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4.4 Table 4.1 Summary of pre-treatment recommendations for specific clinical sites

_@ < Liver ) Prostate

Exhale breath-hold if Free-breathe or
Un-enhanped tolerated , additioqal expire breath-hold Reco nded slice
3D planning assessment of motion - - recommended thickness <2

is necessary (e.g. using slice thickness mm.
4DCT or fluoroscopy) <3mm
Exhale breath hold, | Exhale breath hold for
3D planning _ acquired in venous GTV delineation, _ _
Contrast CT phase for GTV include lung and
delineation kidneys

Recommended MIP or
individual phases for

contouring tumour, Recommended for Recommended for Recommended if treating
4DCT AVIP or assessing tumour assessing tumour - around level of the
representative phase motion motion. diaphragm

contouring OARs and
for dose calculation

T1W+Gad, T2W

recom rr?g:: egcilyT1W or Recommended T1W or Tt:mgi :::v transaxial _and sa_gittal
T2W. transaxial and T2W, transaxial and sagittal (or 3D (or 3D isotropic
MRI sa’ ittal (or 3D sagittal (or 3D isotropic isotropic sequences with ~1mm
isotrogic sequences sequences with <2mm sequences with resolution. Diffusion MRI
with <2mm resolution PG altion <2mm resolution _ can be useful for
visualising the lesions
FDG-PET with 4DCT in
the treatment planning Not validated, but if
position (where . chosen, do on same
PET possible). PET(3D)cT | Consider FDG-PET day as CT and in - -
can be used to assist treatment position

target delineation.
Minimum standards highlighted in bold. Additional scans are at clinician’s discretion.
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Table 2. Anatomical description of organs at risk (organ nomenclature based on the Global
Quality Assurance of Radiation Therapy Clinical Trials Harmonization Group (GHG) contouring

guidelines [29]).

Organ Imaging Technique Anatomical Description
Divided into three parts: midbrain, pons, and medulla oblongata.
Brainstem Midbrain: from the nigral substance at the cerebral peduncle to the upper
{Brainstem) MRI border of the pons. Include the quadrigeminal plate.

Pons: caudal to midbrain, an oval-shaped structure on sagittal views.
Medulla oblongata: from the pons to the dens of C2 [29,37,39] [«].

Optic Chiasm
{OpticChiasm}

T1-weighted MRI

It is located in the subarachnoid space of the suprasellar cistern.

Inferior border: pituitary gland.

Posterior border: pituitary stalk.

Lateral border: internal carotid artery.

It originates anteriorly with the optic nerves and it continues dorsally to the
optic tracts [37,39,67] [«].

Optic Nerve
{OpticNrv_L
OpticNrv_R}

Tl-weighted MRI

Contour each optic nerve separately.
Consider this structure from the posterior part of the eye to the optic chiasm

passing through the optic canal to enter the skull [37,39,81] [«].

Hypothalamus
{Hypothalamus}

Composed by two separate volumes on each side of the third ventricle.
Superior boundaries: anterior and the posterior commissure.

Inferior boundary: base of the third ventricle.

Posterior boundary: interpeduncular fossa.

Medial Border: third ventricle or the visible Cerebrospinal Fluid space.
Lateral border: not clearly visible, consider 3 mm from the third ventricle.
Include the mammillary bodies in the contour [37] [«].

Hippocampus
{Hippocampus_L
Hippocampus_R

Hippocampi}

T1l-weighted MRI

Composed by a posterior corpus and anterior head delimited by the lateral
ventricle.

Medial edge: quadrigeminal cistern.

Lateral edge: temporal horn of the lateral ventricle.

Dorsal edge: uncus.

Contour each hippocampus separately.

Hippocampi may be considered as volume sum for reporting purposes
[29,37] [] [40,79] [B]-




Table 2. Anatomical description of organs at risk (organ nomenclature based on the Global
Quality Assurance of Radiation Therapy Clinical Trials Harmonization Group (GHG) contouring

guidelines [29]).

Organ

Imaging Technique

Anatomical Description

Coronary vessels

The left coronary artery is divided into Left Main Coronary artery (LMCA),
Left Anterior Descending Artery (A_LAD, divided in three segments), and
(CxCA, divided in two segments). The right coronary artery (RCA) is
divided in 4 segments and the posterior descending artery (PDA). [74] (A)
Consider the specific anatomical descriptions reported for individual
coronary arteries.

Left Circumplex Coronary
Artery
(CxCA)

Proximal: from the LMCA in the left atrioventricular groove, it runs
approximately 1.5 cm. Consider as caudal limit when it reaches the position
between left ventricle and left atrium.

Distal: from the proximal part it runs in the left atrioventricular groove in
close relation to left atrium, cranially, and the inferior segment of left
ventricle, caudally, to the crux of the heart [64,74] [«].

Lumbo-sacral Plexus
{LumbSacPlex_1L.
LumbSacPlex R
LumbSacPlexs}

At the level of L4-1L.5 vertebral body:

anterior and lateral edges: psoas muscle, common iliac vessels;
posterior and medial edges: L4-L.5 vertebral body, neural foramina.

At the level of S1-S2:

anterior and medial edges: psoas muscle;

lateral edge: iliacus muscle, sacroiliac joint;

posterior edge: sacral ala;

medial edge: S1-S2 and neural foramina.

Level of superior aspect of piriformis muscle:

anterior edge: iliac vessels;

posterior edge: piriformis muscle.

Level of ischial spine:

anterior and medial edges: obturator internus muscle and ischial spine;
lateral edge: piriformis muscle;

posterior edge: gluteus maximus [72] [3].

Define LumbSacPlexs if the entire lumbo-sacral plexus with bilateral nerve
roots is considered. Otherwise, contour LumbSacPlex_I /R separately to
denote structure laterality [29] [«]-

Prostatic Urethra
{Urethra_Prostatc}

T2-weighted MRI

It is commonly 3—4 cm in length and passes through the prostate gland.
The cranial and caudal borders are defined by the limits of the prostate
gland.

Contour all muscle layers and use the sagittal view for a better identification

[29] [«] [62] [v]-




Table 1, General dose-volume constraints for adult patients (organ nomenclature based on the Global Quality Assurance of Radiation Therapy Clinical Trials
| Harmonization Group (GHC) contouring guidelines [29).

Organ Constraints (Conventional Constraints (Hypofractionation)
: ion) * .
Fractionation) | 1 Fraction 3 Fractions 5 Fractions 8 Fractions
Dyiax(ms an®) <20 Gy Diytaxqp.005 cam?) % 25Gy
% . (mandatory)s
Dyiax(o.0ss em?) < 10 GY(mandatory); TR - Dyiax@.oos am?) <225 Gy
Optic Nerve Dwax < 55 Gy [39] (A) (@005 ) < 8 GY foptima? Draxquus an) = 15 CY wptivuat {optimal);
el [61(A) [6](A)
) Vios Gy <05 Cl'!l3 Vv 05 3
[101 (B) 125Gy <Uoam
[10] (D)
Dyean <9 Gy
Ideally one side; ('?;‘id(“x’;y)
Dnean <45 Gy A Dyean < 17.1(optimall) [6] (A); Dnean < 25 Gy(optimal) [6] (A);
Clachise (5,391 (A) e Dyiax < 20 Gy [10] (B) Duiax < 27.5 Gy [10] (B)
[40] (B)
[6] (A),
Dax < 12 Gy [10] (B)
DMAX(O.] an?) <38 GY mandatory)s
r)MAx(o'l migss,]n(z;:y‘mud.hw) Dnvax (0.1 em®) < 30 G)’(mandazofy) r)MAx(OJ Cﬂi’)]( 35 CY(GPE'““) DMAX(OJ 61\3[)6; ::)Gy("'-‘""-“""yl
i ‘ - 6] (A); ;
Trach: 6,25
rachea D, .+ <105Gy < 142151 ((3A)i81 5 D, < 165 Gy; [8] (A) DMAX (5 cn®) < 32 GY (optimal)s
[8] (A) dem? Y Avoid 105% of PTV prescription [7]1(A)
[25] (A)
DMAX(Q] o) < 38 Gy mandatory)

DMAX(Q_] ) < 30 Gy mandatory)

Dnaxg 1 am?) < 35 GY(optimal)i

DM?\X((M and) S 40 CY[mmdnlwy];

D&ﬂﬁl’(o_l o) <202 Cy mandatary) l6] (A): lbl (A)'
: i 16,251 (A); Daaxg.5 cen?) <30 G (optimat)i A [61(A);
Proximal Bronchus D, s <105Gy; ‘[‘.'.,',"25] (A); D, .i,é,]a (Z ;.6.5, DX 05 am?) < 32 GY (optimal)i
81 (A) Dﬂlgvlv’(;)ls' Avoid 105% of PTV prescription [71(A)
[25] (A)




Table 1, General dose-volume constraints for adult patients (organ nomenclature based on the Global Quality Assurance of Radiation Therapy Clinical Trials
| Harmonization Group (GHC) contouring guidelines [29]).

Organ Constraints (Conventional Constraints (Hypofractionation)
Fractionation) * — T ; :
ractionation) lm 3 Fractions 5 Fractions 8 Fractions
nMAX(O 1em?) € 174 CY(m.\ML\lory),' nM.AK(D 1em®) € a5 C)’(mnndahn_v);
10em® < DMAX(D1 ¢) < 33 Gy(optimal)i
Daax < 55 Gy; 9Gy Dyiaxoa emd) < 222 Cy(mdﬂml.).); Do em? < 25Gy
Vsogy < 10_m3 & (mandatory) D1p ot < 11.4 Gy(mandatory) (optimal} [6] (A);
Duodenum ¥ = toptimal); [6] (A); [6] (A); Dy 2 <33Gy;
Vsogy < 10%;
Viscr < 15% [36] (A) D; .5 < Ds 3 <165 Gy(mandatory); Ds . <25Gy;
66y = 112Gy [71(A) Dy 2 <15Gy
(optimal) {optimal)?
[8] (A) [71(A)
Dnax <= 55 C)’:' <154 G DM}\MU: em®) < as G}'(mandamy]i
Vs Gy < 10 cm®(optimal); D"Mx““v‘“‘a’ <'5 cﬂy‘ (;“““d“""" DMAX(@5 ) < 252 GY(mandatory) D,,Lw((o.s ) <30
Jejunum-Ileum Visgy < 120 cmﬂmmn ; 11(-’ Gydam) Ds_a3< 1[9;.]7(i¥(mqu-) o Gy(ozpsd.éuj);
V. < 109; mary ? q € fmal
gy £ i 161 (A) 0 sl [6] (A)Y(W ”

Vis gy < 15% [36] (A);

Vis gy < 120 em’;

For primary prostate SBRT only:
Visicy <5 cm?;

Bowel
Vis gy < 195 am? [5] (A) V30 Gy <1 em®(mandatory)
(A)
Vis gy < 5% or <20 cm?; D 184G
< 18.
Vs Gy < 35% or 150 cm’; MAX(01 cm?) - OY(mandatory) Dy gaxion ety < 28.2 Gy [6] (A); DMAX(0.1 e3) < 38 Gy [6] (A);
Bowel Large = 6] (A); s
Vg gy < 507 o1 200 un Vies gy <20 m’(opliml) 81 (A) D20 ot <21 Cyopuman; [8] (A) Dz2o o <25 Cy(optunal; [8] (A)
[28] (A) ’
D, < 55 Gy;
iz hg){u_cma(cyﬁmu); Daiaxiy g em®) < 15-4 C¥(mandatory) D s 3y <252G N Dniax(os em®) < 35 C¥(manaatory)
o o 4 Viie gy <5 cm’ MAX(05 em?) -~ L3 (mandatory); DMAX©0S cm?) < 30 GY(optimal);
Bowel Small Visov < 120 em® oo ; ¥ Ds ¢ <17.7 Gymandat cov op
B N oy < 1000 (mandatory) ey Dig e < 25 Gy (optimal);
Viscy < 15% [36] (A); R ' i
Pudendal Nerve DMAX(O.I ad) < 16_Gy (mandatory)/ DMAX(D] a’) < 24. Gy mandatory)? DMAX(D.I ) _< 32' CY(mandMury);
Lumbo-sacral Plexus D; o < 144 Gy (optimal)s Ds 3 < 22 GY(ootimal)s Ds 3 <30 GYoptimalys
Dyax < 60 Gy [48] (C) opt (6] (A)OP
!

[6,7]1(A) [6,7] (A)




Daanipin ety €26 Gy (masdatery);

Table S5. Specific dose-volume constraints for adult pats d for tacti
arrhythmia radicablation (STAR).
Organ Constraints for single dose hypofractionation
2 Dstaxnss enyy <12 Gy [24] [B]
Anterior Descending Artery Dax <14 Gy [22] [D)
s Daeavpican < 15.4 Gy [6] [A]
Dstaxn s ot < 15.4 Gy grardoney);
Bomesl Soanll Dscns< 119 Gy wpnar (8] [A]
Daax <184 G)‘ (mandatoryl;
Bowel Large Dy <14.3 Gy ppeemat [8] [A]
Draxint onty < 30 Gy ispuimas [6] [A];
Chestwall Diens <22 Gy
[8] [A]
Dy 1o < 15.4 Gy [6] [A]
Esophagus Viacy <5 em?;
Vicy < 0.03 ey’ [8,21] [A]
Duaxnt eny <22 Gy [6] [A);
Viey <15 em?;
Hearth- PTV

[8.21] [A] [23] [B)
Dar<5 Gy [22] [D)

Implantable Cardioverter Defibrillator
(Icoy

Draax < 0.5 Gy [22] [D]
Duax< 2 Gy [80,122] [A]

Left Circumplex Coronary Artery
(CxCA)

Dstaxnsseny <12 Gy [24] [B)
Drax <14 Gy [22] [D]

Skin Daacni < 23 Gy mansasaryy [6,8] [A]
Dutaxpnazs sy <14 G irundey;
SpinalCord Drtaxpinss o) < 12.4 Gy topeerali [6] [A]
Vay € 1.2 em?;
Vi < 0.35 em’;
[8.21] [A)
Daseanip 1 ) 12,4 Gy (rmarddarey;
= Dinces€11.2 Gy (oparnar [6,8] [A]
” Dreaxpican < 15.4 Gy [6] [A];
V
Superior Vena cava Dsr< 0.6 Gy [22] [D]
s Duaxg 20.2 Gy;

Vinscy <4 em?; [8,21] [A]

Left Main Coronary artery (LMCA)

Dutaxpes eny <12 Gy [24] [B)
Drax <14 Gy [22] [D]

Liver

Voicy <700 em’;
[6,821] [A]

Lung

Vancy €15% imamasany;
Duean < 8 Gy imandavory;
Varcy €10% ppeevar; [6] [A]
Vioy < 1500 emy’;
Viracy <1000 em?;
[8.21] [A)

Proximal Brochus

Dauaxier £ 20.2 Gy [6] [A]
Vinscy < 4 em?;
[8.21] [A]

Right Coronary Artery(RCA)

Dutaxpes eny < 12 Gy [24] [B]

Legend: CxCA: Left Circumplex Coronary Artery; DMax: Maximum Dose; Gy: Gray;
1CD: implantable cardioverter defibrillator; A_LAD: Left Anterior Descending Coronary
Artery; LMCA: Left Main Coronary artery; RCA: Right Coronary Artery; PTV: Planning
Target Volume. The anatomical descriptions are reported in Table 2. Common
abbreviations were used in the tables: Ve = Volume receiving a dose e Gy, Dee = dose
received by % of the organ volume, De = dose received by v em3 (the cubic centimeters)
of the organ volume, DMAX = maximum dose received by the organ, DMEAN = mean
dose received by the organ. Volumes and doses were ex-pressed as percentage (%) or
absolute values (cmn3 or Gy, respectively), The Jetters in square brackets indicate the levels
of evidence, classified as follows: [A] International guidelines; [B] literature review on
clinical or planning studies; [C] Data from results of dinical or planning studies; [D]
expert opinions or used in prospective trials, * Please consider anatomical description
reported in Tablel or 2, Note: other cardiac substructures (Pulmonary trunk, right and
left pulmonary veins, right and left ventricles, right atrium, inferior vena cava, phrenic
neeve) may be delineated for dosimetric purposes,




Practical Radiation Oncology™ (2021) 11, e355—e365

pro

www.practicalradonc.org

Topic Discussion

Organ at Risk Dose Constraints in SABR: )
A Systematic Review of Active Clinical Trials
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Planning OAR volume (PRV) constraints were

explicitly mentioned in 13/53 trials. The most com-
mon organs where a PRV was used was spinal cord
(n = 12, PRV margin range: 1-3 mm), followed by
cauda equina (n = 4, PRV margin range: 1-3 mm) and

esophagus (n = 2, 2 mm PRV margin). Circumferen-
tial radiation was recommended to be avoided in the
duvodenum (n = 6), small bowel (n = 5), colon

(n = 3), and rectum (n = 6).
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