QAPM 201 7JUI.30—AU63

CONNECTING OUR PATHWAYS,
N NIFYING OUR PROFESSION.
. 59"™ ANNUAL MEETING & EXHIBITION | DENVER, CO

SAM: HDR Brachytherapy: Treatment Verification Methods

In-Room Treatment Verification Using Film and CBCT
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Department of Radiation Oncology
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Presenter
Presentation Notes
Good afteroon! Thank you Antonio for organizing this session  !
I am asked to give some updates, or summarize, the in-room verification using the least “sexy” imaging modes, an oldie “film”, and another now mature technology, CBCT, available on  simulation machine used in Brachytherapy Suites. 
The association of these two imaging modalities might seem a bit artificial at first glance, but lumped them together as they both have good at applicator visualization, but not ideal for soft tissue visualization



B
Role of Imaging in modern brachythem

e Application insertion ~
* Planning — Image-guided brachytherapy (IGBT)
 Treatment Verification _
« Applicator design

« Facilitate real-time dosimetry
e Dose summation

* Functional imaging

m DukeMedicine
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Before we start talking about specific uses of Film and CBCT, let’s summarize the role of imaging in modern brachytherapy


Objectives m

* To describe current applications of Film/Fluoro and
CBCT(kV) in brachytherapy, especially as it relates to in-
room treatment verification

 We have time for the “With What” and “For What”, but not
for the “How”

m DukeMedicine
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As mentioned, here we will look to describe the current applications of Film/Fluoro…


.

FILM/Fluoro: With what? m

o Standard simulator i —
« Flat panel detector m—
e (Just film) Radiochromic film

 OR-based X-ray unit -
e AccuBoost® (mammographic equipment)
e C-arm

m DukeMedicine
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As a side note, although not necessarily correct, I have lumped fluoro and film in same category


FILM/Fluoro: For What? m

« LDR/HDR GYN: e More recent reported uses:

— Real time HDR TX verification with
modified C-arm fluoroscopy

— Applicator insertion

— Planning (2016)
Orthogonal » _
Semi-orthogonal planning with — Pre-TX Catheter verification for
C-arm with/without jig HDR prostate (2017)
— Pre-TX verification — Guidance for free-hand needle
« LDR prostate: placement in HDR GYN (2017)

— Needle loading by 3" party
— Post implant film verification

e HDR breast
— |IGBT with AccuBoost

m DukeMedicine



FILM: 2D Planning GYN + (Potential m
refilming for TX verification)

RBeprsluevility of HDR cervia spplicssor @ J, H. BAHEN of af
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The most obvious, ubiquitous rather, use of film in brachy is classical TX planning for GYN LDR or HDR using orthogonal films  this is the oldest method of planning used in brachytherapy and it is used to date still in many clinics around the world. There is the potential of refilming close to treatment (in room verification). These films are usually acquired with the use of a standard simulator


FILM: LDR Prostate — TX verification m
of Implant | g e

1-125 AgX100 Seed Prostate
Implant Radiograph

Usually using x-ray unit in OR

@ DukeMedicine
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Use of film for post implant verification in LDR prostate brachytherapy is also widely used and part of all clinical flows.


FILM: LDR prostate 3" party loaded m
sterile needles + autoradiograph

m DukeMedicine
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Also for LDR prostate planning, film is ideal to check, using autoradiograph, the correctness of preloaded needles, especially that they come preloaded. These images are usually made available by the third party laboratory used for needle loading.


FILM: HDR Breast Boost (AccuBoostm

AccuBoost Applicator Selection

— —

X-ray Tube

Compression
Plates

Imaging Cassette

Tumor bed with 1 cm margin
6 cm Round Applicator

m DukeMedicine

From J Hiatt, Non-invasive Image-guided Breast Brachytherapy, AAPM 2015
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Another use of film in clinical brachytherapy is as part of the AccuBoost system, a system that can be used as APBI or replace electron boosts to the surgery scar for breast cancer patients. With mammographic-like image quality and clips identifying the lumpectomy side, an HDR brachytherapy plan can be devised - real-time image guided non-invasive brachytherapy treatments.


®)

FILM:

Clinical Application of Pre-Treatment Image Verification
of Catheter Positions for HDR Prostate Brachytherapy

Ryan L. Smith, MAppSc, Annette Haworth, PhD, Max Hanlon, BSc, Bronwyn Matheson, MD, Jeremy Millar,

MD, Vanessa Panettieri, PhD, Rick Franich, PhD

PC128

Materials and Methods: Pre-treatment imaging was perfommed for 28
treatment fractions, (2 fractions per patient) with the positions of the
implanted catheters at each treatment fraction verified using the BIGY
system. This svstem which consists of a flat panel detector (FPD)
embedded into the brachytherapy treatment couch and a ceiling suspended
x-ray device. The patient was setup on the trestment couch and aligned
abiowe the sensitive mgion of the FPD. Radio-opaque x-ray markers were
inserted into the plastic proguide catheters in onder to venfy the positions
relative o previously implanted peld prostate fiducial markers. The ceiling
suspended x-ray svstem was positioned above the patient and an anterior-
posterior (A-F) x-ray image was acquired with the FPD. The gold prostate
fiducial markers were identified and registered with the madeers identified
in the treatment plan. & comparison of plammed and measured catheter
pisitions was then performed relative to the prostate, Catheter tp positions
were comparad and the agreement of the catheter path through the prosiate
region was evaluated for all catheters with inserted x-ray markers.
Observed catheter displacements at treatment wene re-created on the
treatment plan (o assess any dosimeric impact.

Conclusions: Pre-treatment imaging has been perfommed to venfy catheter
positions, with the patient in the treatment position, immediately prior to
treatment delivery. The measured catheter displacements observed for
fraction | were on average greater than fraction 2, and suggests the rate
of perineum swelling 15 important and may result in a deviated dose
distribution. The BIGYV svstem which enables direct comparison of
planned catheter positions with measured positions, immediately prior to
treatment, permit the introdoction of adaptive planning techniques in
HDR prostate brachytherapy.

IDR prostate

May—June, 2017 Volume 16, Issue 3, Supplement, Pages S114—
15

Brachytherapy Image Guided Verification (BIGV)

max. 33 mm). The catheter paths through the prostate region agreed o
within 2min, as shown in figure | (blue planned, red measured catheter
paths), suggesting minimal lateral displacement of the catheter positions.


Presenter
Presentation Notes
More recently, 2017, there was a report of pre-TX image verification of catheter positions for HDR prostate brachytherapy, with patient in TX position, immediate prior to TX delivery. It involves a flat panel detector embeded in brachy treatment couch and a ceiling mounted x-ray device.  It allows direct comparison of planned positions with measured positions, permitting the introduction of adaptive planning for HDR prostate.


FILM: HDR GYN

Free-hand Interstitial Needles

dummy source wire

sedle with
al Strand

m DukeMedicine Olsen, Craciunescu, Chino, under review, IJ Contemporary Brachytherapy, 2017
Duke University Medical Center
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In my own clinic, we use simulator orthogonal films for a first positional check of free-hand interstitial needle placing, as we do not own intracavitary applicators that allow us to place interstitial needles.


Fluoro: Prostate HDR needle checks m

—<» Additional check by C-arm

—) Campus Kiel, Clinic of Radiotherapy
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Presentation Notes
Use of fluoro techniques for prostate HDR needles checks have been reported for quite a while now. Example here from Campus Kiel clinic that use it for needle positioning using a C-arm (this is a gross verification)


Fluoro: HDR Applications

C-Arm imaging for brachytherapy source reconstruction:

We first cﬁ&cuss ;he general difficulties in reconstruction
using images straightforwardly without a jig. {a) The Image

Geome"ical 300“"30? Intensifier (IT) of the C-Arm is not designed for perfect im-
Albert Y. C. FungaJ ages. The image plane of the IT is not well defined, and
Department af Medical Physics, Memorial Sloan-Kettering Cancer Center, New York, New York 10021 geometric distortion is well known. (b) Sagging due to the
(Received 31 December 2001: accepted for publication 25 February 2002; published 11 April 2002) :;:3 gﬁ;ﬁﬁ:ﬁfﬁgtﬁmﬁg ;’f;”i‘?;};
We study the accuracy of brachytherapy source reconstruction using C-Arm images. We use a C-Arm rotation is not isocentric, even by design. As shown
phantom embedded with dummy ribbons in a regular pattern, placed at the rotation center of the in Fig. 3, the source—axis distance is angular dependent. (d)
C-Arm. With a commercial reconstruction jig, radiographic films are taken without the image The ABACUS software assumes we have actual-size images
intensifier. The average error in reconstructed seed coordinates is 0.1 cm. However, the jig is taken at the “film"” location. The IT images. whether digital
inconvenient for patient procedures. For C-Arm reconstruction without the jig, the magnifications ones on a computer screen or hard copies from the fluoro-
of the image intensifier along orthogonal directions are different. We “stretch’ the image to equal- scope printer, have different magnifications from those at the
ize the magnifications. Afterward, seed reconstruction has an average error of (.1 cm in all IT plane.
directions. © 2002 American Association of Physicists in Medicine. [DOI: 10.1118/1.1473136] The jig resolves all of the above-mentioned problems. Ra-

—_— This reconstruction method assumes there is a ribbon per- diographic films are taken without the II, thus bypassing its
—> pendicular10:te. C-Arm ropnion. plane, Kor HOR. bouchys accompanying issues: distortion, ill-defined plane, and sag-

ging. The film records actual-size images at fixed distances.
The markers are the solution for nonisocentricity. Coordi-

Jem

In conclusion, we have studied the use of a C-Arm and a
commercial jig in brachytherapy localization. The jig reduces

/' — (a) Cross section

Film Slots
reconstruction errors, but poses risk of being too small and
easily damaged, and inconvenient for clinical use. The II
(b) Pattern on the 4 . . .. .
“hick” plates showing images without a jig, however, may provide accurate recon-
e minrkers struction, if the images are stretched along one direction to
Fic. 2. Acylic ial tion jig from G d, with em- give the same magnification as the other orthogonal direc-
bedded radio-opague markers on four “thick”™ plates. Fio. 4. AP image of the rectangular phantom taken with C-Arm fluoroscopy.

tion.
Medical Physics, Vol. 29, No. 5, May 2002
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Orthogonal radiographs are traditionally used for treatment planning. 
A typical C-arm is not isocentric and it does not have the mechanical accuracy of a simulator. One solution is to use a reconstruction jig. However the jig is inconvenient for patient procedures. This study describes a technique of stretching of the image in one direction to obtain the same magnification as in the other orthogonal direction. With this, C-arm images can be used for planning or treatment verification.


Fluoro: HDR GYN, C-arm, VIR-method

The virmal isocenter reconstruction (VIR) method.

On the use of C-arm fluoroscopy for treatment planning in high dose rate
brachytherapy

Lizhong Liu,®’ Daniel A. Bassano, Satish C. Prasad, Bonnie L. Keshler,

and Seung S. Hahn

Department of Radiation Oncology, SUNY Upstate Medical University, Syracuse, New York 13210
(Received 13 March 2003; revised 4 June 2003; accepted for publication 19 June 2003;
published 15 August 2003)

Treatment planning for brachytherapy requires the acquisition of geometrical information of the
implant applicator and the patient anatony. This is typically done using a simulator or a computed
tomography scanner. In this study, we present a different method by which orthogonal images from
a C-arm fluoroscopic machine is used for high dose rate brachytherapy treatment planning. A
typical C-arm is not isocentric, and it does not have the mechanical accuracy of a simulator. One
solution is to place a reconstruction box with fiducial markers around the patient. However, with the
limited clearance of the C-arm this method is very cumbersome to use, and is not suitable for all
patients and implant sites. A different approach is adopted in our study. First, the C-arm movements
are limited to three directions only between the two orthogonal images: the C-orbital rotation, the
vertical column, and the horizontal arm directions. The amounts of the two linear movements and
the geometric parameters of the C-arm orbit are used to calculate the location of the crossing point
of the two beams and thus the magnification factors of the two images. Second, the flucroscopic
images from the C-arm workstation are transferred in DICOM format to the planning computer
through a local area network. Distortions in the fluoroscopic images, with its major component the
“pincushion™ effect, are numerically removed using a software program developed in house, which
employs a seven-parameter polynomial filter. The overall reconstruction accuracy using this method
is found to be 2 mm. This filmless process reduces the overall time needed for treatment planning,
and greatly improves the workflow for high dose rate brachytherapy procedures. Since its commis-
sioning nearly three years ago, this system has been used extensively at our institution for endo-
bronchial, intracavitary, and interstitial brachytherapy planning with satisfactory results. © 2003
American Association of Physicists in Medicine. [DOT: 10.1118/1.1598851]

Key words: high dose rate brachytherapy, treatment planning, C-arm, fluoroscopy, image
distortion.

Medical Physics, Vol. 30, No. 9, September 2003

LAT

Fic. 7. Example of & Fletcher—Suile implant wsing the VIR method.

Tasre [ Summary of HDR implants performed from June 2000 to March
2003,

Implant type Mo. of implants  [maging device for planning
Endobronchial 45 C-arm

Esophageal 2 C-arm

GYN-Fletcher—Suite i C-arm

GYN-cylinder 79 {(C-arm)

GY N—interstitial 1 CT

Sarcoma 12 Simulator

Head and Meck 6 C-arm, Simulator, CT
Breast—MammoSite 1 CT, {(C-arm)

Total 152
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A slightly different film-based HDR planning is proposed here using the so-called virtual isocenter reconstruction (VIR) method that allows reconstruction accuracy of applicators of 2 mm. 
VIR-virtual isocenter reconstruction


Physics Contribution

Real-Time Verification of a High-Dose-Rate

()
Fluoro: Real-time HDR

@ CrossMark

Iridium 192 Source Position Using a Modified
C-Arm Fluoroscope

Takayuki Nose, MD,” Masashi Chatani, MD,' Yuki Otani, PhD,’
Teruki Teshima, MD," and Shinichirou Kumita, MD

*Department of Radiation Oncology, Nippon Medical School Tamanagayama Hospital, Tama,
Department of Radiation Oncology, Osaka Rosai Hospital, Sakai, 'Department of Radiology,

ka City Hospital, Kaizuk

"Department of Radiation Oncology, Osaka Medical Center for Cancer

and Cardiovascular Diseases, Osaka, and 'Department of Radiology, Nippon Medical School Hospital,

Tokyo, Japan

Received Aug 24, 2016, and in revised form Oct 25, 2016. Accepted for publication Dec 2, 2016.

Summary

High-dose-rate brachyther-
apy misdeliveries can occur
at any institution. They can
cause a trous accident
but can be avoided with real-
time verification. The simple
application of conventional
X-ray fluoroscopy for source
position verification resulls
only in halation because of
the scattered photons from
the source. We quadrupled
the fluoroscopic dose per
pulse to obtain better images
and reduced the pulse rate by

a factor of 4 10 avoid

Volume 97 » Number 4 » 2017

Purpose: High-dose-rate (HDR) brachytherapy misdeliveries can oceur at any institu-
tion, and they can cause disastrous results. Even a patient’s death has been reported.
Misdeliveries could be avoided with real-time verification methods. In 1996, we devel-
oped a modified C-arm fluoroscopic verification of an HDR. Inidium 192 source posi-
tion prevent these misdeliveries. This method provided excellent image quality
sufficient 1o detect errors, and it has been in clinical use at our institutions for 20 years.
The purpose of the current study is 1o introduce the mechanisms and validity of our
straightforward C-arm fluoroscopic verification method.

Methods and Materials: Conventional X-ray fluoroscopic images are degraded by
spurious signals and quantum noise from Iridium 192 photons, which make source
verification impractical. To improve image quality, we quadrupled the C-arm fluoro-
scopic X-ray dose per pulse. The pulse rate was reduced by a factor of 4 10 keep
the average exposure compliant with Japanese medical regulations. The images were
then displayed with quarter-frame rates,

Results: Sufficient quality was obtained 1o enable observation of the source position
relative to both the applicators and the anatomy. With this method, 2 errors were de-
tected among 2031 treatment sessions for 370 patients within a 6-year period.

Real-time verification of HDR source position 859

overexposure. Using this
method, we detected 2 errors
among 2031 sessions.

Conclusions: With the use of a modified C-arm fluoroscopic verification method,
treatment errors that were otherwise overlooked were detected in real time. This
method should be given consideration for widespread use. © 2016 Elsevier Inc. All
rights reserved.

X Verification

Fig. 2. Thumbnail images for high-dose-rate (HDR) Iridium 192 source videos. Interstitial brachytherapy for cancers of the
head and neck (1. soft palate: 4, cheek: 6, facial skin; 9. tongue: 10, cervical lymph node: 12, anterior pillar; 14, mouth floor;
15, tonsil); cancers of the breast (3), cervix uteri (7). and penis (11); and soft tissue sarcoma of the thigh (13). Intracavitary
brachytherapy for cancers of the bile duct (2), esophagus (5), and lung (8). The videos related to the figure 2 can be found at
www.redjournal.org. Arrows indicate the respective HDR Iridium 192 source position. Small metals were implanted gold
markers around the tumor volume (1. 3, 4. 6,7, 9, 11, 12, 13, 14, 15).


Presenter
Presentation Notes
Modified fluoroscopic C-arm verification of HDR Ir-192 source position with the intent to prevent misdeliveries. Method provides image quality sufficient to observe the source position relative to both the anatomy and the applicator.
Among the 2031 HDR treatment sessions performed, 2 errors were detected at the wrong first dwell position.
Detection of errors by the current approach, however, involved a spatial uncertainty and a temporal limitation.
Because 3D superimposition of a reference hard copy on the fluoroscopic image was technically not feasible, the fluoroscopic comparison was rather intuitively performed
The limitation of the current approach is the nondetectability of dwell time



kV-CBCT: With what? m

e CBCT enabled simulators
e C-arms

* Note: reports of MV-CBCT use Iin brachytherapy:

— Since MV CBCT images are less affected by high atomic number
materials, such as metal objects, they can complement the
information provided by kV CT(or CBCT) in images with metal-
iInduced streak artifacts. Deschovich et al. , Brachytherapy,vol. 5, Issue 2, 85-86, 2006

m DukeMedicine



kV-CBCT

 Commercially available systems:

Varian, Acuity

- C-arm CBCT

C-arm Cone-beam CT: General Principles . ’
and Technical Considerations for Use in ‘CME’
Interventional Radiology el

Robert C. Drlh MD PhDD, Mic haelj Wallace, MD, and Michael D. Kuo, MD
for the Ti of the Society of Interventional Radiology

Digital flat-panel d cone-b, c d hy (CBCT) has recently been adapted for use with C-arm
sysiems. This configuration provides pr ojection radiography, fluoroscopy, digital subtraction anglography and
i h in a'single patient setup, within the interventional suite. Such
the need for patient

ilities and limi

Figure 1. Commercial C-arm-mounted fat-panel detector cone-beam CT system. (Avail-
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What about MRI/CBCT hybrid?


CBCT: For what? m

e GYN (G) & Prostate (P)
— Planning (G, P): alone or with MRI/US
— Applicator/Needle reconstruction and position (G, P)
— Free-hand needle placement (G)
— Gold marker displacement (P)
— Post-plan/seed localization LDR (P)
— C-arm CBCT for QA of LDR (P)

e Breast:
— Multi catheter HDR interstitial

— Balloon-based
m DukeMedicine




.

cBCT _ v

e Stand alone for planning
* As in-room imaging for applicator placement and pre-TX
verification

* As part of a hybrid method when access to MRI is limited
— Use of MRI at least at 15t FX and identify HRCTV/IRCTV
— Continue subsequent fractions with CT or CBCT

m DukeMedicine
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Hybrid Methods combine at least 1FX MRI (used to identify the target-HRCTV/IRCTV) with subsequent FX where imaging is done using CT or CBCT.
We’ll ask two questions: Why at least one mRI? And is the Hybrid flow acceptable alternative to MRI imaging alone?



Duke Brachy Suite

CBCT
Console

DukeMedicine _
+ Access to 3.0 T MRI in Rad Onc on same hallway




Advantages of a CBCT In Brachy Suitm

Intra-operative imaging
Large mechanical clearance (scan in stirrups, make adjustments)

Can be easily combined with other imaging modalities
— Primary, secondary (US, MRI)

Minimize applicator/needles motion

— Limiting the patient’s motion is expected to limit post insertion applicator
motion, which in return leads to more accurate planning.

Good for applicator delineation
Ability to image and verify before treatment
Can scan, plan and treat under anesthesia

m DukeMedicine



B
Image Quality vs. Patient Size m

AP =17 cm AP =25cm AP =31cm | AP =35 cm

Technique: 150 SID, kVp =120, mA =80, ms =13
Large patients attenuate more, resulting in detection of fewer photons (increased noise,

reduced signal, increased HU discrepancy, ie computer mistakes a thick absorber for
high density material)

m DukeMedicine
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Understand limitation due to imaging parameters and patient size



m DukeMedicine



vSsS. CB contours

Structure Volum
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CBCT vs. CT (breast)

=10 - | e S - LT [ e———r]

m DukeMedicine

Courtesy of Dorin Todor, VCU




CBCT Prostate
Cone-Beam CT of the Prostate Seed




GYN




GYN: CBCT-based planning = Opt im

protocol

Technical Note: Cone beam CT imaging for 3D image guided brachytherapy

for gynecological HDR brachytherapy

Brigitte Reniers®
Drepartment of Radiation Oncology (MAASTRO ), GROW Research Inseiture,
Urniiversity Medical Centre Maastricht, 6229ET Maastricht, The Netherlands

Frank Werhaegen
Department of Radiation Oncology (MAASTRO ), GROW Research Institute, University Medical Centre
Maastricht, Maastricht, The Netherlands and Department of Oncology, MoGill University, Mostreal, Carade

(Received 28 June 2010; revised 18 February 2011; accepted for publication 28 March 2011;
published 9 May 2011)

Purpose: This paper focuses on a novel image guidance technique for gynecological brachythera
treatment. The present standard technique is orthogonal x-ray imaging to reconstruct the 3D pos
tion of the applicator when the availability of CT or MR is limited. Our purpose is to introduce 3D
planning in the brachytherapy suite using a cone beam CT (CBCT) scanner dedicated to brachy-
therapy. This would avoid moving the patient between imaging and treatment procedures which
may cause applicator motion. This could be used to replace the x-ray images or to verify the treat-
ment position immediately prior to dose delivery.

Methods: The sources of CBCT imaging artifacts in the case of brachytherapy were identified and
removed where possible. The image quality was further improved by modifying the x-ray tube volt-
age, modifying the compensator bowtie filter and optimizing technical parameters such as the de-
tector gain or tube current.

Results: The image quality was adequate to reconstruct the applicators in the treatment planning
system. The position of points A and the localization of the organs at risk (OAR) ICRU points is
easily achieved. This allows identification of cases where the rectum had moved with respect to the
ICRU point which would require asymmetrical source loading. A better visualization is a first step
toward a better sparing of the OAR.

Conclusions: Treatment planning for gynecological brachytherapy is aided by CBCT images. CBCT
presents advantages over CT: acquisition in the treatment room and in the treatment position due to
the larger clearance of the CBCT, thereby reducing problems associated to moving patients between
rooms. © 200 1 American Association of Physicists in Medicine. [DOI: 10.1118/1.3578929]

Key words: image goided brachytherapy. cone beam CT, gynecological brachytherapy, HDR, plan-
ning, 3D imaging

. CONCLUSIONS

By modifying a dedicated brachytherapy CBCT scan
and optimizing its imaging protocols adeguate image gqual

ity was obtained for 3D brachytherapy treatment planning
for GYMN brachytherapy patients. This solutiom is an
improvement over planning with orthogonal x-ray images,
which is still common. It allows obtaining 3D images im-
mediately prior to treatment giving the most pertinent infor-
mation about organ positioning during the treatment. These
images can be used as a verification tool but they can als
be wused for planning. enabling adaptive gynecologg
brachytherapwy.
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The first published account on using a BrachySuite equipped with a CBCT enabled simulator . This allowed planning without moving patient between imaging and treatment 
It can be used for in-room preTx verification as well. It involoved some optimization of the clinical imaging protocols to allow for visualization of normal tissue.


GYN Interstitial

|
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balloon”

Fig. 5. Dose distribution and organs delineated in four slices of a CBCT scan of the same GYN patient. Pink contours delineate rectum and sigmoid. White
contours represent bladder. All contours were drawn directly on the CBCT image.

Medical Physics, Vol. 38, No. 5, May 2011
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GYN: CBCT-based planning

Im_ J. Eadiavion Oncology Bial. Phys_, Vol 77, No. 4, pp. 10R2=1{K7, 2010
Copyraghe & 2010 Elsevier Ine.
Printed in the USA. All rights reserved
AE &30 1 S —sme (romt maller

]
ELSEVIER doi: 1L 101670 jrobp. 200906036

CLINICAL INVESTIGATION Cervix

CONE BEAM CT-BASED THREE-DIMENSIONAL PLANNING IN HIGH-DOSE-RATE
BRACHYTHERAPY FOR CERVICAL CANCER

Hami ArL-Harasrn, M. D., Lorrane PorTELANCE, M.D., Marie DucLos, M.D.., BriciTTE RENIERS, PH.D.,
Boris Banoric, M.D., anp Luis Sousann, N.ID.

Department of Radiation Oncology, MoGill University Health Centre, Montreal, Quebec, Canada

Purpose: To evaluate dose-volume histograms (DVHSs) of bladder and rectum from the use of cone beam CT
(CBCT)-based three-dimensional (301} treatment planning in intracavitary high-dose-rate brachyvtherapy
(HDEB) for cervical cancer patients and to compare these parameters with International Commission on Radia-
tion Units and Measuremenis (ICRU) of rectal and bladder reference point dose measuremenits.

Methods and Materials: Thirteen patients with cervical cancer underwent HDRE insertions. CT-compatible tan-
dem and ovoid applicators were used to obiain intraoperative CBCT images. The use of a rectal tube and injection
of bladder contrast before scanning facilitated contouring the rectum and bladder. All patients underwent intra-
operative orthogonal x-ray filming, and treatments were prescribed uwsing standard two-dimensional planning amnd
dosimetryv. DVHSs for the bladder and rectum were constructed for each treatment. The minimum dose in the most
irradiated 2.0-cm” volume of bladder {Bpay) and rectum (Rpsy) were determined from DVHs and compared to
ICRU reference point estimates of bladder (B, ) and rectom (R ., ) doses.

Results: Twenty-six CBCT-based plans were evaluated. The median Byopy dose (347 olGyv; range, 164—601 oliy) was
significantly lower (p < 0L0M1) than the median Byay (594 cGy: range, 260—969 oGyl The median Byogo dose (405
cly: range, 139700 c(y) was also significantly lower (p = 0.037) than the median By (488 oGy: range, 227-TE6
clay).

Conclusions: CBUT-based 3D planning can be used in HDDREB for cervical cancer and is a convenient alternative to
CT-based planning., with the advantage of minimizing applicator motion. Correlation with late effects will further
define the role of CECT-based 31} dosimetry in HDRE planning. © 2000 Elsevier Inc.

Cone beam CT, Brachytherapy, Cervical cancer, ICRU, Three-dimensional planning.
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Another study that looked at the use of kV CBCT 3D planning (and again with the possibility of pre TX verification) for HDR GYN was reported by Al-Halabi.


GYN: CBCT-based Planning

1094 L. J. Radiation Oncology @ Biology @ Physics

Fig. 2. 3D Reconsiruction of the bladder and recium during CBCT-guided ICBT planning. DVHs for the bladder and
rectum_are calculated using PLATO brachytherapy planning software. From the DVH, the minimum dose to the

Wolume 77, Number 4, 2000
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2.0-cm” volume of bladder (BDV2) and rectal tissue (RDWV2) receiving the highest dose was obtained

m DukeMedicine

CONCLUSIONS

The Gynaecological GECYESTRO Working Group and
the Image-Guided Brachytherapy Group have published
recommendations for the parameters and methods o be fol-
lowed in order to facilitate 3D-based planning in cervical
cancer (3, : k& =t v in reporting
rgsetts from studies of image-guided brachythe We
hawve concluded that CBCT can be utilized for delineat:
the OAR=s and for assessing the dose to these organs by 3D
volumetrc planning in HDREEB for cervical cancer. To follow
the above-mentioned recommendations for image-guided
brachytherapy. we intend to use CBCT images fused with
MEI scans of the pelvis to delineate clinical target volumes,
to prescribe dose to a volume, and to better assess the dose
structures. The calculated D2Ws to the
bladder usiTE i ’ an the corre=-
sponding ICRU dose estimates. Cormelation of these results
with late treatment woxicity is needed to further evaluate the
clinical relevance of CBCT-based volumetric dose calcula-
tions o the OARs.



Presenter
Presentation Notes
They concluded that the HRCTV not easy to identify due to low soft tissue contrast, but good enough for OAR; patient can be imaged in lithotomy position due to the clearance afforded by CBCT; applicators are, in general, easy to identify CBCT image optimized.
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That said, Our own experience at Duke shows that in some cases, indeed, there is good agreement between OAR delineated on MRI or CT and CBCT; 
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OAR: Poor agreement with MRI
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Craciunescu et. Al, Brachytherapy, vol. 15, S137-138, 2016
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but in the majority of cases, metrics required by GEC-ESTRO guidelines might not be accurate (D2cc) especially in large patients, due to differences in contouring between a MRI-gold standard and CBCT.

The larger sample of patients and fractions analyzed in this study confirmed that pre treatment kV-CBCTs can be used as a check of the applicator positioning, but not to report adapted doses for organs at risk. Despite the lack of acceptable soft tissue resolution across all patient sizes, in some cases, the kV-CBCT can identify a true change in anatomy that might confer more realistic dose metrics for dose summation purposes. Based on these findings our group is not using updated (adapted) doses to organs at risk.



CBCT: GYN, Free-hand Needle Placement Gul
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Another application of CBCT alone in our practice is in assisting with free-hand needle placement. A CBCT is acquired in lithotomy position with patient still under anesthesia. The scout is used first for general check of needle positiong
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CBCT: Needles reconstruction
@ DukeMedicine MRI: HRCTV + normal tissue
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Followed by the CBCT that allows the physician ability to adjusts the needle depth and or position to match the target (identified pre brachy with MRI and also clinically). The CBCT has good enough resolution for needle digitization. However, in our practice, we do acquire an MRI for HRCTV delineation for planning purposes, and also for OAR identification.
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High-dose-rate prostate brachytherapy based on registered transrectal

Aniek J.G. Evcn"l‘ﬂ Tonnis T. Nuvcr]"t"*‘*, Hendrik Westendo

ultrasound and in-room cone-beam CT images

Cornelis H. Slumpz, André W. Minken'~

lDepnmlem af Medical Phyvsics, Radiotherapeutic Instinee RIS, Devenrer, The Netherlamnds

AMIRA Instinue Jfor Biomedical Technology and Technical Medicine, University of Twente, Enschede, The Netherianads
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I'Pl"i Carel J. Hoekstra”,

ABSTRACT

Kevweords:

PURPOSE: To present a high-dose-rate (HDR) brachytherapy procedure for prostate cancer using
transrectal ultrasound (TRUS) to contour the regions of interest and registered in-room cone-beam
CT (CBCT) images for needle reconstruction. To characterize the registration uncerfainties between
the two imaging modalities and explore the possibility of performing the procedure solely on
TRUS.

METHODS AND MATERIALS: Patients were treated with a TRUS/CBCT-based HDR brachy-
therapy procedure. For 100 patients, dosimetric resulis were analyzed. For 40 patients, registration
uncertainties were examined by determining differences in fiducial marker positions on TRUS and
registered CBCT. The accuracy of needle reconstruction on TRUS was investigated by determining
the position differences of needle tips on TRUS and CBCT. The dosimeiric impact of reregistration
and needle reconstruction on TRUS only was studied for B patients.

RESULTS: The average prostate Vi, was 97.8%, wrethra Dy was 116.3%, and rectum 0y .o
was 66.4% of the prescribed dose. For 853% of the patients, registration inaccuracies were within
3 mm. Large differences were found between needle tips on TRUS and CBCT, especially in cra-
nial—caudal direction, with a maximum of 104 mm. Reregistration resulted in a maximum Vg
reduction of 0.9%, whereas needle reconstruction on TRUS only gave a maximum reduction of
9.45%.

CONCLUSIONS: HDR prostate brachytherapy based on TRUS combined with CBCT is an accu-
rate method. Registration wncerfainties, and conseguently dosimetric inaccuracies, are small
compared with the uncertainties of performing the procedure solely based on static TRUS images.
CBCT imaging is a requisite in our current procedure. © 2014 American Brachytherapy Society.
Published by Elsevier Inc. All rights reserved.

Prostate: HDR brachytherapy: Transrectal ulrasound; Cone-beam CT; Registration
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Conclusions

A successful HDER brachytherapy procedure is described
in this article combining the advantages of the image prop-
erties of TRUS and CBCT. Contouring is performed on
TRUS, and dose calculation is based on highly accurate
needle reconstruction on CBCT. The registration uncer-
tainties of this procedure are proven to be small and have
minor impact on the prostate coverage and dose to the
organs at risk. Major deviations were reported, especially
in CC direction. for the reconstouction of the needles on
TRUS images. resulting in substantial uncertainties in the
dose distributions. Therefore, CBCT imaging is a reguisite
in our current procedure.
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For prostate HDR, CBCT was reported to have become a prerequisite in US-based HDR treatment planning. By acuiring both a TRUS and CBCT, performing registration and identifying needle ends from CBCT, the group reported  that The registration uncertainties between TRUS and CBCT were small, but that large differences were recorded  between needle tips on TRUS and CBCT (especially sup-inf direction). They decided to make CBCT imaging requisite in their clinical flow.


VCU setup, HDR Prostate
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Other uses in prostate HDR come from VCU where they use CBCT for planning and pre treatment verification.


C-arm CBCT for LDR

prostate on-line verification

Intraoperative adaptive brachytherapy of iodine-125 prostate implants
guided by C-arm cone-beam computed tomography—based dosimetry

Brachytherapy 6 (2007) 231—=237

Hendrik Wcstcndorp"z‘*, Carel J. ch:kstraz, Arie van't Rict"z,
André W. Minken', Jos J. Immerzeel®
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Fig. 1. (a1 THUS with consours and labeled fiducial markers: (h) CBOCT with fidwuolal narkers and labeled soarce posiions: (2} regismtion of TRUS and
ERET o fduwial markers; () fadose lines sn commars o regiaraion of TRUS and CRET.

Kevwords:

PURPOSE: (/) To demonstrate the feasibility of C-arm cone-beam computed tomography
(CBCT)-based posiplanning and subsequent adaptation of underdosed critical areas by adding
remedial seeds during the transrectal ultrasound (TRUS)-guided implantation of "**1 seeds and
(2} to assess the duration of this procedure.

METHODS AND MATERIALS: After finishing the implant, three fiducial markers were
implanted and a TRUS study was performed to delineate the prostate. A C-arm CBCT unit with
isocentric design was used to generate a CT data set to localize the seeds. The TRUS and CBCT
data sets were coregistered by the radiation oncologist to assess the dosimetry of the implant. If
underdosages existed at critical areas, dosimetry was adapted by adding remedial seeds while
the patient was still under anesthesia.

RESULTS: Of 20 patients studied, 9 demonsirated underdosage in critical areas. On average four
additional seeds were implanted. resulting in a mean Dy of 100.7% (increase 4.9%) and 117.5%
(increase 17.8%) of the prescribed dose of 145 and 110 Gy, respectively. The average additional
tirme involved in performing the adaptation procedure was less than 30 min.

CONCLUSIONS: C-arm CBCT-guided intraoperative posiplanning during TRUS-guided brachy-
therapy for prostate cancer is both feasible and time efficient. The adaptation resulted in improved
dosimetry of the prostate implants. © 2007 American Brachytherapy Society. All rights reserved.

Prostate;  Intraoperative  dosimetry:  Adaptive  brachytherapy: Transrectal ultrasound; Registration;
Conc-beam CT

Fig. 2. Exangde ol slapintion procedure. sbnowing cffect ol vorecim ol
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ciemcy marked by white amow: (b) comection plan: and (c) final realized
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C-arm CBCT based post planning and subsequent adaptation of underdosed critical areas by remedial seeds  was reported in this study for intraoperative on-line verification of LDR prostate treatments.  This adaptive process was shown not to add on average more than 30 min to the overall procedure. The adaptstion resulted in improved dosimetry.
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Figure 3. (a} Fused image of the template CBCT with TRUS probe (in cyan) and a patient’s CBCT (in red) following
= = automatic registration. Left: coronal view and Right: sagittal view. (b) Spatial information provided from the transferred
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planning seeds (red crosses) and the probe (in green) and s lom margin (in blue) work as an atlas to reduce the searching

space for implant seeds (small white clusters). An example RO from the upper right seed is show in yellow circle (sphere in
Ay
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Use of CBCT or CBCT and TRUS for fast seed localization in LDR prostate
Post-implant evaluations of permanent prostate implants often indicate significant differences between the intended plan and its actual implementation. Several reports in the literature1-4 indicate the target coverage with 100% of the prescription doses is often less than 90% and the dose to normal tissues such as the urethra and rectum are highly variable. While an experienced physician can lessen the magnitude of these differences, many factors controlling execution of the plan are subject to random fluctuations. In order to best address these concerns, it would be important to obtain real-time dosimetric information5 during the implantation procedure so that - based on the actual positions of the seeds already implanted - the treatment can be modified by re-optimizing the plan in mid procedure or adding more seeds (at the end). Individual seeds, however, are poorly visualized on the transrectal ultrasound (TRUS) used for treatment planning and guidance of seed placement. Zelefsky et al3 reported an approach using a cone beam CT fluoroscopic unit in the operation room to obtain cone-beam volumetric CT (CBCT) images with the patient in the surgical lithotomy position. Since the seeds are clearly visible on the CBCT, it allows one to identify seed locations and establish their corresponding positions in TRUS immediately after all the seeds are deposited to obtain rapid dose calculation for intra-operative evaluation.


Conclusions m

o X-ray films/Fluoro and kV-CBCT (Simulators, C-arms)
have a role in “in-room” pre/post TX verification for several
brachytherapy applications

 Thorough understanding of advantages and limitations is
needed before using as sole imaging procedure for Iin-
room treatment verification and/or planning

m DukeMedicine



“Indeed, we often mark our progress in science by
Improvements in imaging.”

Maurtin Chalfie

Next 2 CT and MRI in room TX Verification
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Thank you!

\""'

PHOTOBONEHNG

For the win.

m DukeMedicine



	�SAM: HDR Brachytherapy: Treatment Verification Methods��In-Room Treatment Verification Using Film and CBCT��Oana Craciunescu, PhD, DABR�Department of Radiation Oncology�Duke University Medical Center����
	Role of imaging in modern brachytherapy
	Objectives
	FILM/Fluoro: With what?
	FILM/Fluoro: For What?
	FILM: 2D Planning GYN + (Potential refilming for TX verification)
	FILM: LDR Prostate – TX verification of Implant
	FILM: LDR prostate 3rd party loaded sterile needles + autoradiograph
	FILM: HDR Breast Boost (AccuBoost®)
	FILM: HDR prostate
	FILM: HDR GYN
	Fluoro: Prostate HDR needle checks 
	Fluoro: HDR Applications
	Fluoro: HDR GYN, C-arm, VIR-method
	Fluoro: Real-time HDR TX Verification
	kV-CBCT: With what?
	kV-CBCT
	CBCT: For what?
	CBCT
	Duke Brachy Suite                               BrachySuite Console                                 
	Advantages of a CBCT in Brachy Suite
	Image Quality vs. Patient Size
	CBCT vs CT (Female pelvis, small size)
	CT vs. CB contours
	CBCT vs. CT (breast)
	CBCT Prostate
	GYN
	GYN: CBCT-based planning  Opt imag protocol
	GYN Interstitial
	GYN: CBCT-based planning
	GYN: CBCT-based Planning
	OAR: Good agreement with MRI (small patient size, �                                                         good quality CBCT)  
	OAR: Poor agreement with MRI
	CBCT: GYN, Free-hand  Needle Placement Guidance
	CBCT: GYN, Free-hand Needle, Planning
	Prostate
	Slide Number 37
	VCU setup, HDR Prostate
	C-arm CBCT for LDR �prostate on-line verification
	Post-Operative Seed Localization 
	Conclusions
	“Indeed, we often mark our progress in science by improvements in imaging.”��Martin Chalfie �
	Thank you!

