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* Learning objective

— Ability to compare salient data points and clinical
issues in IMRT Plans using ICRU 83

— Choose from multiple plans to suit clinical objective



Planning Workflow

Immobilization

Image acquisition and registration

Contouring
Constraints
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anning
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an evaluation

Physician’s
Responsibility:

To interpret the plan in light of
ICRU 83

D

an implementation




Planning Workflow

Immobilization

Image acquisition and registration
Contouring

Constraints

Planning

Plan evaluation

To choose the best among
multiple plans:

Plan implementation

Target coverage
OAR sparing
Hotspot/Coldspot
DVH analysis
Isodose coverage
Indices (Cl & Hl)

Clinical relevance




Objective Assessment Discretionary/ Evolving

e Dose Volume * Assessment of isodose every
: slice coverage for clinical
Histogram relevance
- Cl.JmU|at',Ve * Multimodality Images
— Differential

e Defined Volumes

* Biological Volumes

e Effect of variation in dose
levels

TCP/ NTCP

GTV: Gross Tumor Volume

CTV: Clinical Target Volume
ITV: Internal Target Volume
PTV: Planning Target Volume

\/
0’0
\/
0’0

+* RVR: Residual Vol @ Risk

OAR: Organs @ Risk
PRV: Planning Vol @ Risk




RVR: Residual Vol @ Risk Body
contour — (CTV + OAR)

TV: Volume apart from
PTV receiving clinically
significant dose

p— |

PTV: Set up errors &

organ motion

ITV: Uncertainities of
shape, size and position

GTV: Clinically or
radiologically assessed
tumor (GTV-P / GTV-N)

- CTV: Subclinical
Extension
(CTV-P / CTV-N)

Organ@ Risk (OAR)
Serial: Sp Cord Parallel:
Parotid

PRV:Planning Organ @
Risk Volume
OAR + Set up Margin




Types of CTV/PTV
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ICRU through ages

ICRU 29 (1974) ICRU 50 (1993) ICRU 62 (1999) ICRU 83 (2010)
A N GTv GTV GTV
CTV CTV CTV
TV TV
PTV PTV PTV
: Treated volume Treated volume Treated volume
Irradiated volume Irradiated volume Irradiated volume
Organ at risk ( Organ at risk Organ at risk ] D
PRV PRV

RVR

Hotspot (more than] Hotspot (more than | High dose to RVR )
100% - 15 mm dia) | 100% - 15 mm dia)

Dose heterogenity | Dose heterogenity | Not specified
g(+7 to -5 %) (+7 to -5 %) Y,




Dose Reporting in 3D (ICRU 50)

Dose must be reported to the ICRU reference
point

— ICRU reference point is usually isocenter
— It could be a point in the center of the PTV

— Uniform dose to PTV (-5 to +7%)

Maximum & minimum dose must be reported in PTV
Whenever possible dose should be reported to PRV



Paradigm Shift with IMRT

IMRT represents a paradigm shift
Non uniform dose (dose painting)
Large dosimetric variations
Isocenter dose is meaningless

Radiobiological consequence of large heterogeneous
dose is uncertain (i.e 180c Gy/day versus 250c

Gy/day)



IMRT: Sequential

~ Phase I: Low Dose: Nodal+ Primary

Summation of Both Plans

Phase II: HighDose: Primary / Boost



IMRT: Simultaneous Integrated Boost

High Dose

Low Dose

Both Low Dose & High Dose Volumes Treated Simultaneously




Isocenter dose is non-reprsentative




IMRT: Variability in PTV Dose

PTV - Prostate
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IMRT: Variability in OAR Dose
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Variation of doses among 850 patients in 5 Institutions

1.5 4
| l
1.4 4 : & \
° -~
1 o > |
1.3 : p ¥ of g';@. ; E
afsp
ade |

o
ﬁ
S
2
=
o
7,
2
c.
% Y
L 1.3
= ;
c r
S z
- !
- ,
S ; |
z 5 | -
Z 0.5 ! s a a8 | & . Minimum
. s A & rde s V > Maximum
£ 04 A » Median
" ) ' A o s Isocenter
2 0.3 - |
.5 ] ’
z 0.2 ,
&
— &
& () ..;A - : .
L | Oncentra @ %, BrainScan . Pinnacle CMS-Xi0 Eclipse
0.0 —— -

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Patient number

Median Dose is most consistent




ICRU-83: PTV

* Dose Volume Reporting

— D¢y, (Median Dose)
* Most representative of prescribed dose

_ I:)mean is nearly identical to DSO%
— Dggo, (Near Minimum Dose)

e Dose received by 98% of PTV

— D,,, (Near Maximum Dose)
e Dose received by 2% of PTV



Comparison of ICRU reference
point dose to Dyg,,
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Application of ICRU 83 in single
dose level plans




DVH of PTV
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Multiple dose level plan:
Nasopharynx with SIB (60Gy & 70Gy in 33Fr)

Sub Volumes
«3@3)



DVH of PTV

Dose [cEy]
S8 41

—
F

=
u
E
=2
=]
=
=
5
=
=}
=

Ratio of Total 5

50 60
Relative dose [%]




Differential DVH

Dose [cGy]
458 4187.6

60Gy Peak
PTV 60
70 Gy Peak

dvolume / dDose [cm2 [ %

S50 60
Relative dose [%]




OAR & PRV

e Serial Organs: Spinal Cord, Esophagus
— D, IS important
— Entire organ should be considered if possible
— Minimum dimension of 15mm to be considered.

* Parallel organs: Parotid, Liver, Lung
—-D IS Important

mean

—D and D

ean may not be same

median

* V,in cases like Lungs (V,,)



& Original Conribution

TOLERAMNCE OF NORMAL TISSUE TO THERAPEUTIC IRRADIATION
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Organs at Risk: QUANTEC

Quantitative Analysis of Normal Tissue Tolerance in Clinic
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QUANTEC

Irmdiation type

Dase (Gy ), or

Volume (partial organ unless dosefvolume Motes on
Organ seomentad otherwise stated)’ Endpoint parametens’ Rate (%) dosefvolume pammeters
Bilateral whale I-CRT Long term parobid salivary Mean dose <30 <5} For combined parotd glands (per
parotd glands function reduced to <25% of Fig. 3 in paper)
pre-R T level
Pharynx Pharyngeal Whale organ Symptomatic dysphagia and Mean dose <50 <2 Based on Section B4 in paper
COTs ko aspiration
Larvnx Whole orzan I-CRT Vocal dysfuncion Dmax <6 <20 With chemothempy, based on single
study (see Section A4.2 in paper)
‘Whole argan I-CRT Aspimtbon Mean dose <50 <30 With chemothempy, based on single
study {see Fig. 1 in paper)
Whole organ IB-CRT Edema Mean dose <44 <20 Without chemothempy, based
on single study i patients without
Whole organ I-CRT Edema V50 <27% <20 larynx cancer®*
Cochlea Whale organ ID-CRT Sensory newural hearing loss Mean dose =45 <30 Mean dose to cochlear, hearing at 4
kHz
Whaole organ SRS (single fraction) Sensory newural hearing loss Prescripion dose =14 <25 Serviceable hearing
Parotid Bil ateral whaole I-CRT Long term parotid salivary Mean dose <25 <2() For comhined parotid glands?
pamtid glands function reduced to <25% of
pre-BT level
Unilateral whole I-CRT Long term parotid salivary Mean dose <20 <2() For single parotid gland.

pamtd gland

function reduced to <25% of
pre-BT level

At least one parotd gland spared to
<2 Gy




QUANTEC

rmdiation type

Dase (Gy), or

Volume (partial organ unless dosgivolume Motes on
Crgan sepmented otherwise stated) Endpoint parametens Buate (%) dosefvolume pammeters
Bran Whaole organ JD-CRT Symptomatic necrosis Dmax <60 <3 Data at 72 and 0 Gy, extrapolated
Whole argan ID-CRT Symptomatic necrosis Dmax =72 5 from BED models
Whole argan ID-CRT Symptomatic necrosis Dmax = 9% 10
Whaole organ SES (single fraction) Symptomatic necrosis V12 <5-10cc <2{) Rapid rise when V12 = 5-10cc
Bram stem ‘Whale organ Whale organ Permanent cranial Dimax <54 <5
neuropathy or necrosis
Whole argan ID-CRT Permanent cranial D1-10 cc* =59 <5
neuropathy or necrosis
Whole argan ID-CRT Permanent cranial Dmax <t <5 Paint dose <<1 cc
neuropathy or necrosis
Whole argan SRS (single fraction) Permanent cranial Dmax <12.5 <5 For patients with acoustic tumaors
neuropathy or necrosis
Oiplic Whole argan ID-CRT Optic neuropathy Dmax <55 <3 Giventhe small size, 30 CRT is often
nerve [/ chiasm Whole organ ID-CRT (rptic neuropathy Dmax 55-60 £ whole organ”’
Whale organ JID-CRT Optic neuropathy Dmax =60 »7-20)
Whole organ SRS (single fraction) (rptic neuropathy Dmax <12 <10
Spinal cord Partial organ ID-CRT Myelopathy Dmax = 50 0.2 Including full cond cross-sedion
Partial organ ID-CRT Myelopathy Dmax = &) [
Partial organ JID-CRT Myelopathy Dmax = &9 50
Partial organ SRS (single fraction) Myelopathy Dmax = 13 1 Partial cord cross-ssction iradiated
Partial organ SRS (hypofraction)) Myelopathy Dmax = X} 1 3 fractions, partial cord oross-section

rmdiated
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Overlapping CTV & OAR

N\ 4\
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Cropping the PTV or PRV?




No Cropping!

44
)

Planning constraints and priorities to be adjusted for desirable dose



Practical IMRT Planning

Wilfried De Neve, Yan Wu, Gary Ezzell

‘ PTVAI—, \
1
. 1

Margins '-

\ "nverlap‘.‘-l

PTVHI—\' '

Optimization

Objectives:

PTV-II

PTV-ll PTV-II: Dm:}:tli?rls [_-; ?}u 55?%
] m - V)<
subvolumes - V(701) < 5% '.
PTValll1: D98 = 56 Gy
D2 < 70 Gy

PTV-ll2: Dmedian = 56 Gy
V(=60GY) < 5%
d V(<53Gy) < 5%
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Planning for overlaps in PTVs or PTV / OAR

33




Solutions for overlap

. Assigning a much higher importance weight to PTV-
Il than to PTV-IIl at optimization;

Relaxing the maximum dose objective for PTV-III;

Fragmentation of the PTV-Ill volume (panel d) and
relaxing the maximum dose objective for a
subvolume of PTV-IIl or a combination of 1-3

Fragmentation of PTV-Ill to create a subvolume for
relaxing the maximum dose constraint;

Unambiguous dose objectives for plan optimization



Checking for dose littering

Soft Dmax constraint to UIV

35



Solutions for dose littering

volume containing a PTV, 4 PRV and the remaining of the imaged
volume called UIV: Unspecified Imaged Volume;

method described by investigators from Washington University. A
soft Dmax (dose maximum) constraint is assigned the whole UIV;

method wused at Virginia Commonwealth University. No
constraints imposed to a narrow TZ (transitional zone)
immediately outside PTV but to a shell surrounding the TZ. Inside
the remaining UIV, one or more Pseudo-OAR(s) are constructed or
draw an RVR.

“Matroska” method described by investigators from Ghent
University Hospital. Several shell structures inside each other (like
Russian matroskas) leave no UIV. Outer shells have more severe
dose maximum constraints than inner shells.



Perfectly conformal plan...

[

Body

RI

now much of PTV is covered?
now much is the spill?

now is the uniformity within PTV?



Coverage Factor

* tells you how much you miss on PTV

volume of PTV covered by Rl MISS Body
volume of PTV

PTV

RI

volume of overlapping region
volume of PTV

Ideal value =1



Conformity Index (Cl)

tells you how
much you
spill outside

’ BTV
‘Q\\\\\\

spill
ratioof /@
ratio of /

Body

ideally = 1; but expect around 1.3to 1.5
presently, inverse of the ratio is followed



Conformity Index ICRU 50

Conformity Index (Cl) = TV/PTV

TV = treated volume is the tissue volume that
receives at least the dose selected and
specified

Cl => optimised close to 1.0

For small volumes Cl up to 2 can be
acceptable (SRS)

For bigger volumes, Cl should be closerto 1



Homogeneity Index (H/)

* measure of uniformity within PTV

* expressed as the ratio D,/Dgq

— D, is the maximum dose received by at least 2%
of the PTV

— Dgg is the maximum dose received by at least 98%
of the PTV



Homogeneity Index (RTOG-1993)
HIRTOG = Imax/RI

= maximum isodose in the target, Rl reference isodose)
Ideal HI < 2
Minor violation =2 to 2.5
Major violation > 2.5 (Clinical discretion needed)

Alternative formula
HI = D, — Dyg/DP x 100

(D, =minimum dose to 2 % of the target

Dyg = minimum dose to 98% of the target
D, = prescribed dose)

(Imax



Homogeneity Index (H/)

* for a typical 3-D CRT plan, it is around 1.07
e for IMRT it should be £1.15

* D./ Dgy has also been used



Conformity & Homogeneity indices

Conformity index

Homogeneity Index
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VMAT

==-IMRT

VMAT

-=-IMRT
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What the DVH doesn’t tell
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What the DVH doesn’t tell

Relative dose [%]
45.454 60.606 75.757 90.909 106.06

Ratio of Total Structure Volume [%]

4000 5000

Post OP Larynx + Hypopharnx




What the DVH doesn’t tell




QA...... Fluence analyses showed "
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most planned cases treatable
with 2 95% fidelity

s vediysppan - OmniPro TmRT

Tt Measure W

Dol P EEQ R

12 881 % & & i ttogem tent-Gonme

40 00

Integral 0450

-

[em] X

—— Expot o CS\iFe

Decind Synbet | | Rocord Sepaatr |<CA P> (v

DalaSepde. [~ el

Dapley Stattics:

Type [ KRNy posls 56169
Mnem Sgral (

™ Rt Count u:.':,:'qui]vugt

; T e S 030

 fage 10 1o Starkad Dedn 023

Ptk 1 Raries

@ FulRangp (000 10154)

0001000: 0f«0.00%)
0004 1.00. 55454« 873%)

T G

B0 2Planed! 51.2 mm

2 om] Y

\T 10.0 0.0

s KANNAN - OmniPro TmRT
File Edt Measure Workspace View Tools Equipment Help

D EdE D |0 1288

100% = 229.939 Gy

heaq,

6y O DE b BE S

Thesholds 1000154 N5 127%)
Frfim M2fin
| Rehesh
Absokde Count Avea fomf X111 80,1211 80, Y141

0@

{2 Plane! 51.2 mm

fem] ¥

100% = 260.464 cGy

Plane01-51.2 mm

-10.0

[em] X

Plane01 -51.2 mm

=g

20| | @ Flatness: 561% Symmeby: 7.17% Dewation: 108.46 %
~ | Penumbra 1.35; 125cm Field Widh: 18.73 cm

[cGy] Dose
]|”1||\\|\||w|||1

100% = 260.464 cGy
I T e ok N P R B

2605
200.4 ol L

156.3 f
1042 -

§2.1 4
1

S ot s B b B e ol
-140 120 -10.0 8.0 60 -40 20 00 20

LI
8.0 10.0 12.0 14,
[em] X

kil e
40 6.0

.0

2 Profile

]I;cgylbo‘sel“IH‘I)II}I‘

100% = 260.464 cGy
e e ] e oo N O

206.5 -3
260.5 3
23443
208.4 -3
182.3 - T
166.3 =
130.2 =
7| 1042-
78.1
52.1
26.0 3
0.0

{ i e ot 8ot A ool el Joded ol

{ o] e Yoot

[ |

! b )
140 -12.0 -10.0 8.0

U |y bk b o ool )
60 -40 20 00 20

40 6.0 8.0 100 120 14
[em] Y

0

NUM

oas




Learning for the day

Definitions of new volumes as per ICRU 83
2D to 3D to IMRT planning

Evaluation of dose at a relevant point
Evaluation of dose as a volume
Accounting for inhomogeneity

Accounting for overlapping volumes



Learning for the day

Mathematical and graphical representation of
dose across a volume

No more hot spots & cold spots

D2, D98 and Dmean are the new standards
Conformity & Homogeneity indices
Limitation of DVH

Ability to choose a proper radiation plan on
the basis of these variables



A-BACALL

"That concludes my prepared
remarks. | will now evade your
questions.”




