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Goals of Planning

* PTV receives adequate uniform dose

— |deal: 100% of the dose to 100% of PTV

— |CRU
e 100% of PTV is covered by 95% of the Prescribed Dose

* maximum dose to PTV does not exceed 107% of the prescribed dose

» Safe OARs (do not exceed tolerance)
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Visual Assessment: Beam Eye View

1. Beam Orientation
2. Bone
3. MLC

Action
 modify MLC Penumbra
* Rotate Gantry for 90°
movement




Visual Assessment. D R R Digitally Reconstructed Radiograph

PTV and OAR
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Methods

1. Visual Display of dose distribution

A. Isodose Shapes
* Isodose lines
* Colour wash
* Iso-dose surfaces

B. Dose Volume Histograms (DVH)

2. Statistics



Axial, Coronal, Sagittal Isodose Lines

DVH Statistics
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Isodose Surface
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Visual Assessment

Room View

PTV & OAR
identify areas of
invagination &
hot areas
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Dose Volume Histogram

* Powerful quantitative Tool for evaluation of plan

* Two types:

— Differential (Direct)

— Cumulative (integral)

e Drawback of DVH

— Loss of spatial information
— Insensitive to small hot or cold spot

— Can only be calculated for VOIs



For all DVHs

Volume V' that
receives a dose >=D'’
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Comparison of techniques
using DVHs (dose-volume histograms)

Volume
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Comparison of techniques
using DVHs (dose-volume histograms)

Volume

Dose

0% 50% 100%

*The situation in this case, when the two DVHs are crossing each other, is less clear

*The red curve indicates a DVH having a higher dose in the high dose region compared
to the black curve, but has less dose in the lower dose region



Statistics



total

It optic nerve 9,307 5810
rt eye 18.630 4,699
It optic nerve 8.869 5.286 |
It eye 19,184 4.366
cricopharyn:x 53.715 48,647 |
brain stem 52.366 26.841 |
Temporallobe_R 63.275 22391
Temporallobe_L 64.045 19.561 |
Spinel Cord 43.444 32619
RT parotid 62171 23.236
RT LENS 4,562 3433
PharynxConst_M 60.341 52.652 |
PharynxConst_I 60467 50.390 |
PTV_&0 74.458 63.806 |
PTV 70 74.458 70150
PTV 54 62,990 56.249 |
NS_Ring '
Mandible 72.296 41.746
Lens Lt 4.784 3623|
LT Parotid 72,067 23.769 |
GTVp '
GTV In

Esophagus inlet 56.174 51.635 |
ESOPHAGUS 57.169 42.741
Cochlea Rt 51.163 39.341 |
Cochlea Lt 52.442 40.391
Chiasm 25.485

14.045 |
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Organ Constraint O ptimal Mandatory
Nervous system
Brain D_.. <60 Gy
Brainstem D .. whole organ 54 Gy i60 Gy if PEV used)

D 1=10cc) <59 Gy
Penpheral nerves D_.. <6l Gy
Spinal cord D_.. to PRV {cord +5 mm =50 Gy (48 Gy 1if

or spinal canal) concomitant chemotherapy)
Head and neck
Cochlea Mean dose <45 Gy
Lacrimal gland D_.. <40 Gy
Larynx Mean dose <45 Gy, <35 Gy
where feasible
Lens D_.. <10 Gy
Optic nerve and chiasm D, =55 Gy
<6l Gy if PTV very close to
one optic nerve

Parotid gland Mean dose <24 Gy
Pharyngeal constrictors  Mean dose <50 Gy
Retina D_.. <50 Gy
Submandibular gland Mean dose <30 Gy
Thorax
Heart Mean dose <25 Gy <30 Gy

Wil Gy <45%

W4l Gy <30%



Lung (whole lung volume V20 Gy <35% (<25% il nisk

minus GTV) factors — see text)
Mean lung dose <18 Gy
Oesophagus (e.g. in lung  Length within treated <8 cm <12 c¢m
cancer treatment) volume

Abdomen and pelvis

Bladder V50 Gy <50%
Vol Gy <25% <50%
Femoral heads V50 Gy <5% <50%
Kidney (each) V20 Gy <25% <30%
Kidney (both) V20 Gy <30% <35%
Liver V30 Gy <30%
Mean <28 Gy <30 Gy
Ovary D... <1.5 Gy <15 Gy
Penile bulb V50 Gy <50%
Vol Gy <10%
Rectum V30 Gy <T0% <80%
V40 Gy <51% <65%
V50 Gy <38% <50%
Vol Gy <27% <35%
V70 Gy <15% <20%
Small bowel D, (0.1 cc) <58 Gy <60 Gy
V50 Gy <10 cc
V15 Gy <120 cc
Spleen Mean dose <10 Gy

Testis D, <2 Gy <6 Gy




Organ

Brain

Brain stem
Spinal cord
Optic nerve
Cochlea
Larynx
Brachial plexus
Bronchus
Lung

Heart
Esophagus
Rib

Stomach
Duodenum
Small bowel
Colon/rectum
Liver

Kidney
Bladder
Penile bulb

Skin
Femoral head

Max critical
volume

100 %
<5 cc
<1.2cc
0.2 ce

4 cc
3cc
<4 ce
1,000 ¢cc
<15 ce
<5ce
<1 cec
< 10 cc
< 10 cc
<5ce
<2 cc
<700 cc
< 200 cc
< 13 cc

<3 ce

< 10 cc
< 10 cc

One fraction
(Gy)

10

(8-ott
10
10
14
10
07.04
16
11.09
22
11

11.09
14.03

08.04
11.04
14

23
14

Three fractions
(Gy)

18 (6 Gy/fx
12.3{4.1 Gy/fx)
15

17

2205

15 (5 Gy/fx)
1005 (4 Gy/fx)
24 (8 Gy/tx)

17

28

16.5 (5 Gy/fx)
11.04

17.7 (5.9Gy/fx)
16.8 (5.6 Gy/fx)
19 (6.4 Gy/fx)
16 (4 Gy/fx)
16.8 (5.6 Gy)
21.9(7.3 Gy)

30 (10 Gy/fx)
21.9 (7.3 Gy)

Five fractions

(Gy)

20

23 (4.6 Gy/ix
14.5 (2.9 Gy/fx
20

23

20

30

16.5 (3.3 Gy)
13.5 (2.7 Gy/fx)
32 (6 Gy/fx)

20

35

18 (3.6 Gy/fx)
12.05

19.05

18.3 (3.6 Gy/fx)
21 (4.2 Gy/fx)
17.5 (3.5 Gy)
18 (3.6 Gy/fx)
30 (6 Gy/fx)

36.5(7.3 Gy)
30(6 Gy/fx)

End point
grade 3

Necrosis
Neuropathy
Myelopathy
Neuropathy
Hearing loss

Neuropathy

Pneumonitis
Pericarditis
Stenosis
Fracture
Ulceration
Stenosis
Stenosis
Colitis Proctitis
Liver function
Renal function
Cystitis
Erectile
dysfunction
Ulceration
Necrosis



e Critical OAR
— CNS
— brain stem

— visual Pathway (optic
tract, chiasm, Nerve)

— retina

Priority e PTV



Sinonasal case

Priorities and penalties

1. Highest priority:

* Spinal cord

* Brain stem

* Optic chiasm

* Optic nerve

* Posterior eye on the "best” side

2. Second priority: Coverage of PTV-T, PTV-E-highrisk and PTV-E-
lowrisk

3. Third priority: Less critical normal tissues:
* |nnerear

* Parotid glands

* Larynx

* Anterior eye




HOT and COLD spots
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Dose Homogeneity

Dose homogeneity characterizes the uniformity of the

absorbed-dose distribution within the target volume.

Homogeneity index = HI= D,g - Dgg,

D59
An HI of zero indicates that the absorbed-dose distribution is

almost homogeneous.

The ICRU previously recommended that the absorbed dose in
the PTV be confined within from 95 % to 107 % of the
prescribed absorbed dose (ICRU, 1999).



Dose Conformity

Characterizes the degree to which the high-dose
region conforms to the target volume, usually

the PTV.
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Dose Indices
ICRU #62: Conformity Index (Cl)

® Defined as the:  Treated Volume
PTV Volume

® Implies the Treated Volume totally encompasses the
PTV

® Cl| = 1 Ideal conformation
® Cl| > 1 Irradiated volume includes healthy tissue
® Cl| < 1 Target volume is only partially irradiated




ICRU #62: Conformity Index
Prostate Example

® VVolume of Prostate PTV: 157 ¢cc
® VVolume of 95% Volume: 198 cc
® Cl =198cc/157cc = 1.26

® Treated volume includes healthy tissue



ICRU #62: Conformity Index
PBlI Example

® Volume of PTV_eval:
® VVolume of 95% Volume: 138 cc
® C| = 138cc/144cc = 0.958

® PTV only partially covered




Conformity indexprqg = Vpi/TV (equl) Where Vg, = Reference isodose volume and TV =

Target volume.

Dose homogeneity index (DHI) is defined as a ratio between the dose reached in 95% of the
PTV volume (D.g50,) and the dose reached in 5% (Do, ) of the PTV volume.

Le. DHI = D3g50; (within PTV) / D259 (within PTV) (equ 2)

HI (Homogeneity index) is a ratio between the maximum dose in the target volume and the

reference isodose.

Homogeneity indexprog = Ia/RI (equ 3) Where I, = maximum isodose in the target, and

Rl = reference isodose.

+ Paddick Conformity Index (more precise, accounts for dose spill):

(Vere)

Clpaddick = Vo XV

where Vyrypg, is the portion of the PTV covered by the reference isodose



CI defined by the RTOG: ratio between the volume covered by the
reference 1sodose, which according to ICRU is 1sodose of 95%, and

the target volume designated as PTV.

CI rt0G = Vr1/TV

— CI =1 :1deal dose coverage or high conformity.
— CI>1 :rradiated volume exceeds the TV and covers part of the healthy tissue.

— CI <1 : the target volume 1s partially radiated.

RTOG criteria define a range of CI values to determine the quality

of conformity since the value up to 1 can rarely be reached
— ClI between 1 and 2: in accordance with the protocol
— ClI between 2-2.5 and 0.9-1: minor deviation of the protocol

— CI> 2.5 and <0.9: severe deviation from the protocol




Case

Single slice

showing target

volume and

prescription

isodose

Volume data Vy =10 Vy =10 Vr =10 Vr =10
vpi =2.0 1'1|I"r|;|k| =12 Vpd =0.5 "-.fpi =10
Vrpi= 1.0 Vi 0.95 Vrpi=1.0 V1pi=0.5

Coveragerros 1.0 0.72 0.20 0.16

% Coverage 100% 95% 50% 50%

Cl rroc 2.0 1.2 0.5 1.0

Cl 0.5 0.79 1.0 0.5

CN 0.5 0.75 0.5 0.25
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Contour 1

Conformity Index
of Contours 1 and 2

Intersection

Intersection

Union

Contour 2
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Agenda

e Lecture (CB-CHOP).

* Workstation (acceptance of 2-4 cases every day).
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