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What is new sinceEmami?

* The Hope: “ 3D information will setusfree”
* Partly true: Major Progress
* DVH —> outcome(many organs)
* Goodbut NOT perfect

e Another Reality: “We don’'t know what we want to
measure and the information overloadis killing us’
» Recogrition of shortcomings of DVHs
» Mathematical, anatomic/physiologic
* Clarification of endpoints(clinical vssubclinical)
* Moving target astechnology advances

* 199Gs: 2 Gy/fx, QD mostly, opposedbeams,limited cheno
* 200Gs: IMRT, chemo,BID, etc Duke University

L. Markdjh

7/24/2@M6

Emami
 Terrific Paper
» DoseVolume Guidelines
* Referenced and misquoted often
e Survey

» Extensiveliterature review

* 3D provided information

* We nealed to know how to act on the knowledge
e Tremerdously usdul: early 3D era & today

Duke University

Clear Progress
3D Dose/Volumes - Outcome
e Liver (Michigan)
e Lung (many places)
e Parotid (MIR)
* Rectum (several, MSKCC)
* Brain (U Pitt)

Physidans havea lot more information to guide us!!
Thank you! Really.

Duke University



Parotid dose—> dry mouth

b

® 1.5 T P
= ! 7
1- [
3 = ey 1
i R B
0.5- ’ - ) >
e Ll . |s t e
o 1) * - P
)___""-f____ t T' -" a4
20 T e
40 Tl * e
e L Mesn Doss (Gy)
R Mean Dose {Gy) w8

From Chao, Mallivokrodt, LJRCBE 43; "0

L. Markdjh

Exportability of predictive

modelsfrom oneuniversity to

another: Challenging
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Observed and predicted NTCP, according to the LKB NTCP model vs. mean liver dose (in

1.5 Gy b.i.d.). Observed NTCP calculated from patients grouped in 4-Gy bins, with 80%

confidence intervals displayed. Predicted NTCP based on the LKB NTCP model, with n =
1.1, m = 0.18, and TDgy(1) = 43.3 Gy.

Dawson et al. IJROBP 53:810-821, 2002 Juke University

Michiganvs. China: Grade A RT-induced liver disease.
China: Primary liver Cavs.Michigan: metastases
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Dosimetric Predictors of RT-InducedPulmonary Toxicity
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Sem Rad Oncol 11:247, 2001 Duke University

Low Risk Group: High Risk:
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U Mich Data, DoseEscalation

» 109patients

* 1992-2002, excellent FU data e i
« RT doseper V eff o '
* =~ 15% pneumonitisrate :
* Predictors of lung injury 1"
« MLD, V20, NTCP, etc
Kong IJROBP 65:1075,2006 £ (1]
Duke University Kong, U Mich, IJROBP 2006 ke University

ROC Curve
e
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92/109with MLD < 20 02
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Kong, U Mich, IJROBP 2006 L =S PEenEy
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ROC areastvnicallv = 0.55-0.75for Mean Lung Dose
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Functional Factors Pollute Lung Analysis

* Tumor shrinkage

» Basdine low PFT --> more SOB

¢ Yes:Marks, Choi, Monson, Robnett
* No: Graham, Sunyach, Kong

« Distribution of “functioning” lung
e SPECT perfusion > CT volumes
* Duke, NKI, Choi, Curran

» Exercise capadty ?
* Miller, 1IROBP 2005

L. Markdjh
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AUC = 80%
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Kong,U Mich,
IJROBP 2006
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Pneunonitis is subjective and

inexad
¢ 1991-2008
* 47/251(19%) grade>2

pneumonitis

* 13/47confounding issues
» Kocak, IJROBP 2005

Duke University
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CEEIEE Lung 3D RT Dose—> Pneumonitis
Disease 0
Predictions are ok, not great:

Qq Biologic and anatomicfactors

beyondcontrol of DVH’s

Exacerbation v Tumor L m H t i t t tt t
ousy e oint, Inexact, not quantitative
of COPD Regowth / y p q

Progression . . .
g Lung is particularly challenging

13/47 (28%) of Patients “Hard To Scoré€ COPD. tumor effeds. etc

Kocak (Duke) IJROBP 2005 Duke University Duke University

MeanHeart Doseis assocated with Heart Toxicity But what about IMRT?
Patientsdivided into quartiles by Mean HEART Dose
;Z X NoToscly. e p=001 e IMRT changesa lot
| mear oty x « Fraction size
ricarditis 5, X
Mean 307 :ricaglzislzﬁi:ﬁl ><>:< ® xx % % .
Heart 40 Avalfbimii K Xy X *Non-uniform
(DGos)e 30 x x:yé.x*}xxixx Q:xx x® 110 (5/47) * Neighborhood effects
N o U XX 2% (1146) « Dosimetric parameterslesswell
10 4 X o %000 KgAK S 2% (1/45) related
0 00k P ROR X 0%(6]45) . ) )
0 10 20 ) 10 * Time to deliver RT (minor effect)
Mean Lung Dose (Gy) R ITF
Marks 2005 Non-uniform

Duke University Duke University
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IMRT delivers highly variable
fr action sizesto normal tissues

¥ " 5
_.F Qq I Fe =

Fraction-size corrected DVH's R

| Conventional = IMRT®T T _JSO -

APPA, and th ;
Assumeswe know how to correct! U AOIRPO beams  Multiple beamstreated

treated sequentidly, = w" .
2 Gy/day everywhere variable fraction sizes

Duke University

(a) QDRT {b) AHFRT
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Cumulative incidence = Grade 2 RT pneumonitis
Non-randomized comparison.

Tsujino, et al IJROBP 64:1100,D06

Tuino et A BIREBP-64:4 105 1265/ 2006
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Planning in the postEmami era

Using 3D doseso predict outcome
data derived pre-IMRT
isit applicable?

3D CJ IMRT

Beams <— Contour ——» Dose
Apertures Segrent Constraints

Computer

Not Not
0K DVH

ok Treat

DiH
Assesslosesand O.K.
~ beam Assess
orientation & DVH's
aperture

Beamorientations, “ apertures,’

Apply prior knowledge  intensity mapsnot intuitive.

L. Markdjh

Mafic OK.
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3D and IMRT areBOTH
DVH-basedplanning exercises
But, 3D
“conventional’ dosedistrib utions

beam orientationsare “usual’
we canrely on pre-3D knowledge

IMRT
unusual dosedistributions
we are DEPENDENT on the DVH

DVH Shortcomings

* DVH vs.DFH

« Spatial information discarded
* Fraction size (can correct)

* Volume?

Duke University



Area (em*Z)
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Lung

What is Volume?

e External Contour
» Functional vs. Anatomic

Kidney

» Expanding/Contracting tissues

B

Esaphagus
» Organ Heterogeneities
Kidney

Lung
Bone

Rectum

Duke University
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/

Esophaguscontours:
variable area (volume)

Duke University

Univariate and Multivar iate Analyses

S ei%%?gﬂzal —> 3D metrics

correction\L

“corrected’
3D metrics —> Outcome

RTOG acute
& late toxicity

Duke University
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Toxicity =f (Dosimetric Parameters)

g e Dose Distributions

V 50 V 50
Uncorrected Corrected

Acute>grade2  0.008 0.005

QOutcome
Acute>grade3 005 0.003

Late > grade 1 0.14 0.08

Adapted from Kahn etal. 2004 (Duke)
Duke University
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Fig. 3. Schematic dingram illustrating e compression s
These arcas of high stress comespond to the denis b

(b}, Reprocusced with permission from (20},

Marks IJROBP 34:1168, 1996

Series

*Cord
* Esophagts

*Hot Spot

L. Markdjh

Parallel

*Lung

Liver

*Kidney

*VVolume Effect

Duke University
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Marks IJROBP 34:1168, 1996

Cord: Classical Series Stricture

L ength of Cord Dosefor 50%
Treated (mm) injury rate (ED 50
2 88
4 54
8 25
20 20

Van der Kogel

Duke University
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Il
Il ED 50 (Gy) to “shower”
i

Bath
T Lﬂn—\ No bath (control): 88 (dose in peak)

4 Gy bath, both sides 61

1 f | snower Rat Proton Cord RT

[T——

| 4 Gy bath, one side 69

! 18 Gy bath, both sides 31
Wide shower, 8 mm No bath effect

Seial vs.parallel

Neighborhood Effects

e rtirans Ui

||ﬂ|| Migration of stemicells
| || Cytokine/neighborhood effects

. Lﬁ Vascular

Bisl et al. IROBP 64:1204-1210,2006  [J1Jlce Lrjjyzrsity

% Lesswell defined

Predictors of Bleeding: Prostate Cancer Treated to 75.6 Gy

Rectum: MSKCC, Progate Cancer s SRR
75.5 Gy patients
. 36 with bleeding
'V 7O_V77 » b|eed|ﬂg ol B3 withoul bleeding
makessenselocalhot spot | U VY ———
* Independentassocalsowith V ! % aor b
«“large surrounding areasof interm ediate
dosemay interfere with the ability to R e — -
. . —o— p value (diffarence in DVHs matched by rectal wall voluma)
repair the effects of a central high dose ’i—_°=“-®
r egDn '" o000t 4 190 20 30 40 50 B 70 BO
IJROBP 49:685,2001 B UTEE Jacksonl JROBP 49:685,2001 Dose (Gy) Duke University
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e gn: Heart + 50% lung -
2w J++.{ Proton
% : In 5(_)% lung RT |n
fa Ly 4 Rats
Organ interaction (§ S =L RespRate
ga I e aC IO S et . Tumealferiurﬂ_-:atel\::wh] :f (Iung
E..l o . . . andheart
'é:Hean+50% lung /s [ * RT)
g-lt- { 50% lung E"u
‘M: e s a Luijk Ca
s s Res65:6509,
s () 2005

Lung and Heart Interactions?

Lung and heart doses and %reduction in DLco C u rr e nt P red I Cto rS

% ] IR * Basedon conventional techniques
reduction = T . .
inDLCO o b * Probably NOT applicable with

w0 7 | new treatment techniques?
8 o  But may be ok

40

* Fractionation, chemotheapy, etc

20
Mean lung dose (Gy)

Mean heart dose (Gy) 15 10

Jing Zeng 2006, Duke Medical Student .
g zeng Duke University Duke University
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Are weready to basetreatment

decisimson DVH’s?
* Yes! | hopeso,sincewe are doing it
* Overtly or indirectly
» Monitor what we are doing
» Vendors needto help us
* Readyaccesdo dosestatistics
» User-defined figures of merit

Duke University

Old fashionedwaysto reducetoxicity
* Positioning
* Neck
* Decuhital
Reducing skin folds
Barium in bowel
Careful team work
Keepit simple!!, usetime wisely

Applicablein Modern Era!

Duke University
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_ ~ Summary
Since Emami
* More 3D dosimetry--> toxicity data
e Liver, Parotid, lung, esoghagus,brain, rectum
* DVH-basedpredictions sub-optimal (physiology?)
Isthe prior data still applicable?

* 3D beams-->IMRT
* Beamnumber, fraction size

* Chemo moving target

* BID RT

Challengesfor normal tissueinjury studies
Relianceon technology to reduce morbidity

* IMRT, OBI, CBCT, etc Duke University

Reducing toxicity in the modern era?

Lack of portal films to detectsetuperrors, and

normal tissueexposure

Therapist interest/involvement

» complaceng/boredom? More of a “technician”

* Old: setup - seelight field on target (Think!) - shoat
« Light fields made senserelated to irradiat ed volume

It must beright, the computer said so!
Application of technology without clear indication

Duke University
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New York Times
Tuesaday, April 11,2006

Faith-Based Medicine

Why doctors
shouldn't prescribe
prayer.

Duke University
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More conservative approach

4

Field
Margins

Physically or /
biologically Too cavalier:

necessarymargin . .
marginal miss

Certainty of GrossAnatomy  —

Duke University

e Stop here

Duke University
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IM RT Technical Issues:MD

Segmert (contour) everything (hours)
Anatomy knowledge(atlases)
Dose/volumdimits

Plan review

Beamplacementis easer

* Planning will reduceweights of “bad” beams
LessQA (for MD); only setup films

* No portal films of ead field

Duke University

IMRT Technical Issues:PhysicsDosimetry

Planning times (hours)
Vague MD direction (we do not know what to ask
for). Fang-Fang Yin- Fuzzy L ogicapporach
QA (faith) (hours)
Storage of data
Reduces opportunity for creativity
* Old: geometry,weighting, dosegradients, art
* IMRT : computer takescare of it.
« poor plan, no problem, adjust constraints and re-optimize

« Good solutions often not intuitiv e

« | missthe 3D planning exercise Duke University
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IMRT Technical I sswes: Therapists
Therapist complacency/boredon?
* More of a“techniciar’ than before (vs. therapist)
* Old: setup - seelight field on target (Think!) - shoot
« Light fields madesenserelated to irradiated volume
* IMRT: setup - shoot
« Setup iso-center may NOT relate exactlyto target
Treatment time (increasedbeam on time)
Personneldose:radiation safety
Machinelife
Longer time slots(at first) , then decline

¢ IMRT can bevery fast
« Setup and shot. Techsdo NOT gointo room belweeﬂ%?(@ﬁniversity

Shortcomings/Limitations of IMRT

» Dosimetric: dosegoessomewtlere
* Biologic: low dosevolumeincreases
* Work Flow

* Physidan: hours, anatomy
* Therapists: exposure,boredom
* Dosimetrist/Physicist: intuition gone?

» Machine Issues:longevity, dose
» Resouces: money, time
* QA: challenging

Duke University
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Work Flow: Quality Assurance
Imagesegmentation—hours!
PhysicsDosimetry Planning/Q.A—h
e and much Q.A. is not great
Therapist complacency/boredom?
Dept Q.A.

 No port films of field, justiso-center checks
* Thereis no easyway to checkthefields
« Old days: “Funny looking field” test

« Seeingtumor in the portal films
e Chart Rounds - problematic
* Ned better QA tools
* Vendors needto help ushere

L. Markdjh
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