Respiratory management in lung and esophageal cancers
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Treatment Planning - Goals

Deliver maximum dose to the tumor (Increase cure rate)

Reduce dose to the surrounding normal structures (reduce
complications)




Target Volumes

ICRUS50
GTV - Gross Target Volume

CTV - Clinical Target Volume

PTV - Planning Target Volume

ICRUG2

ICRU Report 62

* internal target volumes (ITVs) and planning
organ at risk

volumes (PRVS) in order to account for
geometric uncertainties

reliable ITVs and PRVs require detailed data
on tumor and organ mobility, which are
currently largely unavailable.




Organ Motion

> Interfraction

> motion occurs between fractions and primarily is related tc
changes in patient localization

> Intrafraction

> motion occurs during fractions and primarily is related to
respiration




Importance of reducing the CTV to PTV
margin

» Conventional: Increases dose to normal tissues, limiting factdiof® escalation

» Accounting motion: CTV — PTV margin reduced




Tumor motion during respiration

» All tumor motion Is complex

A

Cross-sectional View
of Patient’'s Chest

Some motion is mostly Some motion is mostly All tumor motion is
Anterior / Posterior Superior / Inferior Complex




PROBLEMS OF RESPIRATORY MOTION DURING
RADIOTHERAPY

> If respiratory motion is not accounted
» artifacts during image acquisition
commonly seen with thoracic CT images

%

Conventional With gated imaging..




Treatment-planning limitations

> margins need to be large enough to ensure covera
of the target for most of the treatment delivery

» artifacts observed in Cimages in which respiratory
motion has not been accounted for, the magnitude ¢
margin to allowfor respiratory motion is difficult to
guantify, particularly for individual patients in whom
a wide range of tumor motion is complex




Radiation-delivery limitations

Radiation delivery in the presence of Intrafraction
organ motion causes an averaging or blurring of thg
static dose distribution over the path of the motio
while inter-fraction motion causes a shift of the dose
distribution.




Techniques to treat mobile tumors




Technigues to treat mobile tumors

Moving Tumor
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The management of respiratory motion in radiation oncology report
of AAPM Task Group 762

Paul J. Keall”

Virginia Commonwealth University (Chair)

Gig S. Mageras

Memorial Sloan-Kettering Cancer Center (Co-Chair)

James M. Balter
University of Michigan

» a clinical process guide for managing respiratory
motion

> Respiratory motion management

> If target motion >5 mm — RMM technology is appropriate

> also appropriate when the procedure will increase normal
tissue sparing




TasLE 1. Lung tumor-motion data. The mean range of motion and the (minimum-maximum) ranges in milli-
meters for each cohort of subjects. The motion is in three dimensions (SI, AP, LR). AP: anterior-posterior; LR:
left-right; SI: superior-inferior.

Direction

Observer SI AP

Bames: (Ref. 74) Lower lobe @

Middle, upper lobe 1.5 12Z=11)

Chen (Ref. 73) (0-50)

Ekberg (Ref. 22 3.9 (0-12) : 5 2.4 (0-5)
Engelsman: (Ref. 24)

Middle/upper lobe (2-6) -

Lower lobe 2-C -
Erridge (Ref. 104) @ 1.3 (3-12)

Ross: (Ref. 60) Upper lobe - [ (0-5) 1 (0-3)
Middle lobe - 0 9 6
Lower lobe - 1 (0-4) @
Grills (Ref. 80) (2-30) (0-10) (0-6)
Hanley (Ref. 61) 12 (1-20) 5 (0-13) 1 (0-1)
Murphy (Ref. 77) 7 (2-15) - -
Plathow: (Ref. 65) Lower lobe 9.5 (4.5-16.4) 6.1 (2.5-9.8) 6.0 (2.9-9.8)
Middle lobe 7.2 (4.3-10.2) 4.3 (1.9-7.5) 4.3 (1.5-7.1)
Upper lobe 4.3 (2.6-7.1) 2.8 (1.2-5.1) 34 (1.3-5.3)
Seppenwoolde (Ref. 50) 5.8 (0-25) 2.5 (0-8) 1.5 (0-3)
Shimizu (Ref. 75) - 6.4 (2-24) -

Sixel (Ref. 79) (0-13) (0-5) (0—4)
Stevens (Ref. 49) 4.5 (0-22 - -




TaBLE II. Abdominal motion data. The mean range of motion and the
(minimum-maximum) ranges in millimeters for each site and each cohort of
subjects. The motion is in the superior-inferior (SI) direction.

Breathing mode

Site Observer Shallow Deep

Pancreas Suramo (Ref. 57) 20 (10=30) 43 (20-80)
Bryan (Ref. 59) 20 (0-35)
Liver Weiss (Ref. 66) 13+£5
Harauz (Ref. 67) 14
Suramo (Ref. 57) 25 (10-40) 55 (30-80)
Davies (Ref. 58) 10 (5-17) 37 (21-57)
Kidney Suramo (Ref. 57) 19 (10-40) 40 (20-70)
Davies (Ref. 58) 1 (5-16) -
Diaphragm Wade (Ref. 68) 17 101
Korin (Ref. 64) 13 39
Davies (Ref. 58) 12 (7-28) 43 (25-57)
Weiss (Ref. 66) 13+5 -
Giraud (Ref. 63) - 35 (3-9)5)
Ford (Ref. 76) 20 (13-31) -




TasLE III. Correlation of tumor/organ motion with the respiratory signal. 3D: Three-dimensional: AP: Anterior-posterior; CT: Computed tomography: MRI:
Magnetic resonance imaging: s: Second(s). SI: Superior-inferior.

Organ/source

Respiratory
signal

N patients
(measurements)

Correlation
range

Phase shift

Source

Diaphragm SI
fluoroscopy
Tumor and
diaphragm,
fluoroscopy
Tumor, SI
fluoroscopy

Tumor, 3D
biplane
radiography

Lung vessels,

cine MRI

Lung tumor,
respiration-correlated
CT

Lung tumor, SI
respiration-correlated

CT

Abdominal
displacement
Abdominal
displacement

Spirometry and
abdominal
displacement
Abdominal
displacement

Abdominal
displacement
Abdominal
displacement

Diaphragm
position

5 (60)

43

11 (23)

9 where tumor SI
motion >5 mm

l\

0.82-0.95

0.41-0.94

0.39-0.99

Respiratory
waveform cycle
agreed with SI
and AP tumor

motion
SI1 0.87+0.23,
AP 0.44+0.27
0.74-0.98

0.73-0.96

Not observed

Short delays
observed

-0.65-05s

Principally
within 0-0.3 s
existence of >

1.0s

<1 s 4 pts
<0.5s 5 pts
<1 s 4pts

<0.5s 5 pts

Vedam et al. (Ref. 53)

Ahn er al. (Ref. 89)

Hoisak et al. (Ref. 90)

Tsunashima
et al. (Ref. 91)

Koch et al. (Ref. 92)

Mageras et al. (Ref. 87)

Mageras et al. (Ref. 87)




Respiratory motion management
methods

> Motion-encompassing methods
> respiratory gated techniques

» breath-hold techniques
» forced shallowbreathing methods
> respiration-synchronized techniques




Motion-encompassing methods

> Technigue that include entire range of tumor
motion

> Slow CT
> Inhalation and exhalation breath-hold CT
» four-dimensional 4D or respiration-correlated CT




Slow CT

peripheral lung tumors

CT is operated very slowly, and/or multiple CT scans are ayed such
that, on average, multiple respiration phases are recqeleslice

yields a tumor-encompassing volume, with the litrotathat the
respiratory motion will change between imaging &redtment, and, thus,
additional margins are required to account foréhemiations.

Disadvantage

> loss of resolution due to motion blurring, which potentially leads to larger
observer errors in tumor and normal organ delineation

recommended only for lung tumors (mediastinum or the cha#j w




Inhalation and exhalation breath-hold CT

acquire both inhalation and exhalation gated oatbréold CT scans
relies on the patient’s ability to hold his or heeath reproducibly.
require image fusion and extra contouring.

For lung tumors, MIP tool can be used to obtainttimeor-motion
encompassing volume,

Advantage over slow scanning method
> Blurring caused by the motion present during FBigsificantly reduced




4D-CT / Respiration-correlated CT

determines the mean tumor position, tumor range of motioriréatment
planning

can be used to reconstruct inhalation, exhalation, and €[dWcans

The MIP tool can be used for obtaining the tumor-motion-emgassing
target volume

Another motion-encompassing method is to derive a singl@seof the
4D CT scan where the tumor is close to its time-averagediposiin that
case, the expected dose blurring effect of respiration eaadoounted for
In the CTVPTV margin




GHIRDHARLAL BRAIRCH, AIIMS
5 | RT-54718 M/ 48y Philips Brilliance Big Bo
10490 7 Feb 2009 15:54:33.2

|GHIRDHARLAL
RT-54718 M/48y
(10495 7 Feb 2008 15:=5¢

PULMO 60.0%

PULMO 10.0%

o — I c1 -2

P wl 2042
| | GHIRDHARLAL BRAIRCH, AILIMS
RT-54718 M/ 48y Philips Brillisnce Big Bo
|| 1049p PP UBEEEE R . 2
PULMPETEE

E

| GHIRDHARLAL BRAIRCH, AIIMS

-| | RT-54718 M/ 48y Philips Brillisnce Big Bo
09 15:54:338.2

€1 -2
F wl 2042

RT,IRCH, AIIMS




QUASAR Respiratory motion phantom

RT,IRCH, AIIMS
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Respiratory gating methods

iInvolves the administration of radiation during both imagiand treatment
delivery within a particular portion of the patient’s briemig cycle,
commonly referred to as the “gate”

Displacement gating

> relative position between two extremes of breathing motion, namaélglattion
and exhalation.

> the radiation beam is activated whenever the respiration signehia a pre-
set window of relative positions.

Phase gating
» respiration signal that must satisfy periodicity criteria

> the radiation beam is activated when the phase of the respirapa isi
within a pre-set phase window.




Respiratory gating methods ...contd..

» Gating using an external respiration signal
> Real-time Position Management system
» ExacTrac Gating/Novalis Gating.”

» Gating using internal fiducial markers

> fiducials 2 mmdiameter gold spheres are implanted in or
near the tumor using a percutaneous or bronchoscop
Implanting technique

> Fiducial position is tracked in all three dimensions several
times a second using a pair of stereotactic kilovoltage x-ra
Imaging

Gated IMRT




Varian RPM Gating System

.




Prospective CT Image Acquisition

Inhalation

Exhalation

\&an
) B
CT Scan

Axial scan trigger, Axial scan trigger, Axial scan trigger,
15t couch position positi 3 couch position




Retrospective 4D CT Image Acquisition

Inhalation

Exhalation

“Image acquired”
signal to RPM
system
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(Ford 2003, Vedam 2003)




Breath-hold methods

» Deep-inspiration breath hold
> Active-breathing control

> Self-held breath hold without respiratory
monitoring

> Breath hold in combination with IMRT




Deep Inspiration breath-hold

The patient is asked to take a deep breath a
then hold the respiration for a fixed time
depending upon on the patient comfortabllity










uonew uebio ‘esop JBIPIED JEOUED 1SBaIE [SPIOM Aoy

J8A) pue yesy Aueinoiped ‘seumonis Buuou Buipunoins eyl 0} 9S0p 8y} 8oNPaJ A|IGBIBPISUCD UBD UCHIPUCD PIOU-UIReIq
ucqeadsu desp w uoqeipes Busa Bp J8oued 1586IQ Ypm Ssjusqed u jelg s1edipul §InsasnQ “Buueds jon| Weeaxe u paynsal
HEI1Q “eoue? seaiq Wby Jo4 ‘AeAnoedses HE3Q PUE gN O} pasedwo se (6001-2£ ebues) %2 pue (%0016 92 ebue))
%G SEM HE I ©) ONP 9SO JBIPIED U UOIENPe.J 80RIGAE B | "PHIPNIS 9J6M JON| PUB LESY I (9S0p uonduos9.d Uy} JO %05 <
Buneoas awnon) “A pue Bun| eieiepsdi Joj (A9 0Z < 9S0p AQ PEIBADD BWNICA) OZA ‘Vesy 0} (A9 0e < #sop AQ PeieAco
SWNIOA) OEA SB UONs susjaweied eyl pue '\BSERP 1D-gE oyl uo peoceid e.em sp@y enuebuey jeuonueauc) “(HE3Q) Poy
-yjea.)q uonesidxe deep pue (gN) eseyd Buyes:q eusou ‘(HEIQ) PIoU-yIea:q ucqeadsul deep “zZIA ‘suonipuo? Buiyeeiq
90} Y I® JO) powcyed iem sueds |9 IS “Apris syl ul pe1o6ies aiem (Ueqed Jeoued 1seeiq peps-jubu Jnoj pue
popis-}o; auiu) Aebins SABAISSUCD JUBAUSPUN OUM JEOURD Jseaiq Auee yim sweqed uesliy] "poessesse useq sey 1seeiq
[eioEeAueD pue o) ‘Bun eieiepsd ‘yesy se yons saunonis jewscu Buipunouns q esop eyl uo sucppuco Bungesiq
ussepp 88y Jo 10edun ey ‘Apnis siy) U “Adeisyiopes 1589.q piey enuebuel il weduod Juepcdun ue §1 Apoxo) SBIDIED)

LDvHLSaY

L00Z-20-L1 “U0 peydeddy S00Z-11-LL UO PAAIEOSN

BIpU| ‘IYI2Q MaN'S3UADS

[e21pay JO aymusu| B1py| |y ‘ABojoipey O Juawpedaq,, ‘Sa2USNIS [BAPIW JO ANUSU| BIPU| || ‘SUIdIPA JeI|oNN

1O Juawpeda(, ‘Sa3UINIS [LAPIY JO IINNSU| BIPY| |1 ‘[eudsoH Jaaue) Aiejon synmisul'Adesayoipey Jo Juawpedaq
~ARAINYL S ‘Jued s O Jejueysidod "N ‘wysig "M N ‘|lesueg "y |uy ‘iysop

‘0 YSaNey ‘Uiey M BInoS ‘eNINF Y poweld ‘Jeweyl ysaues Jeyeyqeld ueipueysewey

200Z 'L "ON ‘TE '1OA 's21sAyd [Py Jo |ewnor \»Q@.‘_@—,:O_mu@-—
JSea.uq PRy [enuadue) ul $34njonJls [euiou ulpunosins
0} 3SOP Y} UO SUOIJIPUOD Sulyjea.q Jua_UIP Jo Joedw




Active Breathing Co-ordinator

A propriety device fromElekta used for holding
the respiration for a given time




Active Breathing Co-ordinator

Digital spirometer Balloon valve

Mouthpiece




Respiratory tracing with ABC
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Procedure

~ Patient is trained for 30 - 45 minutes
> Maximum inspiratory capacity
> ABC spirometer
» Usually breath-hold threshold level is set at 75 - 80% of IC
value for mDIBH

> mDIBH level

> Chosen as a balance between internal organ dispéateand patient
comfort

» CT scans
> Free breathing
> DIBH




Forced shallow breathing with abdominal
compression

> originally developed for stereotactic irradiatian o
small lung and liver lesions

> the patient is immobilized and positioned using the
stereotactic body frame SBF, consisting

of a rigid frame with an attached “vacuum pillow”
that is custom fitted to each patient.




Real-time tumor-tracking methods

reposition the radiation beam dynamically so as to follow the
tumor’s changing position

eliminate the need for a tumor-motion margin in the dose
distribution

Four steps
|dentify the tumor position in real time

anticipate the tumor motion to allow for time delays in the
response of the beapositioning system
reposition the beam

adapt the dosimetry to allow for changing lung voduamd critical
structure locations during the breathing cycle.




Advantage of gated radiotherapy

The risk of toxicity Is reduced with respiration-
gated radiotherapy as compared not gated SR
In lung cancer

Underberg et al Benefit of respiration-gated stereotactic radicdipgrfor
stage | lung cancer: an analysis of 4DCT datakH© BP 2005




Comparison between rate of pneumonitis at
different levels of mean lung dose

—+— Qetzel (66)

Rate —o— Kwa (400)
Pulmonary 6 Graham (99)

Toxicity (%) Hernando (201)

Yorke (49)

0 10 20 30 40
Mean Lung Dose (Gy)




Respiratory motion in oesophageal
cancer

Distal tumors were found to have significantly geze®l and AP motion
than proximal or mid-esophageal tumors.

Margins of 1.5 cm SI, 0.75 cm AP, and 0.75 cm LRuldaccount for

respiratory tumor motion of >95% of esophageal pnymtamors in the
dataset

Patel et al.,, Implications of respiratory motion as measubby four-
dimensional computed tomography for radiation treatmdanmpng of
esophageal cancer. IJROBP 2009




Oesophageal cancers

» Conformal radiotherapy with respiratory gating for esophagee
cancer decreases the irradiated dose to OAR

> DIBH technique should be used when irradiation is performec
using the spirometric system

> In Tidal Volume, the inspiration phase is the most favourable
and should be chosen for irradiation with a free breathing
gating system

> Lorchel et al Dosimetric consequences of breath-hold

respiration in conformal radiotherapy of esophageal cancer
Physica Medica 2006




Recommended clinical process for respiratory
motion during the radiotherapy

Is a method of measuring

= o respiratory motion readily
available?

> recommended 5 mmmotion-limit
criterion value may be reduced f
special procedures, such as SBF o s 5 o8

may be reduced in the future ma

<{3) respiratory management
other errors in radiotherapy, sut
as target delineation and set N
error, are reduced, with respirato iy marsgoen

motion thereby becoming th 0
accuracy limiting factor. « .

the respiralory
management procedure?




Conclusion

» The management of respiratory motion in radiation oncology
an evolving field

> IGRT provides a solution for combating organ motion in
radiotherapy

» Delivering higher dose to tumor and less dose to normal tissu
> Limited clinical studies, needs to be studied further

- IGRT —the future of radiotherapy




