?

AWhat normal tissues will be re-
treated?

UCSF Medical Center



What will you examine in the old plan?*

SACME

AHow much dose did the closest

OARSs receive before?

AAre these the same OARs
which will be hit this time?

AAre the same regions of those
OARSs going to be hit this time?

Ainclude changes in relative

geometry

Set planning limits to specific portions of OAR

UCSF Medical Center



New plan * SACME

e = e U] AHow do you approach a
N i P composite?

2500

M  AConsiderations:
AQuiality of image registration
APhysical vs biologic dose

AWhat were the IGRT
Instructions before?

|Doub|e check composite doses including new plan

UCSF Medical Center



Several factors which could compromise the
r f '
accuracy of dose accumulation * SACME

Almage registration is not good in the area of interest

ADose calculation algorithms did not use density
corrections

APlans have different fractionations which was not
accounted for

Take composite plans with a grain of salt.

UCSF Medical Center



How certain will you be about dose?

AUncertainty about current dose:

AVariability of overall patient setup How you bias
AVariability of breath holds estimates will
AVariability of relative geometry depend on clinical
AUncertainty about prior dose: =Cenaro
A Also uncertainty about specific voxels previously
radiated

AUncertainty about dose limits

UCSF Medical Center



General Scenarios

A75yof with prior RT for A45 year old with metastatic
pancreatic cancer is colorectal cancer treated
hospitalized with Gl with SBRT to a solitary liver
bleeding due to tumor metastasis abutting the
Invasion 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

UCSF Medical Center



Dose limits for re-irradiation: What guidance exists?

ATypes of experiences:
ASingle institution retrospective reviews
AMulti-institution retrospective reviews
AFew prospective trials

ADetailed dosimetry studies:
ASparse
AWide error bars

UCSF Medical Center



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

Table 2: Recommended/accepted re-irradiation normal tissue tolerances in late reacting tissues

Organ/tissue  Accepted re-irradiation Accepted re-irradiation Accepted time Extent of OAR recovery
dose-fractionated (Gy) dose-stereotactic (Gy) interval between RT
courses
Soft tissue/ Doses over 50 Gy conventional EBRT produce better control*$!7 >12 months Large scale data not
muscle available; only case serie’s
present
Brain/ Cumulative BED not exceed 130-159 Gy with an o/ ratio equal 2 Gy20% >12 months Partial
brainstem 30-40 Gy in fractionated RT?! 24 Gy for involved volume <20 mm. 18
Gy for volume 21-30 mm and 15 Gy for
volume 31-40 mm!®
Spinal Cord cumulative BED should not exceed 130 Gy2[*¢! >12 months Partial
20-24 Gy in10-12 fractions dose threshold for thecal sac 10 Gy in
single fraction and nBED of 30-35 Gy
272 for up to five fractions
Heart Cumulative dose to the heart (BED, ) should not exceed 70 Gy, and the point =24 months Partial
dose (0.1 cc) Dmax not >49 Gy,
Great vessels  cumulative BED should not exceed 90-100 Gy2P! >36 months interval  1%-2% aortic toxicities
can produce estimated noted; carotid blowout
65% OAR recoveryR!
Head and neck  The dose ranges from 58-60 Gy 18-40 Gy 1n 3-5 fractions to the >6 months-1 year Lesser volume and more
soft tissues 65%-85% 1sodose line over consecutive mucosa means more OAR
days'® recovery
Mandible Cumulative dose not defined, but tolerance below 100 Gy, without cortical breach
Parotid Can tolerate cumulative dose of 45 Gy™ >12-18 months
Optic R di limited to <8-10 Gy for 10 cm® volume¥ >12 months
Urinary bladder Can tolerate point cumulative doses of up to 120 Gy3#% >6 months-1 year
Pelvic ureter Can tolerate point cumulative doses of up to 110 Gy329 =24 months Uretenic stenosis

Rectal mucosa  Total cumulative doses 70-100 Gy with  IORT dose of 10-20 Gy

and wall a median total dose of 85 Gy

Femoral heads Blood supply to the femoral head 1s defining point of action. Constraint simular to
blood vessels: cumulative BED should not exceed 90-100 Gy2

Breast soft 40-50 Gy given within 4 days with PDR

tissues brachy minimum re-radiation dose in

fractionated schedule is 40 Gy

>2-3 years gap can
help recovery
Minimum 6 months

Peripheral neuropathy most
commonly seen with IORT
Avascular necrosis of the
head is the catastrophic event
Moderate skin and
subcutaneous tissue side
effects seen; mainly
erythemas and skin
telangiectasias

Expected full OAR recovery

Das, et al.

UCSF Medical Center
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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?
RETREATMENT REGISTRY?

O © #asTrO18
2018 ANNUAL MEETING | HENRY B. GONZALEZ CONVENTION CENTER | SAN ANTONIO




Progress! Special issue of SRO July 2020

AMedical Physics Consult
E AHead & Neck

oo AGBM

= ANSCLC

AGI

AGU

ALiver

AProtons

L RADIATION ONCOLOGY
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What are the most critical organs at risk?

Spinal Cord Paralysis

Blood vessel (Carotid) Rupture and death

Brain Brain damage

Bowel Bowel bleeding/perforation

PaalleiOgans |
Lungs Fibrosis/shortness of breath

Liver Liver failure

Kidneys Kidney failure

UCSF Medical Center



Spinal Cord: Animal data

Iut I Radiation Oncolegy Biol Phys. Vol. 25, pp. 459464
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THE TOLERANCE OF PRIMATE SPINAL CORD TO RE-IRRADIATION

K. K. ANG, M.D..* R. E. PrICE, D.V.M.,' L. C. STEPHENS, D.V.M.,' G. L. JIANG, M.D_*
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Rule of thumb: 50% recovery
after 1 year
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EXTENT AND KINETICS OF RECOVERY OF OCCULT SPINAL
CORD INJURY

K. KIaN AN, M.D..* Guo-Liang Jiang, M.D.* Yan Feng, M.D.* L. CLIFToN STEPHENs, D.V.M.,
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Spinal Cord: Human patient data

Int. J. Radiation Oncology Biol. Phys.. Vol 82, No
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REIRRADIATION HUMAN SPINAL CORD TOLERANCE FOR STEREOTACTIC BODY
RADIOTHERAPY

ArIUN SanGaL, M.D..,* Luun Ma, PH.D.,T Vivian WEINBERG, PHAD..I Iris C. Gisss, M.D.,>i
Sam Cuao, M.D..Y Ung-Kyu Crang, M.D.,! Maria WerNER-Wasik, M.D.,**
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Table 6. Reasonable reirradiation SBRT doses to the thecal sac Py, following common initial conventional radiotherapy regimens

-5 pts with radiation myelopathy
compared with 14 patients without
-All myelopathy pts had 10+ Gy fx

2 fractions: SBRT
dose to thecal

3 fractions: SBRT
dose to thecal

4 fractions: SBRT
dose to thecal

5 fractions: SBRT
dose to thecal

1 fraction: SBRT

Conventional dose to thecal

Radiotherapy (nBED) sac Py sae P sa¢ P sac Poux sac Poux
o 10 Gy 14.5 Gy 17.5 Gy 20 Gy 22 Gy

20 Gy in 5 fractions 9 Gy 12.2 Gy 14.5 Gy 16.2 Gy 18 Gy

(30 Gy2p)

30 Gy in 10 fractions 9 Gy 12.2 Gy 14.5 Gy 16.2 Gy 18 Gy

(37.5 Gyap2)

37.5 Gy in 15 fractions 9 Gy 12.2 Gy 14.5 Gy 16.2 Gy 18 Gy

(42 Gy2p)

40 Gy in 20 fractions N/A 12.2 Gy 14.5 Gy 16.2 Gy 18 Gy

(40 Gy2p)

45 Gy in 25 fractions N/A 12.2 Gy 14.5 Gy 16.2 Gy 18 Gy

(43 Gyzp)

50 Gy in 25 fractions N/A 11 Gy 12.5 Gy 14 Gy 15.5 Gy

(50 Gyap)

*and the EQD2 does not exceed 70 Gy

Sahgal, et d1IROBR2012
UCSF Medical Center



Head and Neck

ARe-RT for H&N cancer has a long history
AMultiple society guidelines, even UpToDate chapter
ASevere toxicities include:
ACarotid blowout (3% risk, 76% fatal)
AOsteonecrosis
ADysphagia
AFibrosis

712112020 UCSF Medical Center



Head and Neck

-8 institutions
-505 pts
-17% Grade 3+ late toxicity

IJROBP 2018
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